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Abstract

The single-phase stand-alone photovoltaic inverter commonly connects to series of
photovoltaic panels for increasing higher voltage dc. This paper presents a design of boost
converter connected with a photovoltaic panel and use this circuit connects in series to increase
higher voltage dc source for inverter’s input. The boost converter using PI controller with
dspic30f1010 microcontroller is designed to maintain the constant output voltage. Results found
that the proposed system can provide 100 V constant output voltages for the 20 V to 40 V
photovoltaic input voltages according to the different solar irradiance variations. The circuit is
connected with four circuits in series in order to provide constant dc of 400 V for the inverter that
has ac output of 223 V using with induction motor loads. The overall efficiency of four circuits is

approximately 94.27%.
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Van = _Vdc (2.22)

A FY o 1 o 9 A - =
ﬁilﬂ']iﬂﬁlﬁb'ﬁluﬂ']ﬁﬂ"lll'lﬂ!ﬁ”lﬂ']‘ll’l’)\?L!ﬁ\iﬂullV\Iﬂ"IVITQQTHQBﬂVIﬂ'J"IiJﬂHaj']u (va,) U

Vo, =M, -V (2.23)

a

Tl m, AvdATIMIUOQETUFIEWNTOMUINN IR0 NN (2.24)

m = Vtri

Vcontrol

(2.24)

gandumsuegiannud (m, ) Imawaunisi 2.25) il lamvewseauliih

o w a 4 o w o a o {
ﬂ'§$LLﬁUlV‘Iﬁh!LﬁzﬂTﬁQULWﬂTﬁHUi’)ﬂﬂ‘lJf‘N'J\?fﬂﬁ@ut’)ﬂm@i@nﬂaWﬂ‘U‘U@Q?ﬂiTJJL!ﬂﬂQGﬂiN‘ﬁ 2.2

f
m, = (2.25)
f,
e fg,  Aeanwanlylumsaiag
A a
f, 9NN U
d' 1 dl (% ) (% A A [} a 4
A1TNN 2.2 mmmm@,mammmimmmmmu‘lwﬁwgﬂwms
dwedln | m =02 m =04 m =0.6 =038 m =10
1 0.2 0.4 0.6 0.8 1.0
2m, t1 0.190 0.326 0.370 0.314 0.181
2m, +3 0.024 0.071 0.139 0.212
2m, +s 0.013 0.033
4mf *1 0.163 0.157 0.008 0.105 0.068
4m, t3 0.012 0.070 0.132 0.115 0.009
4m, +s 0.034 0.084 0.119
4m, +7 0.017 0.050
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solar
Schutten _
blue sky . green life ISTPG-XXX/GO Series

STP6-260W, STP6-255W, STP6-250W,

STP6-245W, STP6-240W

Strengths

\

Toleance % High transmission,low lron
0~+5 Tempered Glass

:)}: Plug&gPlay Bypass Diodes
Connectors | Protection

-
\i fi Salt Mist And Ammonia Resistance Test

+8

Warranty

12 Manufacturing
~-= | 12 Years

e Power Production : [
90%:12years 80%:25years POchrySta”":’e
photovoltaic

Module

Insurance

C Insured

ow=a By CHUBB

Certificates

O

Clean Energy Council

Tested according to:  |IEC / EN 61215: 2005;
IEC 61730-1: 2004 / EN §1730-1: 2007,
IEC 61730-2: 2004 / EN 61730-2: 2007
Registered No.: 44 780 13 406749 - 209

www.schutten-solar.com
ADD(QuanjiaoFactory):WeisanRoad, Quanjiao Economyand Development

Area Chuzhou, Anhui. China
ADD(Thailand Factory):333 Moo 3 Lardtakhian, Kabinburi, Prachinburi,
Thailand 25110




Schutten

blue sky . green life

Temperature Characteristics i g

STP6-XXX/60 Series

STP6-260W, STP6-255W, STP6-250W, STP6-245W, STP6-240W

Electrical Characteristics ’

Module Type Unit STP6-260/60 STP6-255/60 STP6-250/60 STP6-245/60 STP6-240/60 _Pmax Temperature Coefficient %/°C -0.47
Rated Power at STC (Pmp) W 260 255 250 245 240 Voc Temperature Coefficient %/°C -0.32
Power Tolerance W09 @+ 049 @+ 0+ IscTemperature Coefficient (%/C +004
Power Maximum at STC w 265 260 255 250 245 Operating Temperature C -40 ~ +85
Cell Efficiency (nc) %  183-186 180-183 17.7-180 17.3-176 170173 Nominal Operating Cell Temperature (NOCT) °C 45+2
Minimum Module Efficiency (nm) % 16.5-16.9 16.1-164 154-15.7 15.0-154 147-15.0
Open Circuit Voltage (Voc) v 3 372 371 370 369 . S >
Short Ciruit Current (s) A 930 911 8% 878 865 Mechanical Specifications .
Maxi Power Voltage (Vmp)  V 301 300 299 299 298 = =
Maximum Power Curent (Imp) A 858 846 835 821 805 it e 2L YRR RS
o System Voltage v 1000 (TUV), 600 (UL) Weight : 19.0kg
Maximum Series Fuse Rating A 15 Solar Cells Polycrystalline 156 x 156mm (60pcs)
STC: Irradiance 1000W/m?, module temperature 25C, AM=1.5; Front glass 3.2 mm tempered glass, low iron
Frame Anodized/ Electrophoretic aluminum aloy
® - T Junction Box 1P65 /IP67
o N
£y i Output Cables 4.0 mm?, symmetrical lengths 900mm
0 lﬁﬁl - 0 Connector MC4 Compatible
Maximum Snow Load | 550kg/m?
“Maximum Wind Load 200km/h
o = e g Hailstone Impact Test 80km/h for 25mm ice ball
\.8-14x9 o 2 il s
(0.55x0.35) b
) PR Fa]
g 2pe Current-Voltage & Power-Voltage Curve (STM6-250/60) @)
eSS
o " w{ﬁ § 2.00
©\2:04 [ 8.00 J.1000W/m? L0
i '
cable(-) cable(+) 7.00
800W/m?
.00
0 o-{-! =
< 50 TEGOW/m?
|| 35(1.38) 7 I D 400 4
g é § QJ ; 3 300 J200W/m
-] 200
= 0_1 i || 100 4| 200W/m?
L 946(37.24) _ e :
992(39.06) 4021'575 0.00 T
50(1.968 0.0 10.0 400
@ All Dimensions in mm (inch) voltage(V)
@ The above drawing is a graphical representation of the product. )
For engineering quality drawings please contact SCHUTTEN
g
5
5
o
0.00 T T T
0.0 10.0 200 30.0 40,0
voltage(V)

Schutten Solar

http://www.schutten-solar.com

Dealer information:

© 2014 Schutten Solar Energy Co., Ltd
ificati in this

are subject to change without notice.
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dsPIC30F1010/202X

28/44-pin dsPIC30F1010/202X Enhanced Flash
SMPS 16-bit Digital Signal Controller

Note: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the “dsPIC30F Family Reference
Manual” (DS70046). For more information on the device
instruction set and programming, refer to the “dsP/C30F/
33F Programmer’s Reference Manual” (DS70157).

High-Performance Modified RISC CPU:

* Modified Harvard architecture
* C compiler optimized instruction set architecture

* 83 base instructions with flexible addressing
modes

* 24-bit wide instructions, 16-bit wide data path
* 12 Kbytes on-chip Flash program space
* 512 bytes on-chip data RAM
* 16 x 16-bit working register array
* Up to 30 MIPs operation:
- Dual Internal RC 9.7 and 14.55 MHz (£1%)
- 32X PLL with 480 MHz VCO
- PLL inputs +3%
- External EC clock 9.7 and 14.55 MHz
- HS Crystal mode 9.7 and 14.55 MHz
* 32 interrupt sources
* Three external interrupt sources
* 8 user-selectable priority levels for each interrupt
* 4 processor exceptions and software traps

DSP Engine Features:

* Modulo and Bit-Reversed modes

* Two 40-bit wide accumulators with optional
saturation logic

* 17-bit x 17-bit single-cycle hardware fractional/
integer multiplier

* Single-cycle Multiply-Accumulate (MAC)
operation

* 40-stage Barrel Shifter
* Dual data fetch

Peripheral Features:

High-current sink/source 1/O pins: 25 mA/25 mA

Three 16-bit timers/counters; optionally pair up
16-bit timers into 32-bit timer modules

Four 16-bit Capture input functions

Two 16-bit Compare/PVWM output functions

- Dual Compare mode available

3-wire SPI modules (supports 4 Frame modes)

12C™ module supports Multi-Master/Slave mode
and 7-bit/10-bit addressing

UART Module:

- Supports RS-232, RS-485 and LIN 1.2

- Supports I'DA® with on-chip hardware endec
- Auto wake-up on Start bit

- Auto-Baud Detect

- 4-level FIFO buffer

SMPS PWM Module Features:

Four PWM generators with 8 outputs

Each PWM generator has independent time base
and duty cycle

Duty cycle resolution of 1.1 ns at 30 MIPS
Individual dead time for each PWM generator:
- Dead-time resolution 4.2 ns at 30 MIPS

- Dead time for rising and falling edges
Phase-shift resolution of 4.2 ns @ 30 MIPS
Frequency resolution of 8.4 ns @ 30 MIPS
PWM modes supported:

- Complementary

- Push-Pull

- Multi-Phase

- Variable Phase

- Current Reset

- Current-Limit

Independent Current-Limit and Fault Inputs
Output Override Control

Special Event Trigger

PWM generated ADC Trigger

© 2006 Microchip Technology Inc.

Advance Information

DS70178A-page 1
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Analog Features:

ADC

* 10-bit resolution

* 2000 Ksps conversion rate

* Upto 12 input channels

* “Conversion pairing” allows simultaneous conver-
sion of two inputs (i.e., current and voltage) with a
single trigger

* PWM control loop:
- Up to six conversion pairs available

- Each conversion pair has up to four PWM
and seven other selectable trigger sources

* Interrupt hardware supports up to 1M interrupts
per second
COMPARATOR

* Four Analog Comparators:
- 20 ns response time
- 10-bit DAC reference generator
- Programmable output polarity
- Selectable input source
- ADC sample and convert capable
* PWM module interface
- PWM Duty Cycle Control
- PWM Period Control
- PWM Fault Detect
* Special Event Trigger
* PWM-generated ADC Trigger

dsPIC30F SWITCH MODE POWER SUPPLY FAMILY:

Special Microcontroller Features:

* Enhanced Flash program memory:

- 10,000 erasefwrite cycle (min.) for
industrial temperature range, 100k (typical)

Self-reprogrammable under software control

Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

Flexible Watchdog Timer (WDT) with on-chip low
power RC oscillator for reliable operation
Fail-Safe clock monitor operation

Detects clock failure and switches to on-chip low
power RC oscillator

Programmable code protection

In-Circuit Serial Programming™ (ICSP™)
Selectable Power Management modes

- Sleep, Idle and Alternate Clock modes

CMOS Technology:

* Low-power, high-speed Flash technology

* 3.0V and 5.0V operation (+10%)

* Industrial and Extended temperature ranges
* Low power consumption

2 | E o | 2 g

Product Pins E, g g‘ﬁ % é é ‘2 g E a Eo § (2) 3 g % § g

3 cemlgd|f|8|s|S|?|E|8 || |Ss|5E

g o = — 8 ~— ~ (&) O < g

5]
dsPIC30F1010 | 28 | SDIP 6K 256 | 2| 0|1 ] 1 111 (2x2] 1| 2 | 6¢ch 2
dsPIC30F1010 | 28 | SOIC 6K 256 | 2| 0| 1] 1 111 [(2x2] 1| 2 | 6¢ch 2
dsPIC30F1010 | 28 | QFN 6K 256 | 2| 0|1 ] 1 111 (2x2] 1| 2 | 6¢ch 2
dsPIC30F2020 | 28 | SDIP 12K 512 | 3 |1 | 2] 1 111 [4x2] 1 | 4 | 8ch 4
dsPIC30F2020 | 28 | SOIC | 12K 512 | 3 | 1| 2| 1 111 [4x2] 1| 4 | 8ch 4
dsPIC30F2020 | 28 | QFN 12K 52 [ 3|12 |1 111 [(4x2] 1 | 4 | 8ch 4
dsPIC30F2023 | 44 | QFN 12K 512 | 3 |1 [ 2] 1 111 [4x2] 1 | 4 |12¢ch| 4
dsPIC30F2023 | 44 | TQFP | 12K 512 | 3 | 1 | 2| 1 111 [4x2] 1 | 4 |12ch| 4

DS70178A-page 2

Advance Information

© 2006 Microchip Technology Inc.
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dsPIC30F1010/202X

Pin Diagrams

28-Pin SDIP and SOIC

(

AN3/CMP1D/CMP2B/CN5/RB3
AN4/CMP2C/CN6/RB4
ANS/CMP2D/CN7/RBS

Vss
OSC1/CLKI/RB6
OSC2/CLKO/RB7

~NoOOoRWON =

MCLR []1 28] AVoD
ANO/CMP1A/CN2/RBO  []2 27 0 AVss
AN1/CMP1B/CN3/RB1 []3 26 ] PWM1L/REO
AN2/CMP1C/CMP2A/CN4/RB2 [ 4 S 250 PWMIH/RE1
AN3/CMP1D/CMP2B/CNS/RB3  [5 © 240 PWM2L/RE2
AN4/CMP2C/CN6/RB4 []6 L 230 PWM2H/RE3
ANS/CMP2D/CN7/RB5 []7 Q@ 2207 RE4
Vvss []8 O 210 RE5
OSC1/CLKI/RB6 []9 o 20[] Voo
OSC2/CLKO/RB7 10 & 19 vss
EMUD1/PGD1/U1ATX/CN1/T2CK/RE7 []11 18 ] PGC/EMUC/SDI1/SDA/UIRX/RF7
EMUC1/EXTREF/T 1CK/U1ARX/CNO/RE6  [12 17 ] PGD/EMUD/SDO1/SCL/U1TX/RF8
voo []13 16 [1 SFLT2/INTO/OCFLTA/RAS
PGC2/EMUD2/SCK1/SFLT3/INT2/RF6 []14 15 [1 PGD2/EMUC2/OC1/SFLT1/INT1/RDO
28-Pin QFN
- O
mm
1414
M S
o N
66
N 8l
oo xk
sS= g 71
=olaggss
zz|9>>
Pl R
2827 2625242322
AN2/CMP1C/CMP2A/CN4/RB2 | 1 @ 21| PWM2L/RE2

191
dsPIC30F1010 15 RES

20 | PWM2H/RE3
RE4

17 | Voo
161 Vss
5| PGC/EMUC/SDI1/SDA/UTRX/RF7

PGD1/EMUD1/T2CK/U1ATX/CN1/RE7

PGC1/EMUC1/EXTREF/U1ARX/T 1CK/CNO/RES

VDD

PGD2/EMUD2/SCK1/SFLT3/INT2/RF6
PGC2/EMUC2/OC1/SFLT1/IC1/INT1/RDO

SFLT2/INTO/OCFLTA/RAS

PGD/EMUD/SDO1/SCL/U1TX/RF8

© 2006 Microchip Technology Inc.
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Advanced Process Technology
Ultra Low On-Resistance
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

PD - 94053
IRFZ44N
HEXFET® Power MOSFET
D
VDSS =55V
RDS(on) =17.5mQ
Ip = 49A
S

Description

Advanced HEXFET®Power MOSFETs from Intemational
Rectifier utilize advanced processing techniquesto achieve
extremely low on-resistance per silicon area. This benefit,
combined with the fast switching speed and ruggedized
device design that HEXFET power MOSFETs are well
known for, providesthe designerwith an extremely efficient
and reliable device for use in a wide variety ofapplications.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 watts. The low thermal

resistance and low package cost of the TO-220 contribute TO-220AB
to its wide acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units

Ip@ Tg =25°C Continuous Drain Current, Vgs @ 10V 49
Ip @ T =100°C| Continuous Drain Current, Vgs @ 10V 35 A
lom Pulsed Drain Current ® 160
Pp@Tc =25°C Power Dissipation 94 W

Linear Derating Factor 0.63 W/°C
Vas Gate-to-Source Voltage +20 V
AR Avalanche Current® 25 A
Ear Repetitive Avalanche Energy® 9.4 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.0 V/ns
T, Operating Junction and -55 to + 175
Tste Storage Temperature Range C

Soldering Temperature, for 10 seconds 300 (1.6mm from case )

Mounting torque, 6-32 or M3 srew 10 Ibfein (1.1N+*m)
Thermal Resistance

Parameter Typ. Max. Units

Resc Junction-to-Case _— 15
Recs Case-to-Sink, Flat, Greased Surface 0.50 —_— °C/W
RoJa Junction-to-Ambient —_— 62

www.irf.com

1
01/03/01



65

IRFZ44N International
IR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. |Units Conditions
V(er)Dss Drain-to-Source Breakdown Voltage 55 | — | — Vv Vas = 0V, Ip = 250pA
AV(eripsg/ATy | Breakdown Voltage Temp. Coefficient | —— |0.058| —— | V/°C | Reference to 25°C, Ip = 1mA
Rps(on) Static Drain-to-Source On-Resistance | — | — | 17.5 | mQ | Vags=10V,I[p=25A @
Vasith) Gate Threshold Voltage 20 | — | 4.0 \' Vps = Vgs, Ip = 250pA
Ofs Forward Transconductance 19 —_— - S Vps = 25V, Ip = 25A®
Ipss Drain-to-Source Leakage Current — == 4 pA Vps = 55V, Vs = OV
-— | — | 250 Vps = 44V, Vgs = 0V, T, = 150°C
lass Gate-to-Source Forward Leakage — | — | 100 n Vs = 20V
Gate-to-Source Reverse Leakage — | — | -100 Vas = -20V
Qq Total Gate Charge - | —] 63 Ip = 25A
Qgs Gate-to-Source Charge —_— — 14 nC | Vps= 44V
Qg Gate-to-Drain ("Miller") Charge — | — | 23 Vgs = 10V, See Fig. 6 and 13
td(on) Turn-On Delay Time —| 12 | — Vpp = 28V
te Rise Time — | 60 | — - Ip = 25A
ta(of) Turn-Off Delay Time — | 44 | — Rg =12Q
ts Fall Time ~—— | 45 | — Vgs = 10V, See Fig. 10 @
kg Internal Drain Inductance B | 45| 9 Betuagy lead, >
nH 6mm (0.25in.)
from package ¢
Ls Internal Source Inductance — | 75| — wEH Eerterof diaeantEd 1
&s Input Capacitance — [ 1470 — Vs = OV
Coss Output Capacitance -— | 360 | — Vps = 25V
Crss Reverse Transfer Capacitance — | 88 | — | pF | f=1.0MHz, See Fig. 5
Eas Single Pulse Avalanche Energy @ —— |5300(150® | mJ | las=25A, L=0.47mH
Source-Drain Ratings and Characteristics
Parameter Min. | Typ.| Max. | Units Conditions
Is Continuous Source Current ] 4 MOSFET symbol
(Body Diode) A showing the
lsm Pulsed Source Current integral reverse
(Body Diode)® i =e| A p-n junction diode. s
Vsp Diode Forward Voltage — | — 13 V | Ty=25°C, Is = 25A, Vgs = 0V @
ter Reverse Recovery Time —| 63| 95 ns | Ty;=25°C, Ig = 25A
Qrr Reverse Recovery Charge —— [ 170| 260 | nC | di/dt = 100A/us @
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls+Lp)
Notes:

@ Repetitive rating; pulse width limited by

max. junction temperature. (See fig. 11)

@ Starting T, = 25°C, L = 0.48mH
Rg = 25Q, Ips = 25A. (See Figure 12)

® ISDS 25A, di/dt < 230A/|JS, VDD < V(BR)DSS!
T,<175°C

@ Pulse width < 400us; duty cycle < 2%.

® This is a typical value at device destruction and represents
operation outside rated limits.

® This is a calculated value limited to T, = 175°C .

www.irf.com
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MUR1605 thru MUR1660 seq% ®

- MUR1605 thru MUR1660 {}OHS ®
( ‘.,)]
16.0 Amp.Glass Passivated Ultra Fast Recovery Rectifiers
Unit: neh (mm)
Features
* Fast switching for high efficiency
* Low forward voltage drop 3 2 A SMAR
. = Aakos 10 TYP. §' @ ‘+ 13802
* High current capability -
* Low reverse leakage current s 3
* High surge current capability i
- 130020 | LU o
Mechanical Data 2l oswo |
0.7530.1 ~
* Case: Molded TO-220AC 4 S
X Epoxy: UL 94V-0 rate flame retardant 2
* Terminals: Solderable per MIL-STD-202 24T 25 TP 28402
method 208
* Polarity:Color band denotes cathode E—
X Mounting position: Any 0
* Weight: 2.03 grams
MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS
Rating at 25°C ambient temperature unless otherwise specified.
Single phase, half wave ,60Hz, resistive or inductive load.
For capacitive load, derate current by 20%
MUR MUR MUR MUR MUR MUR MUR
CHARACTERISTICS SEPoL 1605 1610 1615 1620 1630 1640 1660 ONIT
Maximum Recurrent Peak Reverse Voltage VRRM 50 100 150 200 300 400 600 \
Maximum RMS Voltage VRMS 35 70 105 140 210 280 420 \Y
Maximum DC Blocking Voltage Voc 50 100 150 200 300 400 600 \
MaxiTum Average Forward 1 16.0 i
Rectified Current @TA=75"C
[Peak Forward Surge Current
8.3ms Single Half Sine-Wave IFsm 300 A
Super Imposed on Rated Load(JEDEC Method)
[Peak Forward Voltage at 16.0A DC VF 0.95 13 1.7 Y
Maximum DC Reverse Current  @TJ=25C I 10 &
R v
at Rated DC Blocking Voltage ~ @TJ=100"C 150
Maximum Reverse Recovery Time(Note1) TRR 35 nS
Typical Junction Capacitance (Note2) CJ 80 pF
Typical Thermal Resistance (Note3) Resa 25 ‘TW
(Operating and Storage Temperature Range TJ,TsTG -55 to + 150 b

NOTES:1.Measured with IF=0.5A IrR=1A IRR=0.25A
2.Measured at 1.0 MHZ and applied reverse voltage of 4.0VDC.

3.Thermal resistance junction to ambient

Page 1/2
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1

SEMICONDUCTOR ®

MUR1605 thru MUR1660

RATING AND CHARACTERTIC CURVES (MUR1605 thru MUR1660)
FIG.1- TYPICAL FORWARD CURRENT DERATING CURVE FIG.2-TYPICAL REVERSE
S:A, 20 CHARACTERISTICS
E 1000
o 16 <
o
5 N
O N
g 1 SINGLE PHASE HALF N /
S g [LwavEeoz \\ E) Ty=100°C /
o2 [~ RESISTIVE OR = 100
Q INDUCTIVE LOAD \\ & ,zz
4 —
'EIDJ 4 \ (0. —
2 3
o
w 0 qu
z 0 50 100 150 2
S 10
AMBIENT TEMPERATURE C E
(2}
3 7
g Ti=25°C =
FIG.3-MAXIMUM NON-REPETITVE FORWARD SURGE CURRENT & /
~_ Z 1.0
< 300 =
= 0
= =z
x 250 y
a4
3
% 200 01
4 N 20 40 60 80 100 120 140
3 150 S
a e PERCENT OF RATED PEAK
4 100 _— REVERSE VOLTAGE (%)
< \§~
E 8.3 ms Single Half-Sine-Wave ST~
o S0 [— (JEDEG METOD)
X 0 |
o 1 2 5 10 20 50 100
NUMBER OF CYCLES AT 60Hz
FIG.4-TYPICAL INSTANTAEOUS FIG.5-TYPICAL JUNCTION CAPACITANCE
FORWARD CHARACTERISTICS
40 T 7 7 s
= [ MUR1605-
< 20 }— MUR1620 / /, /'
= Vd
E MUR1660 T
x 10 s
x 7 7 1’; ) 40
(&] 4 VA y A y A <Z(
° / 74 E 20
< L/ N S
E MUR1603- B 10
S 40 MUR1604 (S Ty=25°C
e Eee—c—— =
2 7 a y & — 1 T o
o 7 7 T I I =
o 0417 7 / T=05°C o 4
Z Il PULSE WIDTH 300uS 3 2
E 02 1% DUTY CYCLE —
= orl_ [ 1
z 06 08 10 12 14 16 18 20 0102 04 1 2 4 10 20 40 100
INSTANTANEOUS FORWARD VOLTAGE, (V) REVERSE VOLTAGE,(V)
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TOSHIBA GT15J331

TOSHIBA Insulated Gate Bipolar Transistor Silicon N Channel IGBT
High Power Switching Applications

. ) Unit: mm
Motor Control Applications
TO-220FL
e Fourth-generation IGBT 10.3MAX
20 3

¢ Enhancement mode type

e High speed: tf=0.10 s (typ.)
e Low saturation voltage: VCE (sat) = 1.75 V (typ.)

e FRD included between emitter and collector

Absolute Maximum Ratings (Ta = 25°C)

9.1
10.5MAX

Characteristic Symbol Rating Unit
Collector-emitter voltage VCES 600 \ g
Gate-emitter voltage VGES +20 \% - X
DC Ic 15 2. COLLECTOR (HEAT SINK)
Collector current A 3. EMITTER
1ms Icp 30
Emitter-collector forward DC IF 15 A JEDEC —
current 1ms Iem 30 JEITA -
(CT"C"icztgig;"”e‘ diesipation Pc 70 W TOSHIBA 2-10S1C
Junction temperature Tj 150 °C Weight: 1.5 g
Storage temperature range Tstg -55~150 °C
TO-220SM
Note: Using continuously under heavy loads (e.g. the application of high
temperature/current/voltage and the significant change in 10.3MAX.
temperature, etc.) may cause this product to decrease in the P2

reliability significantly even if the operating conditions (i.e.
operating temperature/current/voltage, etc.) are within the
absolute maximum ratings.
Please design the appropriate reliability upon reviewing the
Toshiba Semiconductor Reliability Handbook (“Handling
Precautions’/Derating Concept and Methods) and individual
reliability data (i.e. reliability test report and estimated failure rate,

1
10.5 MAX.

15

etc). g
Equivalent Circuit Marking ¢
1. GATE
2. COLLECTOR (HEAT SINK)
3. EMITTER
Collector
2
Gate © 15J331 <—— Part No. (or abbreviation code) JEDEC —
Emitter \\
A line indicates TOSHIBA 2-1082C
lead (Pb)-free package or .
lead (Pb)-free finish. Weight: 1.4 g
1 2006-10-31
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Electrical Characteristics (Ta = 25°C)
Characteristic Symbol Test Condition Min Typ. Max Unit
Gate leakage current IGES VGe=+20V,Vce=0 — — +500 nA
Collector cut-off current ICES VCE=600V,VGe=0 — — 1.0 mA
Gate-emitter cut-off voltage VGE (oFF) [lc=15mA Vce=5V 4.5 — 7.5 V
Collector-emitter saturation voltage VCE (sat) lc=15A VGe=15V — 1756 2.3 Vv
Input capacitance Cies VCe=20V,Vee=0,f=1MHz — 2400 — pF
Rise time tr IRdustive Lioad — 0.04 —
Turn-on time ton Vec =300V, Ic=15A — 0.22 —
Switching time us
Fall time tf VGG=15V,RG=43Q — | o010 | 023
Turn-off time toff NoteD - Joaz | —
Peak forward voltage VF IF=15A VGe=0 — — 2.0 Vv
Reverse recovery time trr IF=15 A, di/dt = -100 Ajus — — 200 ns
Thermal resistance (IGBT) Rth (-c) — — — 1.79 °CW
Thermal resistance (Diode) Rth (-c) — — — 3.45 °CW
Note1: Switching time measurement circuit and input/output waveforms
VGE :
_~\90%
0- A 10% .
Ic i
0 - VCE 10%
td (on):
Note2: Switching loss measurement waveforms
VGE | I
90%
A \ 0%
Ic
0 _VcE : 5%
| | | é
Eoff Eon

2006-10-31
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TOSHIBA TLP250
TOSHIBA Photocoupler GaAlAs Ired & Photo-IC

Transistor Inverter
Inverter For Air Conditionor o

. Unit_in_mm
IGBT Gate Drive
Power MOS FET Gate Drive & o h
The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a .-1
integrated photodetector. EL
This unit is 8-lead DIP package. B .

OB 028 o T2 20

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

e Input threshold current: IF=5mA(max.)
e Supply current (Icc): 11mA(max.)

e Supply voltage (Vce): 10-35V

e Output current (I0): +1.5A (max.)

e Switching time (tpLH/tpHL): 1.5ns(max.)
e Isolation voltage: 2500Vyms(min.)

e UL recognized: UL1577, file No.E67349

e Option (D4) type

VDE approved: DIN VDE0884/06.92,certificate No.76823

Maximum operating insulation voltage: 630VPK

Highest permissible over voltage: 4000VPK

{Note) When a VDE0884 approved type is needed,

please designate the "option (D4)"
e Creepage distance: 6.4mm(min.)

Clearance: 6.4mm{(min.)

b | 1l
h ]
12es “‘ J‘U l) 1 -:.-i-‘i,_:,]r
nszow Z ’
b # Lras-ss0
IS EC N ™
Mninca
TOSHIBA 11-10C4
Weight: 0.54 g

Schmatic Pin Configuration (top view)
Vce 1 E :I 8
IF
xr 2 17
2+ Vo 3
Ve = < 3 [ (6
3= Vo
4 [ 15
GND 1aN.C.
A 0.1uF bypass capcitor must be 2 : Anode
connected between pin 8 and 5 (See Note 5). 3 : Cathode
4:N.C.
5:GND
6 : Vo (Output)
7 Vo
8 :Vce
Truth Table
™ Tr2
Input On On Off
LED off off on
1 2004-06-25
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N15PRNLUUYARRULIBS MBS WeNdsLUUBYNITd S UBUIRS e s UUBassyilanilawaily
NAHNIUINHILaA A1 N
Design of Series Connected Boost converter for Single-Phase Stand-alone

Photovoltaic Inverter

UUNA WY

Monthon Nawong

awirinssalnih padmnssumans wnivendvgsiatadieg E-mail: monthon.naw@dpu.ac.th

unAnEe

Sunedweiuuudassiiaviluailindanuanunasaduaseiindlneildlivdn s dendaunamaduasanfinduuy
aunsuitalildussiulninnssuansafigetu unaruiiauenisesnuuuyanaue Sina e fuunamaduaseniing
$nunilawnsiansesuasinasdoudeuuuaynsudielFlEussiulninssuan sitgelud miuuvassnsusadulin
mesuivasdunesines yarsunesiseslivdnmsmuauuuusiniileselilasraulnsaaas dspic30f1010 wia¥nwn
seiuvaaussduliinssuansdlinsil nansmeasswuisEuUhEueaInsashwsERuussiulinssuansanaft 100 v
Mnusssliihnssuansave sunawadiateindifinnsiasuntas 20 vV 140 Vv mumnainvesuauaziingesin
\oussuuvaynsuSuEsasiiie I lFusduliinssuanseasil 400 V. dvudunesimefiluseduliiinnssuaadu
medueen 223 v THawfulassudnimamaiouneite 03 kw Tasvsiheasiivssavsnmnisieuads 94.27

wWadidud
ARty yarauasined nismuRuLuUTlaiile yanauheinesitandeuuuaunsy dunesiwesuuudassyilaviawa

Abstract

The single-phase stand-alone photovoltaic inverter commonly connects to series of photovoltaic panels for
increasing higher voltage dc. This paper presents a design of boost converter connected with a photovoltaic
panel and use this circuit connects in series to increase higher voltage dc source for inverter’s input. The boost
converter using Pl controller with dspic30f1010 microcontroller is designed to maintain the constant output
voltage. Results found that the proposed system can provide 100 V constant output voltages for the 20-40 V
photovoltaic input voltages according to the different solar irradiance variations. The circuit is connected with
four circuits in series in order to provide constant dc of 400 V for the inverter that has ac output of 223 V using

with 0.3 KW induction motor loads. The overall efficiency of four circuits is approximately 94.27%.

Keywords: Boost converter, Pl Controller, Series connected boost converter, Single-phase stand-alone inverter.
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Boost Converter 1 Inverter
i i
DV
+ ¥ - L L l L +
£R
& 1
9 SW. 1 Vo,
I 2 T ‘IRZ | Driver|->} |Driver|->
SW1 SW3
c N
B.oost Converter 2 . s A B ( Motor
L, D iy K
Tov = Ll ~ )
o ,_Ii ) |Dnver |—> | Dnver}-b
STy, T~ X, o SW4 SW2
. Boost Converter 3 . e
é, i, 23] liib 43' f *Y E
Lal
t + - R Microcontroller
L - Gl v
Vszr\ I SW}} T !—R: G4 SWM
= Microcontrollerl Yo,
¥,
il "
Boost Converter 4 SWey [ v,
i T X Microcontroller2 v&
a 7 i g
iy, 2‘. gy s
+ + V- =t SWy, , v
& R Microcontroller3 vox
s - ST, -V v
| BEm OF| A m—"
= Microcontroller4 Yo,
® ¥,
e

JUR 1 yareunedinedilounauwvueunsidmivdunefnaiwuudaelavdaanlindinunnuuavaduaseniiod

=)

nuasofind Bundsulnililae nsededissfuvas
usssuli s dedudleuwaduaseniindunldonifos
ﬁ'umcsim%amﬂmwmuuiu@a (Module)  Wiamuua
(Panel) Baniunsiuadnasa®ing (PV module or PV
Panel) wﬁamulﬂﬂwﬁwﬁwié’ﬁmlﬂmﬁ%uagjﬁuamw
PR LIGEL PRHIBIER %ﬁmwmaum%ma%ﬁqgn
i ldaulussuundandauiianunssanasaring
vy dranldduundsdendseluitldiuadnsalliy
nssuansaviauUsquuameiinglirasnnauned
wasf (Buck converter) ¥3ayanaunasines (Boost
converter} (Armstrong, Glavin, & Hurley 2008) uag
thunlddvivgunsallaiinssadunteiioldondeiu
suulwilaelddunasdines (Inverter) (Kjaer, Pedersen,
& Blaabjerg 2005) Sunafwaiimiuldenuseuusad
Laseindmuuusiaviavauasslinanuma anansauus
muUssianvasnsldaulady 2 Ussiamie Suneined
\Heausaszuulnia (Grid-connected inverter)
(Cupertino, de Resende, Pereira, & Seleme 2012) Lag
Bunaiinasuuudass (Stand-alone inverters)

(Sulaiman, Ameen, & Said 2010) Tpgiiguuuunsvinau

TnennsiUaeuusssuluianssuansefiunswaduasaiing
uan e uus sl seuaadu dmsudunesinasiuu
Sasvuiavilamaiivssulnihnssuaadudiuean 220 v
FaFasnsusauluinnssuansamesiudn 300 v B 400
V wiusswaduasanfindfidsmmineleemiluanunsandn
ussdulwihnsswanseldliiu 40 v daunsBuagiumng
fifavauns fafudefaddunswaduasefindsuay 10
uwa B9 14 unssiauuuaynsy wislildusedulniinssua
psaigauiteduusasuliimdudvesdunedined
(Yodwong et al., 2015) win1ssiauuuaynsuImWILMAIY
wnsviilnszualiiiniilnaniiuunamaduacenindnanun
vosmnunsiivawindy fafusdadlivurafivavesinsii
whﬁuLLamNaq’&i’wLmﬁwmmi%fuu,mﬁwhﬁuﬁqa dlaiAn

Wasdsiuwnalausenils Bilrusstulniavsanseualuin

Andnldvasnsszuuilatandias (Vongkoon, &
Liutanakul, 2012)
WAsREyRTnaunesines (DC/DC converter)

(Erickson, & Maksimovic, 2005) gnuanldlunisidia
sgfuvasusasulnit nunsaduasanindifiaily
wrasdneusasluAmsdudnvasdunaiinasrilide
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