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15 kW two-level PV boost converter reference
design
REF-15KW2LBOOST

About this document

Scope and purpose

This user guide describes the two-level boost converter reference design REF-15KW2LBOOST with its main features,
key data, pin assignments, mechanical dimensions, and electrical interfaces.

Intended audience

This user guide is meant for engineers and technical specialists working on solar photovoltaic solutions and similar
domains. The concept of this power conversion reference design is modular. The hardware can be reused for various
power converter applications and use cases, with a special focus on solar photovoltaic solutions.

Reference design

This reference design is not a qualified and certified commercial product. Its hardware does not necessarily meet any
safety, EMI, or quality standard (for example, UL, CE) requirements.

Figurel Power conversion board REF-15KW2LBOOST
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Important notice

Important notice

“Evaluation Boards and Reference Boards” shall mean products embedded on a printed circuit board (PCB) for
demonstration and/or evaluation purposes, which include, without limitation, demonstration, reference and
evaluation boards, kits and design (collectively referred to as “Reference Board”).

Environmental conditions have been considered in the design of the Evaluation Boards and Reference Boards
provided by Infineon Technologies. The design of the Evaluation Boards and Reference Boards has been tested
by Infineon Technologies only as described in this document. The design is not qualified in terms of safety
requirements, manufacturing and operation over the entire operating temperature range or lifetime.

The Evaluation Boards and Reference Boards provided by Infineon Technologies are subject to functional
testing only under typical load conditions. Evaluation Boards and Reference Boards are not subject to the same
procedures as regular products regarding returned material analysis (RMA), process change notification (PCN)
and product discontinuation (PD).

Evaluation Boards and Reference Boards are not commercialized products, and are solely intended for
evaluation and testing purposes. In particular, they shall not be used for reliability testing or production. The
Evaluation Boards and Reference Boards may therefore not comply with CE or similar standards (including but
not limited to the EMC Directive 2004/EC/108 and the EMC Act) and may not fulfill other requirements of the
country in which they are operated by the customer. The customer shall ensure that all Evaluation Boards and
Reference Boards will be handled in a way which is compliant with the relevant requirements and standards of
the country in which they are operated.

The Evaluation Boards and Reference Boards as well as the information provided in this document are
addressed only to qualified and skilled technical staff, for laboratory usage, and shall be used and managed
according to the terms and conditions set forth in this document and in other related documentation supplied
with the respective Evaluation Board or Reference Board.

Itis the responsibility of the customer’s technical departments to evaluate the suitability of the Evaluation
Boards and Reference Boards for the intended application, and to evaluate the completeness and correctness
of the information provided in this document with respect to such application.

The customer is obliged to ensure that the use of the Evaluation Boards and Reference Boards does not cause
any harm to persons or third-party property.

The Evaluation Boards and Reference Boards and any information in this document is provided "as is" and
Infineon Technologies disclaims any warranties, express or implied, including but not limited to warranties of
non-infringement of third-party rights and implied warranties of fitness for any purpose, or for
merchantability.

Infineon Technologies shall not be responsible for any damages resulting from the use of the Evaluation Boards
and Reference Boards and/or from any information provided in this document. The customer is obliged to
defend, indemnify and hold Infineon Technologies harmless from and against any claims or damages arising
out of or resulting from any use thereof.

Infineon Technologies reserves the right to modify this document and/or any information provided herein at
any time without further notice.
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Safety precautions

Safety precautions

Note: Please note the following warnings regarding the hazards associated with development systems.

Table1l Safety precautions

Warning: The DC link potential of this board is up to 1000 VDC. When measuring
voltage waveforms by oscilloscope, high voltage differential probes must be used.
Failure to do so may result in personal injury or death.

Warning: The evaluation or reference board contains DC bus capacitors which take
time to discharge after removal of the main supply. Before working on the system, wait
five minutes for capacitors to discharge to safe voltage levels. Failure to do so may
result in personal injury or death. Darkened display LEDs are not an indication that
capacitors have discharged to safe voltage levels.

Warning: controller board must be connected with the main power board before
powering the DC bus.

Warning: There is no inrush current limitation on the board, the DC source should be
powered up from 0V slowly or set the DC source with a current limitation to 12.5A
during startup.

Warning: Remove or disconnect power from the system before you disconnect or
reconnect wires or perform maintenance work. Wait five minutes after removing power
to discharge the bus capacitors. Do not attempt to service the system until the bus
capacitors have discharged to zero. Failure to do so may result in personal injury or
death.

Caution: The heat sinks and device surfaces of the evaluation or reference board may
become hot during testing. Hence, necessary precautions are required while handling
the board. Failure to comply may cause injury.

Caution: Only personnel familiar with power electronics should plan, install,
commission and subsequently service the system. Failure to comply may result in
personal injury and/or equipment damage.

Caution: The evaluation or reference board contains parts and assemblies sensitive to
electrostatic discharge (ESD). Electrostatic control precautions are required when
installing, testing, servicing or repairing the assembly. Component damage may result
if ESD control procedures are not followed. If you are not familiar with electrostatic
control procedures, refer to the applicable ESD protection handbooks and guidelines.

Caution: The evaluation or reference board is shipped with packing materials that
need to be removed prior to installation. Failure to remove all packing materials that
are unnecessary for system installation may result in overheating or abnormal
operating conditions.

>R BB
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1 The power conversion reference design at a glance

1.1 Introduction

REF-15KW2LBOOST comes as a kit that includes different boards to help users build and operate a three-channel
boost converter. The kit includes:

e REF-15KW2LBOOST main board: The three-channel boost DC-DC converter main board
e ISODRV-3240C3P15N05-1: A three-channel gate driver card

e PB-APS-24V-5VISO: A24V -5V isolated auxiliary power supply

e Filter-REF-15KW2LBOOST: A boost inductor and EMI filter board

e PB-CAPTANK-1.1KV: An output DC-link capacitor board

The REF-15KW2LBOOST main board contains three basic boost DC-DC converters and carries power semiconductors,
gate drivers, and an auxiliary power supply. It also includes connectors that users can use to connect their own
passives.

Users can get an XMC7200-based control board separately. This board comes with all the signal-conditioning circuits,
a power conversion software, and a GUI that helps operate the 15 kW boost converter as a three-channel interleaved
boost in open-loop and closed-loop configurations.

Figure 2 shows the completely assembled 15 kW boost converter reference design, including an XMC7200-based
control board connected to the main board. This control board is available under the name REF-CLBXMC7PEC.

Figure 2 Power conversion reference design REF-15KW2LBOOST
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1.2 Top-level specifications

Table 2 Specifications
Parameter Typical Maximum Unit
Input voltage 1000% Ve
Output voltage 750 850 Ve
Output power per channel 5 kw
Output power 15 kw
Switching frequency 24 24 kHz

@ REF-15KW2LBOOST can handle a maximum input voltage of 1000 V. The output voltage is produced while the
system runs. When the converter is off, the output may exceed 850 V, but it drops quickly after the converter restarts.

1.3 Key design building blocks

X503 X500 x5gq X502 X504 X101 X100 X103
ISO5Y CAN caN CAN SPI PSoC 5LP Debug USB Commissioning
Program/Debug UART
Gazelle Control Board
REF-CLBXMCTPEC

Basic interface

3-Channel Gate driver Board
ISODRV-3240C3P15N05-1

X1 CH1 CH2Z CH3

X10 X11 X12 X16

BUS_DC+

EMI Filter
&

Boost Inductor Boost Power Board

REF-15KW2LBOOST
PV IN- o PV IN-

pvs. Filter-REF-15KW2LBOOST ™~

BUS_DC-
X4 X5 X17 X18 X19 X20

CH1CH2 CH1CH2

24V-5V, 2A 24V-5V, 2A
Isolated Aux Isolated Aux
Power Supply Power Supply
PB-APS-24V-5V I1SO PB-APS-24V-5V ISO

Enhanced interface  Enhanced interface

Control Measure

DC4+ DC40v DC4-

DC1+

X505
CAN

Extend

(TepEar External 'O

DC+ DC-OV DC-

DC2+

DC Link Board
PB-CAPTANK-1.1KV

DC3-0V  DC3-

Figure 3 Assembly diagram

Figure 3 shows how the different boards are connected to construct the three-channel boost DC-DC converter.
Starting from the left, the EMI filter board consists of an EMI filter and a boost inductor for the three channels. The
filter board is connected to the boost power conversion board. The negative terminals of the three boost converters
are connected internally. The boost power conversion board also contains a gate driver card and two auxiliary power
supply cards. Only one is delivered with the current system setup. The second power supply card is intended for
powering the communication card in future. Finally, the boost power conversion board is connected to the output

DC-link board.
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Figure 4 Main power conversion board: REF-15KW2LBOOST
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Figure5 Gate driver board: ISODRV-3240C3P15N05-1
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Figure 6 Auxiliary power supply board: PB-APS-24V-5V ISO
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REF-15KW2LBOOST-Filter
V1.0

e,
Figure 7
EEEEE.:
. EEEEEN ]
L X A )
Figure 8 DC-link board: PB-CAPTANK-1.1KV
User guide 90f85

V11
2025-12-05




o~ _.
15 kW two-level PV boost converter reference design < I n f| neon

The power conversion reference design at a glance

1.4 Preferred components

15-kW boost kit

3X 1ED3240MC12H >

TRENCHSTOP™ IGBT7 H7 '- .' CoolsiC™ Schottky diode
Generation 5

IKZA40N120CHT IDW20G120C5B

2EP130R IRF7351 IRS27952 TLE42744GS V33

Aux supply

Figure9 Block diagram of the power conversion board

Figure 9 shows the main semiconductors offered in the 15 kW boost converter reference design.

e Power semiconductors:

o TRENCHSTOP™IGBT7 H7: 1KZA40N120CH7

o CoolSiC™ Schottky diode generation 5: IDIW20G120C5B
e Gatedriver:

o Single-channel, isolated gate driver with two-level slew rate control: 1LED3240MC12H

e Currentsensor:
o XENSIV™ magnetic current sensor: TLI4971
e Auxiliary power supply:
o Full-bridge transformer driver: 2EP130R
o Half-bridge controller IC: IRS27952
o 60Vdual N-channel HEXFET power MOSFET: IRF7351
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2 Functional description of the board

This chapter lists the features available for the 15 kW boost converter reference design.

Figure 10 Block diagram of REF-15KW2LBOOST
2.1 Description of the functional blocks
2.1.1 Switching devices

The boost power stage is realized using the TRENCHSTOP™ IGBT7 H7 IKZA40N120CH7 and the CoolSiC™ Schottky
diode IDW20G120C5B, shown in Figure 11.

Figure 11 IKZA40N120CH7 and IDW20G120C5B
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IKZA40N120CH7 is a TRENCHSTOP™ IGBTT H7 discrete in a TO-247-4pin package technology. It has been developed
for applications that focus on decarbonization such as solar photovoltaic, uninterruptible power supplies, and
battery chargers.

IDW20G120C5B is a part of the CoolSiC™ Schottky diode generation 51200V, 20 Ain a TO-247-3 package. It presents a
leading-edge technology for SiC Schottky barrier diodes. The expanded 8.7 mm creepage and clearance distances in
the new package offer extra safety in environments with high pollution. Other than negligible switching losses - a
signature feature of the SiC Schottky - the CoolSiC™ generation 5 offers best-in-class forward voltage (V¢), the
slightest increase of Ve with temperature, and highest surge-current capability. The result is a series of products that
deliver market-leading efficiency and higher system reliability at an attractive cost point.

=

-

X
=

Figure 12 Functional block diagram of the power stage
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.
2.1.2 Gate driver
-------------------
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Figure 13 Functional block diagram of the gate driver card

Three 1ED3240MC12H single-channel isolated gate drivers are used to drive the three IGBTSs.

Figure 14 1ED3240MC12H

1ED3240MC12H belongs to the EiceDRIVER™ 2L-SRC Compact 1ED32xx family. It is a single-channel isolated gate
driver with two-level slew-rate control (2L-SRC) and a typical sinking and sourcing peak output current of 10 A. It
comes in a DSO-8 wide-body package with large creepage distance (> 8 mm) for IGBTs, MOSFETSs, and SiC MOSFETSs.
1ED3240MC12H offers two separate outputs with 10 A typical peak output current to control two independent gate
resistances for both turn-on and turn-off thus enabling two-level slew-rate control. This gate driver can operate over a
wide range of supply voltages, both unipolar and bipolar.
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Figure 15 Gate driver card

The 24 V voltage and the PWM signals that come from the power board are used as an input for the gate drive card.
This voltage is then stepped down and used as an input for the 2EP130R full-bridge transformer driver. A transformer
provides functional isolation and the voltages 15V and -5 V are generated on the rectifier side. These are used as the

positive and negative voltage for driving the IGBTs on the power board. The gate resistors are located on the power
board.

The two-level slew rate control provides different on and off gate resistors depending on the control signal sent to the

INF pin. This also gives users more flexibility to optimize the design. The usual use cases can be seen in Figures 16, 17,
and 18.

Figure 16 Schematic implementation of the usual two-level slew-rate control gate-drive

This flexibility can be utilized to increase the value of the turn-off resistor during abnormal conditions, such as when
an overcurrent fault is detected by the current sensor. Increasing the value of the turn-off resistor leads to a slower
turn-off during fault conditions. Figure 17 shows how this soft turn-off can be implemented. During the
implementation, ensure that the INF signal becomes lower than the IN signal when the PWM kill signal arrives. For
this, use a combination of logic gates and an RC filter with a larger time constant on the IN pin.
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Figure 17 Soft turn-off implementation

IKZA40N120CHY

Figure 18 Two-level slew-rate control gate driver implementation

During normal operation:

e /INF=High (OUTF is enabled at turn-off and disabled at turn-on)
° Rgon:5.lQand Rgoff:5.1 Q//120024.89Q

During abnormal turn-off:
e /INF=Low (OUTF is disabled at turn-off and enabled at turn-on)
° Rgon:5.l Qand Rgoff: 1200

2.1.3 Internal auxiliary power supplies

Users must provide an external voltage supply of 24 V to the power board. This voltage is fed to a power supply card

that generates an isolated 5 V. Both 24 V and the isolated 5V are then fed to the gate driver card
isolated 15 V/-5V needed to drive the IGBTSs.
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Figure 19

Auxiliary power supply tree

The specifications of the auxiliary power supply card are listed in Table 3.

Table 3 Specifications of the auxiliary power supply card
Parameter Minimum Typical Maximum Unit
Input voltage 21.6 24 26.4 Ve
Input current 0.5 A
Output voltage 4.75 5 5.25 Ve
Output current 0 2 A
Switching frequency 226 kHz
Half bridge IC used IRS27952 -
Isolation Reinforced isolation
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2.1.4 Sensing and protection
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Figure 21 Functional block diagram of the measurement signals
2.14.1 Current sense

The inductor currents are sensed using the TLI4971 current sensor.

XENSIV™ TLI4971-A120T5-U-E0001 is an Infineon high-precision, miniature coreless magnetic current sensor for AC

and DC measurements. It has an analog interface and dual fast overcurrent detection outputs. The two overcurrent
detection (OCD) pins are used to implement protection at both hardware and software levels.

FPVIIN

s33VA +3IVSEN

REF-15KW2LBOOST - current sensing.SchDoc

X 5D
T2 {
() B -
s1 —ADi2 57
30V Ve 200mA I B30R/250mW
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AGND
VD DGND
7 AGND
RIS
7
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. [ R20
3
i}
4 gl 1K
L}
3 R RED
3 £
i}
. [
I L css da crr cw l< =
-[::-ﬂ T\.—J IoF ‘[r saF ,-|rr-:rf: v
=
AGND

OCDI_FLT PV
5CD FLT PV
AOUT_PVI IN

VREF FVI IN

Figure 22

The current sense circuits

One way to reprogram the current sensor if needed is by using the XENSIV™ - TLI4971, TLE4972 current sensor

programmer board. Details are provided in the board’s user guide.
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Figure 23

Current sensor programmer board

The current sensor programmer board should be connected to a PC and the DUT board connector should be

connected with the power board.

Sensor 1

Sensor 3

Reserved
Reserved
Reserved

SCL

SDA

®OEOEEO-EE

(14

V5
Reserved
(@0)
@2

0) | GND

22) GND

Va3

Figure 24

DUT board connector on the programmer board

Figure 25 show the two connectors that have to be interfaced together on the programming board and the power

board. Make the following connections:

e Connect X17 pin 7 to GND of the DUT board connector

e Connect pin 8to VSENS

e Connect X17 pin 1 to pin 6 to provide the pins AOUT and OCD2 of all three devices according to the schematic

in Figure 22.
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Figure 25

Current sensor programming connector on the power board

Steps to reprogram the current sensor are as follows:

1. Connect the programmer board with X17 on the power board and also with a USB cable to the PC.

2. Place switch S1in programming mode.
Start the TLI4971 programming software.

3
4. Inthe GUI, go to Memory and then choose Basic Configuration.
5

Set all the data and then click Burn EEPROM.

6. Repeatsteps1-5to program the other current sensors.

7. Remove all the connections.

8. Place switch S1 back into the default mode.

Programmer

A

Current Toolbox ‘

o’ (&}

Sen5| Connect to the selected programmer h

Current Toolbox

Options | Memory | Tools Help
Basic Configuration (F2)

Eeprom Map (F3) E\lalkit Sofh

Calbraten Parameters (F1)

Figure 26
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Figure 27 GUI for the current sensor

2.1.4.2 Voltage sense

The DC-link voltages are measured on the power board. The voltage at the input of each boost channel is measured
on the filter board. Both measurements are taken using voltage dividers.

WARNING: The controller board must be connected to the main power board before the DC bus is powered up. Failure

to do so can lead to a hazardous situation.
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Figure 28 Voltage sensing circuits
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2.14.3

Temperature sense
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Three temperature measurements are provided on the board using NTCs. The NTC used is B57703M0502A006.

T 1000F
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1

108
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LT
10k

s

C78
220nF
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5
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g

Heatsink temperature sensing

TEMP PV1 HTK -

Figure 30

Temperature sensing circuit

Table 4 lists the voltage versus temperature values for the temperature sensing circuit.

Table 4 Voltage versus temperature
T (°C) R(Q) Interface voltage (V)
-40 169157 0.014735614
-35 121795 0.020442373
-30 88766 0.028006184
-25 65333 0.037974876
-20 48614 0.050901983
-15 36503 0.06756209
-10 27680 0.088715401
-5 21166 0.115388166
16330 0.148544266
5 12696 0.189451349
10 9951 0.239211559
15 7855 0.299222023
20 6246 0.370589979
25 5000 0.454545455
30 4029 0.551998234
35 3266 0.663834307
40 2665 0.789889415
45 2186 0.930752048
50 1803 1.085540599
55 1495 1.253132832
60 1247 1.431024614
65 1044 1.619170984
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70 878.9 1.813039379
75 743.1 2.011101279
80 631 2.210433245
85 538.2 2.40801387

90 460.8 2.601998335
95 396.1 2.789867202
100 341.8 2.969826562
105 296.2 3.139914594

2.1.4.4 Fault and latch circuit

Fault and latch circuits are provided to disable the PWMs in the case of a fault event. Figure 31 shows a fault and latch
circuit for REF-15KW2LBOOST.

TLI4971 has two levels of overcurrent threshold settings - OCD2 for the lower threshold and OCD1 for the higher
threshold. OCD1 is usually used to protect from a short-circuit event. Once OCD1 is triggered, the output of the D-type
flip-flop SN74LVC1G175DCKT will turn to a low state to shut down the PWM signal permanently.

The same OCD1 protection circuit is integrated into the controller board. Consequently, the identical function on the
main power board is not utilized by desoldering R43, R44, and R49.

REF-15KW2LBOOST - fault and latch.SchDoc
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Figure 31 Fault and latch circuit
2.1.5 Fan control
A fan comes with the power board. The fan’s duty cycle can be controlled by the GUI and ambient temperature.
v
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Figure 32 Fan control circuits
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2.1.6 Connectors
2.1.6.1 Signal connectors

2.1.6.1.1 Input voltage sense interface

The input voltage is measured on the filter board and is transferred to the power board through the X13 connector.
The signals are shown in Figure 33.

X13

VSNS- PV3
VSNS- PV2
VSNS- PV1 >

VSNS+ PV3
VSNS+ PV2
{_VSNS+ PVI

NEN S

i = o] |~
0

[
=

14 I T aND TAN

A GND FAN >

{24V FAN

62501421621

41 42 45 4
10k 10k 10k

39 40
10k 10k

A A INA INA A A
AED
Figure 33 Input voltage sense interface
Note: The filter board must be connected to the power board before applying voltage on the input.
Table 5 Input voltage sense interface
Input voltage sense interface
Pin Signal Description
1 VSNS- PV3 PV3voltage N
2 VSNS+ PV3 PV3voltage P
3 VSNS- PV2 PV2 voltage N
4 VSNS+ PV2 PV2 voltage P
5 VSNS- PV1 PV1voltage N
6 VSNS+ PV1 PV1voltage P
7 NC NC
8 NC NC
9 NC NC
10 NC NC
11 24V FAN 24V used for powering up the fans on the filter board
12 GND FAN 24V ground
13 24V FAN 24V used for powering up the fans on the filter board
14 GND FAN 24V ground
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2.1.6.1.2 Basicinterface

infineon

The X16 connector contains all the signals that are required for controlling the three-channel boost converter. It can
also be interfaced with the control board REF-CLBXMC7PEC that has the same connector under the name Basic
interface. The signals of the basic interface are shown in Figure 34.
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Figure 34 Basic control interface
Table 6 Basic interface signals
Basic interface
Pin Signal Description
1 +5VD Digital power
2 +5VD Digital power
3 DGND Digital power
4 DGND Digital power
5 PWM_uC_PV1_LS_IN PV1PWM
6 NC NC
7 PWM_uC_PV2_LS_IN PV 2 PWM
8 NC NC
9 PWM_uC_PV3_LS_IN PV 3 PWM
10 NC NC
11 PWM_uC_FAN_CTRL PV fan control
12 NC NC
13 OCD1_FLT_PV1 PV1 current sensor ODC1
14 OCD2_FLT_PV1 PV1 current sensor ODC2
15 OCD1_FLT_PV2 PV2 current sensor ODC1
16 OCD2_FLT_PV2 PV2 current sensor ODC2
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17 OCD1_FLT_PV3 PV3 current sensor ODC1
18 OCD2_FLT_PV3 PV3 current sensor ODC2
19 PWM_KILL_PV1 PV 1 PWM kill
20 PWM_KILL_PV2 PV 2 PWM kill
21 PWM_KILL_PV3 PV 3 PWM kill
22 PWM_uC_PV1_/INF PV1 gate driver control
23 PWM_uC_PV2_/INF PV2 gate driver control
24 PWM_uC_PV3_/INF PV3 gate driver control
25 [2C_SCL Gate driver config (if required)
26 12C_SDA Gate driver config (if required)
27 +5VA Analog power
28 +5VA Analog power
29 AGND Analog power
30 AGND Analog power
31 VSNS+_PV1 PV1 voltage P
32 VSNS-_PV1 PV1voltage N
33 VSNS+_PV2 PV2 voltage P
34 VSNS-_PV2 PV2 voltage N
35 VSNS+_PV3 PV3 voltage P
36 VSNS-_PV3 PV3 voltage N
37 AOUT PV1IN PV1 current P
38 VREF PV1 IN PV1 current N
39 AOUT PV2IN PV2 current P
40 VREF PV2 IN PV2 currentN
41 AOUT PV3 IN PV3 current P
42 VREF PV3 IN PV3 currentN
43 VSNS+ BUS Bus voltage P
44 VSNS- BUS Bus voltage N
45 NC NC
46 NC NC
47 TEMP PV1 HTK PV1 temperature
48 TEMP PV2 HTK PV2 temperature
49 TEMP PV3 HTK PV3 temperature
50 NC NC
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2.1.7 Isolation coordination

The 15 kW boost converter follows a hot-side control structure where all the measurements and gate-drive power
supply offer functional isolation. There are two microcontrollers on the REF-CLBXMC7PEC control board:

e XMCT7200 is located on the hot side and controls the converter

e CY8C58LPis located on the cold side. It is separated from the main micro-controller by digital isolators for
debugging purposes.

IEC 62109-1 is used for clearance and creepage requirements.
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3 Converter control design
3.1 Converter topology and its switching strategy
3.1.1 Introduction to the three-channel DC-DC boost converter

REF-15KW2LBOOST has a three-leg or three-channel interleaved DC-DC boost converter. The circuit diagram for the
three-phase interleaved boost converter is shown in Figure 35. Parasitic circuits of the inductor and capacitor have
been ignored. The switch and diode are assumed to be ideal devices for further mathematical analysis.

PV1+
STV

PV2+ Bus+
e }

PV3+

L
Figure 35 Circuit diagram of an interleaved boost converter
3.1.2 Principle of an interleaved boost operation

The operation of a three-channel interleaved boost converter involves three individual boost converter stages
working together in parallel but with a phase shift between them.

Each channel of the interleaved boost converter operates with a specific phase shift (360/n, where n is the number of
phases) relative to others that have the same duty ratio. Typically, the channels are spaced evenly at 120-degree
intervals, ensuring that the current pulses are distributed evenly overtime, as shown in Figure 36.

Fundamentally, each phase of the converter will operate in the same manner as the conventional boost converter.

V"’C—

Mode 1 Mode 2

Figure 36 Operating modes of a conventional boost converter

Mode 1: When the switch is on, the inductor enters the charging process. During this time, the switch in the circuit
diagram can be replaced by a wire, and the diode is equivalent to an open circuit. The power supply charges the
inductor and the charging current remains basically unchanged. At the same time, the voltage on the capacitor
supplies power to the load. As the capacitor is very large, the output voltage also remains mostly unchanged.
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Mode 2: When the switch is closed, current flows through the inductor. It is the nature of inductance to resist changes
in the current flow. Therefore, when the switch opens, the inductor current continues to flow and takes the only
pathway available - through the diode.

I_in N\/\

i Pt
Figure 37 Inductor current waveforms with a duty ratio D = 0.5
3.2 Control mode and control loop design
3.2.1 Introducing the control mode

The implementation of a controlling two-level boost converter comprises four control modes as shown in Figure 38.
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Figure 38 The overall control block diagram

The detailed explanation of the algorithm of every control loop of the interleaved boost converter is discussed in the
following sections.

3.2.2 Control loop and algorithm
Vdc open-loop control

In the V4. open-loop control, the interleaved boost converter operates without feedback from the output to the input,
resulting in an unregulated output voltage. To achieve a desired output voltage, a referenced duty cycle is required. It
is typically calculated based on the desired output voltage (V) and the input voltage (V;;,). The duty cycle is set to a
predetermined value, allowing the boost converter to produce an output voltage close to the desired value.

For open-loop control of the output voltage, the boost converter must work in CCM (Continuous Conduction Mode)
mode.

The duty cycle can be calculated using the equation:

Vo = V;

Duty ratio,D =

~

Vi double-loop control design

To design the closed-loop control system of a boost converter, it is necessary to model the dynamic behavior of the
converter. The state-space averaging method uses the state-space description of dynamic systems to derive the
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small-signal averaged equations of PWM switching converters. In the state-space averaging method, an exact state-
space description of the power stage is formulated initially. This description is called the switched-state space model.
The power stage dynamics during an ON-time period can be expressed in the form of a state-space equation, as
follows:

a. When the switch is ON (0, dT):

dlL(t)

P 1775 () IR @ §
L@ _ _ vo(t)

b. When the switch is (dT, Ts)

dlL(t)

it Vin(®) —v,(t) ... e e e e e e e e (3)
dve(t) _ vo(t)
C— =u®- (4

The switching function is introduced. q(t) is periodic with a period equal to the switching period and its cyclic average
value gives a discrete sequence that is the same as the duty ratio sequence.

(1,  t=(0,dT]
q“)‘{o, t = (dT,, T]

Duty ratio function, d(t) = ft T q(t)dt

Using this switching function, the two state-space descriptions given earlier can be combined into a single state-
space equation as follows:

L du®

5 = = q(Ovn (@) + (1= q(0) [Win(®) = o (O] e e v evv v e e (5)
dve(t) 0( ) . V(1)
C T q(t) + (1 —q@®)[i (t R | IR ()
Taking the average of equations 5 and 6,
d
l;it) T () = (1 = d(E)Tg(O] oo oo (7)
¢ e d”"(t) = (1-d(®)i () - O(t) ..(8)

The input variables and state variables decompose into the sum of DC components and perturbations, and the small
disturbance analysis is carried out as:

d(i, +13) Vi +05) — (1= (D + D)V, + 7,]

a L )
d,+7;)  (1-©+D)U, +0)— ek y
ac c - (10)

When the converter reaches the steady state, the change of inductive current and capacitor voltage can be
considered as 0. Now, set the left side of equations 9 and 10 to 0 to obtain the steady state value of each state
variable. This can be expressed as:
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dl, _ 0& o _ 0 11
- = 7= 0 (1)

From equations 9, 10, and 11, and considering 7,,, = 0 because the boost converter is operating in Vo, control mode,
we get:

di (0 _ =D’ %) +d©)Vy

dt I e e (12)
av;  D'i® 28 e,
P - SRR ¢ )

Where D’=1-D.

The time-domain equation can be transformed into a frequency-domain equation through Laplace transformation:

L . _ i), _ V,RCs+2V,
Current gain with respect to duty ratio G;4(s) = S lo (s)=0 = P
o . _B(s) Vi —-RD"’4Ls
Output voltage gain with respect to duty ratio G,4(s) = 6 lom(s)=0 = — 2 e Lo rD
(s) RD'*-Ls

Output voltage gain with respect to current Gy 4.(s) = © lm(9)=0 = Drecaran:

Current inner-loop design

The most commonly used Pl controller is selected as the controller for the current inner-loop. The structure diagram
of the currentinner-loop is shown in Figure 39.

. ) Gi(s)
I 7 7 3
LS I A < 1/1,, |—» G, » K. I°},ECS+ o 5
- ' - RLCs” +Ls+RD~
Figure 39 Structure diagram of the current inner-loop
k.
Gi = kpi + f

After the Pl controller is introduced, the open loop transfer function of the inner current loop is given as:

kii VORCS + ZVO

)

Gy = G;Giy(s) = (ki +
1= GiGia(s) = (kpi + 3 RLCs2 + Ls + RD'?

The controller is designed by specifying the loop-gain crossover frequency (i.e., 1/20" of the switching frequency) and
the required phase margin of 45 degrees. Through this the values of k,; & k;; can be calculated, which come out to be
0.216 and 582.177 respectively.
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Voltage outer loop design

Gy(s)

T V,RCs+2V, i D°R-Ls | Yo

i""-", K1 s G, - . . , .
. : RLCs* +Ls+RD" DRCs+2D

II V.., Lr Filter

Figure 40 The voltage-loop control block diagram

k:
Gy = kpy +%

RD'? —Ls Iy,
D'RCs + 2D' Vigse

I
G3 (S) — Vbase

base

kiv
Gy (8)G2(8)Gyi(s) = (kpv + T)Gz(s)

The controller is designed by specifying the loop-gain crossover frequency (i.e., 1/10™ of the switching frequency) and
the required phase margin of 45 degrees. Through this the values of k,,,, and k;,, value can be calculated, which
comes out to be 8.696 and 3946.98 respectively.

MPPT control loop

Maximum power point tracking (MPPT) is the process for tracking the voltage and current from a solar module to
determine the point where the power peaks to extract the maximum power.

In Figure 41, the purple curve is the current-voltage characteristic for a particular solar panel under a specified
condition of light incidence. The green curve is of power showing the point where the peak occurs, which is in the
knee of the I-V curve (blue dot) at Iwue and Vuwe. If the light incidence decreases, the curves shift down.

Curnf:ntjL Power
(A) P (W)
MMP
| —>
Vi Voltage(V)
Figure 41 I-V and P-V characteristics of a particular solar panel

The output current of a solar module varies directly with the amount of light (irradiance). With changing temperature,
the output voltage changes inversely, while the current remains relatively constant.

Maximum power point tracking (MPPT) utilizes an algorithm, which consists of a series of steps or procedures to
achieve a specific outcome. One effective method for developing these control strategies is the incremental
conductance method. This algorithm uses the instantaneous conductance I/V and the incremental conductance
dl/dV for MPPT.
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At the peak power point:

1dprP 1 dl
vVav v dV

If the operating point is to the right of the curve:

P
av < 0,thenif

1 di
—+—<0, V is decreased

Vo dv

1 dl

v + W > 0, V is increased

If the operating point is to the right of the curve:

User guide

P
av > 0,thenif

1 dl

v + av >0, V is decreased

1 dl

v + W <0, V is increased
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Start Inc. Cond.
PPT algerithm
A 4
Read PV Voltage,
Current &
Temperature Values

¥

di=1{ty*I(t-1)

dv=V(t)-V(t-1)

False ‘ True

. ¢ <>

False False

True False True False

Increase ‘ Decrease Increase Decrease
vi(t) v(t) vit) v(t)
¥ ¥
Voltage & Current
Maximum power
point Found
Figure 42 Flowchart of the incremental conductance algorithm
Ipy » dl/dt >
> Sign —>
Vpv » dV/dt
>
Figure 43 Implementation of the incremental conductance method

Single current control

The single-current control loop uses the same design as that of the current inner-loop for V4. double-loop control.

User guide

35 0f 85

V11
2025-12-05




Infineon

15 kW two-level PV boost converter reference design

Converter control design

i

3.3 Introducing the functional architecture and tasks

3.3.1 Functional architecture of the control software

The tasks discussed in the previous sections are distributed in the software platform, as shown in Figure 44. The
application control software has the following functionalities:

BackGround Task BackGround Task Fast Task VeryFast Task

Fault Handler o

¢ Current Loop

Fast Task

Current
Balance

Figure 44 Distribution diagram of the software platform

Master control

The master control task is mainly responsible for delivering reference value instructions to the control loop. When the
boost converter is activated, the master control task receives the command order and reference instructions. It
mathematizes the reference value instructions and then sends them to the control tasks.
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CtrIMode=Vdc Open Loop Control
— @ @—— DUtycycleRef ExtPVA1
From GUI Par_DutycycleRef Ext — @ DutycycleRef ExtPV2
—— @ @—— DUtycycleRef ExtPV3
CtriMode=Vdc Double Loop Control
Par_VoutRef VoutRefPVx
From GUI = .g—— VOUtRefPV1
CtriwD Vout Ref
®—— VoutRefPV2
] VinAct Generator
From Primary task .@—— VOUtRefPV3
CtriMode=MPPT Control
Rar_VinRef VinRefPVx - @--@g— VinRefPV1
From GUI Criwb_ — @ @—— ViNREPV2
PVXOC —_— @ VINREfPV3
CtriMode=Single Current Loop Control
Par_|LRef Ext ILRef ExtPVx —n@—— |LRef_ExtPV1
—).
From GUI
CtrlwD —ne @—— |[LREf_EXtPV2
ﬂ
—e @ —— |ILRef_EXtPV3
Figure 45 Interface description of master control

State machine

Figure 46 shows a state machine for the background task. It begins in the STOPPED state with control and PWM
disabled. When a start command and ready signal are received, the system moves to RUNNING, enabling control and
PWM. If the Stop command is given or if the readiness fails, the system transitions to SHUTDOWN, where control
remains active briefly before being disabled. A fault condition (FIltTrip == 1) causes a transition to the FAULT state
from RUNNING, SHUTDOWN, or STOPPED states. In the FAULT state, control is disabled and the fault handling logic
decrements a reset counter and checks for recovery. If the fault clears and reset conditions are met, the system
returns to STOPPED. This design ensures safe operation and automatic recovery from faults.
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[Rdy2Stp==1]

f

2
STOPPED N {SHUTDOWN !

—0

entry: entry.during:
EnPWM = false; EnPWM = true;
EnCirl =false; EnCitrl =true;
RunState = 10; RUNNING RunState = 50;
EnFltRst=false; entry,during: EnFltRst=false;
RstCnt=0; EnPWM = trug; RstCnit=0;
RstOKFlag=falsa; EnCtr =irue; RstOKFlag=false;
during: RunState = 30; exit:
EnPWM = fole; f}SrCmd==188(Rdy28w=~111 | EnFiRst="alse; | [(StpCmd==1)|{(Rely25tr=0}] EnPWM = false;
Enctri =fase; ¥ “| RstCnt=0; EnCtr =false;
RunState = 10; RstOKFlag=false;
exit axit:
-~ @@/
J 1
2
[FltTrip==1]
[RstOKFlag==trua] [FtTrip==1] FALLT
antry,during:
EnPWM = falze;
EnCtr =false;
RunState = 70;
EnFltRst=falze;
if RstCmd==1
RsICnt=RstCntlLmt;
end
if RstCnt>0
EnFltRst=true;
RstCnt = RstCnt - 1; [FItTrip==1]
if FliTrip
RstOKFlag =true;
end
else
EnFliRst=false;
end
axit:
EnFltRst=true;
RstCnt=0;
[
o . .
Figure 46 State machine diagram of background tasks

Fault check

Software Fault Word

N

Power Tpv Voul Vin IL
Derating

=~ Software Fault

P Resel FiwD

Power Derating | SR D e e e r\ (2
SysFitTrip
Pl

Y »(3) Hardware Fault

HwFI2WD

Figure 47 Fault check
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MPPT control loop
SWFWD, HWFItWD
Rdy2Str Rdy2S
From PDL/HAL vz y2stp
HwWGKTrig
i sate
VRIS TpvAct, TenvAct Run
EnPWM
Flu State Machine EnCird
ILPU,VIinPU, VoutPU Handler
EnFltRst
From PrimaryTask&BasicTask
MPPT
v
ILAct VinRef
From PrimaryTask&BasicTask ——» -
Figure 48 Interface description of the background task
Voltage-loop control
The primary task here is to control the voltage loop.
From PDL/HAL
VinRaw
VIn,Vout VoutRaw \ﬁnRefPU,\ﬁnPU PID
(Vin Control) From BGTask
TnctAct
VoutRef
VinRef ®
vnmv Voltage Voltage Power Derating ey
Ol ny :
VinRefExt Scaling FeedForward N
From BGTask&BGTaskMACH
VoutRefPU, VoutPU PID
(Vout Control)
Figure 49 Interface description of a voltage loop
Current-loop control
The basic control task is mainly responsible for the current-loop control.
From PrimaryTask ILRefPU
From PDLAHAL
IL ILRefPU_Ext DutycycleRef
DutycycleAct
Data

DutycycleExt Dutycycle
e

Processing Modulator

ILRef Ext From BGTaskMACH

From BGTaskMACH - VoFF sw;"mpg:‘:
From PrimaryTask From BGTask FiTrip
Figure 50 Interface description of a current loop
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Current balancing

i

The current-balance control task is responsible for inhibiting the circulation of current between the PVs when
multiple PVs are running in the Vo.: control mode at the same time.

First, the difference between the inductor current, IL of each PV and the average value of the output IL of multiple PVs
is calculated. Then the compensation value of each PV is obtained by P control and input to the primary task.

Average
current
calculation

PV1CumCom
PV2CumCom
PV3CurCom

Figure 51 Interface description for current balance

Fan controller

The fan control is responsible for driving the fan that can be adjusted using the fan’s DutyCycleRef parameter in the

GUL.

Table7 Fan control PWM duty versus ambient temperature
Ambient temperature Fan PWM duty
35 0%

36 10%
37 20%
38 30%
39 40%
40 50%
41 60%
42 70%
43 80%
44 90%
>=45 100%

Figure 52 shows the fan-control system flow. The fan control process starts with two inputs i.e., Enable and Fan
DutycycleRef which are provided by the GUI input. When enabling fan control, the fan speed can be controlled by the

input duty cycle.
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Enable
Ambient Temp Fan DutyCycle To PDL/HAL
Fan DutyCycleRef - Fan Controt
Figure 52 Interface description of fan control
3.3.2 Deployment and scheduling of the execution tasks

The interfaces between the hardware and the software are shown in Error! Reference source not found..

_______________________ imm e i
: PV Boost Task I Unterrupt Serwcei M7 ' _ Temperature
! h .wa 1 ! sensor
y Basic Task LA | Very Fast Timer| | 4= ========" ADC |
: *I (Current Loop) ” (75) i_|_| mm———— !(t6z.A0_1p~70) ; Current Sensor
1 (] . 1| rlm——— 1
4 4 b 1 111 3 | Voltage Sensor
1 h L 11 : 1 1 |
1 hef L : : : 1 1 !
| . 1y [ i 1
! Primary Task q s Ve g p 1 ! .
1| Data = (Voltage Loop) | VI Fast Timer L | : 1 GPIO !
[ pictionaryf < | A 1 (3*7) (TN P | Power Board
s i 1 - \
: i [CurrBal Task “ == 1l 1 |
: | d 1 i '
: Vier : - HW Gate kil _: ! .
i |

1 1 L PN | [
: =) BG Task ﬁ i § LUy oce.| pwm ,
i W maogrouna f1 1 generator 1> RGN
| 1| Timer (24*T) !‘_DV;”_"__' 1 1
] - ] | Gate Driver
I =BG Task MACtr| [ ; I 3 §

1 k I SW Gate Kijl* 1
1 | J——’l UART .
e e L : 1 —— _

XMC7200D

Gazelle Card

Figure 53 The interfaces between hardware and software (Ts = 1/24000s)

Table 8 shows how the execution tasks scheduled with the hardware timer and ISR (Interrupt Service Routine) are
triggered.

Table 8 PV boost task
Functionalities Execution task ISR timer
Master control Background task Background timer
State machine Background task Background timer
Fault handler Background task Background timer
Fan control Background task Background timer
MPPT control Background task Background timer
Voltage control loop Primary task Fast timer
Current balancing Primary task Fast timer
Current control loop Basic task Very fast timer
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4 Operation

The 15 kW boost converter has been tested using the XMC7200-based power control board reference design REF-
CLBXMCTPEC that can be purchased separately. It was operated in the open and closed-loop modes and tested using
a DC electronic load.

Install the MHI Graphical User Interface available at Infineon Developer Center.

The default installation path of the tool is C:\Users\<username>\Infineon\Tools\MHI-GUI-2LPVBoost\ MHI-GUI-
2LPVBoost <version>\

4.1 Introduction to the GUI
Figure 54 shows the two-level PV boost converter GUI.
@in{m/n MHI Graphical User Interface
File View Target About
o
prmm
2 Level PV Boost Converter - Dashboard (infineon
PV1 Sething PVZ Setting PV3 Setting —
Start PV Converter Stop PV Converter Reset PV Converter Saart PV Converter Stop PV Converter Reset PV Converter Start PV Converter Stop PV Converter Reset PV Converter
Settings Settings Settings
vacse vaapum vacioe vapn 5 v [comnv —
voase Yupue Vorase Vgt o [y -
s w5 tptase Rupus e Rupuis
TempBase gt 0% [ Tempbase 10000 °C_ %) Tt 0% [ TempBase Toupmt 0%
SwerEswD  [0500000000 HwFRERWD  [0b00000000 Swenerwo  [0booooooon HwFRERWD  [0b00000000 - [owooooacce
Viestart shancur Vinstat shancur Vinstat shancr
PV Siring Voo MFFT vstart PV Saring Voo MPFT Vstart PV String Voo MPFT Vitart
e e weeT vong e e e v eer vt e v
Sagrals Signals Signals
Rady2str ,— VpvAc ,— Ry25tr l— VpvAct ,— Ridy25u I— VpvAct ,—
Tpwaet [ooom0 VileAet oo Tpvact [oooon Vit foosse IpvAct [T VideAat foooee
Tporct [oooo0 outycydenat [Doos Tpoat [oooon Dutycyciernt [00000 ot [oooon Dutycycerat [T0000
mnstate [0 swerst  [oboooooosn L sweeswt  [Obooooooos mestte [0 sweesit  [Gbooooooon
HwWGKStat ,— HwFRStatL [— HwGKStaL ,— HwFRStaLL [— HWGKStaL I— HeFRSEALL [—
HwFItStan2 ,_ SysFitTrip ’_ HwFitStan2 ,— SysFitTrp ,_ HwFitStat2 |— SysFiTrp ,_
Status Customizable Paramaters (2} L] 3
Cortol Moo
ourccienet
vact
ety
@ Target Connected LRefEdP2 ® Unknown @ Unknown @ Unknown
r—
sty
Fan DutyCycheRef o H]
Fon Emtle
Figure 54 2 Level PV Boost Converter GUI
Different functionalities of some GUI sections are explained in the following sections.
4.1.1 Target panel
Target panel is used to flash the firmware to the target and connect to the hardware.
Target About
Connect
Flash Firmware to target
Figure 55 Target panel
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4.1.2 Start, stop, and reset

This section is used to start, stop, and reset the individual channels. A reset button can be used after a fault is cleared.
At the beginning of the evaluation users must click Reset.

PV1 Setting PV2 Setting PV3 Setting
Start PV Converter Stop PV Converter Reset PV Converter Start PV Converter Stop PV Converter Reset PV Converter Start PV Converter Stop PV Converter Reset PV Converter
Settings Settings Settings
. .
Figure 56 Control section
4.1.3 Converter status

This section shows the current status of the individual channels.

PV1 PV2 PV3

Stopped Running Stopped
Figure 57 Status section
4.1.4 Customizable parameters

This section is used to set the parameters of the individual channels including the duty cycle and fan enablement.
Both the duty cycle and vdcRef (reference output voltage) can be used to control the duty cycle. While using one
parameter the other parameter must be set to 0.

The parameter SysCfg can have 7 values:

e SysCfg=1: Changes only apply to channel 1

e SysCfg=2:Changes only apply to channel 2

e SysCfg=3: Changes apply to channel 1 and channel 2
e SysCfg=4: Changes only apply to channel 3

e SysCfg=5: Changes apply to channel 1 and channel 3
e SysCfg=6:Changes apply to channel 2 and channel 3
e SysCfg=T7:Changes apply to all the three channels
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Customizable Parameters

Control Mode

|Vdc open-loop control |'

DutyCycleRef [0.0000
VdcRef lov

Tl RefExtPV1 [0.0000 A
ILRefExtPV2 [0.0000 A
Tl RefExtPV3 [0.0000 A
SysCfg |D

Fan DutyCycleRef 0.0000
Fan Enable [0

T

Figure 58

4.1.5

Customizable parameters

Protection thresholds

This section is used to set the software protection thresholds for individual channels.

SWFItEnWD 0boo000000 HwWFItEnWD 0b0o000000 SWFItENWD 0b00000000 HWFItEnWD 0b00000000 SwFItEnwD 0b00000000 HwWFItEnWD 0b00000000
PV string voc [0.0000v_ 5] MPPT vstart [0.0000v 5] PV string Voc [0.0000v 5] MPPT vstart  [0.0000v 5] PV string Voc [0.0000v_ 5] MPPT vstart [0.0000 v [5]
MPET Vunit MPET Vend MPET vunit [0.0000v [ MPFT Vend  [0.0000v [ MPFT vunit  [0.0000v_ MPFT vend  [0.0000v [
. .
Figure 59 Protection thresholds
B n [me
VdcBase 800.0000 V= VdcUpLim 120 % =
<] ; [<]
VpvBase 800.0000 v [ vpvupLimt 120 % =
| m e B
IpvBase 25.0000A = ILUpLimt 120 % =
<] ; [<]
TempBase 80.0000 °C TpvUpLimt 120 % =
SwFItENWD | 0b00000000 HwFIENWD  |0b00000001
. . . .
Figure 60 Protection thresholds used during testing
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4.1.6 GUI parameters
Table 9 GUI parameters
No.| Name Min | Max | Step Unit | Description Comment
Settings (Setpoints)
1 | Start n/a |n/a n/a n/a Start the converter
2 | Stop n/a |n/a n/a n/a Stop the converter
3 Reset n/a |n/a n/a n/a Reset the fault This is a button
words/status
4 | VdcBase 1 1100 |0.0001 |V The base value of No
output voltage of PV
converter
5 |VpvBase 1 1100 |0.0001 |V The base value of input | No
voltage of PV converter
6 |lpvBase 1 100 |0.0001 |A The base value of No
current of PV1
7 | TempBase 1 150 |0.0001 |°C The base value of No
temperature of NTC
8 | VdcUplimt 0 120 1 % Vdc OV threshold (%) No
based on VdcBase
9 | VpvUplimt 0 120 1 % Vpv OV threshold (%) No
based on VpvBase
10 | IpvUplimt 0 120 |1 % Ipv OC threshold (%) No
based on IpvBase
11 | TempUplimt |0 120 |1 % IGBT OT threshold (%) | No
based on TempBase
12 | SWFItEnWD |n/a |n/a n/a n/a Software fault enable No
word
Bit0: Vdc_OV
Bitl: Tpv_OT
Bit2: Vpv_OV
Bit3: Ipv_OC
Bit4: Power derating
Bit5~Bit7: Rsd
13 | HWFItEnWD |n/a |n/a n/a n/a Hardware fault enable | No
word
Bit0: PV_0OC2
Bit1~Bit7: Rsd
14 | VinStart 0 500 |0.0001 |V Start voltage of the PV
converter
15 | ShdnCur 0 10 0.0001 |A Shutdown current e When the user
stops the
converter, if the
currentinthe PVis
more than the
value of ShdnCur,
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the converter will
switch to the
Shutdown state to
lower the current

e When the current
is less than the
value of ShdnCur,
the converter will
disable PWM and
switch into the

Stopped state
16 | PV String 0 1100 |1 Vv Open circuit voltage of
Voc the PV string
17 | MPPTVunit |0 50 1 \Y Minimum step size for
MPPT
18 | MPPT Vstart |0 800 |1 Y MPPT start voltage
19 | MPPTVend |0 800 |1 Y MPPT end voltage
Signals (Actual value)
1 | VpvAct 0 1500 |n/a v Input voltage display No
value
2 | VdcAct 0 1500 |n/a v Output voltage display | No
value
3 IpvAct 0 500 n/a A Average current value No
of inductance
4 | TpvAct 0 200 n/a °C The temperature of Only positive
IGBT temperature values
are displayed
5 | DutyCyclRat |0 1 n/a n/a The output duty cycle No
rate
6 RunState n/a |n/a n/a n/a The states of PV No
converter
10: Stopped state
30: Running state
50: Shutdown state
70: Fault state
7 SwFltStat n/a |n/a n/a n/a Software fault state This hardware fault
word can be enabled or
1: fault; 0: normal disabled by the
Bit0: Vdc_OV parameter SWFItEnWD
Bitl: Tpv_OT
Bit2: Vpv_OV
Bit3: Ipv_OC
Bit4~Bit7: Rsd
8 HwGKStat n/a |n/a n/a n/a Gate kill fault state No

word
1: fault;
0: normal
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9 HwFltStatl n/a |n/a n/a n/a Hardware fault state This is the fault signal
word (type 1) from the gate kill pin
1: fault; 0: normal of the MCU and cannot
Bit0: PV_OC1 be disabled
Bitl: PV_OV
Bit2: Vdc_OV
Bit3~Bit7: Rsd
10 | HwFltStat2 n/a |n/a n/a n/a Hardware fault state This hardware fault
word (type 1) can be enabled or
1: fault; 0: normal disabled by the
Bit0: PV_OC2 parameter HWFItEnWD
Bit1~Bit7: Rsd
11 | SysFltTrip 0 1 n/a n/a Fault Flag Whatever be the
1: fault; 0: normal hardware fault or
software fault, this
parameter will be set 1
12 | Rdy2Str 0 1 n/a n/a Converter is ready for No
start
Customization parameters (Setpoints)
1 SysCfg 1 7 n/a n/a Hardware From master control
configuration word to define which PV
Bit1=1:PV1lis active converteris active in
Bit2=1: PV2is active the hardware
Bit3=1:PV1&PV2is
active
Bit4=1: PV3is active
Bit5=1: PV1&PV3is
active
Bit6 =1: PV2&PV3is
active
Bit 7=1:PV1, PV2, and
PV3 are active
2 | Control 0 5 n/a n/a 0: V4. open-loop control | No
Mode 2: V4. double-loop
control
3: MPPT control
5: Single current
control
3 | DutyCycleRe |0 0.8 0.01 Reference value of duty | e Iftheinputsignal
f cycle of DutycycleRef is
not equal to zero,
the duty cycle
reference
(DutycycleRef)
becomes the input
command
e |[ftheinputsignal
of DutycycleRef is
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equal to zero and
VoutRef is not
equal to zero, the
duty cycle
reference
(VoutRef) becomes
the input
command
4 | VdcRef 0 1100 |1 v Reference value of
output voltage
5 ILRefEXtPV1 |0 100 0.1 A Reference value of IL1 No
6 | ILRefExtPV2 |0 100 |0.1 A Referencevalueof IL2 | No
7 ILRefEXtPV3 |0 100 0.1 A Reference value of IL3 No
8 Fan 0 1 0.01 n/a Reference value for Fan | No
DutyCycleRe duty cycle
f
9 Fan Enable 0 1 n/a n/a Enable/disenable word | No
for fan control
1: enable
0: disable
4,1.7 The power board and control board connection

Steps to establish a connection between the PC and control board

1. Ensure that the boost board and the control board are connected as shown in Section 5. The signal cables from
the power board provide power to the control board. No external power supply needs to be connected to the

control board.

2. Connect the 24V supply to the power board with the help of the X3 connector that comes with the power board as

shown in Table 3.

Figure 61 24V connector

3. Inthe COM port setting in the GUI, choose the COM port to which the control board is connected. This can be

checked in the device manager.
4. Click Open COM.

5. If everything is set correctly, the Measurement section (right) will display the values.
6. Afterthe bench setup is set, click Start to start evaluating the hardware.
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4.2 Flashing the firmware
Steps to flash the firmware

Shut down the power stage to put it into safe state.

Connect the 24 V supply to the control board.

Add three jumper headers as shown in Figure 62.

Connect the debug port of the control board to the PC using a USB cable.

PN~

Figure 62 REF-CLBXMCT7PEC debug configuration

5. Start the MHI-GUI-2LPVBoost application.

- -
Infineon  MHI Graphical User Interface a
File View Target About
= 2 Level PV Boost Converter - Dashboard Infineon |
= eve oost converter - basnpoar
—
PV1 Setting PV2 Setting PV3 Setting
Start PV Comverter St0p PV Converter Fueset Py Converter Start PY Converter St0 PY Conventer Fieset PV Converter Stant PV Converter Stap Py Converter Reset Py Converter
Sattings Sattngs Sattings
véisse  [Loowov [o] VilepLim véiase  [Loowv [} Vietiplim véciase  [Loowov [ vidciple
- e - N - -
Itaze Rupline Idase Ruptine vease Rugine
Temptiase  [1.0000 °C_[2] Tpvipinnt Templose  [1.0000 ¢ 2] TovipLint Tempiase  [0.0000 °c_|7] Tiplisit
SwFRENWD  |0B00000000 HeFRENWD | 0b0000GOD0 SWERERWD | 0600000000 HwFRENWD ObOOOOGOSD SwFERWD | 0bOGOD0000 HeFREAWD | GbO000000O
ot s st s st sxacr
— _— — —— S—. —
N (YT = wreTvens  [oooso v [ werr v oo v wreTvend  [otoo0v [ werT vt oo v wrrvens  [nooov [
Sigrals Signals Signals
Rayasir VpvAc Ryt Vpvaa L Rayzsar I VivA
Tvact VeAct Ipvact VideAct Ipvact I VdeAd
Tphet DutyCyeieRat Tpwhet DutyCydeRat Tpwhet | DutyCyceRat
RunSeate SwiRSuat b RSt SwiRSt b RunState I SwmSiat b [ ]
HwGKStat HwiFRStaty b BwGKStat HwFRStatl b HuGKSat I HeFRSIatL b
weetstatz  [0500000000 syemree [0 weenstetz  [Eooonooon sysentp 0 werhstat  [oEooonoonn sysextep [0
Status: Customizable Paramaters: P Lo 3
Control Mode [wdc oper-iosp contren [=]
OutyCyciefet (XTI
Vidchat v T
RRsfEarvE Loes T
@ Target Connected NRefEf2 0.0000 A @ Unknown @ Unknown @ Unknown
NRefExti [aooos
Syschy
Fan DutyCycieste owe
Fon Enable
=
Figure 63 GUI
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6. Click on Flash firmware to target in the MHI-Monitor and wait until the tool flashes the firmware to the target. A
message appears after the operation is complete. Please note that this operation needs to be done only once.

| oot

Connect

Fash Frmware to target

Figure 64 Flashing the firmware

7. Click Connect, then click Connect to server.
8. Choose the COM port (defined in the device manager) from the dropdown list.
9. Click Connect and then click Close.

B3 connect X

Server

Start Interface Server
| Connect to Server )
Server Connection: |Giscomecamii

Target Interface

UART

CoMpor:[ T[]

Target Connection: _

Close |

Figure 65 Connecting to target

10. Disconnect the external 24 V power supply.

4.3 Operating in the V4. open-loop control mode

To operate the boost converter in open loop, set the control mode to Vqc open-loop control. Adjust the duty cycle
reference (DutyCycleRef) in the GUI as required. The duty cycle reference should lie in the range of 0 to 0.80. For duty
ratios over 0.8, the GUI sets the default value of 0.8 duty ratio.

The open-loop control shown in Figure 38 supports voltage reference and duty cycle reference:

e Iftheinputsignal of DutycycleRef is not equal to zero, the duty cycle reference (DutycycleRef) becomes the input
command.

e Iftheinputsignal of DutycycleRef is equal to zero, but VoutRef is not equal to zero, the duty cycle reference
(VoutRef) becomes the input command

Steps to operate in the open-loop control mode

Set the control mode to V4 open-loop control as shown in Figure 66.
Reset the PV converter to avoid errors.

Adjust the duty cycle reference in the GUI.

Click Start to start the operations.

Provide the needed supply and load to the converter.

Change the reference value during operation.

Click Stop to stop the converter.

No o kb=
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@ MHI Graphical User Interface

File View Target About

— - |
> (=
= Infi
—_—
2 Level PV Boost Converter - Dashboard (Infineon
—
PV1 Sething PV2 Setting PV3 Setting
Start PV Cormerter Stop PV Comverter Reset PV Converter Start PV Cormerter Stop PV Converter Reset PV Converter Start PV Comverter Stop PV Converter Resst PV Converter
Settings Settings. Settings.
vacase vaaptim vacase vaapten O T vacpten
Vugase Vipint vedase  [Locov [ Vindptnt vpdase  [Loonv [ —p——
N T Lupti pawse [raoox T Ruptir ooz [ramor P
TempBase  [1.0000 °C gt 0% Tempase  [1.0000°C_ || Trupmt 0% Tempbase  [0.0000°C_ |5 Toupmt 0%
 rerrerrrra | e | e | Prerrrrrrra
P g voc [s0000v_T) e var P g voc [p000v ) et van Py g voc [p0000v 5] et van
e vens weeT v e vens e vang et vt e eng
Sugrals. Signals. Signals
Rady25tr VpvAct Ridy25tr VpvAct Rady25tr I VipvAct
TpvAct VdcAct IpvAct VdcAct IpvAct I VdcAct
Teehet DutyCycleRat Tpwhet DutyCydeRat Tpwhet | DutyCycleRat
RunState SwihStat b RunState SwiRStat b RunState I SwiRStat b [
HwGKStat HwFRStatl b HwGKStat HwFRStAtL b HwGKStat I HwFRSEAtL b
HwFitStat2 SysFiTrp HwFitSta? SysFiTnp HwFitStat? I SysFRTrp
Status: Customizable Paramaters i z (o]
Control Mode [ivdc open-ioop contral ]
DuteCyclafad Dw '
Lol u o |
RRefExPVE L0000 A 5
@ Target Connected LLEsEdss 0000 L @ Unknown @ Unknown @ Unknown
—
oty
R —
o |
. .
Figure 66 Open-loop control mode operation
. e
4.4 Operation in the V4 double-loop control mode

Select V4 double-loop control as the control mode, and the boost will run at V4. double-loop control. If the system
works properly, the V4. voltage of the boost tracks the given VdcRef with a certain slope.

The boost converter will now have an input DC source. The controller will sense the DC-link bus voltage and compare
it with the DC reference voltage. The DC reference voltage (VdcRef) value can be adjusted through the GUI.

Steps to operate in V4 double-loop control mode

Set the control mode to V4. double-loop control as shown in Figure 67.
Reset the PV converter to avoid errors.

Adjust the VdcRefvalue in the GUL.

Click Start to start the operations.

Provide the needed supply and load to the converter.

Change the reference value during operation.

Click Stop to stop the converter.

N o o kw2

When several PV inputs are enabled, a circulation current inevitably occurs between different boosts. Therefore, a
current balance algorithm is added. When the software detects that multiple PVs are enabled in the V4 control mode,
the current balancing algorithm starts automatically.
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B hi-gui-Zpvboos
@ MHI Graphical User Interface B

File View Target About

e fi i
2 Level PV Boost Converter - Dashboard (infineon
—
PV1 Setteg V2 Seting PV3 Setting
Start P Comverter Stop PV Comverter Rieset PV Convertir Stort PV Comverter Stop PV Comverter Feset PV Converter Start BV Comverter Stop P Comverter Reset PY Converter
Semngs Settings Settings
ez [Lownv [ vicupum veose  [Lovnv_ vicupum vocease  [Loow v} viaupum
Vpdose  [10000v_[3] vpupumt o [ vpdose  [10o0v [ VpdlpLt vpdase  [Losoov [ vippUmE
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TempBase  [1.0000°¢_ |2 TvipLinnt Temphase  [1.0000°C ) TinpLint Terpbase  [0.0000 °C_ 5] Tiniplimit
SWFREAWD | 0000000000 HwWFRENWD 0b00000OND SwFRERWD | 0BO0000000 HWFRENWD | 000000000 SWFIERWD  |0B00OD0DD0 HWFRENWD | 0b0000000D
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TpvAet [eooo0 VieAct [oooss Tpvaet 0.0000 vdeAdt [oooee ImAc [oooon vieAet [ooee
Tpehet DutyCycleRat 0.0 Terwhet |' DutyCydeRat |0.00 Tpwhet 0.0000 DutyCycleRat |0 000
RunState o SwinStat ObOGOOCON0 RunState |\ SwiRSt bO0000000 RunsState 0 SwimStst 00000000 [
HwGRStat E HwFrStat] 0b0000COGD HwGKStat Il HeFRSIatl Ib000000O HwGKStat E HwFRStatL 0b000000C
stz [Ceo000000 systitep [0 wristatz  [PEoo000000 i [ stz [Dbooos syt [0
Status Customuable Paramaters (3} L) 3
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DutyCceRst
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AafEairyi
« Target Connected | LRefEAPV2 D.m.& w @ Unknown @ Unknown @ Unknown
0.1 A ‘ZI
[ o= f 3}
== L
Fon Ensbile O
=
. N .
Figure 67 Operating in the V4. double-loop control mode

4.5 Operating in the MPPT control loop
Set up the test platform as shown in Figure 75 and follow the instructions to operate in the MPPT mode.

1. Open the MHI monitor and reset the PV converter to avoid errors.

PV1 Setting
Start PV Converter Stop PV Converter Reset PV Converter
Figure 68 Reset the PV converter

2. Select MPPT control as the control mode. Other parameters remain default. Refer to Table7 for a detailed
description of the parameters.

— Customizable Parameters
Control Mode | MPPT control | b d |
DutyCycleRef | 0.0000 l%'
VdcRef | ov l%'
ILRefExtPV1 | 0.0000 A |%|
ILRefExtPV2 | 0.0000 A |%|
ILRefEXtPV3 | 0.0000 A |%|
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Figure 69 MPPT control mode

3. Usethe solar array simulation tool to simulate the PV curve. Different PV cells correspond to different curves.
Here, LR7-72HYD-660M is used. The parameters given in Table 10 below can be found in LONGi. The actual test
simulated 10 PV panels of LR7-72HYD-660M in series.

Table 10 PV panel LR7-72HYD-660M application parameters
Maximum power (P /W) 660
Open-circuit voltage (V../V) 54.00
Short-circuit current (ls./A) 15.41
Peak power voltage (Vim,/V) 44.85
Peak power current (I,p/A) 14.72

Temperature coefficient of the short-circuit current +0.005%/°C

()

Temperature coefficient of the open-circuit voltage -0.200%/°C
(Vo)

Temperature coefficient of the peak power (Pmax) -0.260%/°C

4. The parameters mentioned in Table 10 are used for simulating PV curves under different operating conditions,
getting the corresponding results, and then using the four-point method (Voc/Vmp /Isc/Imp) to simulate the curve
in the solar array simulation tool.

=
Regulation  Table Mede Shadow Mode ListMode  Config Setting  Parameter Setting  Error Check Send Cmd: 12819 Send Fail: 0 Read Fail: 0 Format Fail: 0
PV Curve Output Control t
USER DEFINED — Y — PY O MPPTIY © MPPTPOWER Cevg SRR IE ‘ Output ON/OFF ‘ _
12,60 ' Sk Voc | 51320151 V
Execute MPPT
L, S U N B\ U . Vimp | 42620154 V - - - shift Second(s)
Isc | 12421/2] A [> ] O 99) BCT » 1002
(S S | NS | | < g imp | 11.800/2] A
E ®
5 . é () Fill Factor  FF) MPPT Status
o e e 2 —
FF 0.55 < Vmp 434617 V Voltage 440.076 V
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1K (0.4~09) Imp 11.6439 A Current 114101 A
MPP 5060.65 W Power 502131 W
' ! ! ! k Voc 513.200 V MPPT Efficiency ~ 99.2227 %
0.0 1040 2080 3120 4160 5200 Update -
Voltage (V) Isc 124210 A Avg. Efficiency 0.0000 %
[C) Record Open Report
Figure 70 Solar array simulation tool
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5. Set the corresponding parameters in the MHI monitor to match those used in the solar array simulation tool. The
‘MPPT Vunit’ corresponds to the steps, with a recommendation of 2. It can be increased to achieve faster tracking
speed and better accuracy. The minimum MPPT Vunitis 1. The MPPT V.nq needs to be set higher than Vp.

PV String Voc 513.2000 V = MPPT Vstart 0.0000 Vv =
MPPT Vunit 2.0000 v = MPPT Vend 450.0000 vV

Figure 71 GUI parameters for MPPT control

6. Forthe voltage source acting as the DC bus, do the following configurations:
e Settherunning mode asCV,
e Setthe upper current limitto 20 A
e Setthe lower current limit to -20 A.

e Setthe output voltage value to 650V, ensuring the stability of the output.

Figure 72 DC source for constant V.. in IT6018C-1500-40

7. Inthe simulation tool, click Output ON/OFF in the Output Control tab.

8. Click Start PV Converter in the MHI monitor, and you can see the curve in the simulation tool at the point of
maximum power.

PV1 Setting

Start PV Converter Stop PV Converter Reset PV Converter

Figure 73 Start PV Converter

9. Use an oscilloscope to observe the corresponding parameters.

4.6 Operating in the single-current loop control mode

In this control loop, the controller reads the inductor current for every channel.

Steps to operate in the single-current loop control mode

1. Set the control mode to single-current loop control.

Reset the PV converter to avoid errors.

Adjust the ILRefExtPV1, ILRefExtPV2, and ILRefExtPV3 values in the GUI.
Click Start to start the operations.

Provide the needed supply and load to the converter.

Change the reference value during operation.

Click Stop to stop the converter.

N o o bk wN
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If the system works properly, the inductor current of the boost converter tracks the given ILRefExt for all PVs.

(Iﬁ?inenn MHI Graphical User Interface a=

File View Target About

2 Level PV Boost Converter - Dashboard (Infineon

FV1 Setting PV3 Setting

Sanrt PV Conmverter Sanp PV Corverter FReset PV Converter Sanrt PV Coevirter Stop PV Converter Reset PV Converter Start PV Converter Stop PV Converter Reset PV Conmverter
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Vpviiase ooy |5 VpviipLimt Vpvase Loy ) vpupuent o [ Vpvase LoV | vppumt 0% [
Ipvilase LA | LupLivt Ipviiase Lo A | wpuee ow Iviase Lo A | Ruplimt
Tempbase  [L0000°C_|5] TivUpLimt Tempbase 10000 °C_ o] TovipLimt Tempbase  [0.0000 °C_ o) TovipLent
Swereswd  [0500000000 HwFRERWD  [0b00000000 Sweheswd  [0600000000 HwFRERWD  [0b00000000 [oeoeooooon [owooooacce
vesizt  [ooov [ s (o000 ] vinstart Shincur vnstt o000 ] shincur
I~ worr vt I— woer vt p— worr vt
MPFT Vunt  [00000v 5] MPFTvand  [0.0000 v ] wPFT Vert 0000 v |5 MPFT Vand  [0.0000v =] MeFT Vet [0.0000W ] MPFT vend  [0.0000v [
Sigrais Signals Signals
rapse o Vpvc foooss mpse o Réyasy 0000
Ipvact [ooom0 viean  [oooen Ipvact 0.0000 Ipvact 0.0000
Toohat [oooo0 Dutycycsernt [looon T [oooon Touaat
mnstate [0 swersat  [oboooooosn L Runtate Bb00000000
waakstat [0 wwestatt  [Dboooocenn weakstat [0 HuGKStat 0500000000
wwetstatz  [ooooooooon L wwerstatz  [CEooooooon HwFtstatz  [060000 0000 sy [0
Status Customizabla Faramaters A Pz P

Control Mode ydc gper-igop conirel

OutyCyclofist ko

vidciel v H

RRsfevE

@ Target Connected I:awz ® Unknown ® Unknown ® Unknown

NRefEx T

Syscty o =

Ean DutyCyckeRef o H]

Fan Enatie

Figure 74 Operating in a single-current loop control
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5 Performance and test results

5.1 Test bench setup

The converter can be operated using all the controlling strategies discussed in Chapter 0.

For the boost topology, the outputs cannot be operated in open-circuit mode. It can work in CCM (continuous
conduction mode) or DCM (discontinuous conduction mode), but for the open-loop control of output voltage, it must
work in the CCM mode.

The MPPT control test setup, illustrated in Figure 75, differs from the test setup used for other controls, as shown in
Figure 76Figure 76.

The following equipment was used for the testing:

e 15 kW boost kit
o REF-15KW2LBOOST V1.0 power conversion main board
o REF-15KW2LBOOST -Filter input filter board
o REF-CLBXMCT7PEC control board
o PB-CAPTANK-1.1KV bus capacitor board
o GUI
o MHI-GUI-2LPVBoost-v2.1.0
e DC powersource
o 1T6018C-1500-40: MPPT control
o PAT1000-8TS (SPEC21295): V4 open-loop, V4 double-loop, and single-current loop control
e Electronic load
o 1T6018C-1500-40: MPPT control
o PLZ2005WH2: V4. open-loop, V4 double-loop, and single-current loop control

‘ REF-15KW2LBOOST V1.0 ‘

| REF-15KW2LBOOST-Filter | PB-CAPTANK-1.1KV

DC power source:
IT6018C-1500-40

DC source for constant Vout:
IT6018C-1500-40

ToPC REF-CLBXMC7PEC

Figure 75 Test setup for MPPT control
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| REF-15KW2LBOOST -Filter | | PB-CAPTANK-L.1KV |

| REF-15KW2LBOOST V1.0 |
24V APS
PWR401MH s, L | wji

8

DC Power Source
PAT1000-8TS (SPEC21295)

Electronic load

PLZ2005WH2

Figure 76 Test setup for control Vs open-loop, Vi double-loop, and single-current loop control.
5.2 Test results
5.2.1 V4c open-loop control
Table 11 Test specification

Input voltage 350V

Duty Cycle 0.5

Current 5.5A

Output power 3.8 kW

Legend Ch1: Vg, Ch2: channel 1 output voltage, Ch3: inductor current
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4 mhi-gui-2lpvboost

)

File View Target About
Settings Settings Settings
VdcBase s00.0000 v [ vdeplim  [120% |5 VdcBase s00.0000 v [ vdeplim  [120% [+ VdcBase 000 v vdeuplim  [120% [+
VpvBase s00.0000 v [ vpplimt  [120% [+ VpvBase s00.0000 v [ vpuplimt [120% [+ VpvBase 000 v Vpvuplimt  [120% [+
IpvBase 200000 A [ TLUpLimt 120 % = IpvBase 200000 A [ TLUpLimt 120 % = IpvBase 200000 A [ TLUpLimt 120 % =
TempBase  [80.0000 °C [5] Tpwuplimt  [120 % = TempBase  [80.0000 °C [5] Tpvuplimt  [120 % = TempBase  [80.0000 °C [5] Tpvuplimt  [120% =
SwFItENWD 0600000000 HWFIENWD 0600000001 SwRIENWD  [0b00000000 HWFIENWD (0600000001 SwFIERWD  [0b00000000 HUFIEERWD  [0b00000001
Vinstart o.o000v [ Shancur so000A [ Vinstart o000y [ Shancur 000A [ VinStart 0oV Shdncur sooo0A [
PV String Vo MPPT Vstart  [150.0000 V [+] PV String Voc [376.0000 V [+] MPPT Vstart  [150.0000 V [+] PV String Vo [376.0000 V [+] MPPT Vetart  [150.0000 V [+]
MPPT Vunit MPPT Vend  [350.0000 V [+] MPPT Vunit  [2.0000V [+ MPPT Vend  [350.0000V [+] MPPT Vunit 20000V [+ MPPT Vend  [350.0000V [+]
Signals Signals Signals
Ray2str Vpuact 351.9230 Ray2Str 1 Vpvact 349.5310 Ray2Str 1 VpvAct 350.4280
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Tpuact DutyCydeRat [0.5000 Tpvact -45.8333 °C DutyCydeRat [0.0000 TpvAct 24.7745 °C DutyCycleRat [0.0000
Runstate Switstat  [0b00000000 Runstate  [70 Swltstat  [0b00000000 Runstate  [70 Swltstat  [0b00000000
HWGKStat Hwitstatl  [0b00000000 Hwekstat  [1 HwFltStatt  [0b00000000 HweKstat |1 HwFltstats  [0b00000000
HwFitstatz  [0b00000000 sysFitTip [0 HwFltStat  [0b00000000 sysFitTip |1 HwFltstatz  [0b00000000 sysFitTip [
Status Customizable Parameters PV [ ]
Control Mode Vdc open-loop control_|v]
DutyCycleRef 0.5000 =]
VdeRef v —  H
—
© Target Connected TLRefEXtPV2 0.0000 A . Running Stopped Stopped
ILRefEXtPV3 00000 A H
Sysclg
Fan DutyCycleRef 0.8000 E
Fan Enable
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Figure 77 GUI for V4. open-loop control operation for channel 1
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Figure 78
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5.2.2

Table 12

V4 double-loop control

Test specification

Input voltage

350V

Output voltage

710V

Output current

55A

Output power

3.9kw

Legend

Ch1:Vgk, Ch2: channel 1 output voltage, Ch3: inductor current
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Figure 79 GUI for V4. double-loop control operation for channel 1
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5.2.3 MPPT control

Two different experiments were conducted to verify the effectiveness of MPPT control, one was steady state
performance test, and the other one was dynamic performance test. For the steady state performance test, the DC bus
was set to 650V, the light intensity to 1000 W/m?, and the temperature was set to 25°C. The results are shown in Figure

81.
File Utility Help i L1 Tektronix
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Figure 81 650 V output voltage, 1000 W/m? light intensity, 25°C

e Channel 1: Input voltage

e Channel 2: Output voltage
e Channel 3: Input current

e Channel 4: Output current
e Channel 5: Power

The efficiency result of the 650 V output voltage along with 1000 W/m? light intensity and 25°C are shown in Figure
822.
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Figure 82 Efficiency result of 650 V output voltage, 1000 W/m? light intensity, 25°C
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For the dynamic performance test, the DC bus was set to 650 V, temperature was 25°C, the light intensity was
changed from 600 W/m? to 1000 W/m?. The results are shown in Figure 83.
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Figure 83 650 V output voltage, 600 W/m? to 1000 W/m? light intensity, 25°C

The efficiency result of the 650 V output voltage, light intensity changes from 600 W/m? to 1000 W/m?, and 25°C is
shown in Figure 844.
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Figure 84 Efficiency result of 650 V output voltage, 600 W/m?to 1000 W/m? light intensity, 25°C
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5.2.4 Single-current control

Table 13 Test specification

Input voltage 350V

Output voltage 700V

Output current 4.45 Amp

Inductor currentref | 7.5 Amp

Output power 3.115 kW

Legend Ch1:Vgk, Ch2: Channel 1 output voltage, Ch3: Inductor current
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Figure 85 GUI for the single-current loop
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Figure 86 Waveforms for the single-current loop
5.2.5 Interleaved boost operation
Table 14 Test specification
Input voltage 400V
Output voltage 800V
Frequency 24 kHz
Output power 15 kW
Legend Ch1:Inductor current 1, Ch2: Inductor current 2, Ch3: Inductor current 3, Ch4: Vg of channel 1
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Figure 87 Interleaved operation
5.2.6 DC-link voltage ripple
Table 15 Test specification
Input voltage 400V
Output voltage 800V
Frequency 24 kHz
Output power 15 kW
Legend Ch1: Inductor current, Ch3: Vg, Ch4: DC-link voltage
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Figure 88 DC-link voltage ripple
5.2.7 Soft turn-off

The aim is to validate the soft turn-off function enabled by using the two-level slew rate control gate driver. When a
gate-kill condition occurs (the gate-kill signal becomes low) the gate driver should shift to a higher value for the gate

resistor, resulting in a soft turn-off.

Legend: Ch3: Vg, Ch4: Gate-kill signal
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Figure 89 Soft turn-off
Legend: Ch1: INF, Ch2: IN, Ch3: Vg
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Figure 90 IN and INF timing
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5.2.8 Inductor overcurrent protection
Table 16 Test specification
Specification OCD1 programmed to 52 A
Input voltage 10V
Duty cycle 0.9
Conclusion The soft turn-off is activated when OCP occurring.
(Due to the large duty-cycle, the soft turn-off can be easily triggered)
Legend Ch2: Inductor current, Ch3: Vg, Ch4: V..
Tek Prevu M 400ps
efvak || HTLTTETHTEETE EEETTEEREERTETIVERATL
[zt [
Zoom Factori: 20 % Zoom Positiion: —92.21s
[dx{vce
[z
%Max 1.(2)0 . @ 100V &% @ 250V &) [z 20,005 ]Ehﬁﬁ)ﬁts]r.ﬂmeom ]
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S LV
Figure 91 OCP for channel 1
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5.2.9 Input overvoltage protection
Table 17 Test specification
Specification The input OVP threshold is set to 883V
Input voltage 890V
Duty cycle 0.05
Output resistance 1000V/5A
Conclusion OVP for channel 1: 875V
(Note: due to the small duty-cycle, the soft turn-off may not be easily triggered)
Legend Ch2: Inductor current, Ch3: Vgk, Ch4: Vi,
Tek M 400us
@L‘QL\IIHHHHIHHIHHHIHHIHHIHHHHII
Ehvpy
B R v
Zoom Factor: 20 X Zoom Position: —130ps . . . . . . . . . .
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Figure 92 OVP for channel 1
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5.2.10 DC-link overvoltage protection

Table 18 Test specification
Specification The DC-link OVP threshold is set to 992 V
Input voltage 890V
Duty cycle 0.1
Output resistance 1000V/5A
Conclusion OVP for channel 1: 985V
Legend Ch2: Inductor current, Ch3: Vg, Ch4: Vpc.iink
Tek Stop

B vbus

- ' 2 @ 100V % @ 250V Bw)[mops ][5.0005/_5' ]r.Tin&eout ]
@ Max 12.0mv 20M points
2

@ Max 16.8 v 17 Apr 2024
@ Max 985 v 09:17:06

Figure 93 DC-link OVP for channel 1
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5.2.11 Efficiency measurement
Table 19 Power semiconductors efficiency measurement
Specification | Efficiency measurement using the Zimmer LMG 670 power analyzer
Condition Duty cycle =0.5,V,=650V, Loading = 10,20,30,50,75 and 100%
Measurements are taken after the boost inductor (power semiconductor losses) for only one
channel
Loading Efficiency
10% load 98.1%
20% load 98.4%
30% load 98.6%
50% load 98.8%
75% load 98.8%
100% load 98.7%

5.2.12 24V - 5V auxiliary power supply

Table 20 Test specification
Specification Output voltage, ripple, and current measurement
Input voltage for 24V
Aux power supply
Input voltage 400V
Output voltage 800V
Output power 15 kW
Legend Chl:lo,Ch2:Vo
Tek Prevu
Z4svD
B_sv
:MSl]OmA mﬁszo A. ) j‘
;Max 17.4V [100115 ][gb‘)'\/?(i)solisntsj h. s v]
@ max 825V
?Mean 297mA 03:/]\2p:r4§024
Figure 94 Output voltage and current of the auxiliary power supply
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Figure 95 Voltage ripple and noise of the auxiliary power supply
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6 Board layout
6.1 REF-15KW2LBOOST power conversion main board
Table 21 Mechanical data
Dimensions 260.01 mm x 190 mm
No. of layers 4
Copper thickness 140 um
Weight 4.5kg

Figure 96 Layer1
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Figure 97 Layer 2

Figure 98
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Figure 99 Layer 4

6.2 ISODRV-3240C3P15N05-1

Table 22 ISODRV-3240C3P15N05-1 Mechanical data
Dimensions 210 mm x40 mm
No. of layers 2
Copper thickness 70 um

Figure 100 Layer1
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Figure 101 Layer 2

6.3 PB-APS-24V-5V ISO

Table 23 Mechanical data
Dimensions 57.1 mmx27.1 mm
Number of layers 8
Copper thickness 70 um

1: NetC10_1

Figure 102 Layer1

Figure 103 Layer 2
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Figure 104 Layer 3

Figure 105 Layer 4

Figure 106 Layer 5

Figure 107 Layer 6
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Figure 108 Layer7

Figure 109 Layer 8

6.4 REF-15KW2LBOOST-Filter
Table 24 Mechanical data
Dimensions 230 mm x 220 mm
Number of layers 4
Copper thickness 35um
Weight 2.5kg
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Figure 110 Layer 1

Figure 111 Layer 2
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Figure 112 Layer3

Figure 113 Layer 4
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6.5 PB-CAPTANK-1.1KV
Table 25 Mechanical data
Dimensions 280 mm x 170 mm
Number of layers 4
Copper thickness 35um
Weight 1.7kg

Figure 114 Layer1

Figure 115 Layer 2
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Figure 116 Layer 3

Figure 117 Layer 4
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7 Bill of materials

Table 8 lists the key materials.

Table 26 BOM
Part Description
IKZA40N120CH7 1200V, 40 A IGBT with anti-parallel diode in a TO-247 4-pin package
IDW20G120C5 1200 V Silicon carbide Schottky diode in a TO-247-2 package
1ED3240MC12H 10 A, 5.7 kV (rms) single-channel isolated gate driver with two-level slew-

rate control, UL 1577 and VDE 0884-11 certified

TLI4971-A120T5-U-E0001 High precision coreless current sensor for industrial applications
2EP130R Full-bridge transformer driver
IRS27952 Half-bridge high-voltage controller IC
IRF7351 60V dual N-channel HEXFET power MOSFET in an SO-8 package
TLE42744GS V33 3.3VLDO
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version
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All referenced product or service names and trademarks are the property of their respective owners.
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Important Notice

This evaluation board, demonstration board, reference board or kit and
any related Board documentation (“Evaluation Board”) is sold or
provided and delivered by Infineon Technologies AG and its affiliates
(“Infineon”). Evaluation Boards are part of Infineon’s non-serial products.
This Evaluation Board is delivered to customer "AS IS", without any
warranty (whether express or implied) or liability of Infineon of any kind,
including but without limitation any warranty of merchantability, fitness
for a particular purpose or non-infringement. These limitations and
exclusions shall not apply in case of Infineon's willful misconduct orin any
other case where liability is mandatory at law.

This Evaluation Board shall only be used by customer for test purposes
and not for series production. However, the Evaluation Board shall not to
be used for reliability testing. The Evaluation Board is exclusively
intended for technically qualified and skilled customer representatives.
The Evaluation Board shall not be used in any way where a failure of the
Evaluation Board, or any consequences of the use thereof, can reasonably
be expected to result in personal injury.

Evaluation Boards may not comply with CE or similar standards (including
without limitation the EMC Directive 2004/EC/108 and the EMC Act) and
may not fulfill other requirements of the country in which they are
operated by the customer. The customer shall ensure that each
Evaluation Board will be handled in a way which is compliant with all
relevant requirements and standards in the country in which it is
operated. Software and associated documentation and materials
included or referenced in the Evaluation Board (“Software”) is owned by
Infineon and is protected by and subject to worldwide patent protection,
worldwide copyright laws, and international treaty provisions. Therefore,
you may use this Software only as provided in the license agreement
accompanying the software package from which you obtained this
Software. If no license agreement applies, then any use, reproduction,
modification, translation, or compilation of this Software is prohibited
without the express written permission of Infineon. Unless otherwise
expressly agreed with Infineon, this Software is provided to customer "AS
IS", without any warranty (whether express or implied) or liability of
Infineon of any kind, including but without limitation any warranty of
merchantability, fitness for a particular purpose or non-infringement.
These limitations and exclusions shall not apply in case of Infineon's
willful misconduct orin any other case where liability is mandatory at law.

Infineon reserves the right to make changes to the Software without notice.
You are responsible for properly designing, programming, and testing the
functionality and safety of your intended application of the Software, as
well as complying with any legal requirements related to its use. Infineon
does not guarantee that the Software will be free from intrusion, data theft
or loss, or other breaches (“Security Breaches”), and Infineon shall have no
liability arising out of any Security Breaches. The Software shall not be used
in any way where a failure of the Evaluation Board, or any consequences of
the use thereof, can reasonably be expected to result in personal injury.

Safety & Operating Instructions:

Customer shall check the Evaluation Board for any physical damage which
may have occurred during transport. If customer detects any damages or
defects in the Evaluation Board, customer shall not connect the Evaluation
Board to a power source. Customer shall contact Infineon for further
support. If customer observes unusual operating behavior during the
evaluation process, customer shall immediately shut off the power supply
to the Evaluation Board and consult Infineon for support.

Customer shall not touch the Evaluation Board during operation and keep
a safe distance.

Customer shall not touch the Evaluation Board after disconnecting the
power supply, several components may still store electrical voltage and can
discharge through physical contact. Several parts, like heat sinks and
transformers, may still be very hot. Allow the components to cool before
touching or servicing.

The electrical installation must be completed in accordance with the
appropriate safety requirements.
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