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Executive Summary

This paper is written to represent Battery Ultracharger’s senior design project, the
Airport Battery Charger. The Airport Battery Charger is fast portable battery charger that
can be used in any normal outlet. It takes two minutes to charge and can fully charge a
cellular device. This report will cover the following topics:
. Background of the project

Full project definition

All concept designs for the entire project

Final decision and design of project

Future work for the project

Background

Motivation

Professor Herbert Hess wanted a solution to a constant problem that most airport
travelers experience. When transferring from flight to flight you sometimes don’t have
enough time to fully charge your phone. This could be solved with a fast charging
portable battery. This device would be able to charge within two minutes and be able to
full charge a cellular device. Both the team members were very interested in this
concept. Once we were accepted onto this project we got to work.

Who Would Benefit

This project would benefit anyone that has a mobile device that needs charging. The
exceptional speed provided by this device would save the user countless hours that
could be spent doing more important tasks. Having an on the go battery gets rid of the
sitting next to a wall outlet conundrum that is regularly seen at airports.

Problem Definition

Goals and Deliverables

The device must charge efficiently up to the required specifications
The device must also store enough energy to charge a mobile cellular device
Must fit in a carry-on item for airplane travel
Must be safe to use
Based on these goal our team was able to develop a set of deliverables to have at the
end of the project.
- Team Portfolio: A collection of notes, datasheets, minutes and other documents
that have been made and collected for the purpose of this project.
Logbooks: Our personal notes and research created over the entirety of the
project.
Poster Board: Shows a general overview of the entire project in an easy to read
and understandable format.
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Final Design Report: A detailed paper created to convey the process and
information gathered in the portfolio. The report will teach the reader how the
team went about this project

Hardware Prototype: A physical product that has been created over the course of
the project timeline.

Specifications

Dr. Herbert Hess gave the team a set of specifications that this project should fit into.
The list shown below changed over the course of time but the beginning set goes as
follows.
Should be able to fit into carry-on luggage
e Length: 67-8”
e Width: 4”-6”
e Thickness: up to .75” (Ipad thickness)
Circuitry Parameters
Power Capacity: 5.33 Whr to 7.2 Whr
Charge Time: 2 minutes (£30 seconds)
Plug into a standard household outlet
Capacitance 70 Farads
Max of 20 Amps
From these specifications, a tight constraint was created. To tackle this project, we
needed a plan and we needed to catch up. This project was started by a previous team.
Our team had to pick up where the previous team left off and see what could be
improved.

Project Plan

Tasks and Schedule

This project was full of tasks to accomplish, with an overall goal of completing the
prototype we were given at the beginning, and developing it into a fully functioning and
marketable product. These tasks were varied, often changing according to how the
needs of the project and other developments required them. For an overall forecast
however, we produced a pair of Gantt charts at the start of each semester in order to
detail our own goals and expectations, as well as mark down major dates and
deadlines. These Gantt charts can be found within

Team Responsibilities
Initially our team consisted of more people, allowing a greater spread of the
responsibilities for the project. With a shift in the overall members, duties were changed
as well.
- Finances (Keith Leitner): In charge of budgeting and buying necessities
during the life of the project.
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- Primary Client Contact (Robert Prew & Keith Leitner): Primary contacts for
our client, updating them on progress and addressing the needs and
guestions the client may have.

- Team Organizer (Robert Prew): Organizes meetings among team members
and maintains all communications in order to ensure everyone is doing their
part.

- Team Documentor (Keith Leitner): Records minutes of each meeting held,
documenting any and all updates and information during them.

- Reflector (Robert Prew): Directs brainstorming of ideas and points the team
in the correct direction to maintain progress of the project at hand.

Overall however, while duties were assigned and generally maintained, there was a
sharing of some duties which occurred. With only two people on the project,
maintaining general contact was made easy, as was meeting to research and develop
the project. Meetings not involving the client were generally without much structure,
merely updating each other on what had been done since the previous meeting,
determining what needed to be done still, and proceeding to work on what both
members decided was necessary for the time.

Concepts Considered

Client Interview

With the start of the project, our team turned to our client and department professor, and
asked him about his desires for the project. While there was a prototype and notes on
the project from the previous team, having the perspective of the client was important in
kickstarting our work. For this, we developed a list of questions covering the previous
team’s work, specifics on the project such as desired components and results. Since
the previous project was already available, a lot of what was asked was based on what
the last team made. This was to learn from the mistakes of those before us,
determining where they went wrong and what they had left to complete. Additionally,
our questions were also to pick the client’s brain and see their vision. Having his input
allowed us to better visualize the expectations and what to look for when proceeding
with the project.

The interview was productive as a result, allowing us to have a solid foundation upon
which we could begin to move forward. There was still plenty to figure out, primarily
based on what the previous team had left to evaluate, but the concept of the project and
the desired end result were made clear enough. The main issues with the prototype
were revealed at this point, allowing a good launching point from which the project could
proceed.

Concept Development
As aforementioned, there was already a prototype [ 3 ] which had been created by the
previous team. The prototype was deconstructed, requiring a process of reconstruction
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based on the varying images, diagrams, and explanations we could find from the
documentation we were given. This prototype was built within a buck converter layout,
taking in AC voltage from a wall outlet, rectifying it into DC voltage, delivering it across a
power MOSFET and a string of inductors and resistors before arriving into a “bank” of
ultracapacitors as a storage medium. The stored power could then be output from the
ultracapacitors, through a smaller buck converter device and out a USB interface
through which a phone could be charged.

This prototype was unfinished and left with a variety of flaws in the design, the worst of
which being that of the gate driver for the MOSFET. Originally, there was an isolated
gate driver developed by International Rectifier which had been used in an attempt to
flip the gate switch on the power MOSFET. The mistake in this turned out to be a
complete failure to recognize the voltages required to flip the gate. Output from the
original gate driver could reach a maximum of 18V. What the gate of the MOSFET
required was a voltage approximately 10V to 20V less than the voltage going into the
source. Since the source was receiving a rectified DC voltage of approximately 170V,
their original gate driver was clearly unsuitable for the job. Knowing this, a variety of
changes were suggested over the course of the year thanks to the general lack of
availability of a single gate driver able to produce the necessary output.

With this in mind, the rest of the year followed with a constant stream of developing
alternatives to the original buck layout. Much of this involved looking into various
converter designs or other ways in which the prototype layout could work so as to avoid
losing the work from the previous team. With such a high amount of power flowing
through much of the project, finding components which handled the load cheaply and in
small packaging proved to be a vexing issue.

Snapshot Day 1
The first Snapshot Day was preliminary of what to expect at the Engineering Expo a few
months later. This event had each group set up a poster board explaining plans and
expectations of the project, as well as any ideas and progress we had made. The
poster board our team created covered several concepts:

- An abstract/problem statement for the project

- Specifications from our client for the final product

- Schematics and layouts of the prototype

- Examples of our research at that point

- A Gantt chart detailing our expected timeline for the spring semester

- Output diagrams of the capacitor bank’s charging capabilities
While it was not perfect, it was a good start. We received some level of feedback from
peers, most expressing interest in what the project was looking to
accomplish. Unfortunately, there was not much to be said in terms of helpful feedback
for the project’s development, but this was not discouraging in and of itself.

Design Review 1

4.
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Around the end of the semester, the first design review took place. Our client as well as
the course instructor attended and offered critique to the presentation our team

gave. This presentation covered much of the same details as the Snapshot, only with
further detail provided on our progress and any developments on the project. Thus, we
covered the specifications and vision of the project, as well as showing circuit diagrams,
images of the project’s sections, and some of our research into other layouts.

What we came away from during this review was a need to take another look at the
project. A Cuk converter layout which had been suggested and looked into was
determined to not be able to deal with the power we were working with, and so other
suggestions were brought up. Flyback converters and Dickson charge pumps were
mentioned as the next possible options, with both having slightly more complex layouts
which could then be used to solve the issues of the power MOSFET by removing it
entirely. Unfortunately, these ideas were dropped shortly after realizing the Dickson
would provide high DC voltage outputs from lower voltage inputs and the Flyback didn’t
provide a high enough voltage. Additionally, the components to make even the Dickson
charge pump work at the levels of voltage and power they would produce were found to
be costly, if proper parts were sold to begin with.

Design Review 2

By the time the fall semester came around, it was time for another design review in
order to pick up where things left off as well as leave a better impression than the
previous time. By this time, the project had shifted yet again once it was clear finding a
new converter layout was not going to work. The presentation covered much of the
same material as the previous presentation, this time showing off the state of the
working portions of the project and identifying MOSFET as the target issue of the
prototype. With this in mind, a new look at the gate driver and finding a replacement
was brought up. Another idea that was brought up to pursue was looking for parts
which are specifically designed to charge super/ultracapacitors, though this was
eventually dropped due to size concerns and the need for a very specific voltage and
current range in order to hit the two minute timeframe necessary for charging.

Aside from the shift in focus to go back to the original layout, there were other critiques
which proved useful for the project. One such was to focus on the Arduino Uno and find
a way to power it. Since it was pointless to have the Arduino power through a
secondary cable, supplying power via the rectified input voltage was deemed the next
best option. Using diodes to prevent backflow in case of failure and resistors to produce
a voltage divider in order to scale down the voltage to a low enough level for the
Arduino, it appeared to be a good plan to move forward from.

Snapshot Day 2

A second Snapshot was held around the same time as the design review, covering
much of the same ideas as the previous one. This time we took our new research and
brought up some of the ideas we were looking into, mainly in finding either a charging
solution for the capacitor bank or finding a new driver. There was a fair amount of
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critique this time, though mostly it was involving the overall design and focus of the
project. With little new information to go from after this review, we continued forward,
eventually narrowing the focus onto finding a new driver for our MOSFET.

Snapshot Day 3

The final Snapshot Day was more along the lines of the Engineering Expo held back in
May. There were more people and more critiques involved during this, including a
presentation much akin to the design review. During the Snapshot portion, our group
demonstrated the charging capabilities of the project and showed the current state of
the project. While new parts had been secured to solve the previous issues, they had
not been instituted into overall design just yet.

These components were shown off however and their purposes explained. The first
was a DC/DC converter that had been brought in to drop the voltage going into the
Arduino [ 16 ]. This in turn would solve the earlier issue brought up about powering the
Arduino via the input from the outlet. This converter was able to reduce anywhere from
110V to 420V and bring it down to about 5V, all while producing a current of around
.66A, much less than the 1A limit of the Arduino.

The other component was a new gate driver, based on discussions with our client and
resulting research from these meetings. Instead of relying on a single gate, the design
was altered to accommodate a dual-gate driver, utilizing the ideas of a motor driver

[ 18 ]. With a second gate, a second MOSFET was needed to be added, this one
connected between the output of the first MOSFET and ground.

Developmental Obstacles

It would be no exaggeration if the majority of this project was spent overcoming
obstacles, primarily one key issue: the gate driver to the power MOSFET. This small
part proved to be incredibly troublesome in replacing once it was determined to be the
source of all the problems in the circuit. Researching a solution was what brought down
the project for the majority of the time, as finding an exact solution became

convoluted. Different converter layouts to either avoid using a MOSFET or ground the
MOSFET were looked into, with a great deal of time and effort attempting to make any
of them work. This time could have been spent finding the proper driver sooner, though
early on it was unexpected to think a dual driver was to be necessary. Once the focus
shifted onto the driver, even finding one was time-consuming. It was mentioned before,
but the specifications of the project required a middle-of-the-road power rating that most
components didn’t work with. For the most part, voltage ratings on parts were either
below 100V or well above it, and likewise current ratings rarely went above a few

amps. Finding a driver which could not only handle the voltage range we required while
outputting the right gate voltage, but also deal with the proper current was difficult. Had
this focus been realized and the idea of using a motor driver as the inspiration come
sooner, the project would have been far more successful, with more time being able to
be spent on testing the final product once the parts were installed.
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On that note however, one last setback that the project experienced was with the
DC/DC converter that was brought in. While it appeared reasonable and just the kind of
part needed, any attempts at testing the component were met with problems. The
datasheet was obtuse to make sense, with very little direction on what view the pin
layout was to be view from. Even with this sorted out and the proper load and layout
provided, the part refused to produce viable output, with results having the current rise
too quickly and destroy a part in one instance, or simply having the current not rise
much, if at all.

Concept Selection

Seeing as the previous team already had a prototype nearly built, developing a concept
really was not much of a necessity. The buck converter layout was clearly one of the
best suited designs for the purpose of the project thanks to its inherent process of
ramping down voltages from high to low. It was also a simple overall layout and for the
most part easy to understand. The changes made to the original idea in adding a dual
gate driver and a second MOSFET as a result have not changed the main functionality
of this layout thankfully, merely bolstered what is there already. In this regard, we have
a new layout that can ramp down the voltage of the input and provide the system with
enough power, all without worrying about too much or too little power at certain
sections. The power MOSFET and its driver were again the primary issue in making
this work, however a solution was able to be found, even if it took some time to find and
develop it.

Most of the year was spend finding new concepts to, in a way, take the easy way

out. Since working with a power MOSFET that wasn’t grounded made the gate voltage
incredibly high, it was originally thought finding an alternative layout would

work. Through all of the design research and tests, it became obvious this was not a
viable option. Time was being spent trying to make designs work that simply could not
under the loads required of the project, whether it was simply too much or too little
power. With that realization came the return to the original concept of a buck converter,
this time approaching the initial problems brought on by the design and fixing them,
finding the new dual gate driver and making the design still work with only a few minor
alterations. No longer was an op amp needed to boost the Arduino signal into an
isolated gate driver. Instead, the Arduino’s output was just what the driver could use,
reading the signal and then working to flip the gates of both MOSFETS, operating so
one would open while the other was closed.

System Architecture

Buck Converter Background

Since the buck converter originally used by the previous team we took to using that as a
solid base of our project. The buck convert is a step-down convert meaning it can step
our voltage down while also increasing the current. The buck converter would swing the
current as it ramped up until it got to a sufficient point that would charge the super
capacitor bank. The buck converter would operate based on the supercapacitor bank. A
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microcontroller will operate the MOSFET as a switch until the supercapacitor bank
reaches its max voltage.

Calculations (Energy Storage)
Our base energy storage is based off available technology for our team. We used an
Iphone 4 battery in our testing and as a base for our supercapacitor bank. An Iphone 4s
has a lithium polymer battery has a storage capacity of 5.254 Whr. This is gathered
from the fact that the voltage and current capacity of the battery is:

e 3.7 Volts

e 1420 milli-Amp hours
This will come in handy when trying to figure out how much storage our supercapacitor
bank needs. Since 1 kWh is equal to 3600 kJ we can find how much storage is in an
Iphone battery. An Iphone battery hold approximately 18,914 J. This 18 kJ is our base
line for our capacitor bank.
We were provided with a set of twenty Maxwell BCAP350. These capacitors have 350
Farads at 2.7 Volts. We can use the Joules calculated earlier and this equation:

e U()= %C x V2
Since we have twenty capacitors we can use a lot of different configurations to get the
energy needed. If we take two of these capacitors in parallel and then ten of those two
caps in series, we will get a voltage of 27 V [1]. Taking this voltage and using it in the
equation we can find the Farads needed. We get around 50 farads but the closes
capacitance we can get with these capacitors is 70 Farads. Plugging this capacitance
back into the equation we get 25,515 Joules.

We need to know how much current will be required to charge the bank up in two
minutes. Taking the 120 seconds we can figure out the wattage of our capacitor bank.

Watt = ]‘?::S = ziz;:] = 212.785W. Taking that wattage we can figure out the current

using the bank voltage. We get a current of 7.875 Amps. That’s a pretty low current than
what we initially thought. We are going to shoot for 12 amps so we can get in some
more speed.

The pervious team went through and calculated the inductors also. The full wave
rectifier at the beginning of the circuit takes 120 V ac and converts it to 169.7 V dc. The
voltage of the inductors will be 169V — 28V = 141V. The pervious team decided on a
swing current of 10 Amps and a switching frequency of 500 kHz. Using the equation
below we can calculate the inductance.
di
V_L*dt'141V_L* 1

500kHz

Using the Wurth 4.7uH inductors we will need 6 inductors to get the 28.2uH [ 20 ].

,L = 28.2uH

Controller and Gate Driver
To have the MOSFET switch to control the current we need something to do that
automatically. Using an Arduino Uno we can set up a current sensor that will create a

PWM to switch the MOSFET. Sensing the current can be accomplished by measuring
8e
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the two sides of a power resistor after the inductors. As the current passes through the
resistor two voltages will be on each end of the resistor. The microcontroller will sense
the voltage at each end and then subtract one side from the other. This will supply the
voltage difference which will be read by the code and then the controller will open or
close the MOSFET.

The PMW output of the controller is only 5 V. Since the MOSFETS drain is not
connected to ground there is no voltage difference across the MOSFET. This creates a
problem because the controller won’t be able to supply enough voltage to switch the
MOSFET on and off. The pervious team figured that a operational amplifier would fix the
problem. The type of Op-Amp they planned to use would not supply enough voltage to
get the MOSFET to switch. For the MOSFET to switch we need a voltage closer to the
supply voltage. To fix this problem we went and got a gate driver (NCP5109A) [ 12 ].
This device takes a max of 200 V input and supplies a high voltage switching signal.
This part will be able to supple the correct voltage to switch both MOSFETSs. The
microcontroller PWM can go directly into this part and able to received clearly.

Future Work

Unsolved Problems

: Housekeeping power supply for the microcontroller. We have a part that would
take a portion of the input power and drop the voltage down to be able to keep
the micro controller on. We were unsuccessful in getting this part to work
though.
Reduction: The biggest part of this project is the capacitor bank. As
supercapacitor technology progresses we hope they get smaller and more
efficient.
Packaging: This device could use a more professional packaging situation and
it could be more secure in this packaging.

State of the Prototype

As of the end of the timeframe for the project, it is not completely functional. While
individual areas will activate and work on their own, there appears to be an issue
with the new gate driver. This is not too terrible of a surprise seeing as the part was
not discovered and tested until the final couple of weeks, so its ability to work
immediately in the full circuit was not met with complete confidence.

Power does flow into the system and to the MOSFETSs and the gate driver, but the
driver fails to activate. After running tests across the voltage divider in place before
the gate driver’s Vcc and all around the driver itself, the cause seems uncertain for
now. There’s a possibility the gate driver is simply muting out the input into the Vcc,
but this shouldn’t be the case since the voltage divider was calculated to allow just
enough voltage and current into the system. There are no signs of any damage to
any part in the systems. As mentioned prior, the individual systems (capacitor bank,
phone charging, rectified input, Arduino, etc) work just as needed. The gate driver
performed exactly as expected during testing.

9.




Keith Leitner and Robert Prew

The cause behind this is likely a fairly simple fix, but due to the nature of how the
project’s progression went, solving this is not possible with the remaining time for our
team. The project is nearly complete at this stage, but unfortunately it will remain
without an absolute working system for the time being.

Appendices

1] Capacitor Bank

2 ] Constructed Circuit
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[ 3] Original Schematic
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[ 5] Capacitor charge-up over the course of several minutes
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[ 6 ] Charging a phone from the capacitor bank
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[ 7] Yearlong Gantt Chart Estimation

[ 8 ] Fall Adjusted Gantt Chart
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Problem Statement

One of the constant issues with travel is running out
of power for any of your electronic devices, especially
your mobile phone, and not nearly having enough
time to recharge before a traveler needs to get going
again. Our team has sought to address this through a

transportable battery charger.

Project Goals

We intend to create a device which can:

Battery Ultracharger

Team Ultracharge:

Keith Leitner and Robert Prew
Client/Advisor: Dr. Herbert Hess

* Charge itself (not the phone) in two minutes or less

* Hold enough charge to a cellphone while also
delivering it without damaging any recharging

devices
* Fitincarry-on luggage

Project Leaming

As there are countless ways to approach the problem,
this project has involved learning sbout a variety of

Schematic Design
Through a variety of simulation tools,
we were able to both reflect upon the
former project's prototype while also
developing our new one. The schematic
below represents the new design we
plan to complete and test.

power converter types, including the components and

math used to make a complete, functioning circuit.
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Cha Fagoweess of ’
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Universityofldaho

Determining a Solution

Given issues in the switching mechanism
of the previous prototype, new design
aspproaches are being developed. The
current best candidate would be
implementing a Cik Converter between
the AC/DC rectifier and the capacitor bank
in orderto bypass one of the primary
issues regarding the switch.

Once this has been addressed the design
works, plans for reducing the overall size
will be implemented.
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10 ] Maxwell Ultracapacitor Datasheet
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[ 11] SPM0507SJ DC/DC Converter Datasheet
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[ 12 ] NCP5109A Dual Gate Driver Datasheet
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NCP5109A, NCP5109B

High Voltage, High and Low
Side Driver

The NCPS109 15 a high voltage gate driver IC provading two
outputs for direct drve of 2 N—channel power MOSFETs or IGBTs
amanged in a half~bndge configuration version B or any other
high—side + low—sde configuration version A.

It uses the bootstrap technigue o ensure a proper drive of the
high—side power switch. The driver works with 2 independent mputs.
Features
* High Voltage Range: Up 10 200 V
. d'VId Immunity ”_0 Wnso. s0IC-8 ——
¢ Negative Current Injection Charactenzed Over the Temperature Range 9 D SUFFIX YW
® Gate Drive Supply Range from 10 V 1020 V 1 CASE 751
® High and Low Dnive Outpans
® Output Source / Sink Cusrent Capahility 250 mA / 500 mA

2
X : DFN10
® 3.3 Vand 5V Inpet Logic Compatible MNSUFFIX | p
* Up to Vee Swng on Input Puns CASE 508DH .
¢ Extended Allowable Negatrve Bndge Pin Voltage Swing 1o =10V
for Szgnal Propazation 5109 = Spedtc Device Code
® Mached Propagation Delays Between Both Channels X =AorEversion
¢ QOutputs m Phase with the Inpus : :Mun,
® Independent Logxe Inputs %0 Accommodate All Topologaes (Version A) Y =Year
v . W = Work Week
. (CmchlBu)hu:uon Protection with 100 ns Internal Froed Dead Time . = P-Fose

® Under Vee LockOut (UVLO) for Both Channels ey oy

¢ Par—to—Pin Compatshle with Industry Standands
® These are Pb—Free Devices PINOUT INFORMATION

Typical Applications

¢ Half-Bndge Power Converters

® Any Complementary Drive Converters (Asymmetnical Half—Bndge,
Active Clamp) (A Version Only L

¢ Full-Bridge Converters

ooooo
3
&

ORDERING INFORMATION

tee
tn s whent.

L

ol -_—

e ug e 1 Putiication Qrder Number:
Novembat 2016 - Rev. 1 NCPS104D

[ 13 ] FDL10ON50F Power Mosfet Datasheet
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I
EFAaIRCHILD

= November 2013
FDL100NS0OF

N-Channel UniFET™ FRFET® MOSFET

500V, 100 A, 55 mi:

Faatures Uﬂﬁtl‘ipﬁm‘l

+ Fpsion; = 43 md (Typ) @ Vies = 10%, lp= 504 IJrl-'ET"'III MOEFET is Fainchild Semiconducions high vollage
+ Livas Dlale Chiarge (Typ 238 nZ) MOSFET famiy based on planar sirpe and DMOE iechnology.

This MOSFET b tillored o educe on-siale resisiance, and io

* i Gy [Ty B4 BF) prOwice oG SeAChing pROIMEncE and hightt avalanche
+ 100 Avalanche Tesied BNy Sengh. The SO0K'S NI TROOVENY [Tk
- Impronad daitk Capabilty mance: of UnFET FRFETE MOSFET has boen anhanted By
— Wi contol. IS T IS eSS than 100nSee and thi PSSt

* P Compt immunky & 15vins whils normal planar MOSFETS have s
j,pp]i:_aﬁgns m:cdw A.5ViNSE: ey, Thamdons, il cam Mamove
DM and imprcest Syiam reliabliny in corisEn

+ Uninlerrupible Poaasr Supply applicaiions in which e periormance of MOSFETS body diode
- AC-DC Power Supgly is significant. This devica Family & sultabls for swibching power

ponverier applcaions such as power Totlor comeon (PRC),

Mai panel dsplay (FPD] TV power, AT and akecinoni: lamg Bal-
licats.

o &

MOSFET Maximum Ratings 1= 2500 unless oharsise nowd

LIASOWN l3dHd g, 1341UN PUUBYT-N — JOENOOLTOL

) Faraitiaiid FOLIDIMEF Uit
e Dwaini fo Sowrca \llage 500 W
Cr— ‘Gate 10 Soume: Yolage: +30) W

- Coninuous [T = 2570 100
[ Drain Cament - Coninucis [Tp = 100°C) £l "
D adin Cudmant - Puilsad (P 1) 400 I
Eax Singhe Pulsed Avalanche Erl:rm Rl | 5000 mJ
L] Aalanche Curnent iz 1 1040 A
Ean Fa{idital Avalanehe Erl:rEr iz 1) T35 mJ
i Paak Dinde Aecovny deid iz 3| i) s
. {Tg = 25°C) 500 L
- e - Derale Abova 25°C 0 WG
T Tarc Cipearating and Sorage Temperalere Rangs 5510 +150 ]
Te Kawimiinm Lead Temperatune for Sodening, 187 fam Case for 5§ Beconds i h 1] -
Thermal Characteristics

Sy mibol Prr ar=milar FOL100MSOF Unit
o Thesmal Resistance, Juncion 1o Case, Ma. [ .
Flg s, Thermal Resistance, Junciion jo Ambaenl, Mas. 30

CI00E F archie Ssmcsrbusor Coparsasn 1 wera nichidamrLosm

FOL BOSHEOF P, TN

[ 14 ] Buck converter general circuit
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v -
IS S + L I
i1 e
I
Cvy
VS A c —L-
D T~
[ 15] NCP5109A Resonant Converter
Vbuk oLt 1
$GND D4 —
Vee -T- c3 . H : Q T'1. D1
GND% U c4 .
Vee VBOOT H_
NCP1395 IN_HI DRV_HI Lf -
IN_LO Bridge -
GND DRV_LO —
G?n K; NCP5109 Q|—|2 ___L"?_T cé
GND
G

R1

ND
AN,
_j { D3
GN Dy UE/ e;

Figure 1. Typical Application Resonant Converter (LLC type)

[ 16 ]Microcontroller and current sensing circuit
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[ 17 ] Final circuit redesign
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. Ri9 =
W vin(+) 7 INANA
=21 Drain —Elg
53] yin(-) GV:[: .
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Uz
5 U1
Vee L Yyec  veooT|® o N
2
28 IN_H DRV _HI
2] IN_LO DRIDGE 2 =
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)
PD2(INT@/PCINT18) [~ o
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[ 18 ] Final circuit redesign simplified
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[ 19 ] Voltage divider for Microcontroller
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[ 20 ] Wurth Inductor datasheet
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A Dimensions: [mm]

10,43 +0.5, o
38402 @

| w0,

1 ] il

|

g

=

Ed

28,5 max.

—{Pin 3 is only used for stability.

¥

27,5 max.

B Recommended land pattern: [mm]
|

UM

.

=il I

Scale - 1:1

C Schematic:

_— O
—_ —o—
— —0-
— —_——
..—O-
WURTH ELEKTRONIK
D Electrical Properties:
Properties Test conditions Value Unit Tol
Inductance 100 kHz/ 10 m& L 47 uH +15%
Rated current AT=50K In 300 A max.
Saturation current IALAL < 30% h 780 A .
DC Resistance @ 20°C Ane 24 mQ +10%
Self resonant frequency fres 20 MHz yp.

E General information:

It is recommended that the temperature of the part does not exceed 125°C

under worst case operating conditions.
eAmbient temperature: -40°C to +75°C (refering to Ig)
*(perating temperature: -40°C to +125°C

#Storage temperature (on tape & reel): -20°C to +40°C; 75% RH max.

#Tast conditions of Electrical Properties: 20°C, 33% RH
if not specified differently

Projection

Reference on drawing

TA43B40470 (Article Number)

R=FG

Date code

YYww

[ 21 ] Close up of main circuit

3 | anme | = ™ EMC A Pducthve Souaons

12 | msee | s ) 74638 Wadercurg
Garmany

11 s | s &0 Tel, +48.{0) 70 42 9450

10 2014-05-08 S5t Y - com

REV DATE BY CHECKED

Wirth Elekirank eiSes GmbH & Co. KG

WE-HCF SMD High Current Inductor

Qrder.- Bo. = COMPLIANT P
7443640470 e u
Size: 2818
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