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High-Voltage High-Frequency for Ozone Generator

Krissapol Sarouysuwan
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Trichana  Asavadeeros

Theerayut Noisomwong

Asst. Prof. Dr. Vijit Kinnaret Advisor
Chaitat Maneeinnn Advisor
2006

ABSTRACT

This thesis proposes high-voltage high-frequency for ozone generator. Which
causes corona discharge. This generator includes the three sets namely, the inverter set, the
high-voltage transformer set and the electrode set. This technique is based on pulse density
modulation {PDM} for changing the energy in waveform and pass to the high-voltage
transformer feeding high-voltage to the electrode, which is common axis cylinder. It is designed
to operate at 4 kV to 6 kV and 50 kHz switching frequency. The ozone generator is capable of
generating maximum ozone generating of 360 mg/hr. Generated Ozone level is either

increased or decreased with number of puises in each period.
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3.1 mamAnasenuazawin i nlginnrsudafolalon

Mniedu uranduldsszaundinuessesndianusadlidwilums
ranlaloudnfludacldwiaem 4932 kiimol 682.8 kiimot FulilfsesvilWduiiar
Tolaw eflozudssmizeluaduSnesdesdntoginimmasialumand  Taoe:
dpwamasuruivasialugaund (Ideal Gas) ldiilu

nHueIingy (Gas Law)

PV = nRT (3.1)
uazmMea3y (Real Gas) wui'ﬂumqwaaﬁ'n-nﬁ'nwmuaumm:ﬁ’n:m"m'[uLaqﬂLﬂutm
Vander Walls %wmwlumqaLl.azl.l.mm:ﬁ'n‘{l.ﬂuqmﬂuﬂﬁmm:'umﬁ'l-mwin:-nﬁmm:
sanmdiausumilasdzanmuesiesis fe sunswauwasinad (vander Wails)

(P+a)(V-b)=RT (3.2)
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JUN3A 3.1 uas 3.2
- w 3
vV e v m
- ) 3
P fi0 a7nuewUTIiENa P = 101.5 x 10 pascal (mm.Hg)
R #a (wulamlad = 8,314.3 Pa.m’ /(kmol.K)
T @p aoenndl (°K)

N feo $ruulua

y ' ol - ol w - al
#%67 a uaz b IwEun1IA 3.2 Aadasidamlanaumsh 3.1 Agnie
ngflemguniiingd () = 154.6 °K WAZANAMUAUING @ (P,) = 5,043 kPa

. 27.R'T, 27((8314.3)° (154.6))
wld a = = . = 138,218
64 x 5.043 x 10
64P,
RT 8314.3) (154.6
b = ¢ = ( 1548 0.0318
8 x 5.043 x 10°
8P
UNUAT a WAz b 8IlURNANT 3.2
(1015 x 10° + 138218)(V — 0.0318) = 2,494,290 (3.3)
vk

Faduiusriugunsfi 3.1 Tagfi n = 1V = 8,314.3 x 300 = 24.57 m /kmol
1015x 10°

1f3%aesAanaagn (Trial and error) Wuutaamion mol HinwFanes

NARAIUNUAT V = 2457 u (2.6) ;

2,494,290 < (101,728.96)(24.5382) = 2,496,246
NARBIUNKET V = 2450 1 (2.6) ;

2,494 290 > {101,730)(24.4682) = 2,489,149
NARBILNUAT V = 2460 U (2.6) ;

2,494,290 < {101,728)(24.5682) = 2,499,273
NARBIUNUA V = 2455 14 (2.6 ) ;

2,494,290 = (101,729)(24.5182) = 2,494,212
P =1015kPa , T=2300 K

b

72990



ale v = 2455 m fkmol

Kude | mol = 0.02455 m’ lapuTzanms
v 493.2 kfmol = 20089.61 ki m’
uaz 682.8 kl/mol = 27812.63 k) m’
N 36x10°) = | Wh
1 = 278 x 10" Wh

- & a " 1" 3 3 '
Satuna U Tuealdae 5.58 kwh/ m” 03 7.73 kWh/ m_ auluud
& a ' o & w o & w
lwanauuiinandiauag 21% Tapytzanm aanunauisiiudadtlunseans
o = 3 3 J =l 1 -
Wuszaandianaa 1.172 kWh m- 619 1.62 kwWh/ m anl3aRpinadamatialelowln
wny
luntreanuuudinademalalowssldnannitvssgnwinwian
ﬂt:qn@ﬂﬂumiﬁwﬁdﬁLﬁnTmrﬂTﬂm:aanuuu'lﬁﬁ"aﬁtﬁn'[mﬂﬂé’numLﬂumqmzuan
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o.mumaﬁﬁ‘m:ﬁaaﬁmmnuamu'lﬂﬁ']gw'mni'm'm'm GRR RN G T RR R LT G R L
1 J + & 1 °.
sl anaiasanmainnduuazkazsuknawntanuluann i liadisueg
a v w P af o v% v " . o '3
mlummﬂnmmﬂumnmmgwﬂﬂuo.mumm'l'mﬂuum wmtlwetatiuridinesd
. a o v . w R | & W
Tuwsadnfiflfulsdntnimssedidmuanuiauldgetznevsenled sio, Aidudau
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d i ¢
mnnqﬂﬁﬂ'nuﬁm
s & ) -y w = [T “w 1
sauudundaiolalouiazeanuuuldifiuginsanszuandeuunuiau
E d o o -l - a
WUL®WIH 2 T% SIsnmeLrzruiatadnadidnlatafildluntindalalowuaa a3l
m’mm“:‘nﬂamu‘lwﬁ'lgoqﬂﬁamua'm'm
1 lJ - 3
Famafladidinainvaut ( £ = 8)
ri=190cmr, =210 cm r; = 2.40 cm
B2 22 cm

Yiunesemanwluundde I ¢-FoxL = 9 (0.021° - 0.019° ) x 0.22
= 55202x 10" m"

3.2 ammanunanlifiiasrinbiniialalan

WS 1.172 x 10° x 5.5292x10°" - 0.0648 wh

R 1.620 x 10" x 5.5292x10" = 0.08957 wh lanlyzunm
W

N E= . |— £,= 8.854x107"

&V



. 2x0.0648
Emin = = = 16.65 kV/em
8.854x107° x52.8
2x0.08957
Emax = ) = 19.60 kV/em
8.854x107°x52.8

nRuN1y 3.4 2 ldunenlwinfasyinWwinalalou
vV = E x r2( E1 In(r3lr2) + Ezln(rzlI r1)
€,

01 E min = 16.65kV/cm
v (16.65)(103) (21) (8In 240+ In 210 )

210 1.90

511 kV

0N E max= 19.60 kV/cm
Vv

(19.14 x 107)  (2.1) (8In2.40 +In 2.10 )
2.10  1.90

5.87 kV

sntunen i fssrilwiAalalawsinifidnlasediindy 569 - 6.70
kv $ull lwnesnunsnilisoussuianasalalawianuunlwseisnase
usasuldaoud 0-6.00 kv, lanszinawareanindfunnadnasusiduWasunue 20-
100 kHz WadnwTunmlaloufiAnty

3.3 MIvonuuugadiaalaTe

wnraanuuureBianlasansanszuanuauiiy 2 T Swdnmsluns
ganuuufa  USnalelawesielddluanusdoaawailadusuenn st s
aanuuudnlasadadanlfuuuanin 2 Tu iwnzhmsldawuida € st muned

ve . I . b
wltfunuiisnalildsgusees Bz ldanusdoaswu Wi lwudastuidden
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3.4 n1Ia I ImuNaula
WienC 13BaalaInc,,.C,

c,= 29€, = 29x8x8.854x10 " x 22x10°
Tingromt) In(2.10/1.90)
= 9.3383x10 " F
c,= 29€,l = 29x1x8.854x10 " 21 x10 *
In(rar2) In(2.4/2.1)
= 75787 x 10 F
¢ 121 = 7.0008x10 ' F
WIHIUIUTELINGNI
V = 4ANBm ; N, = V
4fABm
= 155
(4 x50x10° x4x10 © x0.3)
= 6.458 38U
\Renly N, = 7981
N N, = V,
N, v,
N, = V, xN,
Vi
= 5870x7
155
= 266.1 381
Ranly N, = 265 181
Ratio (a) = 2657
= 37.85
m {(secondary) = V{sec)

Xc



5870
(1/(29fC))
= 5870

(1129 x50x10° x 7.0098x10 )
01292 A

i}

al(sec)
37.85 x 0.1292
489 A

w1 a * I{primary)

H

TN TR W AT (LE LA IR BITARI NI F R
Primary U8z Secondary & lapi&antwuia 450 circulamil / 1 A 9zl6f

Y4 primary 3zl 450 x 4.89 = 2200.5 circulamil

vufludadiwas a=l6 22005 x 5068 x 10 = 1.1152 mm”
ARanltaaansduasfingen 4 1fu 2 10( emeduaaLaize x 4 16w )

N secondary az1e 450 x 0.1292 = 58.14 circulamil

vufudsfwas w:1d 5814 x5.068x 10° = 0.0295 mm”
~Ranltaiansauasdinden 2 1w 218 sanesuaauaiag x 2 16w )
Renlfunuivailse EEBO / 80

3.5 MsaTedyana PDM 910 TL494

L i A or A d'
219 1L 494 danilsahadadaium 5 kHz  floudfian feedback PWM
_ I S 4 o v d
comparator input YB4TL 494 @afinila e ludanugUaaueaumdsunisluaaTL 494 daaes
Taoag 19 TL 494 driaeaiawadniunge 50 kHz eenundgygnmi IR dudygaiiasna
T ] . o wod A o — 1
widludag  mum duty ratio yBsFaRIUYRS TL 494 Anilsdaygafioonuezaglugtiuy

. . o ar A r 7] [
Pulse Density Modulation TaoSwamweswad lunilsranagunsnangula laomsd$us duty

, v d
ratio Y0ITL494 ANl

¥ v
L

a g & P A
Taslumsi Tsadasafivzauquasimluniagunalvilsnougiladu

iy 10 gnaau
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1. poRdalaflal wuddines 1 a2
2. IWTu *10 URz*100 pHNaR: 1 A7
3. fnanlnfdined 16
4 . undsinounentivald 167
4.1.2 MINARITARYYIWTU TL494
\lum a8y Pulse Density Modulation 91N2397 TL494 $1uou 2
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Generator at 5 kHz
Scope?
N —
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Pulse Operator
Generator at 50 kHz Scopet
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DC 01 DC 101
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Trace2::P-P  13.20V Rms:  B8.120V ‘Avg  5.544v
i Freq 101.0kHz: £SO SO OO SO O
CH1
[ CH_Position To Position
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TOSHIBA

| LP25U(INV)

TOSHIBA PHOTOCOUPLER GaAlAs IRED & PHOTO-IC

TLP250(INV)

TRANSISTOR INVERTER o
INVERTERS FOR AIR CONDITIONER s 7 6 s
IGBT GATE DRIVE g
POWER MOS FET GATE DRIVE ﬂ
TEIT

The TOSHIBA TLP250(INV) consists of a GaAlAs light emitting diode and a 12
integrated photodetector.

This unit is 8-lead DIP.

TLP250({INV) is suitable for gate driving circuit of IGBT or power MOS FET.

782 +0.25

—

&
v
® input Threshold Current D IEEEMA(MAX) |3 1
® Supply Curent(ICC) - 11mA(MAX) §
® Supply Voitage(VCC) : 10~35V 254 £0.25 o
® Qutput Current{lO} ;22 DA(MAX)
® Switching Time(tpLH/ApHL) : 0.5ps{MAX)
@ |[solation Voltage 1 2500Vrms 1ece
e UL Becognized 1 UL1577 File No.E67349 TOSHIBA 11-10C4
® Option(D4) Weight: 0.54 g
VDE Approved : DIN VDE0B84/06.52 Ceriificate No.76823
Maximum Operating Insulation Voltage : 630V«
Highest Permissible Over Voltage : 4000V
(Note):When a VDEOB84 approved type is needed,
Piease designate the “Option{D4)”
® (reepage Distance : 6.4mm(MIN)
Clearance : 6.4mm({MIN}
TRUTH TABLE PIN CONFIGURATION(TOP VIEW)
1:N.C.
S 1 q 8 2 AnoDE
G :l 5 3:CATHQDE
oN | on | OFF “Hix 4NC.
INPUT LED 30 > g SGND
OFF | OFF | ON 6:VO{QUTPUT)
4l N 7VO
8:vCC
SCHEMATIC
ll;
2+
v ¥
3-

A D.1uF bypass capacitor rmust be

Connecled between pin 8 and 5(See Naote 5).



MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL | RATING | UNIT
Forward Current I¢ 20 mA
Farward Current Derating (Ta270°C) Alg ATa -3.36 mA /°C
@ fPeak Transient Forward Current (ote 1)) teer 1
Reverse Voltage VR ]
Junction Temperature Ti 125 G
gﬂl;?taéunent :,a:,szs : f51_5 e lopn ——”_1_1 ° A
Ous , <15 kHz 2.0
(Note 2)
“L" Peak PW=2 5us | 15 kHz \ +15 A
Qutput Current Pwe=t Ops , 1515 kHz o +2.0
5 {Tas70°C) 35
5 | Output Voltage Vo v
w (Ta=B5°C) 24
Ll
e Supply Voltage (Tas70°0) Ve 3 v
{Ta=85°C) 24
Output Voltage Derating (Ta=70°C) AV /ATa -0.73 VPG
Supply Voliage Derating (Ta270"C) AVeo /ATa -0.73 VG
Junction Temperature Ti 125 °C
Operating Frequency {Note 3) f 25 kHz
Operating Temperature Range Tepr ~-20~-85 *C
Storage Temperature Range Tag -55~125 °C
Lead Saldering Temperature(10s) Tsa 260 °C
Isolation Voitage (AC,1min., R.H. =60% Ta=25"C) {Note 4} BVs 2500 Vrms

(Note 1) : Pulse width PW=<1us,300pps

(Note 2) : Exporenential Waveform

{Note 3) : Exporenential Waveform  lopns~1.0A (s2.5us) , lop5+1.0A (52.5ps)

(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(D.1uF) should be connected from pin 8 to pin 3 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
Input Current, ON I jomy 7 8 10 mA
Input Voltage, OFF Ve o¢F) 0 — 0.8 v
Supply Voltage Vee 15 | — | 30 ] 20 v
Peak Cutput Current lopn / lopy — — +0.5
Operating Temperature Teor 26 | 25 70 [ 85 G




TOSHIBA | LPZ5U{INY)

ELECTRICAL CHARACTERISTICS (Ta = -20~70°C,Unless otherwise specified)

T
CHARACTERISTIC 3YMBOL CIF:E(:SILT TEST CONDITION MiIN TYP. | MAX | UNIT
Input Forward Voliage VE — Ir= 10 mA, Ta=25°C — 1.6 1.8 v
Temperature Coefficient of AV /ATa _ I = 10 mA _ 20 ___ mv 1°C
Forward Voltage
input Reverse Current Ir — VrR=5V, Ta=25C — — 10 HA
Input Capacitance Cr — V=01=1MHz Ta=25C — 45 250 pF
gy IF =10 mA _ _
H” Level lopH 2 VCC =30V V&-a =4V 1.0 15 —
Qutput Current A
T ('1) g =
L" Level lopL 1 Veszasv | 10 2 —
Voot = H15 W
*H" Level Vou 3 VEE1 =-15Y 11 128 —_
RL = 2000, IF =5 mA
Qutpul Voltage v
Vee1 =+15Y
“L" Level Voo 4 VEE‘i =-15V —_ -14.2 -12.5
R, =20000, Ve = 08BV
Ir =10 mA _ 7 .
‘H” Level boon — Ta = 25°C mA
lr=10mA — _— 11
Supply Current Vec =30V
Ir= 0 mA _ 75 i
“L" Level fceL — Ta =25°C . mA
Ir=0mA — — 11
Threshold Input Vo1 =+15 V
corent 1P L-H len Vee: = =15V — | 12 5 mA
L= 2000, Vo > OV
Threshold Input Veer =+15V
Voltage P H L VenL Veey =-15 V 0.8 — — v
R, =2000, Vo <0V
Supply Voltage Vee — — 10 — a5 v
Capacitance (Input-Output) Cs — Vg=0,f=1 MHz Ta=25°C — 1.0 20 pF
: . Vs =500 V, Ta = 25°C 12 14
Resistance {Input-Cutput) Rs —_ R H.$60% =10 10 — 0

(") : Alttypical values are at Ta=25°C
{*1) : Duration of 1Q time < 50us



TOSHIBA TLP250(INV)

SWITCHING CHARACTERISTICS (Ta = -20~70°C,Unless otherwise specified)

TEST

CHARACTERISTIC SYMBOL CIRCUIT TEST CONDITION MIN TYP, | MAX | UNIT
Propagation L—H toer 005 | 045 | 05
Detay Time H L o 0.05 0.15 0.5
'F =8 mA,
Switching Time Dispersion
[tpHL-tpLH| 5 Vee =15V s —_ 0.45 T3

between ON and OFF
RL = 200, CL =10nf

Output Rise Time t — —
Qutput Fall Time b — —
Common Mode Transient M Veu = 1000 V, s = 8 mA 15000 _ _ Vs
Immunity at High Level Cutput ] Vee =30V, Ta=25°C
Common Mode Transient M. Vow= 1000 V, iz = 0mA 15000 _ _ Vs
Immunity at Low Level Qutput Vee =30V, ¥ = 25°C

Fig.1 lop. TEST CIRCUIT Fig.2 lopy TEST CIRCUIT

L :

I 1 LT

[) S0.1pA =
V Vee
= Vee CZ 3,_®__I &8

Fig.4 VoL TEST CIRCUIT

VoL

10
I T otua | Veer
VF
L g
4

T Veg




TOSHIBA TLP250(INV)

Fig.5 tpLM. tpHL. tr. tf TEST CIRCUIT

1 8
IF E ]ITJMF iF ‘
o—-—| :] ’ —>trE~— -jtfé—
RL CL 5 Ve 90%
. [ Vo 50%
5 —_— 10%
tpiH tpHL

Fig.6 CMy, CM, TEST CIRCUIT

8
O 19
SW IF, 31

§r . 0.1yF chc
LT P v
4C

T
V
arem
N
Ve i 1000V
10%
o e
SW : A(IF=8mA) oM CM,, = 800{V)
H S
Vo N3 VAl 26V ps)
800(V)
SW : B{IF=0mA)} CML  ¢cmMm,. =

t(us)

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.



TOSHIBA | LFZ5U(INV)

RESTRICTIONS ON PRODUCT USE I

« 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 vuinerability ta 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, hodily 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 custormer's own risk.

e (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 parttes which may result from its use. No license is granted by implication or otherwise under
any intellectual property or other rights of TOSHIBA CORPORATION or others.

» The information contained herein is subject to change without notice.
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SEMICONDUCTOR ™
Data Sheet

5.6A, 100V, 0.540 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 MOSFETs are designed for applications such
as swilching 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 direcly from integrated
Circuits.

Formerly developmental type TA17441.

IRF510

January 2002

Features

* 5.6A, 100V

* rps(oNn) = 0.540Q

* Single Pulse Avalanche Energy Rated
* SOA is Power Dissipation Limited

* Nanosecond Swilching Speeds

= Linear Transfer Characteristics

= High Input impedance

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

Ordering information Symbol
PART NUMBER PACKAGE BRAND - D
IRF510 TO-220AB IRF510
NOTE: When ordering, include the entire part number.
G
5
Packaging
JEDEC TO-220AB
SOURCE
DRAIN
GATE

e

DRAIN (FLANGE)

22002 Fairchild Semiconductor Gorporalion

IRF510 Rev. B



IRF510

Absolute Maximum Ratings T = 25°C, Unless Otherwise Spacitied

IRF510 UNITS

Drainto Source Voltage (Note 1) . . . ... e Vps 100 v
Drain to Gate Voltage (Rgg = 20kED (Nota 1) . ... ... ... . . VpGR 100 v
Continuous Drain Current . .. .. ... ... Io 56 A

Te=1000C o 4 A
Puised Orain Current(Note 3) .. . ... ... ... e Inm 20 A
Gateto Source Volage . .. ... .. ... e Vas +20 v
Maximum Power Dissipation .. ... ... ... L Pp 43 W
Lingar Darating FActOr . . .. ... . ..o e 0.29 w/oC
Single Pulse Avalanche Energy Rating (Note 4) .. ... .. ... . ... ... .. ... .. ... . . ... Eas 19 mJ
Operating and Storage Temperature Range ... .. ... ... T,.TsTg -55t6 175 °c
Maximum Temperature for Soldering

Leads at 0.063in (1.6mm)from Case for 10s. .. .. ... ... . . .. . . . ... L. i T 300 °c

Package Body for 10s, See Techbriet 334 . . . .. ... Tpkg 260 °c

CAUTION: Siresses above thaose listed in “Absolute Maximum HRalings™ may cause permancnl damage to the device. This is a stress only rating and operalion of the
device at thesc or any other conditions above those indicaled in the operational seclions of this specification is not implicd.

NQTE:
1. Ty =259C 10 150°C.

Electrical Specifications T; - 25°C, Unless Qtherwise Specitiad

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Drain to Seurce Breakdown Voltage BVpss | Vgg = 0OV, Ip = 250pA, {Figure 10) 100 - - v
Gane to Threshotd Voliage Ves(TH) 1 Ves = Vos, Ip = 250pA 2.0 - 4.0 v
Zarp-Gate Vohage Drain Current inss Vpg =95V, Vgg = 0V - - 25 RA
Vpg = 0.8 x Rated BVpgg, Vg =0V, T = 150°C - - 250 HA
On-State Drain Current {Nota 2) ID(ON) Vpg > ID[ON) x TDS{ONJMAX - Vgg =10V (Figure 7) 5.6 - - A
Gate 1o Source Leakage Current lgss Vgg = 120V - - +100 nA
Drain to Saurce On Resistance (Nota 2} | rpgony | Vas = 10V, Ip = 3.4A [Figures 8, 9) - 0.4 054 Q
Forward Transconductance {Mote 2) Ois Vas = 50V, Ip = 3.4A (Figure 12) 13 20 - s _
Tum-On Delay Time taoN) Ip = 5.6A, Rgg = 240, Vpp = 50V, R = 91}, - 8 12 ns
Rise Time 1y Vpp = 50V, \_JGS_ = 1.0\’ _ - 25 63 ns
- — MOSFET switching times are essentially indapendent
| Turn-Off Delay Time 3(OFF) | of operating temperature - 15 7 ns
Falt Time ¥ - 12 | 69 ns |
Total Gate Charge Qqrory | Vas = 10V, Ip = 5.6A, Vps = 0.8 x Raled BVpgs, - 5.0 30 nC
(Gate to Source + Gate to Drain} Ig(REF) = 1.5mA (Figure 14)
&19 to Source Charge Qgsn_ Gate charge is essentially independent of operating R 20 _ nC
———{ temperature.
Gate to Drain “Miller” Charge Qg - 3.0 - nC
Input Capacitance Cigsg Vgg = 0V, Vpg = 25V, 1 = 1. OMHz (Figure 11} - 136 - pF
Output Capacitance Cosyg - 80 - pF
Reverse-Transter Capacitance Cass - 20 - pF
internai Drain inductance Lp Measured From the Modified MOSFET - 35 - nH
Contact Screw OnTab To | Symbol Showing the
Center of Dia internal Devices
Measured From the Drain | ductances - 4.5 - nH
Lead, 6mm {0.25in) From
Package 1o Center ot Die
Imernal Source Induclance Ls Measured From The - 7.5 nH
Source Lead, 6mm
(0.25in) From Header to
Source Bonding Pad
Junction 1o Case Rauc - - 35 | “cw
Junction 1o Ambient Raua Free air operation - - B0 T Bcw

©2002 Fairchild Semicenducior Corporation iIAF510 Rav. B
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Source to Drain Diode Specifications

[ PARAMETER SYMBOL Test Conditions MIN | TYP | MAX | UNITS
Continuous Source fo Drain Curent Isp Medifiad MOSFET D - - 5.6 A
. Symbol Showing the X - 20 A

Pulse Source to Drain Current tsomM Integral Reverse

(Note 3) P-N Junction Diode G

S
Source to Drain Diede Voltage (Note 2) Vgp T, = 25°C, Igp = 5.6A, Vgg = OV {Figure 13) - - 25 v
Reverse Recovery Time r T, = 25°C, Igp = 5.6A, digp/d; = 100A/us 4.6 96 200 ns
—

Reverse Recovered Charge QpR T,=25°C, \gpn = 5.6A, digp/d; = 100A/Mus 017 ; G4 0.83 uc
NOTES:

2. Pulse test: pulse width < 300is, duty cycle < 2%.
3. Rapetifive rating: pulse width limited by max junction temperature. See Transient Thermal Impedance curve (Figure 3).
4 Vpp =25V, stan T = 25°C, L= 910pH, Rg = 2502, peak lag = 5.6A.

Typical Performance CUrves uniess Otherwise Specified

12 10
&
3 10 -
& Z°
H =
2 os &
[
3 N £
2 os aN SR —
E 0.
4 . z
g : -
= 04 a
z N I
5 N 2 ~]
0.2
a ™
0 [+]
1] 25 50 75 100 125 150 175 28 50 78 b 1] 125 150 175
T, CASETEMPERATURE (QC) Tc, CASE TEMPERATURE (OC)
FIGURE 1. NORMALIZED POWER DISSIPATION vs CASE FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs
TEMPERATURE CASE TEMPERATURE
10 =
1 ]_L — 17
g | 1)
I‘E e, 0.5
] 1
(5] 3 =
% Z ' 0.2 § = 1_ E
z 3 LN - H
< W 4 Pou [
E S 0.05 I
0.02
£ SINGLE PULSE 3
z NOTES: 1
DUTY FACTOR: D=ty |
PEAKT = Ppu ¥ Zyc+ T
.01 Lhhan i L 1) 1iiy
105 104 102 102 0.1 1 10

t;, RECTANGULAR PULSE DURATION (S)

FIGURE 3. MAXIMUM TRANSIENT THERMAL IMPEDANCE
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Typlcal Performance Curves uniess Otherwise Specitied {Continued)

100
OPERATION INTHIS
REGION IS LINITED
BY rpgoN)
. ! - 10us
« 11 b
g y 4 - M
E w0 ks = 1008
]
x -
a 1ms
z 4
o
T 1 a
[=1
=]
= Tc= 5%
Ty=175%
SINGLE PULSE
0.1
1 10 102 108

Vog, DRAIN TO SCURCE VOLTAGE (V)

FIGURE 4. FORWARD BIAS SAFE OPERATING AREA

10
PULSE DURATION = 80ys :
DUTY CYCLE = 0.5% MAX —— Vas = 10V
- B s i
o
E A VGS = BV o
£ S .
g -~ _
o Vgg =7V
Z 4
g
& Vgs = 6V ==
=z ! '
Vgg = 5V
Vas = 4V
o
0 2 a 6 8 10

Vps, DRAIN TO SCUACE VOLTAGE (V)

FIGURE 6. SATURATION CHARACTERISTICS

PULSE DURATION = 80us
FDUTY CYCLE = 0.5% MAX

Vgg = 10V

Vg = 20V

erN}, DRAINTO SOURCE
ON RESISTANCE ()

0 1 8 12 16 20
Ip, DRAIN CURRENT {A)

FIGURE 8. DRAINTO SOURCE ON RESISTANCE vs GATE
VOLTAGE AND DRASN CURRENT

NORMALIZED ON RES!STANCE

ip. DRAIN CURRENT (A)

Ip(ony). ON-STATE DRAIN CURRENT (A)

10
| | Vg = 10V
PULSE DURATION = 805
8 I DUTY CYCLE = 0.5% MAX
Vgs = 8v
-
; 1
Vgs =1V —
" —
k Vgg =6V —
2 ] |
Vgs =5V
o Vgg =4V
0 10 20 30 a0 50

V¥ps, DRAIN TO SOURCE VOLTAGE (V)

FIGURE 5. OUTPUT CHARACTERISTICS

10

Vpg 2 50V
- PULSE DURATIKON = BQpse
| DUTY CYCLE = 8.5% MAX

T, =175

0.1 /

N

0 2 a 5 8 10
Vg5, GATE TO SOURCE VOLTAGE (V)

FIGURE 7. TRANSFER CHARACTERISTICS

W————

Ip = 3.4A,Vgg = 10V

PULSE DURATION = 8us

DUTY GYCLE = 0.5% MAX
24 ~

s
18
.,
,

12 ——
0.6

0
60 40 20 ¢ 20 40 60 B0 100 120 140 160 180
T, JUNCTION TEMPERATURE {°C)

FIGURE 9. NORMALIZED DRAINTO SOURCE ON
RESISTANCE vs JUNCTION TEMPERATURE

€2002 Fairchild Semiconducter Corporation
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Typical Performance CUrves uniess Otherwise Specitied {Continued)

125

-
-
[1.]

NORMALIZED DRAIN TG SOURCE
BREAKDOWN VOLTAGE
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-
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e
i
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0.85

Ip = 250pA
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<20 0 20 40 60 BO 100 120 140 160 180
T4, JUNCTION TEMPE RATURE [°C)

FIGURE 10. NORMALIZED DRAINTO SOURCE BREAKDOWN
VOLTAGE vs JUNCTICN TEMPERATURE
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FIGURE 12. TRANSCONDUCTANCE vs DRAIN CURRENT

Vgs, GATE TO SOURCE VOLTAGE (V)

20

16
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500

PCBS=CGS*‘CGD

Vgg =0V, 1= 1MHz

. 00} Cpgs = Cgp
‘ué | Cass = Cps + Cap
8
E 300
g AN
2 200 Ciss e
o . HHH
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1 2 5 10 2 5 102

Vps. DRAIN TO SOUACE VOLTAGE (V)

FIGURE 11. CAPACITANCE vs DRAINTO SOURCE VOLTAGE
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FIGURE 13, SOURCE TO DRAIN DIODE VOLTAGE

Ip= I3.4A l !
Vg = 80V
Vps = S0V ‘.-\J
Vpg = 20V “--}d S
s
7
[
v
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FIGURE 14. GATE TO SOURCE VOLTAGE vs GATE CHARGE
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Test Circuits and Waveforms

Vps

T e

L

VARY tp TO OBTAIN
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|
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|
— |
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0.010
I *M—J'

. —

FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT

RL
+
Ag = Voo
DuT
Vas ;
FIGURE 17. SWITCHING TIME TEST CIRCUIT
Vps
——0 (ISOLATED
CURRENT
REGULATOH SUPPLY)
SAME TYPE
AS DUT

—»
‘ I(REF) .
0 —AAA—-—AAA—C Vg
ig CURRENT —— Ip CURRENT

SAMPLING ~—  SAMPLING
RESISTOR RESISTOR

FIGURE 19. GATE CHARGE TEST CIARCUIT

BVpss
le—  tp —e
Vos
las /
—— VoD

FIGURE 16. UNCLAMPED ENERGY WAVEFORMS
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— td(ON) -l ""-)'td(OFF)
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FIGURE 18. RESISTIVE SWITCHING WAVEFORMS
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FIGURE 20. GATE CHARGE WAVEFORM
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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™ SMARTSTART™  VCX™
Bottomless™ FASTI™ OPTOPLANAR™ STAR'POWER™
CoolFET™ FRFET™ PACMAN™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSQOT™-3
DenseTrench™ GTO™ Power247™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench® SuperSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
E2CMOS™ LittleFET ™ Qs™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™  TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWRE ™ SILENTSWITCHER®  UraFET®

STAR*POWER is used under license
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TC IMPRCVE 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 GRITICAL COMPONENTS N 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
systems which, {a) are intended for surgical implant into
the body, or (b) support or sustain life, or (c) whose
failure to perform when properly used in accordance
with instrudtions for use provided in the labeling, can be
reascnably expected to result in significant injury to the
user.

PRODUCT STATUS DEFINITIONS

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

effectiveness,

Definition of Terms

Datasheet ldentification 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 Serniconductor reserves the right to make
changes at any lime without notice in order to improve

design.

No Identification Needed Full Production This datasheet cantains final specifications. Fairchiid
Semiconductor reserves the right to make changes at

any time without notice in order to improve design.

Obsolete Nat In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor,

The datasheet is printed for reference information only.

Rev. H4
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IRFP450

N-CHANNEL 500V - 0.31Q - 14A TO-247

PowerMesh™|[| MOSFET

TYPE Vpss Roson} o

IRFP450 500v <0.380 14 A

s TYPICAL Rpgfon) = 0.31Q

= EXTREMELY HIGH dv/dt CAPABILITY
= 100% AVALANCHE TESTED

» NEW HIGH VOLTAGE BENCHMARK
= GATE CHARGE MINIMIZED

DESCRIPTION

The PowerMESH™H is the evolution of the first
generation of MESH OVERLAY ™. The layout re-
finements introduced greatly improve the Ron*area
figure of merit while keeping the device at the lead-
ing edge for what concerns switching speed, gate
charge and ruggedness.

APPLICATIONS
« SWITCH MODE POWER SUPPLIES (SMPS)

» HIGH CURRENT, HIGH SPEED SWITCHING

« DC-AC CONVERTERS FOR WELDING
EQUIPMENT AND UNINTERRUPTIBLE
POWER SUPPLIES AND MOTOR DRIVE

ABSOLUTE MAXIMUM RATINGS

INTERNAL SCHEMATIC DIAGRAM

2023

o
61

33

SC06140

Symbol Parameter Vaiue Unit
Vpsg Drain-source Voltage (Vgg = 0) 500 vV
Vpor Drain-gate Voltage (Rgg = 20 kil} 500 v
Vgs Gate- source Voltage +30 Y
b Drain Current (continuas) at Tg = 25°C 14 A
Io Drain Current (continuas) at Te = 100°C 8.7 A
lom (@) Drain Current (pulsed} 56 A
Pror Total Dissipation at T¢ = 25°C 190 w
Derating Factor 1.5 WreC
dv/di(1) Peak Diode Recovery voltage slope 3.5 Vins
Tstg Storage Temperature —65 to 150 *C
T Max. Operaling Junction Temperature 150 *C
{*)Pulse width limited by safe operating area (1)isp <14A, difdt <100A/us, Voo € Visrynss. Tj < Timax.
May 2001 1/8
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THERMAL DATA

Rthjcase | Thermal Resistance Junction-case Max (.66 “CIW
Rthj-amb | Thermat Resistance Junction-ambient Max 30 °CIwW
T Maximum Lead Temperature For Soldering Purpose 300 °C
AVALANCHE CHARACTERISTICS
Symbol Parameter Max Value Unit
| Avalanche Current, Repetitive or Not-Repetitive 14 A
AR {pulse width limited by T; max)
Single Pulise Avalanche Energy
Eas {starting T;= 25 °C, Ip = taR, Vpp = 50 V) 800 m
ELECTRICAL CHARACTERISTICS (TCASE = 25 °C UNLESS OTHERWISE SPECIFIED)
OFF
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Drain-source - -
ViBRiDSS | Breakdown Vollage Ip = 250 WA. Vgs = 0 500 v
Ioss Zero Gate Voitage Vps = Max Rating 1 PA
Drain Current (Vgs = 0) Vps = Max Rating, Tc = 125 °C 50 WA
Gate-body Leakage _
|GSS Cuﬂ'ent (VDS = O)‘ VGS - :I:30V 1100 nA
ON (1}
Symbhaoi Parameter Test Conditions Min. Typ. Max. Unit
Vas(th) Gate Threshold Voltage Vbs = Vis, Ip = 250 uA 2 3 4 v
R Static Drain-source On Vgs = 10V Ip = 7A 0.31 0.38 Q
DS(on} | Resistance
DYNAMIC
Symbol Parameter Test Conditions Min. Typ- Max. Unit
O Forward Transconductance J\;D;;\imn") X Ros(emmax, 13 s
Ciss Input Capacitance Vps = 25V, f= 1 MHz, Vgs =0 2000 pF
Coss Output Capacitance 300 pF
Reverse Transfer
Crss Capaciance 43 pF

218
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ELECTRICAL CHARACTERISTICS {CONTINUED)

SWITCHING ON
Symbol Parameter Test Conditions Min. Typ. Max. Unit
La(an) Turn-on Delay Time Vpp =250V, Ip = 7 A 20 ns
) i Rg =478, Vgs = 10V
L Rise Time {see tast circuit, Figure 3) 23 ns
Qq Totat Gate Charge Vpp =400V, Ip = 14 A, 75 g0 nC
Qgs Gale-Source Charge Vas =10V, Rg =4.74 10 nC
Qgd Gale-Drain Charge 38 nC
SWITCHING QOFF
Symbol Parameter Test Conditions Min. Typ. Max. Unit
trivor) Off-voitage Rise Time Vpp =400V, ip =14 A, 25 ns
R = 4.78), Vgs = 10V
t i Ti 30 ns
f Fall Time (see test circuit, Figure 5)
e Cross-over Time 62 ns
SOURCE DRAIN DIODE
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Isp Source-drain Current 14 A
Ispm (2} | Source-drain Current {puised) 56 A
Vso (1) Forward On Vollage lsp = 14 A, Vas =0 1.6 v
trr Reverse Recovery Time lsp = 14 A, difdt = 100A/ps, 670 ns
Vop = 100V, T; = 150°C
Q R R Cha J 7 C
i everse Recovery 9e (see test circuit, Figure 5) 6 H
iRRM Reverse Recovery Current 20 A
Note: 1. Pulsed: Pulse duration = 300 ps, duty cycle 1.5 %.
2. Pulse width limited by safe operating area.
Safe Operating Area Thermal impedance
GU1B4E0
N 0 5 s | e = = £ TSR £ 07 K = i~ T L —
folA) S ¢ o = 0.5 LT -
i ‘ 7 il Bt B E———— i I NN
. : . 10005 ] 0.2 1 ot z R
. ,iw—\‘ ; ; 1ms ‘ ; LR (. o ;
10 gkt N N ‘ I | 0. LAl
= ] ) - e L }
) Hilmw gl : pr1oms Jl 10 0.0 o *‘ S
g ol :
10° bttt L O SHIAA G0l l
S et i g il Zi =k Rinee
1 T i L W sivewe puse 6=t/
il . CHiETEE UL
1074 " - L e rer At ki
L T b | 11 R T
~'D.C._ OPERATIONiH il 1 s
T R i . ' :
N a L T Ot 0 A
10 2 468 2 468 2 2 4 68 V] (V _s —4 _3 a2
101 10° 10" (i 10 10 1077 10 1071 4, (s)
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Qutput Characteristics
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Transfer Characteristics
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Normalized Gate Thereshold Voltage vs Temp.
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Flg 1: Unclamped lnductlve Load Test Clrcmt
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Fig. 3: Switching Times Test Circuit For
Resistive Load

Fig. 5: Test Circuit For Inductive Load Switching
And Diode Recovery Times
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Flg 2: Unclamped Inductlve Waveform
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TO-247 MECHANICAL DATA

mm. inch
oM. MIN. TYP MAX. MIN. TYP. MAX.
A 4.85 5.15 0.19 0.20
D 2.20 2.60 0.08 0.10
E 0.40 0.80 0.015 0.03
F 1 1.40 0.04 0.05
F1 3 0.11
F2 0.07
F3 2.40 0.07 0.09
F4 3.40 0.1 0.13
G 10.90 0.43
H 15.45 16.75 0.60 0.62
L 19.85 20.15 0.78 0.79
L1 3.70 4.30 0.14 017
L2 18.50 0.72
L3 14.20 14.80 0.56 0.58
L4 34.60 1.36
L5 5.50 0.21
M 2 3 0.07 0.11
v 5 59
V2 60° 60°
Dia 3.55 365 0.14 0.143

7/8
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Information fumished is believed o be accurate and reliable. However, STMicroelectronics assumes no responsibitity for ine canseguences
of use of such infarmation nor for any infringement of patents or ather rights of third parlies wnich may result fram its use. No license s
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TL494, NCV494

SWITCHMODE™ Puilse Width
Modulation Control Circuit

The TL494 is a fixed frequency, puise width medulation control
circuit designed primarily for SWITCHMODE power supply control.

e Complete Pulse Width Modulation Controf Circuitry

& On—Chip Oscillator with Master or Slave Operation ON Semiconductor

® On—Chip Error Amplifiers

® On Chip 5.0 V Reference http:/fensemi.com

® Adjustable Deadtime Control MARKING

® Uncommitted Output Transistors Rated to 500 mA Source or Sink DIAGRAMS

¢ Output Control for Push—Pull or Single Ended Operation 16

® Undervoltage Lockout SO-16

& NCV Prefix for Automotive and Other Applications Requiring Site 16 @ D SUFFIX s
and Control Changes 1 CASE 7518

MAXIMUM RATINGS (Full operaiing ambiant temperature range applies,
uniless otherwise noted.)

Rating Symbol Value Unit 16
PDIP-16& -
Pawer Supply Voltage Veo 42 v N SUFFIX TLA4G4xN
CASE 648 a AWLY YWW
Coliector Output Voltage Vet 42 v
Vo 1
Collector Output Current ey 1go 500 mA 1
{Each lransistor} {Note 1) X =B,Corl
" 7 A = Assembly Location
Amplifier input Valtage Range Vir 0.310 +42 v WL.L = Water Lot
Power Dissipation @ Ta <45°C P 1000 mw YY, ¥ =Year
Thermal Resistance, Junclion—to-Ambient | Ry BO “CIW WW, W = Work Week
Operating Junction Temperature T 125 “C *This marking diagram also applies to NCV494.
Storage Temperature Range Teig -5510 +125 ] *C
Operating Ambient Temperature Range Ta “C ORDERING INFORMATION
TL494B -40to +125
TL454C 0 to +70 Device Package Shippingt
TL4S4I - 40 to +85 TL494BD 50-16 48 Units/Rail
NCV4948 ~-40 1o +125
: TL494BDR2 -16 2500 Tape & Reel
Dearating Ambient Temparature Ta 45 "C S0 ap e
1. Maximum thermal iimits must be observed. TL494CD 50-16 48 Units/Ra#
PIN CONNECTIONS TL494CDR2 S0-16 2500 Tape & Reel
Noniny Nariny TL4S4CN POIP-16 25 Units/Rail
Input E E] npin
Inv Iny TL494IN PDIP-16 25 Units/Rail
Input 2 15 Input
NCV494BDR2" 50-16 2500 Tape & Reel
Compen{PWN 3 E v
Comp nput E1 rel
Daadtime Cutput 1Far information on tape and reel specifications,
Controt L4 13 I(:umm including parl orientation and tape sizes, please
refer to our Tape and Reel Packaging Specification
cr[s] i2] vee Brochure, BRDBG11/D.
Ar 6] 1] c2 *NCV434: Ty = ~40°C, Trgh = +125°C.
Guaranteed by design. NCV prefix is for
Ground | 7 E & automotive and other applications requiring site
cila El £l and change control.

{Top View)

% Semconducior Components induslries, LLC, 2004 1 Pubilication Order Numbes:




TL494, NCV494

RECOMMENDED OPERATING CONDITIONS

Characteristics ] Symboi Min Typ Max Unit—!

Power Supply Voltage Vee 7.0 15 40 vV

Collector Output Valiage Ve1. Voo - a0 40 Y

Coltector Output Current (Each transistor} 1. lea - - 200 mA
Amplified Input Voitage Vin -0.3 - Veg— 20 Vv

Current Into Feedback Terminal Iy - - 0.3 mA
Reference Output Current fret - - 10 mA
Timing Resistor Rt 1.8 30 500 394
Timing Capacitor Ct 0.0047 0.001 10 uF
Osciltator Frequency fasc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vo = 15V, Cy = 0.01 uF, Ry = 12 KQ, unless otherwise noted.)
For typical values Tp = 25°C, for min/max values T, is the operating ambient temperature range that applies, unless otherwise noted.

]
Characteristics Symbal ] Min l Typ [ Max Unit |
REFERENCE SECTION

Reference Voltage (Ip = 1.0 mA) Vier 475 5.0 525 v

Line Regulation (Ve = 7.0V to 40 V) Regijine - 2.0 25 mV

Load Regulation (i = 1.0 mA to 10 mA) Regigad - 30 15 my

Shorl Circuit Qutput Cumrent (Vg = 0 V} Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current Icom - 20 100
Ve =40V, Ve =40V)

Emiiter Of-State Current IE(off) - - -100
Voo =40V, V=40V, Vg =0V)

Collector-Emitler Saturation Voltage (Note 2) v
Common-Emitter (Vg = 0V, Ig = 200 mA) Vsatc) - 1.1 1.3
Emitter-Follower (Vg = 15 V, I = ~200 mA) Vsat(E) - 1.5 25

Output Control Pin Current
Low State (Vo < 0.4 V) ‘OCL - 10 = nA
High State (Vpog = Vief) loch - 0.2 3.5 mA

Output Voltage Rise Time t ns
Common-Emitter (See Figure 12) - 100 200
Emitter-F ollower (See Figure 13) - 100 200

Output Vollage Fall Time & ns
Common-Emitter (See Figure 12) - 25 100
Emitier-Follower {See Figure 13} - 40 100

2. Low duty cycle pulse techniques are used during test o maintain junclion lemperalture as close to ambient terperature as possible.

http:fionsemi.com



TL494, NCV494

ELECTRICAL CHARACTERISTICS (Vo = 15V, C1 = 0.01 pF, Rt = 12 k&), unless otherwise nated.)

For typical values T4 = 25°C, for min/fmax values Ty is the operating ambient temperature range that applies, unless otherwise noted.

L Characteristics TSymbol T Min } Typ l Max t Unit
ERROR AMPLIFIER SECTION
Input Oftset Voltage (Vo (pin 3 = 2.5 V) Ve | - 2.0 10 v )
Input Offset Cutrent (Vg (pin3) = 2.5 V) ho - 50 250 nA
Input Bias Cunrent (Vg (pin 3) = 2.5 V) g - -0.1 -1.0
input Common Mode Voltage Range (Voo =40V, Ty = 25°C) Vicr -0.3ta vpe-2.0 v
Open Loop Voltage Gain (AVg =30V, Vp =05V 1025V, R =20 kL) AvoL 70 95 - dB
Unity—Gain Crossover Frequency (Vo =05V to 35V, R =20 k) feo - 350 - kHz
Phase Margin at Unity-Gain (Vo =05V t0 3.5V, R = 2.0 k&) 1), - 65 - deg.
Common Mode Rejection Ratio (Vg = 40 V) . CMRR 65 a0 - d8
Power Supply Rejection Ratio (AVpce =33V Vg =25 V,iRL =2.0kQ) PSRR - 100 - L
Qutput Sink Current (Vo (pin 3y = 0.7 V) lo- 0.3 07 - mA
Output Source Current (Vo (pin 33 = 3.5 V) o+ 20 -4.0 - mA
PWM COMPARATOR SECTION (Testi Circuit Figure 11)
Input Thresheid Voltage {Zero Duty Cycle) VTH - 25 45 v
Input Sink Current Mipin 3)= 0.7 V) I 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vi 4 = 0 V to 5.25 V) iBony | - 2.0 -10 LA
Maximum Duty Cycle, Each Quiput, Push*F-’-uII Mode DCmax %
(VPina =0V, Gy = Q01 uF, Ry = 12 k§2} 45 48 50
(VP4 = 0V, Cy = 0001 pF, Ry = 30 kQ) - 45 50
input Threshold Voltage (Pin 4) Vib v
(Zero Duty Cycle) 2.8 33
(Maximum Duty Cycie) - -
OSCILLATOR BECTION
Frequency (Cy = 0.001 uF, Ry = 30 ki) fosc - 40 - kHz
LStandard Deviation of Frequency” (Cy = 0.001 uF, Ry = 30 £Q) (4 P - 3.0 - %
Frequency Change with Voltage (Vg = 7.0 V1o 40 V, T, = 25°C) Afgse (AV) - 0.1 - %
Frequency Change with Temperature (ATx - Tiow t© Thigh) Algse (AT) - - 12 %
{CT=0.01pF, Ry =12 k)
UNDERVOLTAGE LOCKOUT SECTION
LTurn—On Threshold (Ve increasing, |es = 10 mA) Vi 55 6.43 7.0 | v
TOTAL DEVICE
Standby Supply Current (Pin 6 al Vg4, All other inputs and outpuis opan} lee mA
{Vcc = 15V) - 55 10
{Vcc =40 V) - 7.0 15
Average Supply Current mA
{Cr=001pF, Rr =12 kQ, Vipin 4y = 20 V) - 70 ~
(Vce = 15 V) (See Figure 12)

" Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, o

http://fonsemi.com
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APPLICATIONS INFORMATION

Description

The TL494 is a fixed—frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (See
Figure 1.} An internal-linear sawtooth oscillator is
frequency-- programmable by two external components, Ry
and Cy. The approximate oscillator frequency is determined

by:

1.1
RresCr

fOSC -
For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Cr to either of two control signals. The NOR gates,
which drive output transistors Q1 and Q2, are enabled only
when the flip—flop clock—input line is in its low state. This
happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therefore, an
increase in control—signal amplitude causes a corresponding
lincar decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offyer which limits the minimum
output deadtime to approximately the first 4% of the
sawtooth—cycle time. This would result in a maximum duty
cyele on a given output of 96% with the output control
grounded, and 48% with it connected to the reference line,
Additional dcadtime may be imposed on the output by
setting the deadtime—control input to a fixed voltage,
ranging between 0 Vo 3.3 V.

Functional Tahle

Input/Output . fout
Controls Output Function Toee =
Grounded | Single—ended PWM @ Q1and Q2| 1.0

@ Vier Push-pull Qperation 05

The puise width modulator comparator provides a means
for the crror amplifiers to adjust the output pulse width from
the maximum percent on—time, established by the dcadtime
control input, down to zero, as the voliage at the feedback
pin varies from 0.5 V to 3.5 V. Both error amplificrs have a

common mode input range from -0.3 V to (Ve —2V), and
may be used to sense power—supply output voltage and
current, The error—amplifier outputs are active high and are
ORed together at the noninverting input of the pulse~width
modulator comparator. With this eonfiguration, the
amplitier that demands minimum output on timc, dominates
control of the loop.

When capacitor Cp is discharged, a positive pulse is
gencrated on the output of the deadtime comparator, which
clocks the pulse—steering flip—flop and inhibits the output
transistors, Q1 and Q2. With the outpui-—control connected
to the reference line, the pulse—steering flip—flop directs the
modulated pulses to each of the two output transistors
alternately for push—pull operation. The output frequency is
equal to half that of the oseillator. Qutput dnive can also be
taken from QI or Q2, when singlc—endcd operation with a
maximum on-time of less than 50% is requircd. This is
desirable when the output transformer has a ningback
winding with a catch diode used for snubbing. When higher
output—drive currents are required for single—ended
operation, Q1 and Q2 may be connected in parallel, and the
output—made pin must be tied to ground to disable the
flip—flop. The output frequency will now be equal to that of
the oscillator.

The TL494 has an internat 5.0 V refercnee capable of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of * 5.0%
with a typical thermal drift of less than 50 mV over an
operating temperature range of 0° to 70°C,

500 k— —
| I I | L

¥ - T
& Cr - 0.001 pF {Hf- Voo =15V
gﬂm Ll
= C —
e .
[«
[T
[«
S 0.0% uF
= 10k :“ P
S L. ui It
o £>
a 8.1 uF N L
B0k s N

- ] e s i 1

500
10k 20k 50k 10k 20k 50k 100k 200k 500K 10M
Ry TIMING RESISTANCE (<)

Figure 3. Oscillator Frequency versus
Timing Resistance
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Output Saturation Voltage versus
Collector Current
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Figure 10. Error-Amplifier Characteristics
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Figure 12. Common—Emitter Configuration

Test Circuit and Waveform

TL494, NCV494
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Figure 11. Deadtime and Feedback Control Circuit
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Viet
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+Vin = 8.0V to 20V
O
129 +Vp =28V
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+ Vee J\/v:j—— Ty 0
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™ 32 L k
33k _— +]
3 Gump TL494 iai-i 1~ 50
+
001 0.017 5 35V
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Figure 20. Pulse Width Modulated Push—Pull Converter
Test Conditions Results
Line Regutatian Vin =10V 10 40V 14mV 0.28% L1-35mH@03A
- ’ T1 - Primary: 20T C.T. ¥28 AWG
Load Regulation Vin=28V,lp=10mAto 1.0A | 3.0mV 0.06% Secondary 120T C.T. #36 AWG

Output Ripple

Vin=28V,Ig=10A

65mV pp PARD,

Shart Circuit Gurrent

Vin=28V,R =018

16A

Efficiency

Vin:28v,|o=1DA

T1%
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1.0mH @ 2A
Wi = 10VI0 40V Tip 324 — Wp =50V
L O
N/ In=104
. AP e
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47k
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Figure 21. Pulse Width Modulated Step~Down Converter

Test Conditions Results
Line Regulation Vin=8.0Vic40V 30mv 0.01%
Load Regulation Vin = 126 V. Ig = 0.2 mA 10 200 mA 50mv  0.02%
Output Ripple Vin= 128V, lg =200 mA 40 mV pp PARD.
Shaort Circult Current Vin=1268V, R =0.1Q 250 mA
Efficiency 72%

Vip = 126V, Ig = 200 mA
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PACKAGE DIMENSIONS
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NOTES
. DIMENSIONING AND TOLERANCING PER ANSI

¥14.5M, 1982,

2. CONTROLLING DIMENSION: INCH.

3. DIMENSION L YO CENTER OF LEADS WHEN
FORMED PARALLEL.

4. DINENSION 8 DOES NCT INCLUDE MOLD FLASH,

5. AOUNDED CORNERS OFTIONAL.

[ mcues | wnumseTens
L oM w7 WAT | s | max
A [o740 [ o770 | i880 | 1955
| B [ o260 | 0070 | 635 | €85
€ [ouds | 0475 | 369 | ade
D | oms |om: | nas | vsa
F 0.040 0.70 102 1.17
G | 0100BSC 2.54 BSC;
"W 1 pososc 1.97 BSC
i Toms [ oms | 021 | 38
K 0110 | 0130 280 330
L J 025 | 0305 | 750 | 774
I'_ " we | 8=] 1w°
5 | oo | oo | o651 | 1M

NDTES
. DIMENSIONING AND TOLERANCING PER ANS)
Y14.5M, 1982

2. CONTROLLING DIMENSION: NiLLMETER.

d. DIMENSICNS A AND B D0 NOT INCLUDE
MOLD PROTRUSION.

4. MAXIMUM MOLZ PROTRUSION 0.15 {0.006)
PER SIDE_

5. DIMENSIDN D DOES NOT INCLUDE DAMBAR
PROTRUSKIN. ALLOWABLE DAMBAR
PROTRUSKIN SHALL BE 6.127 {0.005) TOTAL
IN EXCESS OF THE D DMENSICN AT
MAXIMUM MATEBIAL CONDITION.

WRLMETERS | NCHES
WEN | MAX | WM | MAX
980 | 1000 | 0986 | .383
380 | o00 | 0.150 | 0157
135 | 175 | 0064 | o8
035 | 048 | 80t4 | 001
040 | 126 [ h0IE | 0040

127 BSC 0.050 BSC
013 | 025 | 0004 | 0.00a
o | 025 | o004 | 0009
[ 7 0° 7°
580 | B0 | 0220 | o2m
025 | 050 | 0010 | 0.019

:n-o::u_omwnwblﬁ
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NCURE 5-7 Typical two-winding transformer.

weful characteristics of a transformer is the electrical isolation which it offers

between primary and secondary.
From the fundamental transformer magnetic relationship

dB\ .
= NA,|—] 108 5-6
¢ (dt) (&-6)
we can derive an expression to calculate the flux density B in order to make
wire that the transformer operates in the linear portion of the magnetization
eurve. This expression is given by

_ e
KfN,A,

where V, = impressed primary voltage, V
f = frequency, Hz _.
N, = primary number of turns
A, = core effective area, cm?
K = 4.44 for sine waves

Since this book is devoted to switching power supplies, K = 4 will be used |

for push-pull and bridge converters, and K = 2 will be used for forward

uverters. ~
Normally, the designer of the power transformer chooses B, arbitrarily,

B ® that it lies within the linear region of the B-H curve. A good starting
Palnt is to choose By, = Bu/2.

T

p—



	1  Title Page
	กฤษพล_0001.tif
	กฤษพล_0002.tif
	กฤษพล_0003.tif

	2  Abstracts
	Abstracts.pdf
	กฤษพล_0004.tif


	3  Contents
	กฤษพล_0005.tif

	4  Lists of Illustrative
	กฤษพล_0006.tif
	กฤษพล_0007.tif

	5.1 Chapter 1
	กฤษพล_0008.tif

	5.2 Chapter 2
	กฤษพล_0009.tif

	5.3 Chapter 3
	กฤษพล_0010.tif
	กฤษพล_0011.tif
	กฤษพล_0012.tif

	5.4 Chapter 4
	กฤษพล_0013.tif
	กฤษพล_0014.tif

	5.5 Chapter 5
	กฤษพล_0015.tif

	6 Bibliography
	กฤษพล_0019.tif

	7 Appendix
	กฤษพล_0016.tif
	กฤษพล_0017.tif
	กฤษพล_0018.tif




