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ABSTRACT

This project presents an ozone generator by using the-high-frequency full-
bridge inverter for applying in prolonging fruits process. The Phase-Shifted Pusle
Width madulation (PS-PWM) is used in the proposed circuit for adjusting the output
power of inverter. In addition, The concentration of ozone will be controlled by
adjusting the operating frequency of inverter. In order to prove the mentioned
prolonging mangoes. From test, the 242 me/hr of ozone concentration at 24.3 kHz
of switching frequency that spend time about 10 minute can prolong  the mangoes
life satisfying more than the other time including mangoes that didn’t pass ozone

process and the maximum efficiency of invertor is 94%.
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4. Tolwuduseendladiussnitnasiunasiivssavinmlunsandogduniduas
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5. lolguwinansadoansilalomn 9nuawan u.azgnmﬁm%mﬁal’ﬂumamsﬁwmn
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! 4xkamaxx‘]Xf (28)
= g
Lo A, = Area Product (m’)
7 = ussiulvvhaudgugdl (v)
V, = ussdulwihdunisnd (V)
P = [ a
L, = NITUARGYIINVNADIUUFUDI (A)
< = %) a a
1, s = NIBUARREIINNADINIUYALYH (A)
k = Arliadndnueeiiiang den 0.3-0.9
1 i 1 2
B, = Manumuiiduaundieiingn (Wh/m”)
1 1] 2
J = aanuvuiiunsgialn (A/m°)
d a A
f = anunainds (Hz)
= | = = 3 2 -
2.0emA A, nNaunsin-2.8 e vl luidenvuiatenulng
=X
P PR (2.9)
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A A v ow ¢ v
S = NUNWLIRAYDINULNDTLSH (M?)
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i ]
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3. AMNUMTILIUTIUTEIIAFI (N, N,)

g ¥ 210
4x fxB_ xS

We N, =twiuseuvaainiulgugl
9 <
V = ussaulvvndau (v)

f = anudlwilday (Hz)

B, = A mvwuuiduusaivanvosununosls  (T)

S = nunmhdavaanumesls (m°)

ol o = @ v a a al ¥ v v
Tunsdlfidvuadnusedu mednsuniivaznRoniilid aunsaldaunis (2.10)
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N, = SIUTOUIARIAN AU
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Vi =usasulytilmagiudgund (v)

4 ANNUMVUATDIRININ (A, , 4.;)

NMNANNIT 4, =§ (2.12)
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ua A,="2%
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5.¥M15meAn Skin depth (&) wazasidaudin 4,,, 4,, lude 4 aunsaldldvdald

5= /zx”
R (2.14)

& = Skin depth (m)
p = an il (Conductivity) (Simen/m)

H = permeability (T.m/A)

o = anudlaulvd (sau/Aui)

woldien Skin depth ($19zaunsadonivesalnldlag wosainildasdesdseiidnni
' . .;J 1 = €l i J 9 1 o Y .‘j []
A1 Skin depth @05 UdsnlUeINHVUIAANNTIAT Skin depth snlgiasoragvinlvaeiulyl
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0= (2.30)
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= (2.31)
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2.5 npuvugrunednuidelnin
W915ngU 71 216 wanedenisinavesindsliiianuvassnelvilugdvan

ﬂs:?m%mwmanaﬂﬂugﬂﬁ 217 funadldannaunisi (2.32) vise (2.33)
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77 = Ul 100% (2_32)
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= P—:-WP_ x100% (2.33)
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o ar ° < . . = = < 3
ummsnmMwIamYieIratarineInia (vol.) imhadugnuinsiuns (m’) 91n

auns (3.1)
Vol = 7 x(r, —r,)* xI (3.1)
Vol=mx(0.012-0.011)*x0.16

Vol=15.026x107 m°

v v ' W, H o ' 3 ]
N8 2.2 muwma'mﬁ'l'ﬁ‘[umwamm‘zﬁai‘tsuag'[uma 1.169 kWh/m” INS1Zastua1unse

Anumeundam (W) Aldludianinsalesmai
W= 1.169x10°x5.0265x107  Wh

S W=0.588 mWh
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fauarAuessaauulii (E)

B o2V (3.3)
g, x &, xVol

_\/ 2x0.588x107
8.854x107"* x1x5.026

=16.25 kV/cm

dislaanuassaduinibivilaialsleuuaifsduaviussiunisusniiteulviyn
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1.4 1.0
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A=32x107 m*
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Vi
NAY =
N\ " 4x BA S f

o N, =269 sav

v
=1

aniuddln N, O 27 sou Fanald N, =27 seu udusnsawnsam N, Towai
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N, =N,x-2
\
laan N, =162 sou
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4.AMNANIUAYIINANIN (A, A,)
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ASIADUNATDY Skin depth nauluded 5 dau
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52 e YO
HXQ
6=0.318 mm

Soe oo '
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al ‘l; 1 ar o =t = 4 =1 2 = et =i
FRUUALEHIMIITURDNAIAUDS SWGH3T T1 A= 0.08 mm’ wasiisAll 0.16 mm

aauelvannsonunssualfnsana

s o

v =t 3 -l - :JJ 1/ - % 2
lushudgugiidsdoninainues SWGH31 andndeviaun 20 seu'ls A= 1.6mm

L a a3 L 3 =t =i I’; v R 2
Tuduniegiisioniaimued SWGH31 mdindemiana 2 5ou ld A= 0.16 mm
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Vab@ (_‘,r s Ceq T Req; Vo

d «
UM 3.4 19sislguuun

ngui 2.13 sunsawien [ TasunaldainnisvedeumiowUasluunuailuannisi
(2.15)

- 2.2x107 x(9.84x10°° +57.70x10°°)
2.2x107 +9.84x107° +57.70x10°°

2
WSITaYIY L. =65.52 pH

ANUNSOAILIUNIAN Ceq Taanaumsn 2.29 Taeiwualianudisleowuusimiu

f, =24kHz Wz 1,=65.52 pH

I

[l R
(2x 7 x(24000))" x(65.52%107°)

eq

LWS’]gQgﬁ‘;u Ceq 20671 UF

° ' v ~ ° v ! -3
annsaduumdt C, lannaunisit 2.24 laedwmueld C . =12x10

C. =0.671x10"°-12.25x107"

wsizaziu . C =0.67 uF
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dnrdiusoumianlas (n) 1/6
AVIUATUMNUALYA(R,,) 22219
ArrLRlwhslawuus (C) 0.671 uF
mmf‘iaﬁm%a(ﬂ) 24 kHz

3.5 WITAIVANNAYET G

40

2asmvAuiildai iy Ps-PwM uldinainlulaslsisaes dsPIC 30F4011 s

-

U 3.5 TngmsdsulUaunsuaiuausienawt C inlusunsy MPLAB IDE v.8.83 Falsifoulyi

L@winn Vi 4 1eWwa A, B, C, uaz D 98nun9nwadi RBO , RB1 , RB2 Lax RB3 anud1iu

Tngasrsdyauiinnud 24 kHz edwelulhsstuinareaminedusaia w 4 10 lag

eniimugindenly dsPic Tunsaddyaamsiziiayminuimsiasusudyagaliiuyady

+5V
oHuaE

1k
1

20

Yy

R 10k =

RBO
S RESET

MCuU
dsPIC 30F2010

° 10 ‘J
—i0— :

X 7.3728 MHz

22 pF - - 22 pF

- >

¢

l ! Output A
_l_\_ Output B
[l Output C

_,_]_ Output D

U7 3.5 gunaslulasiusieaiwas dspiC 30F4011



41
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( START )

F=25000 Hz
Duty =45 L
- MuuaAINNUD A7 lwAa uaz @n
a=1/f na

B=(a*duty)/100.
PortRB0=0
PortRB1=0
PortRB2=0
PortRB3=0

mmuamawnlsanquaziem 14
o oA g o
fimisuduiugud
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PortRB0=1

PortRB1=0 1% MOSEET S.1ta¢ S, vnssie

PortRB2=1 ‘ Wunaniimuwld
PortRB3=0

Delay ¢-((a-2b)/2)

Y

PortRBO=1
PortRB1=0 19 MOSEET 8, viwszua 1
PortRB2=0 naiinnu e
PortRB3=0

Delay (a-2b)/2

Y

PortRB0=1
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PortRB2=0 fhunaiisina'ld
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Delay b-c
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PortRB0=0
PortRBI=1
PortRB2=0
PortRB3=1
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PortRB2=1
PortRB3=0
Delay b-c

v
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DESIGN AND CONSTRUCTION OF PS-PWM HIGH-FREQUENCY HIGH-VOLTAGE

FULL-BRIDGE GENERATOR FOR PROLONGING FRUITS
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Abstract

This prcject presents an ozone generalor by using the high-
frequency full-bridge inverter for applying in prolonging fruits process.
The Phase-Shifted Pusle Width modulation 1s used for adjusting the
output power of inverter. In addition, The concentration of ozone will
be controlled by adjusting the operating frequency of inverler. In order
to prove the mentioned prolonging mangoes. From test, the 242 mg/hr
of ozone concentration at 24.3 kHz of swilching frequency that spend
time about 10 minute can prolong the mangoes life salisfying more
than the other time including mangoes that didn’t pass ozone process

and the maximum efficiency of invertor is 91.7%.

Index Term: Ozone generator, high-frequency full-bridge inverter, PS-

PWM, Prolong the mangoes.
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nAnA e Digital Multi Meter (Sanwa)
U CD722

T18avi8em Vac or Vdc : 0 to 1000/1000
Volts

lac or Idc : 0 to 20 Amps

m

RICOL 0314548 s e ST _‘1—— T 3 - g “:-"
L 1 - oy~
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L 18] ) 2;= 5
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Digital Oscilloscope (Rigol)

[ 3u DS1104B

- 4 Analogue Channels

- 2GSa/s-Real-Time Sample Rate

- Versatile Trigger Functions

- Waveform Record and Replay Function
- Built-in FFT-and Digital Filters

- Pass/Fail Test

-‘High Definition Display (320 x 240)
- Connectivity: USB Host & Device,
LAN(LXI)




DL 1620 &2 8 OROGAA &

Digital Oscilloscope (YOKOGAWA)
U DL1620 (2 Channels)
5888 200 MHz Analog
Bandwidth

200 MS/s on two channel

8 bit vertical resolution

DC to 30.MHz, 850V

(DCH+AC peak)2% DC accuracy,

Internal low pass filter
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1. Yumsumsiieuanaifigadldlunsiwmeiviinalelsy
1.1 arsazanaluumadeylelalas (29 KI)
- avawanslusumaldenlelolas (<) 2.5 n¥u (o) Tuthndy 100 Hadans (mL) Wuly
Tureden 1 Aunewiunld
1.2 asagarensadanazn (H,S0,)
- asaranenIaganiin (H,50,) Tidlanuaudy 1N H,S0,
1.3 ansazawladoulnlodamn (NaySs,0,)
- azay (Na,S,05) 117U 25 ¢ Tuth 1 8ms (O Wedady 0.1 N Na,5,0,
1.4 vt (1% Starch)

- avaneiutd 1 adu (g) vinliliuSunas 100 fadfng (mL)

2. tumsumiensiusunalaluilaeiznismanad

21 gedufrelalou (Absorption) antasaswdafnelaleuadlurangUyyitd
arsazanglunadeulolelasiazats (1) Audnduusinm 100 faadns (mL) WJunan 1
Wit arsazanefildvzasudaniviidudindewsedy

-] a L% al o a s Ad
2.2 hansavanelamanda 2.1 41USud pH lnsasthatsazanensataniniiainu

v

a a &

WRTU 1 N H,S0, USingu 3 fiadans (ml) wasifiniuts 1 fadans (mL) (Uudufiamad
WuaslUluatsavansiiledaante 2.1 asasasazdsudnndwd oo d aznanodudi
Ny

23 tharsavareiiléninds 2.2 avinisleswmsslastdasazaas laauyinle
Famn (Na,S,0,) fiflarududn 0.1 N NayS,0, tWhidalasmsaviinisinsmsaaudiiGuai

n’}’ o o) = 1 A o 1
mgluantuinmaiuing1vee 0.1 N Na,S,0, Weldlunisduamsaly

3. MaAavIUsutulalyy
INAIUAURUS 0.1 N Na,S,05 1 mL = 2.4 mgO,
fed19 mMsduandy nsdlild 0.1 N Na,S,0, lunislasase 1.5 mL wazgadulalouanii

1 uil AeUSinunielaleuiindnlsiussun 1.7 x 2.4 x 60 = 244.8 meOy/hr
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IRFP460
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20A, 500V, 0.270 Ohm, N-Channel
Power MOSFET

This N-Channel enhancement mode silicon gate power field effect transistor is an advanced power MOSFET designed, tested,
and guaranteed to withstand a specified level of energy in the breakdown avalanche mode of operation. All of these power
MOSFETSs are designed for applications such as switching regulators, switching convertors, motor drivers, relay drivers, and
drivers for high power bipolar switching transistors requiring high speed and low gate drive power. These types can be operated
directly from integrated circuits.

Formerly developmental type TA17465.

Features
- 20A, 500V

* IDS(ON) = 0.270Q
+ Single Pulse Avalanche Energy Rated

+ SOA is Power Dissipation Limited

« Nanosecond Switching Speeds

« Linear Transfer Characteristics

« High Input Impedance

* Related Literature
- TB334 “Guidelines for Soldering Surface Mount Components to PC Boards”

Ordering Information Symbol
PART NUMBER PACKAGE BRAND D
IRFP460 TO-247 IRFP460

NOTE: When ordering, use the entire part number.

°s

Packaging

JEDEC STYLE TO-247

SOURCE
.~ DRAIN
’ GATE

DRAIN (TAB)
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IRFP460

. : o
Absolute Maximum Ratings T =25 C, Unless Otherwise Specified

IRFP460 UNITS
Drain to Source Voltage (NOE 1) . . ..ottt et ettt e e eeeaeae s &4 'GVDS 500 v
Drain to Gate Voltage (RGS = 20KQ) (NOIE 1) .. o oot et ettt eiiaeee e " DGR 500 Vv
Continuous Drain CUITENt . . . .. .. i e e e e .Ip 20 A
T n = 1007 C e T, I | 12 A
C Lo
Pulsed Drain Current (NOte B) . . ..ottt it ittt e tn e aaiaa e eaaiananaannas s DM 80 A
Gateto Source Voltage . . .. .. it i et ... VGS +20 \'
Maxin P owWorDISSIDANONG o ammmms s s sssmimsmmens s we SRws 558 o 5 555 o SIS FARSITSLISE 1 PD 250 W
U
LifBar DEratifg Fatlor o cowwson o saves a5 e @e e anis 0 55 05 35 aareunamieessiein 55 i . 2.0 W/ C
Single Pulse Avalanche Energy Rating (Note d). . ... ... iiiiiiiini i an AS 960 mdJ
Operating and Storage Temperature . . .. ... ... .. maiie et raanns s tlimae s 5T -55to 150 oC
Maximum Temperature for Soldering 3 b e
Leads at 0.063in (1.6mm) from Case for 108, . ... vttt ittt et a i i waes T 300 oC
Package Body for 10s, See Techbrief 334 % . .. . ... SO NANNM A LA A0 . 260 oC
pkg

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
0] 0
1.Ty=25 CtoTy=125 C.

: T )
Electrical Specifications T¢ =25"C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
oV
Drain to Source Breakdown Voltage DSS  |Ip = 250«A, VGS =0V (Figure 10) 500 - - vV
v
Gate Threshold Voltage GS(TH) |VGS =VDS: ID =250sA 2 - 4 v
1 ~
Zero Gate Voltage Drain Current DSS Vpg = Rated BVpsS, VGS = 0V - - 25 oA
VDS=0.BxRazed BVDSS‘VGS =(}V,TJ =125C - - 250 oA
T v >T X1 5 V. — 1OV
On-State Drain Current (Note 2) D(ON) DS D(ON)  DS(ON)MAX GS 20 Z - A
|
Gate to Source Leakage Current GSS V@GS =+£20V - - +100 nA
|
Drain to Source On Resistance (Note 2) DS(ON) |Ip = 11A, VGS = 10V (Figures 8, 9) - 0.24 | 0.27 Q
Forward Transconductance (Note 2) gfs VDS 2 50V, Ips = 11A (Figure 12) 13 19 - S
Turn-On Delay Time id(ON) VDD =250V, Ip = 21A, RGs = 4.3Q, Rp =120, - 23 35 ns
Rise Time i V@Gs = 10V MOSFET Swilching Times are Essentially - 81 120 ns
T Independent of Operating Temperature
Turn-Off Delay Time d(OFF) - 85 130 ns
Fall Time tf - 65 98 ns
Total Gate Charge ug(TOT) V@Gs = 10V, Ip =21A, Vps = 0.8 x Rated BVDSS, - 120 190 nC
(Gate to Source + Gate-Drain) IG(REF) = 1.5mA (Figure 14). Gate Charge is
= Essentially Independent of OperatingTemperature
Gate to Source Charge gs - 18 - nC
Sl
Gate to Drain “Miller" Charge gd - 62 - nC
A2
Input Capacitance ISS VDS =25V, V@s =0V, f = 1MHz (Figure 10) - 4100 - pF
A7
Output Capacitance 0SS - 480 - pF
1]
Reverse Transfer Capacitance RSS 2 84 = pF
Internal Drain Inductance Lp Measured from the Drain | Modified MOSFET - 5.0 - nH
Lead, 6mm (0.25in) from Symbol Showing the
Package to Center of Die | Internal Device
Inductances
Internal Source Inductance Ls Measured from the Source * 13 - nH
Lead, 6mm (0.25in) from
Header to Source Bonding
Pad
) TT U
Thermal Resistance Junction to.Case 8JC - - 0.50 cw
T U
Thermal Resistance Junction to Ambient 8JA  [Free Air Operation - - 30 C/wW
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Source to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Continuous Source to Drain Current 'SD Modified MOSFET D - - 20 A
Pulse Source to Drain Current 1SDM symbal Showing e - - 80 A
Integral Reverse P-N
(Note 3) . i
Junction Rectifier %
S
v 9] "
Source to Drain Diode Voltage (Note 2) SD TJ=25 C,lgp=21A, VGs =0V (Figure 13) - - 1.8 V
Reverse Recovery Time L g TJ =250C,I| s = 21A, di " /dt = 100A/«<s 280 580 1200 ns
D
Reverse Recovery Charge Q T & 250N =21A,dl _ /dt = 100A/xs 3.8 8.1 18 «C
RR J SD sD

NOTES:

2. Pulse test: pulse width < 300«s, duty cycle < 2%.
3. Repetitive rating: pulse width limited by Max junction temperature. See Transient Thermal Impedance curve (Figure 3).

(o]
4. Vpp =50V, starting TJ =25 C, L = 4.3mH, RGs =25, Peak IAS = 20A.

Typical Performance Curves uniess Othemwise Specified

g 1. 20
i
L 16 \
~J
0.8 \
12 P
0. \
8 nl
i 0. \
4
0.
0
0 50 100 150 25 50 75 100 125 150
o
TC, CASE TEMPERATURE (oc) Tg, CASE TEMPERATURE ( C)
FIGURE 1. NORMALIZED POWER DISSIPATION vs CASE FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs
TEMPERATURE CASE TEMPERATURE
2
Q
o . 0
Z %k oi==
[=] = =
£ oi ¥ :
= L e -
4 1" 0.0 DM _
S 4 003
 10E 0.0 3
z == = u =1 3
S fé NGLE PULSE NOTES: —| 12 -]
2 DUTY FACTOR: D = t{/t2 -
1an PEAK Ty =Ppm xZ8Jc x ROyc + T
105 10+ 102 102 01 1 10

t1, RECTANGULAR PULSE DURATION(S)

FIGURE 3. MAXIMUM TRANSIENT THERMAL IMPEDANCE
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Typical Performance Curves uniess Otherwise Specified

1D, DRAIN CURRENT (A)

DRAIN 1 (A)

D

r DS(ON)

3
10 :
5 OPERATION IN THIS
gR'E.il IS LIMITED
2 DS(ON)
i 2 i T
5 ¥ 10«s:
C - N
2 100=g
10 T S 1S NI
= ] 1ms3
5 S
i - paAe
ms
ol 1]
5{TC=25 C De ]
2Ty = MAX RATED Hi
0.1 LSINGLE PUILSE
7 3
12 10 10

DS

5§ 10 2 5
V , DRAIN TO SOURCE VOLTAGE (V)

FIGURE 4. FORWARD BIAS SAFE OPERATING AREA

40

DUTY CYCLE = 0.5% MAX Lt
| L~ vgs = 6.0v
32 VGs = 10V s G
VGs =5.5V
2 Z
/‘
16 VGS =5.0V
8
VGS = 4.5V
T GS = 4.0V
0 1 ? + £ t

0 4 8 12 16 20
VDS, DRAIN TO SOURCE VOLTAGE (V)
FIGURE 6. SATURATION CHARACTERISTICS
2.5
PULSE DURATION = 80xs
_&sF DUTY CYCLE = 0.5% MAX
2.
1.8 VGS = 10V
. /l
g Azj’
0.54
VGS =20V
0 20 40 60 80 100

ID, DRAIN CURRENT (A)

FIGURE 8. DRAIN TO SOURCE ON RESISTANCE vs
GATE VOLTAGE AND DRAIN CURRENT.

(Continued)

> T
Vgg =10V
~— GS
- VGS = 6.0V

PULSE DURATION = 80«s
DUTY CYCLE = 0.5% MAX

A
)

VGS = 5.5V

[

CURRE
NT
N

DRAI

VGS = 5.0V

N

VGS = 4.5V

VGs = 4.0M

=

0

50

100

150 200 250

Vps, DRAIN TO SOURCE YOLTAGE (V)

FIGURE 5. OUTPUT CHARACTERISTICS

2
10,

Lunnen

&)

IVDs = 50v

PUTY CYCLE = 0.5% MAX —]n

z

77
7

DRAIN

E__l =

i
T)=150 C /’

y i
;i
4
|

Q
Ty=25 C

0.1

10

!

l

2

4

6 8 10

VGS, GATE TO SOURCE VOLTAGE (V)

FIGURE 7. TRANSFER CHARACTERISTICS

3.0

’ PULSE DURATION = 805
li DUTY CYCLE = 0.5% MAX

2.4 VGS =10V,Ip=11A

liyy

/ d
1.8 ,/
L~ al
1.2 /,/
1
0.671/
0
-40 0 40 80 120 160

o
T4, JUNCTION TEMPERATURE ( C)

FIGURE 9. NORMALIZED DRAIN TO SOURCE ON
RESISTANCE vs JUNCTION TEMPERATU
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Typical Performance Curves unless Otherwise Specified (Continued)

1.25 . 10000
Ip =250=A Vas V1= LM‘HZ' e
HE “iss” “as T ap ]
3 5 =4 w =
i g 1.15] b= LL._ 8000 = RSS GD .
i E // : \ coss=cus +CGD
i 2
fudiw L~ 1 N
1.0 /r"' % 600 A
L~ N
L~ '\ \ C N
0.95] 4000 0SS e
-1 ‘\
B
0.8 - ' A\ N
2000 \ “Rrss i
- [~y
Py
0.75 N N
-40 0 40 80 120 160 R TS
o Ol
TJ, JUNCTION TEMPERATURE A
J R 1 2 5 10 2 5 10
Vi » DRAIN TO SO E VOLTAGE
FIGURE 10. NORMALIZED DRAIN TO SOURCE BREAKDOWN Qe \ W
VOLTAGE vs JUNCTION TEMPERATURE FIGURE 11. CAPACITANCE vs DRAIN TO SOURCE VOLTAGE
102
—. [ PULSE DURATION = 80j1s
< 5} DUTY CYCLE = 0.5% MAX
E % il 40 . '
w 5 i PULSE DURATION = 80:s
3 / _. | DUTY CYCLE =0.5% MAX
g 1o e - € | Vos 250V
Z SETJ=1SD°C’; 7 = 8 |
Ty= |ovisnsms
&, /I ll T g T,=28% [ A~ |
- 24
5 F— g //
e =,
5 7 5]
§ i i g 16 J/ //
& 2
- 71 - ,/ v T, = 150°C
0.1 s /
0 04 0.8 1.2 16 20 5 8
Vsp, SOURCE TO DRAIN VOLTAGE (V)
0
0 8 16 24 2 40
Ip, DRAIN CURRENT (A)
FIGURE 12. SOURCE TO DRAIN DIODE VOLTAGE FIGURE 13. TRANSCONDUCTANCE vs DRAIN CURRENT

20{1p =21A
= 16 V[)3=400V_\
E VDS:ZSOV: ] 22
VDS = 100V~
5 12 i ™
o g
m 4
2 [
w g
= g
3 ZZ
w
> 4 /
00 40 80 120 160 200

Qg, GATE CHARGE (nC)

FIGURE 14. GATE TO SOURCE VOLTAGE vs GATE CHARGE
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Test Circuits and Waveforms
v
DS
BV
. | Ep DSS
L - tp —= v
z DS
VARY tp TO OBTAIN [ i il
- _ + As\L :1 \‘ V
REQUIRED PEAK IAS RG : ‘_31 =u_ 7 \ b
V +— "_ /l “‘ /
GS —————————— s |‘
DUT / '
/ 1
- " l‘
tp ,f’
s = AS 0 luin
T 0.010
+—AAN—

FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT

T t - p—
ON
—— — i
‘ d(ON)
—
£ Vv tr
AL Ds 90%)
+
— v
o — oD 10%\-
"—3’ - 0
I
DUT "N 90%
f v
GS 50% 50%
T i o ~———  PULSE WIDTH——=
GS - d._“7
FIGURE 17. SWITCHING TIME TEST CIRCUIT FIGURE 18. RESISTIVE SWITCHING WAVEFORMS
Vv
DS
CURRENT (ISOLATED
REGULAT SUPPLY)
SAME TYPE
AS DUT
G DUT (pmsmmssmns
—p
t | |
. G(REF) s , G(REF)
DS
Ig CURRENT —= Ip CURRENT
SAMPLING SAMPLING
RESISTOR

RESISTOR
FIGURE 19./GATE/ CHARGE TEST CIRCUIT

N s s s sk i st

FIGURE 20.'GATE-.CHARGE WAVEFORMS



TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST = OPTOLOGIC™ SMART START™VCX™
Bottomless™ FASTr™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMANTM Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTO™ Power247™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench” SuperSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
E‘CMOS'" LittleFET™ Qs™ TinyLogic™
EnSigna'" MicroFET ™ QT Optoelectronics™  TruTranslation ™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™  SILENT SWITCHER . UltraFET
STAR*POWER is used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN.
FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF
ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE
UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant into support device or system whose failure to perform can
the body, or (b) support or sustain life, or (¢) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance support device or system, or to affect its safety or

with instructions for use provided in the labeling, can be effectiveness.

reasonably expected to result in significant injury to the

user.

PRODUCT STATUS DEFINITiONS

Definition of Terms

Datasheet Identification Product Status Definition
Advance Information Formative or This datasheet contains the design specifications for
In Design product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product

that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.
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TLP250

Transistor Inverter
Inverter For Air Conditionor

) Unit in mm
IGBT Gate Drive
Power MOS FET Gate Drive A
&
| ©
The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and i
a integrated photodetector. -:J lEL' %l [45
This unit is 8-lead DIP package. ag
TLP250 is suitable for gate driving circuit of IGBT or power MOS FET. 2£66£025 93 Coicieitls
@
Ll
Input threshold rent: IF=bm/ ] K‘q N
put threshold current: IF=5mA(max.) |8
+  Supply current (ICC): 11mA(max.) b2 =0.15] e | ges
o .23 -0.05,
+  Supply voltage (VCC): 10-35V 05+0.1ff == s )
»  Output current (I0): £1.5A (max.) B . E | 7.85~8.80 ]
+  Switching time (tpLH/tpHL): 1.5ps(max.)
+ Isolation voltage: 2500Vrms(min.)
+ UL recognized: UL1577, file No.E67349 —
+  Option (D4) type
VDE approved: DIN VDE0884/06.92,certificate No.76823 TOSHIBA 11-10C4
Maximum operating insulation voltage: 630VPK Highest Weight: 0.54 g
permissible over voltage: 4000VPK
(Note) When a VDE0884 approved type is
needed, please designate the "option (D4)"
Creepage distance: 6.4mm(min.)
Clearance: 6. 4mmf{min.)
Schmatic Pin Configuration (top view)
|
LG Vv
-« . P ® :[ 8

l_ ° 08 cc 1[
] 7

L E (Te1) ; 2[}_) > Il—
vE 3 - 7 e
, A1) i = . {,1

] 5
L,

A 0.1uF bypass capcitor must be
connected between pin 8 and 5 (See Note 5).

:N.C.

: Anode

: Cathode
:N.C.

: GND

VO (Output)
Vo

N

cC

~NOoO O bAEWN =

[e2]
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Truth Table
Tr1 Tr2
Input On On Off
LED off Off on

TOSHIBA TLP250

Absolute Maximum Ratings (Ta = 25°C)

Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta = 70°C) AlF / ATa -0.36 mA /°C
Yo _ '
Peak transient forward curent (Note 1) FPT 1 A
Reverse voltage VR 5 v
Junction temperature Tj 125 °C
T
“H"peak output current (P\py < 2.5us,f < 15kHz) (Note 2) OPH 1.5
ol
“L"peak output current (P\y/ < 2.5us,f < 15kHz) (Note 2) OPL +1.5
(Ta=70°C) 35
o |Output voltage Vo v
5 (Ta =85°C) 24
[}
= (Ta£70°C) vV 35
Supply voltage cc v
(Ta=85°C) 24
Output voltage derating (Ta = 70°C) AV(Q 1 ATa 07,73 V/°C
Supply voltage derating (Ta > 70°C) AVCC / ATa -0.73 ik
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
1
Operating temperature range opr -20~85 °C
T
Storage temperature range slg -55~125 °C
p T
Lead soldering temperature (10 s) sol 260 °C
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 4) BVg 2500 Vrms

(Note 1) Pulse width P\A/ < 1ps, 300pps

(Note 2) Exporenential wavefom

(Note 3) Exporenential wavefom, IQPH < -1.0A( < 2.5us), IQPL < +1.0A( < 2.5ps)
(Note 4) Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted
together.

(Note 5) A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high gain
linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead length
between capacitor and coupler should not exceed 1cm.



Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
T
Input current, on F(ON) 7 8 10 mA
v
Input voltage, off F(OFF) 0 —_ 0.8 \
v
Supply voltage CcC 15 = 30 20
1
Peak output current OPH OPL — — +0.5
|
Operating temperature opr -20 25 70 85 °C

96

TOSHIBA TLP250
Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE ~ IF =10mA, Ta=25°C 1.6 1.8 \Yi
Temperature coefficient of
forward voltage AVF [ ATa == IF =10 mA o2 2.0 i mV /°C
T
Input reverse current R p VR =5V, Ta=25°C - 10 mA
Input capacitance CT = V=0,f=1MHz Ta= 25°C — 45 250 pF
| IF =10 mA
Output current -H" level ore 3 |vecg=30v |V86=4V -05 -1.5 — A
| 1) [F=0
“L" level OPL 2 Vg-5= 2.5V 0.5 2 -
\ Vgoe1 =+15V, VEE1 = -15V
L OH = IE =5 —
Output voltage H’ level A R =200Q, [F = SmA 11 12.8 5
v Vo = +168V, VEE] =-15V
“L" level oL 5 R| = 2000, VE = 0.8V . -14.2 -12.5
Ve =30V, IF = 10mA . 7 —
1
“H" level CCH 3 Ta =25°C
V =30V, IF = 10mA = gy 11
Supply current ee id mA
VCE = 30V, IF =0mA A 7.5 Y
“L" level ‘ecL =\ SFam6%0
Ve =30V, IF = 0mA <L — 11
Threshold input “Output | VcG1 = +18V, VEE1 = -15V
current L—H" FLH — R = 2000, Vg >0V — 1.2 5 mA
Threshold input “Output | Vgt = +15V, VEET =-15V
voltage H—L” FHL — R =200Q, Vg < 0V 0.8 = = v
v
Supply voltage cc — 10 — 35 \
Capacitance Cs — Vg =0,f=1MHz — 1.0 2.0 pF
(input-output) Ta=25C
Vg =500V, Ta = 25°C 12 14
Resistance(input-output) Rs — R.H.£ 60% 1x10 10 — w

* All typical values are at Ta =25°C  (*1): Duration of IQ time = 50us
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Switching Characteristics (Ta = -20~70°C , unless otherwise specified)

Test
Characteristic Symbal Cir- Test Condition Min. Typ.* Max. Unit
cuit
19
Propagation L—H pLH — 0.15 0.5
delay time Ho4k pHL IE = 8mA = 0.15 0.5
6 Vge = +15V, VEET = -15V Hs
Output rise time Ir R =200Q — — -
Output fall time tf - - -
Common mode fransient C
immunity at high level MH 7 VCM = 600V, IF = 8mA -5000 g = V /s
output Ve =30V, Ta=25°C
Common mode transient C
immunity at low level ML 7 VCM = 600V, IF = 0mA 5000 — - V /s
output Ve =30V, Ta=25°C

* All typical values are at Ta = 25°C



TOSHIBA

TLP250
Test Circuit 1 : Test Circuit 2 : IOPL
8
i [ IE 1] ] I
E :l [ :l 4 0.1pF
vV
A 2l CcC
[ ] i HO
4[] IE 4[] T+ ™ v
6-5
Test Circuit 3 : IOPH Test Circuit 4 : VOH
8. ey ® 1 8
1[] | ‘ v i | I v
£C cc1
[___[ :| T 0.1pF o

" 4O (4
M=
[

-

I
] OPH

Test Circuit 5 : VOL

EEY

XA

4

il N7

EE1



TOSHIBA TLP250
Test Circuit 6 tp| H, tpHL. tr tf
= 8
v <
JL# i 0.4yF o cet gk s VOH 80%
R ———-GND
= VAL, 80%

1000 [

Test Circuit 7. CpH. CML

3 Ty
swIF IO.WF
3"‘“";’ |: :l" v_'_vcc
Ac'o B
[ f{ H——5
Lo [
ch
) -
l 4 =+
, 600V
Y | e0% (|
- ’“—ﬁim "
SW A(IF=8mA)
\ VB M
VO ekl 26V =
HL
SW :B(IF=0)

CmL= 480 (V)

tr (us)

CwmH= 480 (V)

tf (us)

tpHL
<

CML(CMH) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output

voltage in the low (high) state.
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TOSHIBA TLP250

IF=VF VE/  Ta-If
10Q ——- ] -2.9
5Q Ta=25°C =
Cd
oY —_
/: &J -2.4
T 1 >
& i 7 % 3
3 5 = 2
3 7 = ™
/ < T~
o -2
= 0.4 I" E
= 0.2 H
£ I § =f
3 / i
5 o / i
2 : =g &
£ 00 P o6
0.03 v
0.0 / 1.4
1.0 1.2 1.4 1.6 1.8 20 0.1 03 05 1 a& A 10 30
Forward voltage  VF (V) Forward current  IF (mA)
IF-Ta Ve = Ta
49 49
=
g 3 8 :3& \
] > \
= 7 \
W o— o
£t 2 =
(=} [=] <
s -u_: >
N,
3
iy o
-(E 14 i, (1
S 28
oL 2
a
0 20 40 60 80 100 0 20 40 60 80 100
Ambient temperature Ta (°C) Ambient temperature  Ta (°C)
I I -Ta
OPH, OPL
T T T T T
PW S 2.5 s, f £ 15 KHz
=
B o
s <
o
=
o o
=5 O
e N\
-
o
3o
(=9
& =

0] 20 40 60 80 10a

Ambient Temperature Ta (°C)
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE 000707EBC

- TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability

Handbook” etc..

The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer's own risk.

Gallium arsenide (GaAs) is a substance used in the products described in this document. GaAs dust and fumes
are toxic. Do not break, cut or pulverize the product, or use chemicals to dissolve them. When disposing of the
products, follow the appropriate regulations. Do not dispose of the products with other industrial waste or with
domestic garbage.

The products described in this document are subject to the foreign exchange and foreign trade laws.

The information contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other
rights of the third parties which may result from its use. No license is granted by implication or otherwise under

- | ] 4 1 b T Vs AL UNA A AN AT bl
iy e liuaarpropeT Ly UNmUlimeT TS O MO ST ior T SO T O oy of otmeTss

The information contained herein is subject to change without notice.
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