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ABSTRACT

At present, grid-connected renewable energy power is getting much attention due to the
reduction of fossil fuel energy. However, the grid-connected power needs Direct Current (DC) and
Alternating Current (AC) power conversion in which power electronics’ circuit topology and a
synchronizing system are involved.

This thesis aimed to analysis and design of grid-connected diode-clamped inverter with
an appropriate synchronizing system in order to convert power from renewable DC source into grid
AC system. The operation of this analysis and design of grid-connected diode-clamped inverter was
controlled by the 10 kHz switching frequency of a Carried Based Pulse Width Modulation Technique
using a commercial STM32F4 discovery board with the STM32F407VG MCU of ST Electronics
(Thailand) Limited as a CB-SVPWM signal generator for power switch as well as for synchronizing
it into the main power system based on the phase-locked loop principle. This DSP board was also
used for current flow control.

The results showed that the output of AC line voltage at 48 V was generated when the input
voltage was at 192 VDC. The inverter could synchronize to the 48 V grid system successfully within
0.08 second. However, the three-phase three-level diode-clamped inverter had a 2.879 % THDv, but
not exceeding the 5% THDv as required by the regulation of the Provincial Electricity Authority

(PEA).

Keywords: three-level diode-clamped inverter, grid-connected inverter, three-level NPC inverter
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FFT window: 1 of 4 cycles of selected signal
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FFT window: 1 of 4 cycles of selected signal
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M3 UAD ST-Link ﬂUﬂ@MW?Lﬁ@gﬁ)’Jﬂﬁ"m USB 9101 uimsilalusunsy ST-Link

Utilities A431/1 3.44

r : 1
L} STM3Z ST-UINK Utility. Il 8 S il ) 5 . =
File Edit View |Target | ST-LINK Edernal Loader Help

=) E % : ; 1= SeFe’:\ menu: “Target”™->"Connect”
Disconnect CTRL+D

Memory display Device Information

. Erase Chi CTRLAE - —— Diavice STM32F 40 F4 ok
Address:  0x08C P 32bits - Device ID 0x413
Erase'Bankl

Revision ID Rew 7

Memory @ Erase Bank? Flash size 1MBytes |

Target memary, Add Erase Sectors... [ Livelipdate

Address ASCH oo
Program... |l

008000000 0DCL b S ALl =
Program & Verify... CTRL+P | T

008000010 00000 NG i

0:08000020 Blank Check jooDFa | oo

008000030 Target rmemory compare with file |

008000040

008000050

008000060

(08000070 Automatic Mode...

i Settings... CTRL+S
0:08000090 oed00215

MhNRNAAN AN NENNN217 nannnaia NRONOT R NaNNN21 N ¥

4 1 | r

Devi

Option Bytes... CTRL+B

MCU Core...

TL 0. 07 . DT ViLe a5l s .

11:46:59 : Dg

Troyes
ey 2P0

#ST-LINK SN : SOFFED064977535545 1.70%

i ST-LINK Firmware version ; V2J2154

d : Connected via SWD.

1:47:11 ; Connection mode : Connect Under Reset,

I 1:47:11 : Debug in Low Posver mode enabled.

: Device ID:0x413

: Device flash Size : 1IMBytes

: Device family :STM32F 40 F4 1xx

2. Display the MCU information, indicate
the ST-LINK and Target MCU
connection is Ok. -

Debug in Low Power mode enabled.

pewoe ID:0x413 i_-_wr—’ Stabe : Live Update Di

51N 3. 44 uaaanihaaTisunsuy ST-Link Utilities tiloiFousae ST-Link
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“4 Block Parameters: Target Setup ﬁ .

stm32f4_target_setup (mask) (link)
Use this block to setup STM32F4 Target in a Simulink model.

The sample time of this block is the system base sampletime. It is automatically
computed based on sampletime of every block in the system model and is used to
configure Systick Counter of the target.

Parameters

s

Compiler [GNU ARM

MCU ISTMBZMD?VG (LQFP100); STM32F4DISCOVERY

m

Clock Configuration |STM32F4DISCOVERY Default (HSEOSC-8MHz/HCLK-168MHz)

[Z] Show memory configuration
[¥] Enable Auto Compile and Download

[Z1 Full Chip Erase before Download

Programmer/Debugger IST—Link

[¥] Show/Edit Control Strings (Recommended for advanced users only)

Compiler Control String

mb-interwork -mfloat-abi=hard -fﬁfph;fp;4jsb-tj_16 -ffast-math -Wall -Wextra -Ofas
Assembler Control String
Is=$(<:.5=.lst) -D_ STACK_SIZE=$(STACK_SIZE) -D_ HEAP_SIZE=$(HEAP_SIZE

Linker Control String

' I3 i1 5

[ OK _H Cancel H Help | Apply

51/ 3.45 @ar1n15 19911 Target Setup block §11TUVOFASTM32F4 DISCOVERY

v '
- 11713 Update model Iﬂ&lﬂﬂﬂll Ctrl+D 08141089 04A54 11D Update Diagram a1

15y Sample time
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(B stm32f4 digital_output demo

File Edit View Simulation Format Tools Help

Oesd&|sBR|ecd 4|2 r oo [im

g: 14.09¢
- GNU ARM

0]

Target Setup

W Sample Time Legend

==

Color
.
|

Description Value
0.01

Discrete 1
Discrete 2

o stm32f4_digital_output_demo

Sample Times for 'stm32f4_digital_output_demo'

0.1

Ready

jrooze

FixedStepDiscrete A

‘ljﬁ 3.46 ﬂ’Jf]EJ'I\‘]T?JW]aﬁu'lﬁNmﬂ’c’fuﬁﬂ\‘lﬂ'] Sample Time U849 Block

111113 Build mode Lﬁ@ Compile 8¢ Download aaluuesa STM32F4 DISCOVERY
Tagnatu Crl+B  T1)5UnT3 MATLAB/Simulink 92314 Source 1ld 1910170 Waijung 9%
Compile source "lvxlﬁmdn%uﬁ’a& C Compiler i Binary W30 Hex 1Wd Lﬁ'ﬂ Compile Lﬁ%%é U
Waijung 9% download Binary 1W@a3aluuesa STM32F4 DISCOVERY #1u11/51A5% ST-Link
Tagdn TusiAn111¢19 Waijung Track Build process wnansmamsduiinauluidaztunou &

5107 3.46 naINTUADY Build 11a¥ Download 1@3 9 UAMZIT 3.47 VOTA STM32F4 DISCOVERY

ITUNITINNY

VEermication. ..
Programming Complete

STM32 ST-LINK CLIv2.0.0
STM32 ST-LINK Command Line Interface

ST-LINK SN : 50FFED0E49775355 49120287
ST-LINK Firmware version : V22154
Connected via SWD.

Connection mode : Mormal

Device ID:0x413 |

Device flash Size : 1024 Khytes

Device family :STM3ZF40xx/F41xx

MCU Reset

< [0

’. Waijung Track Build Process To* “*‘ '/‘?ﬂ“ k@k

=3

‘Waijung: The executable 'stm32f4_digital_output demo.bin' downloaded to flash successfully

T Vi —-

[T

r

0K

ﬂﬁ 3.47 nihana Waijung Track Build Process
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n.1 auanyuglodiues 74LS04

]
FAIRCHILD
]

SEMICONDUCTOR T

DM74LS04
Hex Inverting Gates

General Description

This device contains six independent gates each of which
performs the logic INVERT function.

August 1986
Revised March 2000

Ordering Code:

Order Number

Package Number

Package Description

DM74L504M M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0,150 Narrow
DM74L504SJ M14D 14-Lead Small Quiline Package (SOP), EIAJ TYPE I, 5.3mm Wide
DM74LS04N N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter "X" to the ordering code.

Connection Diagram

Vee AB ] A5 ¥E a1 va

IN 13 |12 11

ki

|1 Iz 3 |-: |5 |s l?

Al ¥ A Y3 GND

-
<
N
=
o

Function Table

Y=A
Input Qutput
A X
L H
H L.

H= HIGH Logic Level
L =LOW Logic Level

© 2000 Fairchild Semiconductor Corporation DS006345

v fairchildsemi.com
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DM74LS04

Absolute Maximum Ratingsote 1

Supply Voltage

Input Voltage

Operating Free Air Temperature Range
Storage Temperature Range

Recommended Operating Conditions

'
'

0°C to +70°C
—65°C to +150°C

Note 1: The "Absolute Maximum Ratings" are those values beyond which
the safety of the device cannot be guaranteed. The device should not be
operated at these limits. The parametric values defined in the Electrical
Characteristics tables are not guaranteed at the absolute maximum ratings
The "Recommended Operating Conditions” table will define the conditions
for actual device operation

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.75 5 525 v
Viy HIGH Level Input Voltage 2 v
ViL LOW Level Input Voltage 08 A
loy HIGH Level Output Current -0.4 mA
lop LOW Level Output Current 8 mA
T Free Air Operating Temperature 0 70 °C

Electrical Characteristics

over recommended operating free air temperature range {unless otherwise noted)

Symbol Parameter Conditions Min (N:t:Z) Max Units
W) Input Clamp Voltage Voo =Min, [[=—18 mA =15 vV
Yon HIGH Level Ve =Min, lgy = Max, - a1 "

OQutput Voltage Wi = Max
VoL LOWY Level Voo = Min, Ig = Max, 035 05
Output Voltage Vi =Min v
ToL =4 MA, Voo = Min 025 04
I Input Current (@ Max Voo =Max, Vi =TV 0.1 mA
Input Voltage
(I HIGH Level Input Current Voo =Max, V=27V 20 [T
[ LOWY Level Input Current Voo = Max, Vi =04V —0.36 ma
log Short Circuit Output Current Vee = Max (Note 3) -20 100 mA
leen Supply Current with Outputs HIGH Vee =Max 1.2 24 ma
leoL Supply Current with Outputs LOW Voo = Max 36 6.6 ma

Note 2: All typicals are at Vgp =5V, Ty = 25°C
Note 3: Mot more than one output should be shorted at a time, and the duration should not exceed one second
Switching Characteristics
at Yoo = 54 and T, = 25°C

R =2k
Symbol Parameter C_ =15pF C_ =50pF Units
Min Max Min Max

tpLH Propagation Delay Time 4 A o 5 .
LOWHo-HIGH Level Output

tpHL Propagation Delay Time " Ni vy o i
HIGH-to-LOW Level Output

www.fairchildsemi.com 2
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n.2 auanyug lodiuesSN74LS14

SNx414 and SNx4LS14 Hex Schmitt-Trigger Inverters _

Features

Operation From Very Slow Edges
Improved Line-Receiving Characteristics
High Noise Immunity

Applications
HVAC Gateways

Residential Ductless Air Conditioning Outdoor
Units

Robotic Controls

Industrial Stepper Motors

Power Meter and Power Analyzers

Digital Input Modules for Factory Automation

3 Description

Each circuit in SNx414 and SNx4LS14 functions as

an inverter. However, because of the Schmitt-Trigger

action, they have different input threshold levels for

positive-going (V+.) and negative-going (Vy_) signals.

These circuits are temperature compensated and can
be triggered from the slowest of input ramps and still
give clean, jitter-free output signals.

Device Information("

PART NUMBER PACKAGE BODY SIZE (NOM)
SOIC (14) 4.90 mm x 3.91 mm
SN7414, SSOP (14) 6.20 mm x 5.30 mm
SN74LS14 PDIP (14) 19.30 mm x 6.35 mm
SO (14) 10.30 mm x 5.30 mm
CDIP (14) 19.56 mm x 6.67 mm
g:gjl; . CFP (14) 9.21 mm x 5.97 mm
LCCC (20) 8.89 mm x 8.89 mm

(1) For all available packages, see the orderable addendum at

the end of the data sheet.

Logic Diagram (Positive Logic)

)
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5 Pin Configuration and Functions

D, DB, N, NS, J, or W Package FK Package
14-Pin SOIC, SSOP, PDIP, SO, CDIP, or CFP 20-Pin LCCC
Top View Top View
(o ) > =9 83
w ] [ vee ( IBEREREERE A
O [ I R S R e )
w [z 13 ] sa o N - g @
2 [ = 12 | ] ev __ __
m | a 1w 7] er
v ] 4 1 [] sa __ __
ne | s 17 77 ne
m [ |s 0[] s __ __
2y | 7ls L -
w [ |es 9 [ ] 4a __ __
N |7 15 7 71 ne
eno [ 7 a [ ] av __ __
an | _le 14 | sy
:I_mtosczle g @ £ F & 2
by
Not to scale
> o o >
& 2 3
o
NC - No internal connection
Pin Functions
PIN
SOIC, SSOP, TVSOP, CDIP, lio DESCRIPTION
NAME PDIP,TSSOP, CFP LCCC
1A 1 2 | Channel 1 input
1Y 2 3 (o] Channel 1 output
2A 3 4 | Channel 2 input
2Y 4 6 o] Channel 2 output
3A 5 8 | Channel 3 input
3y 6 9 (o] Channel 3 output
4A 9 13 | Channel 4 input
aY 8 12 (o] Channel 4 output
5A 1" 16 | Channel 5 input
5Y 10 14 (o] Channel 5 output
BA 13 19 | Channel 6 input
BY 12 18 0 Channel 6 output
GND 7 10 —_ Ground
NC — 1,51, — No internal connection
11, 15, 17
Vee 14 20 — Power supply
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TOSHIBA Photocoupler GaAfAs Ired & Photo-IC

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated photodetector.

This unit is 8-lead DIP package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

¢ Input threshold current: IF=5mA(max.)

e Supply current (Ice): 11mA(max.)

e Supply voltage (Vee): 10-35V

e Output current (In): +1.5A (max.)

o Switching time (tpLH/tpHL): 1.5ps(max.)

¢ Isolation voltage: 2500Vyms(min.)

s UL recognized: UL1577, file No.E67349

¢ Option(D4)
VDE Approved : DIN EN60747-5-2
Maximum Operating Insulation Voltage : 890Vpk
Highest Permissible Over Voltage © 4000Vek

(Note):When a EN60747-5-2 approved type is needed,

Unit in mm
8 7 6 5
9 FEFE
1 wf
|
| o’
H
=
o,
4B 5
MEHEN
a8
9.66£0.25 35 7.62 £0.25
8
=

254£0.25

11-10C4

TOSHIBA

11-10C4

Weight: 0.54 g(Typ.)

Pin Configuration (top view)

Please designate “Option(D4)”
1 I: ] 8
2 [} 7
—_
=
Truth Table 2t e
™ Tr2 40 ] 5
Input On On Off
LED Off Off On 1:NC. 5:GND
2: Anode 6 : Vo (Output)
3 : Cathode 7:Vo
4:NC. 8:Vee
Schmatic
I
—
2+

A 0.1yF bypass capcitor must be
connected between pin 8 and 5 (See Note 5).
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n4 audnyuglodiues ACS7I2ELCTR-05B-T

Fully Integrated, Hall Effect-Based Linear Current Sensor
with 2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Features and Benefits

» Low-noise analog signal path

= Device bandwidth is set via the new FILTER pin

= 5 ps output rise time in response to step input current
= 50 kHz bandwidth

= Total output error 1.5% at T,=25°C, and 4% at —<40°C to 85°C

= Small footprint, low-profile SOICS package
= 1.2 mQ internal conductor resistance

= 2.1 kVppg minimum isolation voltage from pins 1-4 to pins 5-8

= 5.0V, single supply operation

= 66 to 185 mV/A output sensitivity

= Qutput voltage proportional to AC or DC currents
= Factory-trimmed for accuracy

= Extremely stable output offset voltage

= Nearly zero magnetic hysteresis

= Ratiometric output from supply voltage

Package: 8 pin SOIC (suffix LC)

Approximate Scale 1:1 g]:E

Description

The Allegro® ACS712 provides economical and precise
solutions for AC or DC current sensing in industrial, automotive,
commercial, and communications systems. The device
package allows for easy implementation by the customer.
Typical applications include motor control, load detection and
management, switched-mode power supplies, and overcurrent
fault protection.

The device consists of a precise, low-offset, linear Hall
sensor circuit with a copper conduction path located near the
surface of the die. Applied current flowing through this copper
conduction path generates a magnetic field which is sensed
by the integrated Hall IC and converted into a proportional
voltage. Device accuracy is optimized through the close
proximity of the magnetic signal to the Hall transducer. A
precise, proportional voltage is provided by the low-offset,
chopper-stabilized BiCMOS Hall IC, which is programmed
for accuracy after packaging.

The output of the device has a positive slope (>Viourg)
when an increasing current flows through the primary copper
conduction path (from pins 1 and 2, to pins 3 and 4), which
is the path used for current sensing. The internal resistance of
this conductive path is 1.2 mQ typical, providing low power

Continued on the next page...

Typical Application

o

4

P+
1P+

VCC
VIOUT

ACST12
\p_ FILTER

1P=

GND

*H/V
8
T Vour
=0 Cape
I 04 pF
= =3
O c
5 1nF

Application 1. The ACS712 outputs an analog signal, Vot
that varies linearly with the uni- or bi-directional AC or DC
primary sensed current, |, within the range specified. C¢
is recommended for noise management, with values that
depend on the application.

ACS712-DS, Rev.1

119



Description (continued)
loss. The thickness of the copper conductor allows survival of

the device at up to 5% overcurrent conditions. The terminals of
the conductive path are electrically isolated from the sensor leads
(pins 5 through 8). This allows the ACS712 current sensor to be
used in applications requiring electrical isolation without the use
of opto-isolators or other costly isolation techniques.

Selection Guide

The ACS712 is provided in a small, surface mount SOICS package.
The leadframe is plated with 100% matte tin, which is compatible
withstandard lead (Pb) free printed circuit board assembly processes.
Internally, the device is Pb-free, except for flip-chip high-temperature
Pb-based solder balls, currently exempt from RoHS. The device is
fully calibrated prior to shipment from the factory.

e T Optimized Range, |, Sensitivity, Sens
Part Number Packing (,%‘; P ) ge. lp (Typ) (r:\ywA)
ACST12ELCTR-05B-T | Tape and reel, 3000 pieces/reel —40 to 85 15 185
ACST12ELCTR-20A-T | Tape and reel, 3000 pieces/reel —40 to 85 +20 100
ACST12ELCTR-30A-T | Tape and reel, 3000 pieces/reel —40 to 85 +30 66
*Contact Allegro for additional packing options.
Absolute Maximum Ratings
Characteristic Symbol Notes Rating Units
Supply Voltage Vee 8 Vv
Reverse Supply Voltage Vree -0.1 v
Output Voltage Viour 8 \
Reverse Output Voltage Vriout -0.1 \
Output Current Source liouT(sourcey 3 mA
Output Current Sink liouT(sink) 10 mA
Overcurrent Transient Tolerance Ip ;:Jg ::i:l t%uiszsltsisgvr:; d1l(1)rg :22::::‘ applied 60 A
Maximum Transient Sensed Current Ig(max) Junction Temperature, T, < T (max) 60 A
Nominal Operating Ambient Temperature Ta Range E —40 to 85 °C
Maximum Junction T,(max) 165 °©c
Storage Temperature Teg —651t0 170 °C
T oS, Parameter Specification
CertifateTi@iber CAN/CSA-C22.2 No. 60950-1-03
E UBV 06 05 54214 010 Fire and Electric Shock UL 60950-1:2003

EN 60950-1:2001
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Functional Block Diagram

5V
_________________________________________________________________________________ ]
1
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22 RSlgnaI W v 1T
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Bg v Renmy j_ 1
a° > !
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[}
= | 0.ApF
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Offset Adjust q
|
I
= |
'
i
FILTER
(Pin 6)

Pin-out Diagram

1P+ [1] [8] vee
1P+ [2] [71 viouT
IP- [3] [6] FILTER
1P- [E] [5] GND
Terminal List Table
Number Name Description
1and 2 1P+ Terminals for current being sensed; fused internally
3and 4 IP= Terminals for current being sensed; fused internally
5 GND Signal ground terminal
6 FILTER Terminal for external capacitor that sets bandwidth
7 vIouT Analog output signal
8 vce Device power supply terminal
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n.5 auanyug lodiues HCPL-7840

Isolation Amplifier

Technical Data

Features

* 15 kV/us Common-Mode
Rejection at Vg = 1000 V

* Compact, Auto-Insertable
Standard 8-pin DIP Package

* 0.00025 V/V/°C Gain Drift vs.
Temperature

* 0.3 mV Input Offset Voltage
* 100 kHz Bandwidth
* 0.004% Nonlinearity

* Worldwide Safety Approval:
UL 1577 (3750 Vrms/1 min.)
and CSA (pending), VDE
0884 (Option #060 only)

* Advanced Sigma-Delta (Z-A)
A/D Converter Technology

* Fully Differential Circuit
Topology

* 0.8 im CMOS IC Technology

Applications

* Motor Phase and Rail
Current Sensing

* Inverter Current Sensing

* Switched Mode Power
Supply Signal Isolation

* General Purpose Current
Sensing and Monitoring

* General Purpose Analog
Signal Isolation

Description

The HCPL-7840 isolation amplifier
family was designed for current
sensing in electronic motor drives.
In a typical implementation, motor
currents flow through an external
resistor and the resulting analog
voltage drop is sensed by the
HCPL-7840. A differential output
voltage is created on the other
side of the HCPL-7840 optical
isolation barrier. This differential
output voltage is proportional to
the motor current and can be con-
verted to a single-ended signal by
using an op-amp as shown in the
recommended application circuit.
Since common-mode voltage
swings of several hundred volts in
tens of nanoseconds are common
in modern switching inverter
motor drives, the HCPL-7840
was designed to ignore very high
common-mode transient slew
rates (of at least 10 kV/ps).

The high CMR capability of the
HCPL-7840 isolation amplifier
provides the precision and
stability needed to accurately
monitor motor current in high
noise motor control environ-

HCPL-7840

ments, providing for smoother

control (less “torque ripple™) in
various types of motor control

applications.

Functional Diagram

Vpp1 [1 | ID_D" "I'LE 3] Vop2

Vins [ 2] 7] vours
Vin-[3] 6] vour-

GND1 [ 4] swiap—— 5] enoz

T T

The product can also be used for
general analog signal isolation
applications requiring high
accuracy, stability, and linearity
under similarly severe noise con-
ditions. For general applications,
we recommend the HCPL-7840
(gain tolerance of + 5%). The
HCPL-7840 utilizes sigma delta
(£-A) analog-to-digital converter
technology, chopper stabilized
amplifiers, and a fully differential
circuit topology fabricated using

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this component to
prevent damage and /or degradation which may be induced by ESD.
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n.6 auanyug loiiiwes GTEOM303

TOSHIBA INSULATED GATE BIPOLAR TRANSISTOR SILICON N CHANNEL IGBT

GT60M303

Unit: mm
HIGH POWER SWITCHING APPLICATIONS
205MAX, |, #33102
: bogrog—el
® Fourth generation IGBT = 2
® FRD included between emitter and collector b - = §
o 1.5 ~
® Enhancement mode type n o5 E[-
LI I
® High speed IgGBT :tr=0.25us (TYP.) 1 nin o - i’
2.5 - ] ~N
FRD :tyy = 0.7ps (TYP) 30 5
(=
® Low saturation voltage ' VCE (sat) = 2.1V (TYP.) 10794, |
5.45+0.15 5.45+0.15
MAXIMUM RATINGS (Ta = 25°C) 2o %
oo
=
+1 | mf &
=] 11213 ni|
CHARACTERISTIC SYMBOL RATING UNIT <. ENIEDERY
Collector-Emitter Voltage VeEs 900 4
- 1. GATE
Gate—Emitter Voltage VGES +25 v 2. COLLECTOR (HEAT SINK)
oC . & 3. EMITTER
Collector Current A
1ms ICP 120 JEDEC .
Emitter—Collector bc lecF 15 A JEITA —
Foward Current 1ms Y 120 VEO-S;:IB;\TS 2-21F2C
Collector Power Dissipation P 170 W eight - 2.759
(Tc = 25°C) 2
Junction Temperature Tj 150 °c
Storage Temperature Range Tstg -55~150 °C
Screw Torque — 0.8 N-m
EQUIVALENT CIRCUIT MARKING

@ Collector

Gate o——lK

O Emitter

Do O o(
TOSHIBA
GTE0M303

JAPAN ¥
o ™
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Part No. (or abbreviation code)

Lot No.

A line indicates
lead (Pb)-free package or
lead (Pb)-free finish.



ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX | UNIT
Gate Leakage Current IgeES Vge =125V, Ve =0 — — +500 nA
Collector Cut—off Current IcES Ve =900V, Vg =0 — - 1.0 mA
Gate—Emitter Cut—off Voltage VGE (0FF) |[lc =80mA, Vcg =5V 3.0 - 6.0
Collector-Emitter Saturation Voltage VCE (sat) (1) |lc = 10A, Vgg = 15V —_ 1.6 22
Collector-Emitter Saturation Voltage VCE (sat) (2) |lc = 60A, Vgg = 15V —_ 241 27
Input Capacitance Ciee Vee= 10V, Vge =0, f= 1MHz — 3800 — pF
Rise Time tr —_ 0.35 0.60
Switching Time Tum-0On Time fon 15V o—rM—|51‘Q % - 046 | 0.75 "
Fall Time i 0 15V — | 025 | 040
Tumn-Off Time toff 600V — | 060 | 0.70
Emitter-Collector Forward Voltage VEcE lgec = 15A, Vge =0 — 1.5 20 v
Reverse Recovery Time tr LFL F dliAlg% f:“g — 0.7 25 us
Thermal Resistance Rih (j-¢) IGBT — — 0.74 |°C/W
Thermal Resistance Rih (j-¢) Diode —_ - 40 |(°C/W
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f.1 Design and analysis three phase three level diode-clamped of grid connected inverter
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Design and analysis three phase three level diode-clamped
of grid connected inverter

Purached Juntamon and W. Subsingha”

Rajamangala University of Technology Thanyaburi 39 Muhl, Rangsit-Nakhonnayok Rd. Klong Hok, Thanyaburi Pathum Thani 12110, Thailand

Abstract — A Multilevel converters structure has been introduced as an alternative in high power and medium voltage
situations, associated with lower output total harmonics distortion and also enables the use of renewable energy source. In
this paper three phase three level diode clamp of grid connected inverter which is suitable for interfacing a photovoltaic,
wind, and fuel cells to the grid is presented. The multilevel inverter uses a carrier based—space vector PWM scheme using
two reference signals identical to each other with and offset equivalent to the amplitude of the triangular carrier signal were
used to generate PWM signal for the switch at three level diode clamp multilevel inverter. A PI controller is used to keep the
current injected into the grid sinusoidal when connected to the power grid as well as phase lock loop (PLL) for phase and
frequency match. It is observed that at 10 kHz switching frequency, 600V DC- link and 2 kW output power. The L-C filter is

used between the inverter and the AC grid for reduce total harmonic distortion of the grid current is less than 5 %.

Keywords —Three phase three level diode clamp inverter, Grid connected inverter, Three level NPC inverter.

1. INTRODUCTION

The energy obtained from renewable energy source is
generally transferred to the grid due to the cost, life and
efficiency limitations of the storage systems. Various
converter topologies can be utilized between the energy
source and dc-link according to the source type [I].
Application of renewable energy resource such as wind
turbines, photovoltaic, and fuel-cell in a power system may
cause major changes in the design and operation of
distribution networks [2].

Multilevel inverters are suitable for high voltage and high
power application due to their ability to synthesize
waveform with better harmonic spectrum [7]. A multilevel
inverter not only achieves high power ratings, but also
advantages over a conventional two-level converter. Three
phase three level diode-clamped multilevel inverter
topology is used in this paper.

Various control strategies and modulation techniques are
implemented in three phase three level diode-clamped
multilevel inverter in grid-connected system. The SVPWM
is a popular for two level inverters and multilevel inverters
[3]. The voltage phase angle of the utility is detected by
phase lock loop (PLL). The system is simulated using
MATLAB/Simulink. It is observed that at 10 kHz switching
frequency, 600V dc-link voltage and 2 kW output power
which the total harmonic distortion of the grid current is
less than 5%. The control block diagram of the grid

connected inverter show in the Fig. 1
vdc Filter

chrbr - %
1_)""""’\

Vb

VEe

Transformation

lib fic Va ViV

m
=
{5

Fig. 1 Control block diagram of the grid connected inverter

2. SYSTEM DESCRIPTION
2.2 Three-Level Diode-Clamped Inverter Topology

The neutral point converters (NPC) proposed by Nabae,
Takahashi, and Akagi in 1981 was essentially a three-level
diode-clamped multilevel inverter [2]. A three phase three
level doide-clamped multilevel inverter is shown in Fig. 2.

+
{%} 1GBTL B %nﬁms —{GIGBTQ
=
Ao
\c.m |G|a11sLDE “Kl}\mmo

wvb

DC-link

—

L K= 3 v %:}'GB”];DE 4[:3\63711
LS e 4~<} 16818 ‘{%} 168T12

Fig. 2 Three phase three level diode-clamped inverter

These one multilevel inverter phases share a common
DC-link, subsivided by two capacitors into three level
diode-clamped inverter.The voltage stress aross each
switching device is limited to VDC/2 through the clamping
diodes.

2.3 Control of the system

Fig. 1 shows the block diagram of the current control
system. The system control includes current control and
grid synchronization. In the developed system. Most
popular carrier based modulation strategies for two level
and multilevel inverter are discussed [3]. The multilevel
inverter is controlled with CB-SVPWM technique in d-q
synchronous rotating frame used for grid synchronization
and the control is constructed based on (1). The control
algorithm includes two PI for controller in a single stage
three-phase three-level diode-clamped of grid connected
system. The grid angle is required tomake transformation
between a-b-c, a-p (2) and d-q axis. The zero-crossing
method isused for grid synchronization. The grid voltages
are measured and then filtered to avoid disturbance [1].
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The basic switching vectors and sectors of SVPWM, there
are six sectors. For a three phase voltage source inverter
from Va, VP reference voltages and dc-link voltage are
shown in Fig.3.
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Fig. 3 Basic switching vectors and sectors

The space vector modulation has been widespread and
diverse works exploring their relationship to PWM-based
carrier has been published [5]. Carrrier based SVPWM
allow fast and efficient implemintation of SVPWM
without sector determination. The technique is based on the
duty ratio profiles that SVPWM exhibits as show in Fig.4.
By commparing the duty ratio profile with a higher
frequency triangular carrier the pulses can be generated,
based on the dame arguments as the sinusoidal pulse width
moudulation The carrier-based space vector modulalation
are show in Fig. 5 and Fig.6 are show pulse signal for IGBT
phase a
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Fig. 4 SVPWM wave form
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Fig. 5 Carrier based-space vector modulation
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Fig. 6 Pulse signal for IGBT phase a

3. SIMULTATION AND RESULT

The power circuit of three phase three level diode-
clamped of grid connected inverter are show in Fig. 8. The
system simulated with MATALAB/Simmulink. The
simulation parameters of the system are given in TABLE 1

Table 1 Simulation parameters of the system

Output power (Pout) 2 kW
DC-link voltage 600V
Filter inductance (L) 8mH
Filter capacitors (C) 10uF
ESR of filter Capacitor (R) 320
Phase-to-neutral voltage (V) 220V
Grid frequency (f) 50Hz
DC-link capacitors 4800x2uF
Switching frequency (fsw) 10kHz

The output voltage for three phase three level has three
levels (Line-to-line) which is shown in Fig. 7. The levels of
the output voltage vary according to the level of the
multilevel inverter.

Fig. 7 Output voltage for three phase three level NPC

The currents are in the same phase with grid voltages.
Only active power is transferred to the grid. The system
simulated with MATALAB/Simmulink show in the Fig. 8.
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Fig. 8 The system simulated with MATLAB/Simulink.

In Fig.9 shows the simulation results about the waveform of
grid current. The amplitudes of the harmonics are shown as
the ratio to the fundamental value grid current spectrum in
phase A range of 5000 Hz are shown in Fig.10. The total
harmonic distortion (THD) of the grid current 2.26% is
smaller than 5% which is recommended in IEEE Std 929-
2000 [6].
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Fig. 9 Three phase three level NPC grid current
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Fig. 10 Total harmonic distortion for current (THD)

4. CONCLUSION

In this paper, a 2 kW three phase three level diode
clamped of grid connected inverter is simulated with
MATLAB/Simulink. The energy is transferred to the grid
with three phase three level diode-clamped inverter. The
L-C filter is utilized between the three-level inverter able to

attenuate most low order harmonics in the output voltage
waveform [4]. The three phase three level diode-clamped
inverter is controlled with carrier-based space vector
modulation technique at 10kHz switching frequency. The
THD value of the grid current is 226 % in the
MATLAB/Simulation which meets the 5% THD limit.
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Simulation and analysis the three phase three level
diode - clamped grid connected inverter
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Abstract

A Multitevel converters structure: has been intreduced as an alternative in high power
and medium voltage situations, asseciated with lower output  total harmonics distortion and
also enables the use of renewable energy source, In this paper three phase three level diode
clamp of grid connected inverter which is suitable for interfacing a photovoltaic, wind, and fuel
cells to the grid is presented. The multitevel inverter uses a Carrier Based-5Space Vector PWM
scheme using two reference signals identical to each other with and offset equivalent to the
armplitude of the trianzular carrier signal were used to generate PWW signal for the switch at
three level dicde clamp multilevel inverter. A Pl controller is used to keep the current injected
into the erid sinusoidal when connected to the power grid as well as Phase lock loop (PLL) for
phase and frequency match. It is observed that at 10 kHz switching frequency, 600V DC link and
2 kW output power. The L-C filter is uzed between the inverter and the AC grid for reduce total
harmaonic distortion of the grid current is less than 5 percent.
Keywords: Three level diode-clamped inverter, Grid connectec inverter, Three level NPC
inverter
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