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Pornsuda Tochomphoo
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ABSTRACT

This project presents high-frequency full-bridge inverter ozone generator for rice
weevils elimination by using phase-shifted PWM controller to control the output power
of the inverter. The ozone concentration is controlled by inverter frequency. To prove
the hypothesis that ozone can eliminate rice weevils by using 70 watts of power to
produce 58.2 milligrams per hour of ozone concentration for 1 kilogram of rice

fumigating in closed area for 60 minutes that will be the most efficiency case.
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a & R e 17 oo 1 ] & o
JUnssvesdiannsnanwuslunsinssuandauniivuiaduruaugnanslaivinfu
-] d 1 i 2 1 s L7 A
lasnszuenawundswmannirgeudnludilu Tegldununanasauiuds uandlugun 2.5

=
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_ 2xaxégxgx!

G - (2.1)
In-2
K
C2=2x7rx8,,ixgo><l @5
In=
]

AAUNBWAUgYIRUIUTER 1 wihedu (F)

we G =
C, = amudunuduosauiuduin 2 miodu (F)

AlasinfdnvasauIutun 1 wihedy (F/m)

M
I
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a aad L%

g, =mweilinfiinvesauiutun 2 mhedu (F/m)
g, = rfueilinfiavosTay
[ = anugmvsayadidnivsaiiedu (m)
o = Y & o 1 =
o = dadenuluvesauiutui 1 widedu (m)
o =Y & md 1 [
) = FAUAIUUDNVDIAUIUTUY 1 ureidu (m)
v - v O o 1 a
r3 = SANAIUUDNVDRUIUTUN 2 MUY (M)

Air (02)+03 Air (02)

High Voltage Terminal Ground terminal

= a v !
E‘IJ‘YI D25 EJLS NINIANTINTLUDNYOULAUII
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o v & = a o 1 1
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Arnudumugaduiinidsnugydsladidnainvesauiugnasvuiuegiuaduiv
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Uszgaauandlugud 2.7 Teglumsujiflladosnsmeanidanugnydoladidna3nanunsald

o A4 o oda ! a a & G i s 1 ! 1
wiesleinNisendn 1we3eu3ad (Schering Bridge) lnan1sinAyusnanasenitanszuauas
wsssiuudnhlvauiu 90° Tegluzuves tan () Fendn ulawesmasgeydsladianainlag

] o w = a a [ |
yu a Bendt guidsuagideledidnesn daandugui 2.8

—

< Ly

\T/ e R,

= a -
JUN 2.7 1vangamsliiivesyedidnivsalenssduauiluauuini [6]

JUN 2.8 uanspnuduius syninaussiuiunseuanteoulvauiu [6]

MNWATANYAUN 2.7 1029935 RC v dledeuusediugulend (Sin Wave) lifiureas
nszwanlvaluaasduguadulainfiuusavaiuuseulugy 6 Toe
wsssudunandounsvua v(t) =V, sin(wt)

yelddeyarunszua i(t)=i,sin( ot + )
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N3U 2.8 1A RO WAy CO Iaanauns (2.3) way (2.4)

lng
V
p = —2— (2.3)
I,, cos(0)
LAy
i
Cy = (2.0)
2xmaxf xX,
ile
v
P (2.5)
I, sin(0)
WAy o lelay a =90°—6a
Fariu
tan(a) = Ry (2.6)
XCO

=l A 11 5 o V¥
ﬂ?ﬂﬂJLﬂ‘iUﬂﬁU’mmwﬁTﬂi}ﬂlﬂﬂ I”LJQ‘L!’JULLGIBS’UUEW’]N"Iiﬂﬂ'm'Dm‘lﬂﬁﬂﬂﬁNﬂ’ﬁ

£ XEpy XV
A= Lot 27
/ 3 R
£, X1 %X (g1 xIn=4+¢£,,xIn-%)
¢ h

We  E, = anuadgaauidlnihigelan (kv/em)

Vo = uswiuneusniideulaiugedianinge (kv/ecm)

s

r, = 3miingeleq (cm)

]
=

€. = Aasinfinm

i awugulag (F/m

2.2.4 nslflelewionisidnuenluwdnt [3]

uon Wudnguesinmusssed dsenaiatukaziiulaldanmaiudnansliiu
sspzamils mnldveueanandaluwdadnlisueandinuuaregluniizguvgii
wanzan azissliuenamnsnniydulauasunsiugldiduedef vasiinuludnarsiley
vangwia U aardnvazuandeiueenly wivenfiismuliiosq Ae wesdhauden ven

4113 wesfluidey wazuoauls neavilsdniiluusyanm 100 Wewazeanlinniu venawin
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nnsanymuilelsuiivsslenilugramnssuomisdainisiunldduasiaiy
1 ol a a a a ¢ aa a v oa
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Lﬁaammﬂuﬁmﬁlﬂmﬁai yilldansandsluwdadag
2.2.5 paudivadlelyu
- T Myva o o = a
1. firwauisaazaneiilaaniuia laenisazareaviiuduiliogumafianas
= a o Ly e a e o aaa a Bl o o I3
2. olguiivszansnmlumsswesdunsd lasazviujiseteendinduiuniaisaives
AUNTE
3. Toleuanusnaaiedlatauaz biflansiunnai
[ s <l ¢ = " = = s oa [l d’f = a6 d!f
4. Telswduseandladnusindimasiunasivizdns amlunisdnorduniduazive
A Aﬂ I = o A
13ABUY NANIIAABIULAZANSYNAINAL D1ABN
r=3 o al o a 5 = 14
5. TelguwiAnanieddansililoan ainwasuan wazgaudaduiielyluninisaiain
P < 4 . & r =
Was UV fin1ud 185 nm e Corona discharge lasvialuaznu Corona discharge A7

WUTUTBIDINIA 1-3% W / W haLhl ATULUNTUUBIDDNTAU 2-12% W / W

2.3 vilpuUaIANRGANULTIAY
8 i
[ o w ], o w la < A 1 o L
msderuias iihanuvasiedsslnilugsianinaieasnsaudinierdeniie

wUaspuigauuifinnsedy 31nde 2.2 ussduevinailauliiudidninniivuingauin
Tuvariussiudunailaainunasdgidsinihduunawindy 310 wagdanudaindldanuas

U

st ududedinumioulasmnudgaiuuseiuiull unuvemiiowdasildauanuigs

lngdrunndnldiagninainarsdmaniwesisuuniufin (Ferromagnetic Material) il

e v 4 o 11 ' 2 1 < 13
AuanUAMInIAIANUIUN NG udliAAuulEuLsUmaneT (4]
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WY UaLSssdauiumiloumiaulasinumanyialy anAugIenlunITsEnauLarine
wilouwUaalniitusznaudie 3 daudifieyeail vnadnusugll, vnaiayAugil, uazunuineslm
lunsesnuuuniawlasiuisnasiidunauniavun 5 dunausinalull

1. AuIuA1 A
VoI +Voxd,

A e 1 J A 2,rms (28)

P 4xkamxxef

s

\lo 4, = Area Product (m?)
v, = wisiulwinaudguail (V)
V, = uswiulwiasundend (V)

=

= nszuaRAysINAdaIRuUsUND (A)

]l,rms @y

a =

= =
nsguaRieIINMaeI YA (A)

Lyvms = y

k = ANTAINATBINUIAT HA1 0.3-0.9
B, =f1Anuviiuuauuwivan (Wo/m?)
k| = AAnunudunszualwiy (A/m?)

¥ = AdaInde (H2)

2. fanwan Ap naunsisauseswarliluidanvuinvawnules

A, =SxW (2.9)
We S = Nuintanvaawnuweslsy (m?)
W = NuAVLIANe (Window Area) (m?)
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Tnlaasazaunsaldwnudule

3. MIUIUTBUTRIVAR AN (N],Nz)

Vv

de N = dwnusevunalasulgund
Voo = ussiuliiniteu (v)
. = Al (H)
B = AEWLUUAULSWIMANLN ULV (T)
S - fufivihinvosnumesls (m?‘)

ad o oA (¥ v = = =y v v P
IUQ‘imﬂﬂ?Mu(ﬂWﬂﬂLL‘i\‘iﬂuWNﬂWUUﬁﬁJﬂuNLLﬁSVEG]EJﬂuiJI’]LLﬁ’l ausalaaunis (2.10) wo

AUIUTOUN Y RELA
VZ

Nz = N] X (2 1 1)
"
P o 13 = =
e N, = UIUTEUIARIAN A UNAENH
N, = NUIUTBUVANIANNAUUFUYI
V, = uswidlwimnsenumie il (V)
o = usaeulidmnedudgugd (v)
4. AUIUMITUIATDIR IR (A, Az
NINANANT
I
Ay =- (2.12)
g
WA
I
A,="2 (2.13)
J
e A4, = WweNuIvtdareueaIna Ul

A2

= PUANUANTNAAYBIVARIAATUY AN



5.411N15%1A1 Skin depth (5)

5= 2% B

e
= Skin depth (m)

= Permeability (T.m/A)

FJ = =l
= AuDBs Wi (sau/3un9)

0
0 = anwiilw#ln (Conductivity) (Simen/m)
U
@

(2.14)
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e Rg, = dEuenuaudves C,,
X,, = fauenuauduas L,
R,  =fmuiunuliihauys

Inguannsiiegluzu wg vzl

V;B = I L (2.27)
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Digital Oscilloscope (Rigol)

3u DS1052E

2 Analog channels + external trigger
1 Million point deep memory

1 GSa/sec max sample rate

5.7” TFT QVGA (320X240) with 64K
color LCD backlit display

Trigger modes : edge, pulse width,
slope, video, pattern, continuous

time, and alternate

Digital Multi Meter (Hewlett Packard)
U 973A

SIaZIBEA Vac or Vdc : 1000/1000
Volts

lac or Idc: 0 to 10 Amps




AARUIN V.
AMNLASIULAEIIUVDIIUIAY



ANIATINULAYTINYDIUITY

60



61



62




63



&2 A Y o w ¥ ~ = Y i ) ) & v Y
nanstiduwenansianuly dmsumsldnuiens@nwiwindu ey mbihlulduselosdaunisen

ladnsdila 9 viadu Bnvienuiilvidnulasiient wagdesanddauivesenarsynasaninistluly



65

Arduino Uno

T T T R Y =

LY .

[ o e

ARDUING TTTITIN SAEe L I

TEeRERNt pRETOEEE @

T

Arduino Uno R2 Front Arduino Uno SMD Arduino Uno Front Arduino Uno Back

Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic
resonator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or power it
with a AC-to-DC adapter or battery to get started.

The Unao differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip.
Instead, it features the Atmegal6U2 (Atmega8U2 up to version R2) programmed as a USB-to-serial
converter.

Revision 2 of the Uno board has a resistor pulling the 8U2 HWB line to ground, making it easier to put
into DFU mode.

Revision 32 of the board has the following new features:

+ 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins
placed near to the RESET pin, the IOREF that allow the shields to adapt to the voltage provided
from the board. In future, shields will be compatible both with the board that use the AVR,
which operate with 5V and with the Arduino Due that operate with 3.3V. The second one is a
not connected pin, that is reserved for future purposes.

« Stronger RESET dircuit.

« Atmega 16U2 replace the 8U2.

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno and
version 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in a series
of USB Arduino boards, and the reference model for the Arduino platform; for a comparison with

previous versions, see the index of Arduino boards.

Summary
Microcontroller ATmega328
Operating Voltage 5V

Input Voltage (recommended) 7-12V
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Input Voltage (limits) 6-20V

Digital IO Pins 14 (of which & provide PWM output)

Analog Input Pins 6

DC Current per IO Pin 40 mA

DC Current for 3.3V Pin S0 mA

Flash Memary 32 KB (ATmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz

Schematic & Reference Design

EAGLE files: ardumo-unu-Rev3 reference-daslgn zip (NOTE: warks with Eagle 6.0 and newer)
Schematic: - - =

Note: The Arduino reference design can use an Atmega8, 168, or 328, Current models use an
ATmega328, but an Atmega8 is shown in the schematic for reference. The pin configuration is identical

on all three processors.

Power

The Arduino Uno can be powered via the USB connection or with an external power supply. The power
source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm center-positive plug into the board’s power jack. Leads
from a battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however,
the 5V pin may supply less than five volts and the board may be unstable. If using more than 12V, the
voltage regulator may overheat and damage the board. The recommended range is 7 to 12 volts.

The power pins are as follows:

= VIN. The input voitage to the Arduino board when it's using an external power source (as
opposed to 5 volts from the USB connection or other regulated power source). You can supply
voltage through this pin, or, if supplying voltage via the power jack, access it through this pin.

= 5WV.This pin outputs a regulated 5V from the regulator on the board. The board can be supplied
with power either from the DC power jack {7 = 12V), the USB connector (5V), or the VIN pin of
the board (7-12V). Supplying voltage via the 5V or 3.3V pins bypasses the regulator, and can
damage your board. We don't advise it.

» 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is S0 mA.
GND. Ground pins.

Memory

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2 KB of SRAM and 1 KB
of EEPROM (which can be read and written with the EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(],
digitalWrite(), and digitalRead() functions. They operate at 5 wolts. Each pin can provide or receive a
maximum of 40 mA and has an internal pull-up resistor (disconnected by default) of 20-50 kOhms. In
addition, some pins have specialized functions:

« Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These pins
are connected to the comresponding pins of the ATmega8U2 USB-to-TTL Serial chip.

+ External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low
value, a rising or falling edge, or a change in value. See the attachInterrupt() function for
details.

« PWM: 3, 5, 6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.
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= SPI: 10 (SS), 11 (MOSI), 12 (MIS0), 13 (SCK). These pins support SPI communication
using the SPI library.

= LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the
LED is on, when the pin is LOW, it's off.

The Uno has 6 analog inputs, labeled AQ through AS, each of which provide 10 bits of resolution (i.e.
1024 different values). By default they measure from ground to 5 volts, though is it possible to change
the upper end of their range using the AREF pin and the analogReference() function. Additionally, some
pins have specialized functionality:

* TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire library.
There are a couple of other pins on the board:

+« AREF. Reference voltage for the analog inputs. Used with analogReference().
Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

See also the mapping between Arduino pins and ATmega328 ports. The mapping for the Atmega8,
168, and 328 is identical.

Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is
available on digital pins 0 (RX) and 1 (TX). An ATmegal6U2 on the board channels this serial
communication over USB and appears as a virtual com port to software on the computer. The '16U2
firmware uses the standard USB COM drivers, and no external driver is needed. However, on Windows,
a_inf file is reguired. The Arduino software indudes a serial monitor which allows simple textual data to
be sent to and from the Arduino board. The RX and TX LEDs on the board will flash when data is being
transmitted via the USB-to-serial chip and USB connection to the computer (but not for serial
communication on pins 0 and 1).
A SoftwareSerial library allows for serial communication on any of the Uno's digital pins.
The ATmega328 also supports [2C (TWI) and SPI communication. The Arduino software includes a
Wire library to simplify use of the [2C bus; see the documentation for details. For SPI communication,

use the SP[ library.
Programming

The Arduino Uno can be programmed with the Arduino software (download). Select "Arduino Uno from
the Tools > Board menu (according to the microcontroller on your board). For details, see the
reference and tutonals.

The ATmega328 on the Arduino Uno comes prebumed with a bootloader that allows you to upload new
code to it without the use of an external hardware programmer. It communicates using the original
STK500 protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit
Serial Programming) header; see these instructions for details.

The ATmegal6U2 (or 8U2 in the revl and rev2 boards) firmware source code is available . The
ATmegalbU2/8U2 is loaded with a DFU bootloader, which can be activated by:

» On Revl boards: connecting the solder jumper on the back of the board (near the map of Italy)
and then resetting the 8U2.

= On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2 HWB line to ground,
making it easier to put into DFU mode.

You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac OS X and Linux) to
load a new firmware. Or you can use the ISP header with an external programmer {overwriting the

DFU bootloader). See this user-contributed tutorial for more information.

Automatic (Software) Reset
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Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is
designed in a way that allows it to be reset by software running on a connected computer. One of the
hardware flow control lines (DTR) of the ATmegaBU2/16U2 is connected to the reset line of the
ATmega328 via a 100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops
long enough to reset the chip. The Arduino software uses this capability to allow you to upload code by
simply pressing the upload button in the Arduino environment. This means that the bootloader can
have a shorter timeout, as the lowering of DTR can be well-coordinated with the start of the upload.
This setup has other implications. When the Uno is connected to either a computer running Mac 0S X
or Linux, it resets each time a connection is made to it from software (via USB). For the following half-
second or so, the bootloader is running on the Uno. While it is programmed to ignore malformed data
(i.e. anything besides an upload of new code), it will intercept the first few bytes of data sent to the
board after a connection is opened. If a sketch running on the board receives one-time configuration or
other data when it first starts, make sure that the software with which it communicates waits a second
after opening the connection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace
can be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the
auto-reset by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for
details.

USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra
layer of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break
the connection until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB
connector and power jack extending beyond the former dimension. Four screw holes allow the board to
be attached to a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil
(0.16"), not an even multiple of the 100 mil spacing of the other pins.
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International Po-es128
Rectifier IRFP460

HEXFET® Power MOSFET

® Dynamic dv/dt Rating

® Repetitive Avalanche Rated D _

® |solated Central Mounting Hole \ Vpss = 500V

® Fast Switching

* Ease of Paralleling 5 Rps(on) = 0.27Q

® Simple Drive Requirements

5 |D - 20A

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercial-industrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the eardier TO-218 package because of s isolaled
mounting hole. |t also provides greater creepage distance between pins 1o
meet the requirements of most satety specifications.

Absolute Maximum Ratings

T ——

{ Parameter Max. Units
lp @ Te=25°C Continuous Drain Current, Ves @ 10V 20
lo @ Tc=100°C_| Continuous Drain Current, Vos @ 10V | =T A
llsw | Pulsed Drain Current @ ' )
Po @ Te=25°C | Power Disslpation 280 W
|Linear DetatingFadlor ____~ _~ |~ 22 | | WrC |
Vs | Gate-1o-Source Voltage 20 v
| Eas Single Pulse Avalanche Energy @ Vi "alla® ~ JJ 1 o m
lan —___ |AvalancheCyment © ¢ 20 [ A
Easn  |Repetitive Avalanche Energy @ A7 28 | mJ
dv/dt Peak Diode Recovery dvidl @ 35 . ]| Vins |
Ta Operating Junction and -55to +150
Tsra Slorage Temperature Range | <C
Soldering Temperature, for 10 seconds 300 (1.6mm from case) -
| [Mounting Torque, 6-32 or M3 screw 10bhin(1ANm) |
Thermal Resistance
Parameter __ _h ,._. Min. | Typ. Max. | Units
Rac _|Junclion-lo-Case - - 045
Rics | Case-10-Sink, Flat, Greased Surface = | 024 — "CW |
Rww  [Juncfionto-Ambient [ — s 0 | |
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IRFP460

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. Units Test Conditions
Vianjpas Drain-to-Source Breakdown Voltage 500 @ — — V' | Vas=0V, lo= 250pA
AVeross/AT,) Breakdown Voltage Temp, Coefficient — | 063 | — | VFC |Reference to 25°C, lp= 1mA
Bosion) Static Drain-to-Source On-Resistance —_ — 027 | Q |Ves=10V, Ip=12A @
Vasin Gale Threshold Voltage 20 | — | 40 | V_|Vos=Vos, lo= 250uA
Qe Forward Transconductance 13 | — | — S Vog=50V, le=12A @
i - — 25 Vos=500V, Vas=0V
Inss Drain-10-Source Leakage Current el p— A Vosm400V. VaoOV, T-125°C
lass Gale-to-Source Forward Leakage | — — | 100 A Vas=20V J
| Gate-to-Source Reverse Leakage — — | -100 Vgs=-20V i
Qg Total Gate Charge ~ — | 210 Ip=20A
Qs Gate-to-Source Charge — — 20 nG | Vos=400V
Qo Gate-to-Drain ("Miller*) Charge — | — | 110 Vgs=10V See Fig. 6 and 13 @
fdion} Turn-On Delay Time — 18 — Voo=250V
1 Rise Time — 59 = % lo=20A
Taiem Turn-Off Delay Time — 10 | — Re=4.30
1] Fall Time — 58 _ Rp=1302 See Figure 10 @
Lo Internal Drain Inductance — 5.0 w—— E";:,‘,",??Q ;_I,g?: } T -fi
| | nH | from package o ajﬁ
Ls internal Sourca Inductance = 1B - and center of g
] die contact %
Ciss Input Capacitance — 4200 | — VgDV
Coas ' Outpul Gapacitance — 870 | — | pF |Vps=25V
Crss Reverse Transfer Capacitance - 380 | = f=1,0MHz See Figure 5 J
Source-Drain Ratings and Characteristics
\ Paramater Min. | Typ. | Max, | Units | Test Conditions
Is Continuous Source Current AN N 20 {MOSFET symbol =~ _—_®
{Body Diode) ; A | showing the (7=
=" Pulsed Source Current TR A Con integral reverse "5\-_:3_/
{Body Dioda) 0 , | p-n junction diode. il
Vso Dicde Forward Voltage — — | 1.B V | T=25°C, Is=20A, Voe=0V @
tr Reverse Aecovery Time \ — | B70 | 860 | ns | T,=25C, l=20A
Qi Reverse Recovery Charge [ — 57 | 86 | uC | di/di=100AMs @
tom Forward Tum-On Time | Intrinsic turn-an time Is neglegible (turn-on is dommated by Ls+Lp)
MNotes:
(> Repetitive rating; pulse width limited by @ Isp=20A, difdi<160A/uSs, Vo<V sriDss,
max. junclion temperature (See Figure 11) TJ£150°C
@ Vpp=50V, starting T=25°C, L=4 3mH & Pulse width = 300 us; duty cycle 22%.

Re=2541, 1a5=20A (See Figure 12)
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Ip, Drain Gurrent (Amps)

Ip. Drain Current (Amps)
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Vs, Drain-to-Source Voltage (volts)

Fig 1. Typical Output Characteristics,

TC=25°C
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Vgs, Gate-to-Source Voltage (volis)

Fig 3. Typical Transfer Characteristics

L0

I, Drain Current (Amps)

{Normalized)

Rpsiony. Drain-to-Source On Resistance
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4
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| T = 1509C
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Vps, Drain-to-Source Voltage (volts)

Fig 2. Typical Output Characteristics,
Tc=150°C
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Fig 4. Normalized On-Resistance
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Capacitance (pF)

Isp. Reverse Drain Current (Amps)

howet Voo = OV, F - 1M
Cigs = Cgs + Cgy Cgg SHORTED
gr‘oss = Eg:: 5
8000 55 = Lgs * Cgo
~
\\
N
600 Ciss
\ T
\\
2000 Ny \x
N
\\ Coss
2000 \\ Cvl- E N\H"‘
3% .-\‘h \\\
~ \
i DYim =
108 10!
Vps. Drain-to-Source Voltage [volts)
Fig 5. Typical Capacitance Vs.
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Vso, Source-to-Drain Voltage (volts)

Fig 7. Typical Source-Drain Diode
Forward Voltage

Vas, Gate-to-Source Voltage (volts)

1o, Drain Current (Amps)
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Fig 8. Maximum Safe Operating Area
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Ip, Drain Current (Amps)
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Fig9. Maximum Drain Current Vs.
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Fig 10a. Switching Time Test Circuit
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Fig 10b. Switching Time Waveforms
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendix C: Part Marking Information - See page 1517 Intemational

Rectifier
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TOSHIBA TLP250
TOSHIBA Photocoupler GaAlAs Ired & Photo-IC

Transistor Inverter
Inverter For Air Conditionor ’

Unit in mm
IGBT Gate Drive
Power MOS FET Gate Drive I rTEY .
The TOSHIBA TLP250 consists of n GaAlAs light emitting diode and & S——— i
integrated photodetector. CY .i. .-l e
This unit is §~lend DIP packnge. -

pABEZ0E T iRz

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

* Input threshold current: [P=SmA(max.)

s Supply current (Ieck 11mA{max.)

*  Supply voltage (Vo) 10-35V

e Output current (Ig) +1_5A (max.)

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

» Isolation voltnge: 2500V, mslmin,)

* UL recognized: ULY5TT. file No. EG7348

= Option (D4) type
VDE nppraved: DIN VDEOS84NMN.92, certificate No. 76323
Maximum opernting insulation voltage: 630VpE
Highest permissible over voltage: 4000VPE

(Note) When a VDEDBS4 approved type is needed,

please designate the “option (D4)"
¢ Creepage distance: 8.4mm(min.)

Clearance: .4mmimin.)

Schmatic

A 0.1uF bypass capoitor must be
connected between pin 8 and & (See Naie 5).

Truth Table
h_?_ ™ Tz
Input On On Ol
(Ep Off off On

122018 ‘l l l N‘ .
oS am
angal i

JM:CH "
TOSHIBA 11=10C4
Weight: 0.54 g
Pin Configuration (top view)
1 [0 s
2[] 17
—
}=
a(] e
s s
1:NC.
2: Anode
3 : Cathode
4:NC.
5:GND
6 : Vo (Output)
T:Vp
l:Vcc
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TOSHIBA TLP250
Absolute Maximum Ratings (Ta = 25°C)
Charactenstic Symibol Rating Unit
Forsard curent Ig o] mi,
Forsward current derating (Ta = 70°C) A [ ATa =035 mA [ *'C
g Peak transient forward curent (Note 1) IFPT 1 A
Reverse voltage Va B v
Juncion temperature T 128 ‘c
“H'peak output curent (Pyy < 2.8ps.f < 18Hz) (Nate 2) lops =18 A
L' peak output ourrent [Py € 2.5ps {5 18kHz) {Note 2) lopL +1.5 A
b (Ta< 70°C) v kL 2
! (Ta = 88°C) < 24
i (Ta < T0°C) o s "
(Ta = 85°C) e 24
Output voltage derating (Ta = 70°C) AV JATa =073 vi'c
Supply voltage derating (Ta z T0'C) AVec fATa =073 VI
Junoion temperature ] 1% ‘c
Operating frequency (Note 3} f ..} kHz
Operating lemperature nge Tope -20-8% ©
Storage temperatune range T-q =BE-128 ‘<
Lead soldering temperature (10 ) (Note 4} Tasd a0 *c
Isolation valtage (AC, 1 min., FLH.S B0%) {Note 5) BVs 2800 Vms

Nate 1:  Pulse width Py < 1ps, 300pps
Note 2:  Exporenential wavefom

Nole 3: Exporenential wavelfom, lney < —1.0A{ s 2.5us), Inpy S #1.0A( S 2.5p38)

Note 4:  Itis 2 mm or more from a lead rool.

Note §: Device considerd a two lerminal device: Pins 1, 2. 3 and 4 sharied logether, and pins 5, 6. T and 8 shorled

together.

Note 6: A ceramic capaciton0. 1yF) should be connected from pin 8 to pin 5 1o stabilize the operaon of the high
gain linear amplifier. Failure to provide the bypassing may impair the swilching proparty. The lotal lead
length between capacilor and coupler should not excead 1om.

Recommended Operating Conditions

Characienstic Symbol ban. Typ. Maox, Unit
Input current, on (Note 7) ki) T 'l 10 ma
Input valtage, off VFOFF) o — 0. v
Supply vaitage Voo 15 . 0 20 v
Peak output cument lopsioey - — 0.8 a
Operating temperature Tope =20 28 70 a5 it

Note 7: Input signal ree time (ki Gme) < 0.5 ps.
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TOSHIBA TLP250
Electrical Characteristics (Ta = =20-70°C, unless otherwise specified)
Test
Characteristic Symbal Cir= Test Condition Min. Typ.” Ma. Linit
oult
Input fonward voltage VF = |lF=10mA, Ta=28°C 15 1.8 W
Temnperature costfficlent of - = . - "
ary AVg S ATa Ip=10mA =20 m f*C
Inpast reverse cusment 1™ - |Vr=8V, Ta=25°C - 10 wA
Inpert capaditance Cr - |W=0,{=1MHz,Ta=28'C - 45 250 pF
H lavel lopH 3 E;‘f:‘:," 08 | -1% -
Output current ;‘:ﬁ’f’ e — A
“L" evel hoeL 2 V5= 2.8V 0.8 2 -
Vg = +18V, Vggy = =18V =
H level Viosy 4 AL = 2000, |5 = SmA, 1" 124
Ridcae. o v, 18V, V| 15¥ .
e m.' =4 . 51 T
L* hevel Vou -] Ry = 2000, VE = 0.8V - =142 | =128
Ve = 30V, Ig = 10mA e ¥ -
+ level lm_' N Ta =28°C
Voo =30V, I = 10mA - - 11
Supply oument o 2 mi
Voo = 3V, IF = OmA - s e
“L* lovel leot - |Ta=28%C
Voo =30V, IF = OmA -— — 11
Threshold input . 1 — Vet =+18V Vggq =189 =
current L - [\ T2 Ry = 2000, Vg > OV = o W s
Threshold input *Output ¢ A —  |Vect =+18V, Vg = =15¢ o8 - | ¥ y
voltage H-l Ry = 2000, Vg < 0V
[+ - 1o - 3 v
vaitage Vi 8
Capacitance Ca - |Ve=0,.f=1MHz 2 10 a0 s
(Inpust=output ) Ta=28C )
- |Vs=500v, Ta=28°C “aalz 14 -
Resistance{input=output) Rg R H.5 B0 1=10 ] 0]

* All typical values are st Ta m25°C (1) Duration of ko lime < SOps



TOSHIBA TLP250
Switching Characteristics (Ta = =20~70*C , unless otherwise specified)
Test
Characteristic Symbol Cir= Test Candition Min. Typ.” Max. Unit
ouit
Propagation L—H Lol b - 018 0s
delay time Hl [y I = BmA (Note T) - oS os
& Voot = +18V, Ves = =154 13
Output rise Sme te Ry = 2000 - - —
Output faill time 1 - - -
Cammon mode transient
Vioad = B0V, IF = BmA o - -
Immunity at high level Con T Vg = 30V, Ta = 25°C 5000 Vips
Common mode transient
= 500V, Ip = GmA
immunity at low level Cam. y | Meae= PV ie 5000 = - | Vips
tout Voo =3V, Ta=28°C

* All typical values are at Ta » 25°C

Note 7: input signal rise tirne (fall fme) < 0.5 ps.
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TOSHIBA TLP250

Test Cirpuit 1 : Test Cirout 2 : 10PL

=
]
=
- |
= |

Vee

| -
e -
LIILI_!I_.IL
?rir)
3
i

Test Circult 3 : IOPH Test Ciroutt 4 : VO
1 |: 3 E T g 1 E 3 - "
r‘ : T O.0F .Lv \ —] ] Q1pF 'r-(m
e :}———ﬁ.‘_] a8 F ¢J_E j——ﬁ_._m_ '
; e 4 4 ¢
a g [ Ly
T

Test Ceouit 5 : VoL

[ ]
1
] ] Vect
I 2
o 1pF -

-

Vg = | R _
e




TOSHIBA TLP250

Test Ciroult & tguH, tpee, e by

al) I D I
[ L i t y
JLe 0.1pF W, ; i
i g T Vo ki Vou  BO%
RL Vo GHD
L.
o] : L A’ ! k_"= Vo %
1000 1 folH L iy
4 YEE1
Test Ciuit T- Cops, Cal
8
1] ]
sw ¥ Q.1pF
— :| * | veo
A B 1
I j————o Vo
o[ g
Vem
0= g
GOV
e
Ve 4oy -
T - - - 480
SW -A(lF=8mA) bkl 7
Crtri L As0
Vo A~ = M agia Cus —rm-“‘
SW :B(l==0) sz

Caa (Cn) I8 the maximum rate of rise (fall) of the common mode voltage thal can be sustained with the output
valtage in the low (high) state.
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TOSHIBA TLP250

g =V AVl ATa=ig
-5
Ta=24°C
=
= | 1 z O 24
R o ig
E E ux
& * v g: e
ﬁ 1 &~ ap
i ; 5]
-
! : 18
v o ._ﬁ
oosf e
| 7
o 12 4 18 18 1] ' o3 g5 f 38 uvn ]
Formard vollige ~ VF (V) Foward cument I (mA)
lg=Ta Voo =Ta
s
‘i 2t -
3 -
Ex
7 "
it {
3* h S
E 1\l
11 :
2
0 o
o o ) (] -» 100 ° m 40 L] L] L
Ambiant lempanaters Ta (°C) Ambienl lempamtue Ta (C)
lopH, lop, = Ta
WS 28 1R
B
S
£ N
is N
55 |
L4
g 0 F « e = 100

Ambient Tempemiua Ta (C)



TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

« The imomation contained herein i subject to change without notice.

« The information contained herein is presented only as a guide for the anplications of our products. No responsiblity Is assumed
by TOSHIBA for any infringements of patents or other rights of the thisd parSies which may result from its use. No license is
granted by implication or otherwise under any patent or patent nghts of TOSHIBA or athers.

« TOSHIBA is continually working to improve the quality and reliabilty of its products. Nevertheless, semiconductor devices in
general can malfunction or fall due o their Inherent electrical sensitivity and wuinerabdity 1o physical stress. It is the respansibilty
of the buyer, when utiizing TOSHIBA products, to comply with the standards of safety in making 2 safe design for the entire
system, and 10 avold situations in which a malfunction or fallure of such TOSHIBA products could cause loss of human lile,
badity injury or damage %o praperty.

In developing your designs, please ensure that TOSHIBA products ane used within specfied aperaiing mnges s set farth in the
most recent TOSHIBA procucts spedifications. Also, please keep in mind the precaufions and conditions set forth in e
"Handiing Guide for Semiconductor Devices,” or "TOSHIBA Semiconducior Relabilty Handbook™ et

« The TOSHIBA products ksied in this document are iniended for usage in general electronics applcations (computer, personal
equipment, office equipment, measuring equipment, indusirial roboics, domestic applances, eic.) These TOSHIBA products
are neither intended nor wamanted for usage in equipment that requires exiraordinariy high quality andior reliabiity or a
malfunction or falure of which may cause loss of human lide or bodily injury (“Unintended Usage®). Unintended Usage include
alomic enargy control instruments, airplane or spaceship instruments, ¥ansportation instruments, waffic signal instuments,
combustion control instruments, medical instruments, all types of sadety devices, eic.. Unintended Usage of TOSHIBA products
ksted in this doocument shall be made at the cusiomer’s own risk.

« The procucts described in this document are subject 1o the foreign exchange and foreign trace s,

« TOSHIBA products should not be embedded to the downstream procducts which ane prohitited to be produced and sold, under
any law and reguiations.

» Gais|Galium Arsenide) is used in this product. The dust or vapar is harmiul to $he human body. Do not beeak, cut, crush ar
dissolve chemically.
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TECHNICAL SPECIFICATION
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% DO-41 ZENER DIODE
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1N4728A
THRU
1N4757A

Absolute Maximun Ratings (Ta=25°C) Dimensions
tems Symbol Ratings Unit | DO-41
Power Dissipation Prew 1.0 w
ey T
gﬁz’g: o vt 15 v
Vz Tolerence 5 %
Junction Temp. i -65 b 175 =C
Storage Temp. Tara. 65 10 175 °C
Mechanical Data
kems Materials
Package DO-41
Case Hermeticaly sealed glass
Lead/Finish Double stud/Solder Plating
Chip Glass Passivated
Dimensians in milimeters
Electrical Characteristics (Ta=25°C)
ZENER MAX ZENER MAX ZENER MAXMUM TEMP.
VOLTAGE IMPEDANCE IMPEDANCE REVERSE COEFF.
TYPE CURRENT
dvz
VaV) @bimA} |Rz{ohms) @WmA)Rz{otms) @EAmA) @VR(V) R(uA) (% °C)
1NAT284 33 76 10.0 76 400 10 10 100 006
1N4T 204 36 60 100 69 400 10 10 100 0.06
TNAT30A 39 64 80 64 400 10 1.0 50 0.05
1NAT31A 43 58 ap 58 400 10 1.0 10 003
1NATR2A 47 53 8.0 53 500 10 1.0 10 £0.01
1NAT3A 5.1 49 7.0 49 550 10 1.0 10 0.01
TNATI4A 58 45 50 45 500 10 20 10 003
1NAT354 62 41 20 a1 700 10 30 10 0.04
1NAT36A 6.8 ar as ar 700 10 40 10 0.05
1NAT3TA 75 34 4.0 3 700 05 50 10 0.05
1NAT38A 82 31 45 N 700 05 6.0 10 0.06
1NATZ0A 9.1 28 50 2 700 05 70 10 0.06
1NAT40A 10.0 25 70 25 700 025 76 10 0.07




Electrical Characteristics (Ta=25°C)
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ZENER MAX ZENER MAX ZENER MAXMUM TEMP.
VOLTAGE IMPEDANCE MPEDANCE REVERSE COEFF.
TYPE it = 0.25mA CURRENT

dwz

VzV) @kimA) | Rz (chms) @bA(mA) Rz johms) @VR(V) R(ud) (% °C)
1NATA1A 11 2 8 23 700 g4 50 0.07
1NAT42A 12 21 9 21 700 01 50 0.07
1NATA3A 13 19 10 19 700 88 50 007
1NAT44A 15 17 14 17 700 14 50 0.08
1NAT45A 16 155 16 155 700 122 50 008
1N4TA6A 18 14 20 14 750 137 50 008
INATATA 2 125 22 125 750 152 50 008
INAT484 22 15 23 115 750 167 50 008
1N4T40A 24 105 25 105 750 182 50 008
1N4TS0A 27 95 as a5 750 206 50 009
INATS1A a0 a5 40 B85 1000 226 50 009
INATS2A 1 75 a5 75 1000 251 50 009
1NAT53A 36 70 50 70 1000 274 50 009
1NAT54A 39 65 60 65 1000 27 50 009
1NATS5A 43 60 70 6.0 1500 27 50 009
1NATS8A 47 55 a0 55 1500 158 50 0.09
1NATSTA 51 50 a5 50 1500 338 50 0.09

Notes:

1. Rectangular wavedorm (fp= 10 ms)
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A FULL-BRIDGE OZONE GENERATOR FOR GRAIN WEEVIL’S ELIMINATION
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Abstract

This project presents high- frequency full- bridge
inverter ozone generator for rice weevils elimination by using
phase-shifted PWM controller to control the output power of
inverter. The ozone concentration is controlled by inverter
frequency. To prove the hypothesis that ozone can eliminate
rice weevils by the ozone fumigation of the rice at 8.5 grams
per cubic meter in closed area for 3 days that will be the most

efficiency case
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