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Notice

Power Smart Control tutorials or other design advice, services or information, in-
cluding, but not limited to, reference designs, are intended to assist designers who are
developing applications that use SmartNetics; by downloading, accessing or using any
particular Power Smart Control resource in any way, you (individually or, if you are
acting on behalf of a company, your company) agree to use it solely for this purpose
and subject to the terms of this notice. Power Smart Control reserves the right to make
corrections, enhancements, improvements and other changes to its resources. You un-
derstand and agree that you remain responsible for using your independent analysis,
evaluation and judgment in designing your applications and that you have full and ex-
clusive responsibility to assure the safety of your applications and compliance of your
applications with all applicable regulations, laws and other applicable requirements.

Disclaimer

Power Smart Control S.L. (PSC) makes no representation or warranty with respect
to the adequacy or accuracy of this documentation or the software which it describes.
In no event will PSC or its direct or indirect suppliers be liable for any damages whatso-
ever including, but not limited to, direct, indirect, incidental, or consequential damages
of any character including, without limitation, loss of business profits, data, business
information, or any and all other commercial damages or losses, or for any damages in
excess of the list price for the license to the software and documentation.
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Introduction

SmartNetics is a software application for the design and analysis of magnetic devices:
inductors and transformers. Our approach is not to offer a single one-size-fits-all so-
lution, but to provide every possible design that matches a specification, along with
an intuitive graphical interface. This combination allows the user to easily assess the
impact of each variable in the design.

In previous tutorials (available at www.powersmartcontrol.com), we have shown
how to design a dedicated magnetic component or how to analyze one that is already
manufactured. In those tutorials, the magnetic device has always been designed as
a single component, independent of the converter, built as a conventional magnetic,
using wire wound around a core.

In this tutorial (that is also available as a webinar in our YouTube channel)), we will
introduce a new approach. By means of a planar design we will allow the possibility
of manufacturing the magnetic device as a part of the converter, by routing the turns
in the same PCB the whole converter is built.

This tutorial aims to illustrate how to design a planar inductor for a power con-
verter, using the PCB dimensions and properties as a restriction for the design, ana-
lyzing the different design possibilities with their opportunities and drawbacks, and
validating the magnetic before including it in the converter. On top of the analytical
calculations performed inside SmartNetics, this tutorial illustrates how to export the
design to third-party tools, like KiCad for validation and how to automatically get
your planar PCB magnetic ready for manufacture.

We are going to design the inductor for a buck converter with the following char-
acteristics:

Avg current Current ripple Frequency Inductance Available area
1.5 A 1 A 50 kHz 100 µH 40 mm x 23 mm

Table 1: Main design parameters
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Buck converter

1 Buck converter schematic

We are designing a very simple buck converter that matches the specification shown
in Table 1, consisting of two MOSFET transistors driven by an IR2110 driver. The
schematic of the buck converter, with the additional components needed to operate
the IR2110 is shown in the next figure, with a missing inductor, which we are going to
design.

Figure 1: Buck schematic without inductor

The selection of the diodes, capacitors, and MOSFETs has been done following a
design guide from the manufacturer. The values are not relevant for the present tuto-
rial.
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Buck converter PCB

2 Buck converter PCB

The PCB for the buck converter has already been designed and routed, leaving space
for the inductor that is yet to be designed. The PCB is shown in Figure 2, with the
available area of 40mm x 23mm shown at the bottom-right corner.

Figure 2: Buck PCB without inductor

The minimum number of layers is 2, since we are using the bottom layer as a ground
plane. For the design, the total number of layers is a degree of freedom, so we will
compare the solutions using 2, 4 or 6 layers for the inductor.
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Inductor design

The first step is to configure the design restrictions in SmartNetics. This will be done
in 3 steps:

1. Set the input data. This is the only mandatory step in SmartNetics, in which the
user needs to provide information about the desired inductance and the current
to handle.

2. Databases. In this step, we will restrict the design to only the items we want
to use for this particular project. In this example, we will restrict the design to
planar magnetics on PCB.

3. Other restrictions. Here, the user can set some restrictions that affect the design
procedure. Some restrictions allow a faster design procedure in exchange for a
loss in resolution while others can be used as a filter to reduce the number of
available solutions.

www.powersmartcontrol.com 6



Input data

1 Input data

Every electrical parameter given as a specification in Table 1 can be set in the first dialog
“Input data”, which will look as shown in Figure 3 after we have set:

• Current definition: Triangular.

• Average current (I avg (A)): 1.5.

• Current ripple (Peak-to-peak (A)): 1.

Figure 3: Electrical input data

This configuration is the only mandatory step in SmartNetics. Once done, the user
can already get a magnetic design or, as we are going to do in this tutorial, the user
can configure any part of the design process. This can be done in the second dialog,
“Configuration”.
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Databases

2 Databases

To comply with the geometrical restrictions of the PCB, we can configure what items to
use in the different databases, which can be configured in the first tab (“Databases”) of
the second dialog, “Configuration”, which opens with some items selected by default,
as shown in Figure 4.

Figure 4: Default databases

2.1 Core geometry

First, we will restrict the design to planar cores with a length (“l (m)”) lower than
the limit of 23 mm. The geometries that match that restriction are shown in Figure 5
(E14/3.5/5, E18/4/10 and E22/6/16).

Figure 5: Core geometries database
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Databases

2.2 Core material

For these geometries, we will restrict the core material to only N87 by TDK, since we
know they can supply those cores. The core material database then has a single active
item, as shown in Figure 6.

Figure 6: Core materials database

2.3 Conductor geometry

The next step is to configure what conductors can be used. By default, regular conduc-
tors are used (rigid or Litz), as shown in Figure 7.

Figure 7: Default conductor database
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Databases

In this case, since we want to use the converter PCB to route the winding, we will
activate the “Planar” option shown at the top-left corner of the screen.

We don’t have a strong restriction for the PCB technology, since it is not imposed
yet for this project, so we will select a range of copper thicknesses (1, 2, or 3 ounces)
and of PCB layers (2, 4 or 6 layers). The wire geometry configuration will look like the
one shown in Figure 8.

Figure 8: Planar conductor database
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Other restrictions

3 Other restrictions

We will leave the remaining configuration as is, since it matches most design cases
with one exception. Since the inductor is going to be part of the PCB and it is going to
strongly affect the rest of the circuit, we will set the maximum temperature to 100 ºC.
This can be done in the third tab of this dialog: “Models”, as shown in the next figure:

Figure 9: Temperature limitation

Once the input data has been set, we can proceed with the design.
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Design procedure

4 Design procedure

The design procedure is started in the third dialog, “Design”, which will be empty
until it starts:

Figure 10: Empty design space

The design procedure begins when clicking on the “begin magnetic design” button
and, once it finishes, every possible combination of the parameters in the database that
provides a valid solution is displayed in the plots, as shown in Figure 11.

Figure 11: Design results with default axes
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Design procedure

Any numerical variable that has any impact on the design can be used as X or Y
axis for any of the graphs, thanks to the selectors on the right side. For this example,
we will change some of them to use values more important for planar designs.

For this design, the variables of interest are:
• Axis 1: Temperature vs stacked cores

• Axis 2: Conductor height vs PCB layers

• Axis 3: Temperature vs cost

• Axis 4: PCB layers vs Number of turns

Once the desired variables have been selected, the results are automatically dis-
played again. Thanks to this, the user can use the metric that best suits their project for
the selection.

Figure 12: Design results

Once more convenient variables have been selected, the designs can be easily com-
pared. The next step is to filter them and select a subset of possible candidates, from
which we can select the desired inductor.
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Inductor selection

1 Graphical selection

Every design displayed in the graphs is a valid design (one that matches specifications
while complying with the imposed restrictions).

Once every valid solution is known, we can start by selecting the ones that are
considered most convenient for this particular project. To do so, click and drag the
cursor to select the desired devices in any graph; those designs will be highlighted in
every other graph, enabling an easy comparison of up to 8 variables at the same time.

For example, we can get important information by selecting the subset of designs
that allow a temperature lower than 65ºC and that only need a single stacked core.
Those are the designs selected in Figure 13.

Figure 13: Design results. Single core

Thanks to the fact that the designs have been highlighted in the remaining graphs,
we can get very important information about the design. If a single core is to be used
(the core cross section area will be small) the needed number of turns to avoid satura-
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Graphical selection

tion must be relatively high (as seen in the bottom-right graph); if the number of turns
is high (and so the wire length is high), the thickness of said turns or the number of
layers in parallel have to increase to reduce the total resistance and wire loss (as can be
seen in the top-right graph). This behavior is displayed in Figure 14.

Figure 14: Design results. Single core (extrapolated)

On the other hand, we can see that, if we use 2 stacked cores (selected in the top-left
graph) we can have designs with a lower number of turns (as seen in the bottom-right
graph) and those turns do not need to be too thick or use several layers in parallel (as
can be seen in the top-right graph). This analysis is seen in Figure 15.

Figure 15: Design results. Double core (extrapolated)
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Graphical selection

Both approaches: more core, fewer turns, or less core, more turns are valid, since
we have ensured they can fit the available space. In the general case of designing a
magnetic device, this is the usual decision, and the user can take it by looking at other
metrics, like total losses or temperature, since the magnetic device can be considered
independent of the circuit.

In the particular case of magnetics integrated in the converter PCB, there is a direct
impact of this decision in the rest of the converter. If the whole circuit is going to be
made in the same PCB, the number of layers or the copper thickness is going to be the
same for everything. Taking this into account, the decision in this case is to increase the
copper thickness, since it allows reducing conduction losses not only in the inductor,
but in every part of the converter as well.

Figure 16: Selected designs

Once a subset of all the possible combinations has been selected, a detailed descrip-
tion of the remaining designs can be used for a finer selection. That can be done in the
next dialog: “Selection”, which is now available in the lateral menu.
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Table selection

2 Table selection

In this dialog, the selected devices can be inspected in detail to choose the one that best
fits the needs of the current project. The definition of every parameter can be consulted
in the provided help (accessed by pressing ’F1’ or clicking in the corresponding button,
always available at the bottom-left corner).

The devices shown in the figure are the ones selected in the previous step, so all of
them comply with the imposed restrictions. In this case, we selected 26 designs in the
previous step, that are now displayed in the table, as shown in Figure 17.

Figure 17: Table with selected designs

Since all of them were selected from a cluster of designs that were very close to each
other in the graphs, they are all very similar. Every design selected uses the same core
geometry and core material, and the main differences are the copper thickness and the
number of layers.

In this case, to reduce cost we will select only those that use a 4-layer PCB. They
are the ones with a value of 4 in the “PCB layers” column (the columns can be navi-
gated with the scroll bar at the bottom of the table). There are now 8 designs left, as
highlighted in Figure 18.
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Table selection

Figure 18: Designs with 4 PCB layers

To reduce the cost even further, we will also discard those that use a 3 oz copper
thickness, leaving only 5 possible designs:

Figure 19: Designs with 2 oz thickness

All the remaining designs are very similar. These similarities highlight the advan-
tages of the SmartNetics approach. As can be seen, a device with approximately the
same value in a given parameter can be built in many different ways, and sometimes
allowing a slight increase in a parameter can allow for a much better design in every
other aspect. In a different approach, only one of these devices would be available,
for example, the one with the lowest losses. This illustrates the disadvantages of that
approach, where designs that are very similar in a given parameter could be discarded
by a small difference that wouldn’t even have any impact on the converter, without
considering the big improvement they could provide in other metrics.

In this case, from the remaining designs, we will select the one that best uses the
PCB, using a higher filling and ensuring that every layer is symmetrical. Of these
designs, the one that best matches that, is design number 8, which we will select, as
shown in Figure 20.
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Table selection

Figure 20: Selected device

Now that a single design is selected, the user can click on the “Select design” button
at the bottom. That will mark the device as selected and replicate its data in the bottom
table, as shown in Figure 21.

Figure 21: Selected device (Button clicked)

Once a single device has been selected, the last dialog, “Device”, becomes available.
The user can go to that dialog to analyze in depth the selected device.
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Inductor analysis

The first tab of this dialog, “Geometry”, allows the validation of the device measures,
as shown in Figure 22. At the bottom-right corner, the user can check the distances
between layers and tracks. In the current SmartNetics release, those distances are cal-
culated based on IPC-2221b standard.

Figure 22: Device geometry

In the next tab, “Performance”, the user can check the expected temperature distri-
bution for the device, as shown in the next figure.

Figure 23: Expected temperature distribution
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If everything is considered valid, the user can generate a full report of the device,
in which they can include the desired properties of the device. This can be done in the
“Report” tab, which is displayed in Figure 24.

Figure 24: Report configuration

Once the design has been analyzed and is expected to match specifications, Smart-
Netics provides an additional step. The user can export the design to third-party tools
to validate the calculations.
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Inductor validation

The best way to accurately achieve that validation is by means of a Finite Element sim-
ulation. SmartNetics provides a direct export to: Ansys (Maxwell for electromagnetic
simulation and Icepak for temperature), Altair-Flux (for 3D or 2D electromagnetic sim-
ulation) and FEMM (for a free 2D electromagnetic simulation).

1 FEMM

In the “FEMM” tab, the user can configure the model export to that software.

Figure 25: FEMM configuration

The user can replicate the design selected in SmartNetics by clicking on the “Gener-
ate FEMM model” button. Once generated, it can be simulated on the same computer
(if FEMM is installed) or on any other. If installed, the user can click on “Launch
FEMM” to automatically launch the software, run the simulations, and display the
results, as shown in Figure 26.
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FEMM

Figure 26: FEMM simulation

In this screen the user can check the inductance and resistance obtained in the sim-
ulation, after compensating for the fact that it is a 2D simulation, in the fields “Induc-
tance (L)” and “Compensated resistance (R)”:

Figure 27: FEMM results

* Notice that, since the FEMM simulation was carried out for a single frequency
using a sinusoidal current, the total losses do not match the expected ones for the
triangular waveform used.
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Ansys

2 Ansys

Once inductance and losses have been validated, we can proceed to export the model
to Ansys-Icepak for temperature validation, since we can check the temperature distri-
bution for the full volume of the device.

To provide a good depiction of the real problem, we will include every component
in the simulation. Apart from the core and winding, we will use the check-boxes to
include insulators, wire sleeves, and bobbin, as shown in the next figure:

Figure 28: Ansys configuration

As in FEMM, the user can generate the Ansys model by clicking on the “Generate
Ansys model” button. Once generated, it can be simulated on the same computer (if
Ansys is installed) or on any other. If installed, the user can click on “Launch Ansys”
to automatically launch the software and build the model.

Several symmetry simplifications can be used to reduce the simulation time, with
every simplified model coming from the full 3D representation of the device, shown in
Figure 29.

www.powersmartcontrol.com 24



Ansys

Figure 29: Ansys 3D model

Once in Ansys-Icepak, the user can click on “Analyze All” to run the simulation:

Figure 30: Ansys run button

After the simulation finishes, we can check the temperature distribution, shown in
Figure 31, that matches the expected temperature shown in Figure 23.

Figure 31: Ansys temperature

Once the desired design has been selected and validated, we can proceed to the last
step: generate its PCB and include it in the converter.
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PCB generation

The user can automatically generate the PCB in KiCad, including the magnetic device,
the layer stackup, the vias, etc. This is done in the last panel of the dialog, “KiCad”
and the PCB is generated by pressing on “Generate KiCad model”.

Figure 32: KiCad export panel

As in FEMM or Ansys, the user can generate the PCB model by clicking on the
“Generate KiCad model” button. Once generated, it can be opened on the same com-
puter (if KiCad is installed) or on any other.

If installed, the user can click on “Launch KiCad” to automatically launch the soft-
ware and view or edit the PCB. Once done, KiCad opens, and the device is displayed,
as shown in Figure 33.
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Figure 33: KiCad export result

The design can be checked in 3D by the shortcut Alt+3:

Figure 34: KiCad 3D view

Although it does not have an impact on the PCB routing, if the user has the 3D
model of the core, it can be added to the component. To do so, add a dummy small
component (for example, a PinHeader 1x01 P1.00mm Vertical) to the center of the de-
vice (in coordinates 150, 100) as shown in Figure 35.
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Figure 35: KiCad. Include dummy device

Then, by double-clicking on the component, its model can be included in the “3D
Models” tab. The model can also be moved or rotated depending on the original ori-
entation of the step file, as shown in Figure 36.

Figure 36: KiCad. Add 3D model

Once added, the full component can be displayed in 3D (by the Alt+3 shortcut).
The complete device, including the core and PCB winding, is shown in Figure 37.
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Figure 37: KiCad. Inductor 3D model

Now that the device is completed, save the PCB with the desired name so it can be
included in the PCB of the converter. This is done by clicking on “File” - “Save”, on
the top-left corner.

Figure 38: KiCad. Save inductor PCB
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Now you can close the inductor PCB and reopen the converter one.

Figure 39: Buck PCB without inductor

Once opened, you can add the inductor to it with the “Append board” control, on
the top-left corner.

Figure 40: KiCad. Append board
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First, place the inductor alongside the converter PCB, as shown in the next figure.

Figure 41: KiCad. Converter and inductor

Now, the converter schematic has to be modified to include the inductor. This is
done by including a short circuit in place of the inductor and assigning a name to the
net, that has to match the one of the desired inductor: “Winding”. The schematic will
now look as shown in Figure 42.

Figure 42: KiCad. Schematic modification
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Now, back to the PCB, apply the changes and check that the new connections have
been created. A ratsnest line can now be seen displaying a remaining connection, as
shown in Figure 43.

Figure 43: KiCad. Schematic check

The inductor PCB still has its own margins, which should be removed to avoid
interfering with the converter’s PCB. To do so, select the inductor group by clicking on
any of its parts. It will become highlighted:

Figure 44: KiCad. Select the whole inductor
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Now, right-click on it and press Grouping - Ungroup items, as shown in Figure 45.

Figure 45: KiCad. Ungroup inductor

And then select the borders and delete them by pressing the “Delete” key or with
right-click - “Delete”.

Figure 46: KiCad. Delete borders
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Once they are deleted, group the items back together by selecting them right-clicking
- “Grouping” - “Group items”, as shown in Figure 47.

Figure 47: KiCad. Regroup inductor

Now move and rotate the inductor and place it in its desired spot (you can also
move the text and icon of SmartNetics). The full converter, including the now placed
inductor, is shown in Figure 48.

Figure 48: KiCad. Arranged circuit
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The last step is to route the input and output of the inductor. Once done, the whole
converter, including the inductor integrated in the PCB, is finished and ready for pro-
duction.

Figure 49: KiCad. Routed circuit

Finally, the end design can be previewed in 3D to ensure everything is arranged as
expected:

Figure 50: KiCad. Converter 3D view
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Conclusions

In this tutorial, we have shown how to design an integrated planar inductor for a given
specification and how to include it in the PCB of a power converter. Thanks to Smart-
Netics’ capabilities, on top of the analytical calculations, the user can automatically
export the full model to third-party tools for its simulation, including Ansys (Maxwell
or Icepak), Altair-Flux, FEMM, and PSIM.

Once the design is validated, the user can automatically get a fully routed PCB
device in KiCad, which can be used standalone or included in the PCB of a power
converter, to achieve complete integration.

This tutorial is intended as an example, so the user is encouraged to try different
configurations to find the one that is best suited for their particular project. Please keep
in mind that the images shown in this document may not exactly match the options
and distribution shown in the application, since different updates may result in slight
changes.
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