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Resonant LLC Half-Bridge DC/DC Converter Quick Start
Guide

1 System Description

The document provides instructions to run a GUI that controls the High-Voltage Half-Bridge LLC Resonant
DC/DC Converter with Synchronous Rectification Kit board using the F28027 microcontroller.
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2 An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
important disclaimers and information.
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General Texas Instruments High Voltage Evaluation (TI HV EVM) User Safety Guidelines

P\ e

Always follow TI's setup and application instructions, including use of all interface components within their
recommended electrical rated voltage and power limits. Always use electrical safety precautions to help
ensure your personal safety and those working around you. Contact Tl's Product Information Center
http://support/ti./com for further information.

Save all warnings and instructions for future reference.

Failure to follow warnings and instructions may result in personal injury, property damage, or
death due to electrical shock and burn hazards.

The term TI HV EVM refers to an electronic device typically provided as an open framed, unenclosed
printed circuit board assembly. It is intended strictly for use in development laboratory environments,
solely for qualified professional users having training, expertise and knowledge of electrical safety
risks in development and application of high voltage electrical circuits. Any other use and/or
application are strictly prohibited by Texas Instruments. If you are not suitable qualified, you should
immediately stop from further use of the HV EVM.

1. Work Area Safety
(a) Keep work area clean and orderly.
(b) Qualified observer(s) must be present anytime circuits are energized.

(c) Effective barriers and signage must be present in the area where the TI HVY EVM and its interface
electronics are energized, indicating operation of accessible high voltages may be present, for the
purpose of protecting inadvertent access.

(d) All interface circuits, power supplies, evaluation modules, instruments, meters, scopes and other
related apparatus used in a development environment exceeding 50Vrms/75VDC must be
electrically located within a protected Emergency Power Off EPO protected power strip.

(e) Use stable and nonconductive work surface.

(f) Use adequately insulated clamps and wires to attach measurement probes and instruments. No
freehand testing whenever possible.

2. Electrical Safety
As a precautionary measure, it is always a good engineering practice to assume that the entire EVM
may have fully accessible and active high voltages.

(a) De-energize the TI HV EVM and all its inputs, outputs and electrical loads before performing any
electrical or other diagnostic measurements. Revalidate that TI HV EVM power has been safely de-
energized.

(b) With the EVM confirmed de-energized, proceed with required electrical circuit configurations,
wiring, measurement equipment connection, and other application needs, while still assuming the
EVM circuit and measuring instruments are electrically live.

(c) After EVM readiness is complete, energize the EVM as intended.

WARNING: WHILE THE EVM IS ENERGIZED, NEVER TOUCH THE EVM OR ITS ELECTRICAL
CIRCUITS AS THEY COULD BE AT HIGH VOLTAGES CAPABLE OF CAUSING ELECTRICAL
SHOCK HAZARD.

3. Personal Safety

(a) Wear personal protective equipment (for example, latex gloves or safety glasses with side shields)
or protect EVM in an adequate lucent plastic box with interlocks to protect from accidental touch.

Limitation for safe use:
EVMs are not to be used as all or part of a production unit.

2 Resonant LLC Half-Bridge DC/DC Converter Quick Start Guide TIDU258—April 2014

Submit Documentation Feedback
Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com
http://support/ti./com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDU258

i3 TEXAS
INSTRUMENTS

www.ti.com

Hardware Overview

2 Hardware Overview

The High-Voltage Half-Bridge LLC Resonant DC/DC Converter with Synchronous Rectification Kit board
regulates the output voltage using 2P2Z/PID closed-loop control.. Figure 1shows the circuit diagram.
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Figure 1. TMDSHVRESLLCKIT Circuit Diagram

The High-Voltage Half-Bridge LLC Resonant DC/DC Converter with Synchronous Rectification Kit board is
divided into functional groups referred to as macro blocks. The following is a list of the macro blocks
present on the board and brief descriptions of each:

Main Board Area — [Main] — Contains the controlCARD socket, power connectors, jumpers, and the
routing of signals between the control CARD and the macro blocks. This section includes any area
outside of other defined macro blocks.

Aux-DC-Power macro — [M3] — Generates the 12-15V, 5V, and 3.3V DC power rails from a 12V DC
supply included with the kit, an external DC power supply, or the on-board 400V-to-15V DC/DC
module.

Isolated-USB-to-JTAG macro— [M4] — Provides an on-board isolated JTAG connection through USB
to the host as well as isolated SCI (UART) communication.

LLC Resonant + SR macro — [M1] — Isolated Resonant LLC DC/DC power stage with Synchronous
Rectification.

400V-to-15V DC/DC macro — [M2] — Generates an isolated 15V from the 400V input voltage.

Refer to Figure 2 for placement of each macro block.
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(1) [Main] — Main Board area

(2) [M3] - Aux-DC-Power macro

(3) [M4] - Isolated-USB-to-JTAG macro
(4) [M1] - LLC Resonant + SR macro
(5) [M2] - 400V-to-15V DC/DC macro

Figure 2. TMDSHVRESLLCKIT Macro Block Locations

In this guide, each component is named first with their macro number followed by the reference name. For
example, [M2]-J1 would refer to the jumper J1 located in the macro M2 and [Main]-J1 would refer to the J1
located on the board outside of the other defined macro blocks.
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Hardware Setup

Perform or verify the following steps to prepare the High-Voltage Half-Bridge LLC Resonant DC/DC
Converter with Synchronous Rectification Kit for use with the included GUI.

1. Insert a F28027 control card into socket [Main]-H1.
2. Connect your computer to the board using a USB cable. [M4]-LD1 should turn on.
3. Verify the following jumper settings:

e Jumpers are placed on [Main]-J1, J2, J3, J4, J5.

e Jumpers are placed on pins 1-2 on [Main]-J7, J8.

e Ajumper is placed on [M4]-J4.

* No jumpers are placed on [Main]-J6.

4. Verify that the power switch [M3]-SWL1 is in the “OFF” position.

5. Verify that no DC power supply is connected to [M3]-JP1.

6. Connect a 390VDC, 1A (max), power supply across [Main]-BS1, BS2.
7. Connect a 300W (max) load across [Main]-BS3, BS4.

NOTE: If Code Composer Studio has never been installed, it may be necessary to install drivers to
make the board work correctly. If a popup comes up when the USB cable is connected from
the board to the computer, have the install wizard install drivers from the XDS100v1 directory
of the zip file included with this kit.

1. When Windows asks to search Windows Update, select “No, not at this time” and click
Next
Can Windows connect to Windows pdate to search for
zoftware?
Yes, thiz time anly
Y'es, how and eveny time | connect a device
2. On the next screen select “Install from specific location” and click Next
YWhat do pou want the wizard to do?
Inzstall the software automatically [Recommended)
@) ilnztall fram a list or specific location [Advanced
3. Select “Search for Best Driver”, uncheck search removable media, and check include
specific location and browse to [USB Drive]:\XDS100 Drivers
@) Search faor the best driver in these locations.
Ilze the check boxes below to limit or expand the default zearch, which includes local
paths and removable media. The best driver found will be inztalled.
Search removable media [floppy, CO-ROM. ]
o | Include thiz location in the zearch:
|D:4<D5100 Dirivers - |
4. Click next and the drivers will be installed. The driver install screen will appear three
times, repeat this procedure each time.
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Quick Start GUI

This kit comes with a GUI which provides a convenient way to evaluate the functionality of this kit and the
F28027 device without having to learn and configure the underlying project software or install Code
Composer Studio. The interactive interface using sliders, buttons, and textboxes allows the High-Voltage
Half-Bridge LLC Resonant DC/DC Converter with Synchronous Rectification Kit and C2000 device to be
demonstrated quickly and easily.

The GUI for evaluating this kit is named “HVLLC-GUI[R3].exe” and can be found on the USB drive that is
included in the kit box. This GUI is all the software necessary to do a quick evaluation of this kit. To
explore deeper, the underlying reference software can be found within controlSUITE.

NOTE:

To obtain the most recent version of the CCS4 project for this kit, reference material, and
other software for the C2000 MCU, please download the controlSUITE installer from:

http://www.ti.com/controlSUITE

Once controlSUITE is installed, the project files can be found in the following directory:
controlSUITE\development_kits\TMDSHVRESLLCKIT_v1.0\

The GUI mentioned in this guide can be found at:
\TMDSHVRESLLCKIT_v1.0\~GUI\HVLLC-GUI[R3].exe

The kit ships with a F27027 controlCARD that has been pre-flashed with the code that
enables it to run with the GUI that comes with this kit. If, for any reason, the control CARD
needs to be reflashed so that it works with the GUI again, the flash image can be found at:

\TMDSHVRESLLCKIT_v1.0\~GUI\HVLLC-FLASH[R3].out

The Code Composer Studio 4 project and source code can be found at:
\TMDSHVRESLLCKIT_v1.0\HVLLC\

The documentation can be found at:
\TMDSHVRESLLCKIT_v1.0\~Docs\

The hardware development package can be found at:
\TMDSHVRESLLCKIT_v1.0\~HVLLC-HWdevPkg[R31\

NOTE: The GUI requires Microsoft .NET framework 3.0 to run. Please ensure that this software is
installed prior to running this program.
NOTE: The GUI requires Microsoft .NET framework 3.0 to run. Please ensure that this software is
installed prior to running this program.
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Follow these instructions to run the GUI included:

1. Browse to and run the “HVLLC-GUI[R3].exe” GUI. The program is shown in Figure 3.

L':: Texas Instruments - HY LLC Resonant EVM
Enable LLC Enable SR Enable Comp
AED: | 0| | et REM1: | | Set EOMPT, | _! Set
i | | Set FEM '=”i Set COMPZ | ”.-:'| Set
| _| Set REMZ | | St SR Curent | P
8 1] [set]||| FEMz2 5] [Sat] || sRzcuren ] &
. [ [
| "Save Configuration | [ Reset ] [ Setup Conhection ] [ Connect ]
I~ Mot Connected

Figure 3. TMDSHVRESLLCKIT GUI

2. Click “Setup Connection” and make sure the Baud Rate is set to 57600 and that the “Boot on Connect”

box is unchecked.

:{:: Setup Connection

BNl

COM Port:

Baud Rate; |5TEDD | [] Boot on Connect

Camae

SCI Connection Properties

B oot File: |

CamM14

>

CaM13
CaMz0
CaM21
COmMz2
COM23
COME

l Refrezh Comports ]

l Find Compart ]

W12

Figure 4. The GUI "Setup Connections" Window
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3.

8.
9.

Next you will need to select your serial COM port. This can be found by going to:
Control Panel->System->Hardware tab->Device Manager->Ports(COM & LPT)

Look for the COM port that is named “USB Serial Port” or similar and note the number. Select this
COM port in the “Setup Connection” window and click “OK” to close the window. Hint: Try selecting the
largest number or refreshing the list while connecting/disconnecting the USB cable to/from the board to
see which one changes.

Set the power switch [M3]-SW1 so that it is pointed away from “Ext” label.

Turn on the 390VDC, 1A (max), power supply. [M3]-LD1 should turn on and a red LED should begin
blinking on the controlCARD.

Click “Connect” in the GUI main window. The status bar at the bottom left corner of the GUI should
turn green and say “Connected” once the GUI is connected.

Click “Enable LLC" to enable the LLC Resonant power stage.
Click “Enable SR” to enable Synchronous Rectification.

Click “Enable Comp” to enable SR MOSFET current-level based turn-off via the on-chip analog
comparators.

10. When finished, set “Target Output” to 0.00V and disable the LLC Resonant power stage.
11. Press “Disconnect” to terminate the connection.
12. Turn off the board by turning off the 390VDC power supply.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right,
or other intellectual property right relating to any combination, machine, or process in which TI components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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