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2% P

Xa
= (2.14)
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p = anwilwih (Conductivity) (Simen/m)

Ho= Permeability (T.m/A
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IRFP460

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

79

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

Ordering Infor

20A, 500V

rDS(ON) = 0.270Q
Single Pulse Avalanch

SOA is Power Dissip

High Input Impeda

Related Literature
- TB334 "Guidelines for Sold

PART NUMBER

IRFP460

Packaging

SOURCE
DRAIN
GATE

DRAIN (TAB)
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IRFP460

. i o
Absolute Maximum Ratings T¢ =25 ¢, Unless Otherwise Specified

IRFP460 UNITS
Drain to Source Valtage (Note W o s v S Sbanarer oo e SR SR S S vVDS 500 "
Qrain to Gate Voltage (RG = 20ke) (Note 1) ... 77 " DGR 500 %
Continuous Drain Current. ... . ... .. """ et TR Y sonpsme s S S .Ip 20 A
L SOl Ak vowe b 12 A
PulsedDrainCurrent(Note.’j)..‘.,..,‘....,....,.....A.....,,...",,..._‘.... caw DM 80 A
P DS VORI 1 eres s 3 0 s s gy - +VG§ 20 Vv
Maximum Power ERERIBNEI o w6056 0 st s s o s S . Pp 250 w
U
Sinear DEraling FACtor . ... ..ot ——— G = g 20 wi C
Single Pulse Avalanche Energy Rating (Note o ———— g “as 960 mJ
Operating and Storage Temperature ............ gl gt " " 1 tre . T -55to 150 oC
Maximum Temperature for Soldering .
LeadsatO.OGSin(1.5mm)frc>mCasefor1Os..‘.A,...,.,.....,.“......‘...... . Tk 300 oC
Package Body for 10s, See Techbriekogl”. . .. . S O\ /2e 2~ e T 260 oC
pkg

CAUTION: Stresses above those listed i "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 abave thoseindicaled inthe Operational sections|of this spatificalion is not implied.

NOTE:
o 0
1.T)=25 Cto Ty =125 @

- o )
Electrical Specifications TC = 25.Gy'Unless Otherwise Spetified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP| } MAX | UNITS
owv
Drain to Source Breakdown Valtage DSS. P, =250=<A [V GSi=i0v (Figure 10) 500 3 - v
.
Gate Threshold Voltage GS(TH) |VIGS =VDS. D= 250@A 2 - 4 v
Zero Gate Voltage Drain Currefit PEE] VDS = Rated BVp<, VEs s 0V - _ 25 «A
VDS=O.BxRaiedBVDSS,VGS =0V,TJ =125 C - - 250 «A
T v T XT —: 7 FOV
On-State Drain Current (Note 2) D{ON) DS - DION)I T IDS(ONjMAX L I63 20 - - A
T
Gate to Source Leakage Current GSS VGS =420V - - +100 nA
T
Drain to Source On Resistance (Note'2) DS(OM)) |IDes. 114 V@GS = 10V (Figures & 9) - 024 0.27 9]
9
Forward Transconductance (Note 2) fs VDS2 50Vilns > 1A (Figure 12) 13 19 - S
Turn-On Delay Time ‘d(ON} VPD-=250V,p =21A. RGs s430, Roy =120, - g3 35 ns
Rise Time i VGS = 10V MOSFET Switching Times are Essentially - 81 120 ns
T Independent of QperatingTempsrature
Tumn-Off Delay Time d(OFF) - 85 130 ns
Fall Time if - 65 98 ns
Total Gate Charge ug(ron VGS=40viip = 214, VpS =0.8'% Rated BVDsS' - 120 180 nC
(Gate to Source + Gate-Drain) IG(REF) = 1:5mA (Figure 14). Gate Charge is
4 Essentially. Independent of OperatingTemperature
Gate to Source Charge gs - 18 - nC
=
Gate to Drain “Miller” Charge gd - 62 - nC
o
Input Capacitance 1SS VDS =25V, VGS = 0V, f = 1MHz (Figure 10) - 4100 - pF
o
Output Capacitance 0SS 2 480 4 pF
o
Reverse Transfer Capacitance RSS - 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 i Measured from the Source - 13 - nH
Lead, 6mm (0.25in) from
Header to Source Bonding
Pad
T~ U
Thermal Resistance Junction to Case aJC - - 0:50 Ciw
™ 19
Thermal Resistance Junction to-Ambient 8IA 7/ [Free AirOperation - - 30 Cw
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IRFP460
Source to Drain Diode Specifications
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Continuous Source to Drain Current ISD Modified MOSFET D - 20 A
Pulse Source to Drain Current 'soM Symbel Showing the 5 80 A
Integral Reverse P-N
(Note 3) : S
Junction Rectifier
G
s
\ ()
Source to Drain Diode Vollage (Note 2) SD TJ=25 C,Igp = 21A, VGS = 0V (Figure™3) . - 1.8 v
Reverse Recovery Time v T 25 G, | REEDS dlSD /dt = 100A/ecs 280 580 1200 ns
Reverse Recovery Charge Q T, =25.Cul 3 21A,dl” _ddt =T00A/ecs 38 8.1 18 «C
RR J SD SO

NOTES:

2. Pulse test: pulse width < 30@ecs] duty cyele-=< 2%:
3. Repetitive rating: pulse width/limited by Max junetiofi temperatire: See Transient Themmai Impedance.curve (Figure 3).

0
4. Vpp = 50V, starting T /= 25

C. L =43mH,RES = 250, Peak |Ag = 20A)

/N

N\

Typical Performance Cutves Uilss Othenvise Spedffiod
£ 3 20
i
iy, > \
0.
12
o
8
0.
4
0.2
) n
0 50 100 150 25 50

Q
TC. CASE TEMPERATURE ( CJ

FIGURE 1. NORMALIZED POWER DISSIPATION.ws CASE

75 100

125

o
TE, CASE TEMPERATURE ( C)

150

FIGURE 2. MAXIMUM GONTINUOUS DRAIN CURRENT vs

TEMPERATURE CASE TEMPERATURE
SR ¥ T

s =
g bt
- T il
4 BEsE
Z %k o %
[=] = =
g [Fo ¥ 3
= 2 P ]
i I~ 0.0 L] DM 4
< ettt

2. 0.0 "]
2 wE o.o}L—}r“ E
£ = —L 1 3
Y. = SINGLE PULSE NOTES, -t -]
g DUTY FACTOR: D = t{/t2 9

s PEAK Ty =PpM x Z8Jc x Rayc + Tc
105 104 10-3 10-2 0.1 1 10

11, RECTANGULAR PULSE DURATION (S)

FIGURE 3. MAXIMUM TRANSIENT THERMAL IMPEDANCE



lib
Textbox


IRFP460

Typical Performance Curves uniess Otherwise Specified  (Continued)

10 o p— o 4q 7 ¢ .
5 =] OPERATION IN THIS H VGs =10V PULSE DURATION = 80xs
AREA IS LIMITED B DUTY CYGLE = 0.5% MAX
2 "' s ON) 32 Yasrsay
z o P -
= = == T02s VGS =55V
=z 5 I~ 1t E’:"
% — 5 it o 2
My ™ dq
e < el T 85 !
z = ims3 z
g e 1 § 1 VGS = 5.0\
a 2 ] P 0ms -oz yr—"
R >l !
= — = ¥
5{Tc=25 C OCH VGS = 4.5V
2| Ty =MAX RATED &) VGS = 4.0
0.1 LE PULSE “l 3 I e —
§. @ Y 4 s 100 »_ LR 0 50 100 150 200 250
V , DRAIN TO SOURCE VOLTAGE (V) Vps, DRAIN TO SOURCE VOLTAGE (V)
s
FIGURE 4. FORWARD BIAS SAFE-OPERATING-ARE A FIGURE 5/QUTPUT-CHARACTERISTICS
40 ; . { ¢ ~
PULSE DURATION = B0=s 445-"" 10 b A\ A 3 b
DUTY CYCLE =0.5% MAX o SPUTY CYCLE = 0.5% MAX —F
L g 1 |ves = sov ~d
= 32 VGs=10v i,
< A J N é
VGS =55V QV =
- 2 = T 717
P Y
= y g TJ:I 150 | C ,
E_ / a
16 y VGS =80V 7777 f (<]
/ + - 11 TJ =25%¢
o 8 1 B \OrF
VGE = 4.5V 1 —F
= G5 4.0 2 1
L
0 : 10 1]
0 4 8 12 16 20 0 2 4 § 8 10
VDS, DRAIN TO SQURCE VOLTAGE (v) VGS./GATE TO.SQURCE VOLTAGE (V)
FIGURE 6. SATURATION CHARAGTERISTICS FIGURE 7. TRANSFER CHARACTERISTICS
2.5 3.0
PULSE DURATION = 80xs PULSE DURATION = 805
! _is DUTY CYCLE = 0.5% MAX i DUTY CYCLE = 0.5% MAX
o o VGS =10V, Ip = 11A
2. 24
//
i VGs = 10V i /'/
/ //
i: 1.2 -
= / L~
& > / //
8 Uc:'v .&—/ - . -] o
= ’ e VGS = 20V
: [ ] 0
0 20 40 60 80 100 -40 0 40 80 120 160
o]
ID. DRAIN CURRENT (A) TJ, JUNCTION TEMPERATURE ( C)
FIGURE 8. DRAIN TO SOURCE ON RESISTANCE vs FIGURE 9. NORMALIZED DRAIN TO SOURCE ON

GATE VOLTAGE AND DRAIN CURRENT RESISTANCE vs JUNCTION TEMPERATU
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IRFP460

Typ.'cal Performance Curves unless Otherwise Specified (Continued)

125 10000
Ip =250=<A Ves :Ev,.ritugu, ”
§ 2 Ulss GS GO g3
23 Gk, (9 -
§ 11 = w8000 RSS  GD =
— 15}
§ g /‘/ H \ cuss = CBS +Cg
Sy L1 3
4
1.05 . “* 5000 N
|
L~ \
L] \ G N
0.95 ou oss M~
0.85 \\\
200 &
RSS ‘h.\ I
07 N N
-40 0 40 80 120 160 ]
5 Ben o )
TJ, JUNCTION TEMPERATURE ( C) z
1 2 5 10 2 5 10
. ORAIN TO E LTAGE
FIGURE 10. NORMALIZED/DRAIN TO SOURCE/BREAKDOWN O T SOURCEVOIRER™M
VOLTAGE vs JUNCTION TEMPERA TURE FIGURE 11: CAPACITANCE 'vs DRAIN TO SOURCE VOLTAGE
= g PULSE DURATION = B0ps — == ====
< 5} DUTY CYCLE = 0,5% MAX
£ = A
u g a PULSE DURATION < 804s
g / . DUTY CYCLE = 0.5% MAX
g 10 —— L & Vg =506V
2 B=
£ s5—r1,-150°C w
= 4 7 &
e T = 250C I =3
§ . /] [# 4 g T, 5255
= 24
Y o1 i 2 -
c ¢ F : -
3 ° / ¢ L
@ 7 Oy A
& 2 3 /
@ / @ Tl T - 150%
01 L /
0 0.4 0.8 1.2 1.6 2.0 =/ [& |
V5p. SOURCE TO DRAIN VOLTAGE (V)
P
0 8 18 24 2 40
Ip»DRAINCURRENT (A)
FIGURE 12. SOURCE TO DRAIN DIODE VOLTAGE FIGUREA43/TRANSCONDUGTANCE vs DRAIN CURRENT

20[1p =21A | l
|

VDS = 4uuv_‘.\

-
(-2}

&
i VDS =250\ N | 21
% VDS = 100V Ty
12 P
2 P
0 ~
5 pr 4
= B w
] P
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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IRFP460

Test Circuits and Waveforms

\")
DS
VARY tp TO OBTAIN G 5
REQUIRED PEAK IAS oD
' /
Gs
-
P
ov
FIGURE 15. UNCLAMPED ENERGY T EFORMS
t SN
OFF
e
3
o
tf
£ a0%
10%

90%

Y (o

\
o8 P ev b,\)o
"FIGURE 17. SWITCHING TI T cklst = FIGUR| 18, S ITCHING WAVEFORMS
Q 9 ¥ \,
Aynan

CURRENT v

SUPPLY) o B0 g

A, u v
v
SAME TYPE S o e
AS DUT S g
- Qgs—.' ~
\
~
\\'y DS
N
G ouT (e NS o s
—
| 1
G(RE
I ] t (REF) S ‘ G(REF)
Ds
1G CURRENT —= Ip CURRENT
SAMPLING —  SAMPLING 0—1
RESISTOR RESISTOR

FIGURE 19. GATE CHARGE T T CIRCUIT . - - FIGURE 20. GATE CHARGE WAVEFOQRMS - ¥
{ 0 L T uian1sfneLiniu ma@ggmfmﬁﬂﬁu A euN36n
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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™ PACMANT Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTO™ Power247m™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench " SuperSOT™.g
EcoSPARK™ ISOPLANAR ™ QFET™ SyncFET™

E‘cmos '™ LittleFET ™ Qs™ TinyLogic™
EnSigna'™ MicroFET ™ QT Optoelettronics ™= TruTranslation™
FACT™ MicroPak ™ Quiet Series™ LR ™

® ®
FACT Quiet Series™ MIGROWIRE™ SILENT SWITCHER UltrakET.
STAR*POWER is used underficense

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 BESCRIBED HEREIN; NEITHERDOES IT.CONVEY ANY LICENSE
UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USEAS CRITICAL COMPONENTSIN'LIFE SUPRORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTENAPPROVAL OF FAIRCHILD SEMICONDUCTOR
CORPORATIQN. As'used herela:

1. Life support devices or systems are devices o¢ 2. A eritical componentis-any compenent of adife
systems which, (a)are intended for surgicalimplantinto supportdevice or system whose failure to perform can
the body, or (b) support or sustain life, or (c) whose be reasonably expected to causesthe fajlure of the life
failure to perform when propefly used in/4ccordance support davice ar system \or to affectits safely or

with instructions for usesprovided inthe labeling, can be effectiveness;

reasonably expected tosesult in significant injury to the

user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status g Definition
Advance Information Formative or This datasheetontains'ihe design.specifications for
In Design product development. Spegifications 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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Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and

a integrated photodetector.

This unit is 8-lead DIP package.
TLP250 is suitable for gate driving circuit of

Input threshold current: IF=5
*  Supply current (ICC): 11 %)
«  Supply voltage (VCC): v
+  Qutput current (I10):
+  Switching time (t
< Isolation voltag
« UL recognized:
*  Option (D4)
VDE appro
Maximum raﬂg in;
permissibls et'vBlt ge 4
(Note) When a VDEOS
needed, ple
Creepage dis el (674
Clearance: 6.4

Schmatic

— 4" 1o
(Tg2)

.

|

TLP250

Unit in mm

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

GND

H o
A~
Hl o
Flw

54 £0.25

-
gz
ol

|19
4

9.66 £ 0.25 76210.25

2.65101

|
081025

2.5MIN.

11-10C4

1310C4

co

~N O A WN =

: NG,

: Anode

: Cathode
:N.C.

: GND

: VO (Output)

By

cc
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Truth Table
™ | Tr2
Input On On Off
LED off off On

TOSHIBA vLAEsp

Absolute Maximum Ratings (Ta = 25°C)

Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta 270°C) AlF/ATa -0.36 mA/°C
Yo !
Peak transient forward gurent (Note 1) FPT 1 A
Reverse voltage VR 5 v
Junction temperature Tj 125 °C
5
“H'peak output current (Pyyy .2 5pis f £ 15kHz) {Note2) OPH -5 A
T
‘L"peak output current (Pyy < 258 1 <115kHz) (Nota 2) OPL +1.5
(Ta.s70°C) £ o
Qutput voltage 0 vV
2 1 {Ta = 85°C) 24
Q
8. (Ta<70°C) VCc 35 )
Suppl It
upply vollage Ta= Bﬁ"c) 24
Cutput voltage derating (Fa 2 70°C) AVOTATa -0.73 y/ic
Supply voltage derating (Ta = 70°C) |-AVCE ] ATa -0.73 Viec
Junction temperature T 125 e
Operating frequency (Note 3) f 25 kHz
- T
Operating temperature ranga opr -20~85 °C
T
Storage temperalure range stg -55-125 °C
: :
Lead soldering temperature (10 s) S0l 260 7
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 4) BVg 2500 Vrms

(Note 1) Pulse width Pyy < 1us, 300pps

(Note 2) Exporenential wavefom

(Note 3) Exporenential wavefom, IOPH = -1.0A( =2.5ps), IQPL = +1.0A{ = 2.5us)

(Note 4) Device considerd a two terminal device: Pins 1,2, 3 and 4 shorted together, and pins 5, 6, 7 and & shorted
together.

(Note 5) A ceramic capacitor(0.1pF) 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 I 10 mA
\Y
Input voltage, off F(OFF) 0 — 0.8 vV
v
Supply voltage cC 15 — 30 20
T 71
Peak output current OPH OPL — — +0.5
|
Operating temperature opr -20 25 70 85 °C

88

TOSHIBA TLP250
Electrical Characteristics (Ta =#20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min: Typ.* Max. Unit
tuit
Input forward voltage VE = § IF =10 mA” JTa=25°C 1.6 1.8 vV
Temperature coefficient of
forward voltage AVF/ATa 8 IE/= 10mA — 20 - mV/°C
T
Input reverse current R —- VR =5\, Ta=25C s 10 mA
Input capacitance CT —= V=0,731MHz, Fa=25°C — 45 250 pF
I IF & 0 mA
Output current H level S 3 /| Ve ERov (Vae= 4V 0.5 s - X
| b)) IF =0
“L” level onL 2 V=5 = 25V 0.5 2 -
\ VCCA S5V, VEE 1= -15V
fH OFf 4 S 5mA | B
Output voltage H" level 4 IOERE 22000 48 =5m 11 12,8 v
\ VECe1=+15V, VEE1 = -15V
‘L leval oL ] RL =2000, VE= 0:8V = -14.2 12.5
: VoG =30V AR=10mA < 7 s
"H*level CCH — Ta =25°C :
Vi = 30V| IF="10mA s =
Supply current ce £ il mA
VEC =30V, IF =0mA Y .5 Y
‘I level oL - Ta #25°C -
VEC =30V, IF = 0mA - — 11
Threshold input “Output | VCG1 = +158V, VEE] 3415V
current L—H" - £/ ¥RLE200G:V0 s OV — 1.2 5 mA
Threshold input “Output | VCC1 = +15V, VEE==15V.
voltage Hsl® FHL = RL.= 2000, V=<0V 0.8 - - %
v
Supply voltage cc - 10 — 35 vV
Capacitance Cs = Vg =0,f=1MHz — 1.0 2.0 pF
(input-output) Ta=25C
Vg =500V, Ta=25C 12 14
Resistance(input-output) Rs — R.H.<60% 1x10 10 - W

* All typical values are at Ta = 25°C  (*1): Duration of IO time < 50us
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TOSHIBA i

Switching Characteristics (Ta = -20~70°C , unless otherwise specified)

Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
L
Propagation L—H pLH — 0.15 0.5
delay time HoL ‘oL IF = 8mA - 0.15 0.5
6 Veet = +15V, Vegy = -15V us

Qutput rise time i R =200Q — = —
Output fall time tf s = -
Common mode transient C
immunity at high level =600V, IF = 8mA -5000 o = V/ps
output a=.20"Cuy

Common mode transient
immunity at low level

— Vips

' ;.IIF=0m
i

output

* All typical values are a
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TOSHIBA TLP250
Test Circuit 1 ;

Test Circuit 2 : IOPL

i[] 8 1]
¥ |

—flr——g &

1
1
] P sy |

Test Circuit 3 : IOPH

Test Circuit 5: VoL

[

d” [ dl Y o U ¥ ﬂl = } gj 1 Y o v 6 v ¥
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TOSHIBA TLP250

Test Circuit 6: tp| H. tpHL. tr tf

[

8
by |
F ] i 0.1uF =
(:,—I T I VOH 80%
- S
] ! GND
——— VoL 80%

tpHL
PE

1000 ]’*‘

Test Circuit 7: CpH, CmML

il 1]
SW IF 0.1
— :

A \ B
I 1
“Ej s

2}
T o
=P 5
%
VCM o, i
R PL— L L 1
SWA(IE )9
VO~ - :
SW :B(IE=0)
21/3:

CML(CMH) is the maximum rate

voltage in the low (high) state.

dy [ dl Y o U ¥ ﬂl = } gj 1 Y o v 6 v ¥
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TOSHIBA TLP250

[F=YF VE! Ta-I
100 2
54 Ta=25°C =
3c Cd
i O 24
< 1Q / o | =
& 5 £,
w + -2.
/1 = -
| o 24 [~
_ 04 7 %
g 0.3 7
§ 0= L  ——
& 00 -
7 : \\\\\ /// Z |
00 I
10 12 14 6 1.8 0™ // = =
T RS B
Forwardvoltage — _1£ ;-—_ e current  IF T (mA)
—
— - - // \\ N S
= il - -y
’ 7 \ N
/’ o / ’/ \ TN \\
|
4 r i g2l Wy, C P
)
Lo AR SSISA A
o ¥ g L*J
5 ~) . 15 28 28] b )L
g -
s R -
o s =
B ¢ I
[ .
ST ~ ] J '
sk g 8
L
a 1
£
8
< _
d
100
| —
OPH, OPL
PW=25ps, S 15KHz
§
5
2 <
2 g
5 o
9 N
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a
o
q

& <0 A ) = = Y i v o v 5% [%
wnansiduenadisnafiuliEwsdhsiBauiensdnwwingu ldougnalmiluldusslovidunsm
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE 000707EBC
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Ozone Generator for Prolonging Fruits
Using a Full-Bridge Inverter with High Frequency Transformer

W. Meesrisuk and A. Jangwanitlert
Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Thailand
E-mail: liverpool_fc1991 @windowslive.com and jkjanuwat@gmail.com

Abstract — This paper presents an ozone generator by using a
full-bridge inverter for applying in prolonging fruits process. The
phase-shifted pulse width modulation (PSPWM) 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 principle, the ozone generator was built and test in
laboratory for prolonging mangoes. From'the test, the 250 mg/hs
of ozone concentration at 24 kHz of switching frequeacy. can
prolong the mangoes life satisfyingly more ~than ‘the “other
concentrations and the maximum efficiency ofinverter 593409,

Keywords — ozone generatoryfull-bridge inverter; PSPWM

I INTRODUETION

Nowadays, the ozoneg gas plays @Key role.in|daily-life
of human such as wastewater” treatment-arnid disinfection.
In medical technology, the ozode gas‘has . been. used hin
healing skin disease or cleaning germs it Surgery pooarAs
the advantages of ozone gas can, defeat germs and=varigus
microorganisms, the | ozone gas [have-been used | /fou
prolonging vegetables ‘and ~frdits. lifelia agricultural
technology. Many research@s  in . the past [1]:[57 ‘have
proposed the principle for“generating ozone gas by using
power electronics cireuit in order to make the higinfrequency
high voltage waveform' for_the &Zone tube! Therefore, this
research paper will proposea_full-bridee-invertér with high
frequency transformer for generating the 0Zone gas\to apply
in keeping and extending, fruits (mangoesy-ife) Finally, the
experimental results will be 'shown’in order fo proye the
proposed principle by choosing mangoes as the test samples:

II. THE PROPOSED CIRCUIT:

The proposed circuit is shown in Fig "k, _which includes
three important parts. The first part is a full-bridge invertér
which consists of switches (51-Ss) for generating. thehigh
frequency waveforms. The second part is a high frequeney
transformer which will be used for increasing the voltage
level to be sufficient for occurring ozone gas and the third
part is an ozone tube which uses the coaxial cylinder
principle to create high stress electric field for generating
ozone gas to apply in prolonging fruits process. In addition,
the control circuit in this research uses the microcontroller as
dsPIC30f4011 to generate the PSPWM signals for all
switches in circuit in order to control the output power of
inverter and the concentration of ozone gas. The key
waveforms of proposed converter is illustrated in Fig. 2
which includes the gate signals  (Gs; — Gss) by using
PSPWM for driving all switches in circuit and the output
voltage (Vap) and current (ip) of inverter.

Ozone tube

Gsy

(€23}

GS}

Gy

Fig.2.Ihe diagram shows operaufy states of the circuit.

[II% THEOPERATION MODES

Todanalyze the aperation mode of proposed circuit easier,
the circuit.should be approximately used in Fig. 3. [t can be
divided.into"T0 modes per one cycle and described in detail
of each mode as follows:

Mode 1 (t) - t;) At to, switches S, and S, are turned ON.
The current still flows in the negative direction due to the
energy from L., by passing the parasitic diodes of switches
Sy and S,. So, the voltage across of them is equal to zero at
this time and they will operate under the ZVS condition in
next mode. The voltage across the load is equal to V;,. This
mode can be defined as “Regenerative mode”

Mode 2 (t; — t;) After the regenerative is finished,
switches Sl and S4 conduct the current under the ZVS
condition from the input voltage source (Via) to high
frequency transformer (T,4). The voltage across the load still
equal to V,, as previous mode. The energy from input
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voltage source is transferred to the load. So, this mode can
be defined as “Powering mode™

Mode 3 (t: — t3) At t,, switches S, stops to conduct the —
current while Sy still conduct the current by the formation of - SJ“EQ % Jh—]{i‘}c‘
the gate signals of each switch. The current charges the 1RFE ] TRindin
capacitor C, and discharges C,. Therefore, the voltage across Load
the load decreases linearly to zero at the end of this mode. Vi
The current still flows in the same direction as previous
mode. A

Mode 4 (t; — tg) At ty, switch S, is turned ON but the
current cannot flow via S; in this time because switch S; still " i;"m;[; - SJ,':'—TME
turns OFF. So, the current still flows in the same direction as 1REP T80 L - [REP T8O
mode 3 via parasitic diode D, and switch S,. The voltage
across the load still equals to zero as previous mode

Mode 5 (t; — ts) At t,, switch S, is turned.@ € (b) Mode 2
the current charges the parasitic capam and dlschar e\

.|

the parasitic capacitor C;. This re n decrc

voltage across the load from zero' te -V-u1 a%
n  positive _dir

mode. The current still flo
LN f
curee 1 %5, b -.l’ An\

previous mode.

switch S is turned ON.
direction as mode 5 b
parasitic diodes of swit
The voltage across the
Mode 7 (t; — t;)
switches S; and S; cc
condition. Therefor
direction again in t
equals to -Vy,.

e e (R e

nt to load i

llﬂ-

czBiive 170)

oda th o ?ﬁmiﬂ R
Mode 8 (t; — tg) At 'ty ;& "“‘ e 1@»7\"45'&»"&,\ A

the current will cha paa i apacitor|| Gs .-n)

discharge C,. The vo gq?-ucrss oad.u b} e Q.L* . -“"'l'.'}'-""

=V, to zero at the end of th ode! The.eur till fle lf’

the same direction as pte 'o ode. ™ § “9? &
; gﬁ\ls tur - N

¢ becaus

Mode 9 (tg —tg) At t
& ia pa .‘l%& 4'

current cannot flow via S
d st1| quals to '4

turns OFF. So, the curren
and switch S;. The voltage ae;
as previous mode. %
Mode 10 (ty — tig) At to, S Iﬁjrned OFF
ic ca

Therefore, the current charges the parasi Rﬂi
wedlia) By | 1) 5 ")

discharges the parasitic capacitor

increasing the voltage across the load from Zero n.at the
end of this mode. The current still flows in negativérdisection . ]
as previous mode. 5 }: I D,’}c, S;iy i 3 Die,
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ion modes of proposed circuit.
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tage (Vin) 310 V
e g N N 19.28 uH
ctance (L) AN Y 2.26 mH
igh ey transformer (1), 1:6
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AL RESULTS
c dlprinciple, the inverter
uil st lgriging mangoes life by
aramete n in§ I at different
co t; s. Thewres were compared
no ate. Fr he test, the 250
on ration Gan nd the life of
re)than r concenqtrati Fig. 4 shows the
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rations and without
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hr of ozo o
c ive@
goes |
tput voltage and current

ifi e
igs.’5 - 7l s&t
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waveforms oﬁﬂnw‘
9 the s%qﬁgade of equency transformer at 24, 25
a gJ I,aﬂ Z tching frequency, respectively.
In ition, shows the relationship between the
tration and operating frequency to illustrate
that if the operating frequency is increased, then the ozone
concentration will be increased as well. Fig. 9 shows the
ZVS operation of switches S2 and S4, respectively.
Moreover, the ZVS condition also occurs for switches S3
and S4 in circuit so that the switching losses is eliminated
during turning on time of each switch which leads to
increase the maximum efficiency to 93.1% at 71 W of rated
power as shown in Fig. 10.
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(a) keeping without ozone gas (b) keeping at 250 mg/hr of O;

Fig. 4. The physical feature of the test samples after 5 days.
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