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Abstract

In this thesis, We study and develop of surface hardening by induction heating to reach
3kW .10 A as rated. At first, AC voltage will be changed by rectifier circuit to DC voltage , being
changed again by switching device, POWER MOSFET , to be high frequency square wave ,
running into high frequency transformer . Operating frequency of the MOSFET is controlled
such that an effective value of output current of the MOSFET is kept maximum after predicting
an approximate resonance frequency. Connecting secondary transformer with heating coil and
vield magnetic field that induces eddy current at the region near the surface called * skin-effect”.
The depth of skin effect depends on the variation of magnetic frequency. When iron is cooled
down suddenly, it will be hardened only its surface but inside still tough . Yield the iron have a

scratching resistant and not fragile
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A B=UH (2.18)
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C e B o s
LLETAN N Iy == k ;Ix=0 ;Jy=0 2.21)
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= va 1 A ad da 4
A1519N4.2 uﬁmqmﬂumﬂsxuﬁ@@mmaimqMmmiﬂmuum

f(kHz)
NITUD (A) C= 1.04uF C=2.57F C =3.48uF C = 4.95uF
Vde=106.0V | Vdc=60V | Vdc=77.8V | Vdc=70.7V

0.2 44.8 31.75 26.7 24
0.4 54.1 37.88 30.4 JhS

0.6 5w, 5 41.49 33.6 28
0.8 61.4 44.25 36 30.8

1 63.3 46.08 37.5 32
1.2 65.8 47.62 38.8 33.4
1.4 67.6 48.78 40.2 34,4
1.6 69.9 50.51 41.3 35.5
1.8 71.4 55.56 42.6 36.6
2.0(Resonance) 76.3 55.87 47.4 40.3
1.8 79.4 56.82 48.3 41.1
1.6 80 58.14 49.3 42.7
1.4 83.8 59.52 50.5 42.9
1.2 84 60.61 51.8 44.8
1 86.2 62.89 53.2 46.3
0.8 89.3 64.94 55.3 48.3
0.6 94.3 68.49 59.2 51.8
0.4 103.1 78.07 65.8 57.4
0.2 126.6 86.21 82.6 78.1
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90 200 120 140
100 160 110 140
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120 135 105 140
140 130 105 140
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160 120 105 140
170 115 105 140
180 110 105 140
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59U 50U 50U
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80 290 210 145
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110 160 230 155
120 155 171 160
130 140 160 165
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180 140 140 130
190 140 140 125
200 140 140 120




1139614V

54

350

300

250

200

150

100

+coil 7391 |
50 s~ coil 5 591

10 20 30 40 50 Olnpg 70 g0 90 100 110 120 130 140 150 160 170 180 190 200

aai@wni)

= = g J v ¥
gﬂ?’l4.4 uamwa‘ummisﬂaUmmmsa‘uﬂlaaﬂaﬂa@mmﬂwmmsau

'
~

- e/
15197 4.4.2 1AAIN13D Resonancedinilaous111150U109ADHIA

o <
VIHIUIBDY 73145 Resonance

(kHz)
4 59
5 38

~1

52




55

agUnanismanel
s o q Yo d o o4 Q@
1. aasdniinusevuinyi Idsuaufen diGmeiiniesvindunis step up
o’dl Q 4
nszuernneudndelldalvanlduinau
a o o g o 1Y o A 5
2. lumsusiuiuseuvesnesd 1N Tuseyi I seauusInuR de link
L2 22 . y 4. ay d <
NUIUNITLBIVINTITNHITLAUNTZUAN de link THAINLAZI NBIRDIAIL HUARAIANIS
. in @ g P a o d o
primarytaz F 111 HIARIANS secondary Fat MBI IANTININT DU VRS ABUAYI IH
; <2 =) ¥ 4 4 ay ! v A eyl o )
inverter UBIFUIIUIA VA UMIMAD VLT IG 2910039 uRNN VAN sz 19 16 6 A )
A3
4 a4 o q ¥ A4 a o "y o
3. weuiuause i 1¥n2107 39 Resonance (Mauisuduva 83 lufouiinian

¢ 24 : e -
AINIHIUBDITINAIN IV HIIUUHU U

X SR

a.smaagunifaivueiga Resonance N1
4

Wilszaannsnaass

4‘! a 4 A 1 d 1
MeAN 1M s1lasunlasvean Inductance NLIAN199)

AU ITNAADA
o @ o A ' J
1. flounssaudie Varac TaoinmsvaunszuaIinani 6 A (load iduriugud

NA1922 mm)

2.15UA1URUBII91T drive WD 1HAIUABINIA Resonance AABALIAT

U Q

Y v K

[ 4 :i A ' a =
3.3@ﬂ313JﬁL3J@L3@1N11J1‘1J‘1@ﬂG] 10 3N UATUUNNKA

§ [=1 o o ° [l
sulasunszumii 8 A uay 10 A uag U uddvinsneasaaude 1-3 ny

p . - | 1 4
5.1 L ANa1ees Nnaums f = ——— i C=3.48 uF
27\ LC

6.Plot N1



56

HANINABDY
Ml 4.5 manffouudasyed lsmudinam 9
AN (kHz)
NG [inssu 6A | LA6A) |finszum8A| L@@SA) |Anszus 10A| L10A)

uH uH uH
10 48.78 3.06 49.02 3.03 50 2.91
20 48.54 3.09 49,02 3.03 50 2.91
30 48.54 3.09 48.54 3.09 50 2.91
40 48.54 3.09 4831 3.12 49.5 2.97
50 4831 3.12 48.08 3.15 48.78 3.06
60 48.08 3.14 47.85 3.18 49.75 2.94
70 45.08 3.14 47.62 3.21 50.25 2.88
80 47.85 3.18 47.62 3.21 50.25 2.88
90 47.62 3.21 48.78 3.19 50.25 2.88
100 47.62 3.21 49.02 3.03 50.25 2.88
110 47.39 3.24 49.75 2.94 50.25 2.88
120 47.17 3.27 50 2,91 50.25 2.88
130 47.39 3.24 50.25 2.88 50.25 2.88
140 47.39 3.24 50.51 2.85 50.25 2.88
150 42.39 3.24 50.51 2.8 50.25 2.88
160 47.85 3.18 50.51 2.85 50.25 2.88
170 47.85 3.18 50.51 2.85 50.25 2.88
180 48.08 3.14 50.51 2.85 50.25 2.88
190 48.31 3.12 50.51 2.85 50.25 2.88
200 48.78 3.05 50.51 2.85 50.25 9188
210 49.02 3.02 50.51 2.8 50.25 2.88
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A L A L
10 48.78 3.06 49.02 3.03
20 48.54 3.09 51.28 2.78
30 48.54 3.09 51.02 2.8
40 48.54 3.09 51.02 2.8
50 48.54 3.09 50.76 2.83
60 48.31 3.12 51.02 2.8
70 48.08 3.15 50 2.92
80 48.08 3.15 49.26 3
90 47.85 3.18 4831 3.12
100 47.85 3.21 48.54 3.09
110 47.62 3.21 48.31 3.12
120 47.62 3.24 4831 3.12
130 47.39 3.27 48.54 3.12
140 47.17 3.24 48.54 3.12
150 47.39 3.24 4831 3.12
160 47.39 3.24 4831 3.12
170 47.85 3.18 4831 3.12
180 47.85 3.18 51.28 2.78
190 48.08 3.15 51.02 2.8
200 4831 3.12 51.55 2.74
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AONITNATDI _
~ a Jda a 4
A15190 4.7 waasnsinesnouynaa Iioos
nan I=6A I=8A [=10A
(s)

10 | 129.1 | 1008 | 1329 | 0.758 | 170.7 | 1733 | 2430 | 0.713 | 184.4 | 2283 | 3199 | 0.714

20 | 1283 | 956 | 1267 | 0.755 | 179.2 | 1839 | 2531 | 0.727 | 218 | 2792 | 4205 | 0.664

30 | 133.4 | 1005 | 1340 | 0.75 | 190.7 | 1895 | 2712 | 0.699 | 252.3 | 3061 | 4412 | 0.693

40 | 133.9 | 1025 | 1367 | 0.749 | 206.5 | 2173 | 3252 | 0.668 | 201.2 | 3205 | 4315 | 0.707

50 | 135.2 | 1010 | 1352 | 0.747 | 216.1 | 2272 | 3475 | 0.654 | 177.4 | 2509 | 3693 | 0.679

60 | 1353 | 1006 | 1345 | 0.748 | 176.4 | 1852 | 2554 | 0.725 | 168 | 2190 | 3055 | 0.729

70 | 139.2 | 1049 | 1408 | 0.745 | 162.4 | 1633 | 2284 | 0.715 | 165 | 2127 | 2894 | 0.735

80 | 142.1 | 1072 | 1453 | 0.738 | 141.6 | 1523 | 2031 | 0.75 165 | 2127 | 2894 | 0.735

90 | 147.8 | 1154 | 1540 | 0.749 | 134.1 | 1412 | 1835 | 0.764 | 165 | 2127 | 2894 | 0.735

100 | 148 1112 | 1514 | 0.734 | 124.1 | 1291 | 1685 | 0.766 | 165 | 2127 | 2894 | 0.735

110 | 152.2 | 1138 | 1552 | 0.733 | 117.7 | 1184 | 1538 | 0.77 165 | 2127 | 2894 | 0.735

120 | 164.3 | 1256 | 1740 | 0.722 | 115.9 | 1157 | 1500 | 0.771 | 165 | 2127 | 2894 | 0.735

130 | 166.9 | 1315 | 1830 | 0.72 | 115.9 | 1157 | 1500 | 0.771 | 165 | 2127 | 2894 | 0.735

140 | 140 | 1108 | 1485 | 0.746 | 1159 | 1157 | 1500 | 0.771 | 165 | 2127 | 2894 | 0.735

150 | 127.1 | 974 | 1292 | 0.754 | 1159 | 1157 | 1500 | 0.771 | 165 | 2127 | 2894 | 0.735
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international
1R Rectifier

PD-9.5128

IRFP460

HEXFET® Power MOSFET

@ Dynamic dv/dt Rating

® Repetitive Avalanche Rated

@ |solated Central Mounting Hole
@ Fast Switching

® Ease of Paralleling

e Simple Drive Requirements

Description

Third Generation HEXFETSs from Intemational Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low

on-resistance and

The TO-247 package is preferred for commercial-industrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. It also provides greater craepage distance between pins to

Vpgs = 500V

cost-effectiveness.

meet the requirements of most sately specifications.

Absolute Max:mum Ratmgs

[ Parametsr Max. | Units
1b@ Tc=25"C | Continuous Drain Current, Nos@ 10V 20 i
1o @ To=100°C | Continuous Drain Current, Vs @ 10V 13 | A
Llom | Pulsed Drain Gurrent ®© 80 !
lf"p @ Tc=25°C | Power Dissipation ¥, 280 w
' Linear Derating f‘actor ) w . 20 000 ] wWiBC
Ves _ | Gate-to-Source. Vouage ] y 20 ) v
}_EAS Smgie Pulse Avalanchs Energy @ % | md
tar _____|Avaftanche Current ® \&: 1920 | L I~ A
Em ) VrRepetmve Avalanche Energy @ L 28 N Y4
dvidt |Peak Diode Recovery dvidi @ o5 | s
ix Operating Junction and -55 10 4150
Ts1e Storage Temperature Range v v <C
| Soldering Temperature, for 10 secends 300 {1.6mm from case) .
~|Mounting Torque, 6-32 or M3 screw | 10 tbfeins (1.1 Nem) -
Thermal Resistance
L parameter | M. | Typ. | Max | Unfts
(Rwc _|JunciontoCase L — | 045
! Rycs ~ |Case-to-Sink, Flat, Greased Sudace | 024 | — | Cm
Rew ]Juncuon Ho-Ambient T = 40 1

1025



IRFP460 [ISR]

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

Parameter Min. ! Typ. | Max. | Units Test Conditions
V(erjpss Drain-to-Saurce Breakdown Voltage 500 — — V| Vgs=0V, Io= 250uA
AVierpss/AT | Breakdown Voltage Temp. Coefficient — | 063 | — | V/C |Reference 10 25°C, Ip= 1mA
I Ros(ony Static Drain-to-Source On-Resistance | — — 10271 Q |Vgs=10V, Ip=12A @
| Vasgy Gate Threshold Voltage | 2.0 — | 40 V| Vps=Vags, lo= 250uA
| Ots Forward Transconductance RE! — — S | Vps=50V, ip=12A @
loss Drain-to-Source Leakage Current e I uA Vos=500V, Vgs=0V
—_ = 250 | Vos=400V, Vgs=0V, Ty=125°C
s Gate-to-Saurce Forward Leakage — — | 100 | on [Yos=20V
- Gate-to-Source Reverse Leakage — — /1 -100 | Vae=-20V
Qq Total Gate Charge — — | 210 | lp=20A
Qgs Gate-to-Source Charge — | — {29 | nC |Vps=400V
Qud Gate-to-Drain ("Miller") Charge — — 110 Vss=10V See Fig, 6 and 13 @
taton) Turn-On Delay Time — 18 — Vpp=250V
\ Rise Time — 1189 | =i o 1lo=20A
tdiot Turn-Off Delay Time = i10 N Ae=4.3Q
iy Fall Time —f 58 — Rp=13{2 See Figure 10 @
1 Lo Internal Drain Inductance — 5.0 — g?:lvrf?;ées?’?) ((‘1’%
r ! - nH | from package Q{, a7}
‘L Internal Source Inductance I— | 18 — and center of E
i J i die contact
Ciaa Input Capacitance L4800 | \E- Vas=CV
Coss Cutput Capacitance LT ol pF | Vps= 25V
Cros | Reverse Transfer Capacitance — 350 ~- [ f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
's Contlnuqus Source Current - . h MOSFET symbo! /‘H\‘,O
! {Body Diode) 4 | showing the /i ’—;\
st Pulsed Source Current i . \/[eS integral reverse GU\BJ/
(Body Diodé) @ p-n junction dicde. is
Vso Diode Forward Voltage — — 1.8 V I T=25°C, 1g=20A, Vigs=0V @
e Reverse Recovery Time | 570 | 860 | ns |Tu=25°C, Ip=20A
ep Reverse Recovery Charge - "z ‘ 86  uC |di/di=10CA/us @
lon ‘i Forward Tum-On Time | Intiinisic turn-on time is neglegible (turn-on is deminated by Ls+Lp)
Notes:
() Repetitive rating; pulse width limited by @ I5p<20A, difdi<180AMs, VoD<V(BR)DSS,
max. junction temperature (See Figure 11) Ty<150°C
@ Vpp=50V, starting Ty=25°C, L=4.3mH @ Pulse width < 300 us; duty cvcle <2%

RG=264), tas=20A (See Flgure 12)
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IRFP460

Iy, Drain Current (Amps)

Ip, Drain Current (Amps)
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Fig 1. Typical Qutput Characteristics,
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Vps, Drain-to-Source Voltage (volts)

Fig 2. Typical Output Characteristics,

Tc=150°C
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10000 1 Vgs = OV, f = 1Mz =0 N 1
Cisg = Cgs * Cgu Cgs SHORTED — Ip = 204 Ve = 400V T
Crss = Cga £ Voo = 250v T
8000 Coss = Cds * Cqg g Vs = 100V Iy,
N & = >
N 5 iy 2
T N =
S oo FCyss g 12 //
8 \ | \\\N 5 |
el A, e O | y !
< . =] [ / !
= ~ o Yy i
& w00 - @/ /8 7 T
& ol £ A/ |
© T NN 2 Z !
S < |
2000 \Ncrss - \ A / T
| ikns ™ 2] / |
1 N\ > 7 TOH TLo! GIALUTT
i [t SEE FIGURC 13
08 sl & 40 30 120 169 200
Vps, Drain-to-Source Voltage (volts) Qgq, Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Source Voltage Gate-to-Source Voltage
102 » >
é‘ A
< // 7
£ / - g
g / =
/
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a 150°C | ! ©
| | c
?”j 250¢ | ]
E 7 / ) 3
] [s)
& £
A
£
/ Y !
10! 1 |
0.6 0.6 1.0 {2 1.4 1.6 1.8 2.0 4 2 5 W0 2 S ¥ € S o2
Vgp, Source-to-Drain Voltage (volts) Vps, Drain-to-Source Voitage {vols)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area

Forward Voltage

1028



IRFP460

Iy, Drain Current (Amps)
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Fig 12a. Unclamped Inductive Test Circuit
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Appendix A: Figure 14, Peak Diode Recovery dv/di Test Circuit — See page 1505

Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendix C: Part Marking Information — See page 1517

intermnational
Zer| Rectifier




Order this document by TL494/D

|
!

MOTOROLA

SWITCHMODE™ Pulse Width
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Modulation Control Circuit
The TL494 is a fixed frequency, pulse width modulation control circuit SWITCHMODE ‘

designed primarily for SWITCHMODE power supply control. PULSE WIDTH MODULATION |

CONTROL CIRCUIT

e Complete Pulse Width Modulation Control Circuitry SEMICONDUCTOR ‘[

® On—Chip Oscillator with Master or Slave Operation TECHNICAL DATA |

e On—Chip Error Amplifiers

® On—-Chip 5.0 V Reference

e Adjustable Deadtime Control

& Uncommitted Output Transistors Rated to 500 mA Source or Sink g)g _ DSUFFIX

e Output Control for Push—Pull or Single—Ended Operation 16 \‘55‘,“ VLAgEgEP;KSCIKBAGE

@ Undervoitage Lockout . (SO-16)

N SUFFIX
PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

Noninv F 1 fip| Nominw
. ) ) Input L] i input
MAXIMUM RATINGS (Full operating ambient temperature range applies, ) T
unless otherwise noted.) mr:‘ [2] N8 |:§u!
Ratin Symbol | TLa9aC | TLae4l | unit CompenPWN [ ]
9 y | Comp Input E EF | E Vret
Power Supply Voltage Voo 42 \Y Deadlime 3] Outout
Control |7 °| Contro
Collector Output Voltage Ve, 42 \ ‘ i -
Vo g i 2] Voo
Cscil'ator
Collector Output Current ic1. oo 500 mA Rrlel i11] c2
(Each transistor) (Note 1) B i L{,,,
Ground [ 7 |- 0] E2
Amplifier Input Voltage Range VIR -0.3to +42 Vv ] G\ F B
, tle— U 9] E
Power Dissipation @ T <45°C Pp 1000 mwW ¢ E ] ‘l
Thermal Resistance, Roda 80 “C/W Too View)
Junction-to—Ambient ' ‘
Operating Junction Temperature Ty 125 °C e
Storage Temperature Range Tstg -55t0 +125 °C ORDERING INFORMATION
Operating Ambient Temperature Range TA °C Operating
TL494C Oto +70 Device Temperature Range Package
TL494l ~2510 +85 P
' TLA9ACD | SO-16 |
; : = o A =0°to +70" ———
Derating Ambient Temperature Ta 45 C TL494CN Piastic
NOTE: 1. Maximum thermal limits must be observed. ; ‘
TL494IN Ta=-25%10 +85°C Plastic
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TL494

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Voo 7.0 15 40 \
Collector Output Voltage Vi, Voo - 30 40 \
Collector Output Current (Each transistor) Ic1, Ic2 - = . 200 mA
Amplified Input Voltage Vin 0.3 - Ve -20 \
Current Into Feedback Terminal It - = 0.3 mA
Reference Output Current Iyef - = 10 mA
Timing Resistor RT 1.8 30 500 KQ
Timing Capacitor Ct 0.0047 0.001 10 pF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vgg = 15 V, CT = 0.01 uF, RT = 12 kQ, unless otherwise noted.)
For typical values Ta = 25°C, for min/max values Ta is the operating ambient temperature range that applies, unless otherwise noted.

L Characteristics Symbol l Min | Typ Max Unit
| | J
REFERENCE SECTION

Reference Voltage (I = 1.0 mA) Vyef 4.75 5.0 5.25 \

Line Regulation (Voo =7.0 Vio 40 V) Regline = 2.0 25 mV

Load Regutation (o = 1.0 mA to 10 mA) Regjoad — k= 3.0 15 mV

Short Circuit Output Current (Vygs = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current IC(off) 71 2.0 100 uA
(Vcc =40V, Vo =40 V)

Emitter Off-State Current IE(off) o - -100 pA
Ve =40V. Vg =40V, VE=0V)

Collector-Emitter Saturation Voltage (Note 2) %
Common-Emitter (VE = 0 V, Ic = 200 mA) Vsat(C) B 141 1.3
Emitter—Foliower (Vg = 15 V. Ig = —=200 mA) Vsat(E) Ti 15 2.5

Output Control Pin Current
Low State (Vo <0.4 V) locL - 10 ~ HA
High State (VoG = Vyef) 'OCH - 0.2 35 mA

Output Voitage Rise Time ty ns
Common-Emitter {See Figure 12) - 100 200
Emitter—Follower (See Figure 13) - 100 200

Output Voltage Fall Time tf ns
Common-Emitter (See Figure 12) & 25 100
Emitter—Follower (See Figure 13) pe 40 100

NOTE: 2. Low duty cycle pulse techniques are used during test to maintain junction temperature as close o ambient temperature as possible.

2 MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Vo =15V, CT = 0.01 uF, RT = 12 kQ, unless otherwise noted.)

For typical values Ta = 25°C, for min/max values T is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics I Symbol Min Typ Max I Unit 1
ERROR AMPLIFIER SECTION
Input Offset Voltage (VO (Pin 3y =2.5 V) Vio o 2.0 10 mV
Input Offset Current (VO (pin 3) = 2.5 V) o = 5.0 250 nA
Input Bias Current (Vo (pin 3)=2.5V) B = -0.1 -1.0 uA
Input Common Mode Voltage Range (Voc =40V, Ta = 25°C) VICR -0.3to Vgogo—2. \
Open Loop Voltage Gain (AVp =3.0V,Vo=05V1o 3.5V, R =2.0kQ) AvoL 70 95 = dB
Unity—Gain Crossover Frequency (Vo = 0.5V to 3.5V, R = 2.0 k) fo— = 350 = kHz
Phase Margin at Unity—Gain (Vg =0.5 Vto 3.5 V, R|_=2.0 kQ) om - 65 &= deg.
Common Mode Rejsction Ratio (Voo =40 V) CMRR 65 90 = dB
Power Supply Rejection Ratio (AVoc =33V, Vo =2.5V, B =2.0 kQ) PSRR - 100 = dB
Output Sink Current (VO (pPin 3) = 0.7 V) lo- 0.3 0.7 = mA
Output Source Current (Vo (pin 3y =3.5 V) lo+ 2.0 —4.0 == mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) VTH - 2.5 4.5 \Y
Input Sink Current (V(pjn 3y = 0.7 V) l— 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpjn 4 =0V to 5.25 V) B (DT) - -2.0 -10 uA
Maximum Duty Cycle, Each Output, Push—Pull Mode DCmax %
(VPin4 =0V, CT =0.01 uF, RT = 12 k) 45 48 50
(VPin 4 =0V, C1 =0.001 pF, RT = 30 kQ) - 45 50
Input Threshold Voltage {Pin 4) Vin V
(Zero Duty Cycle) = 2.8 3.3
(Maximum Duty Cycle) 0 = ==
OSCILLATOR SECTION
" Frequency (CT =0.001 uF, RT = 30 k&) e /] 40 = kHz
Standard Deviation of Frequency™ (C1 = 0.001 uF, Rt = 30 k) olosc * 3.0 - %
Frequency Change with Voltage (Vo =7.0 Vo 40V, Ta = 25°C) Afggc (AV) A 0.1 - %
Frequency Change with Temperature (ATp = Tigw to Thigh) Afgge (AT) N S 12 Yo
(CT =0.01puF, RT =12 kQ)
UNDERVOLTAGE LOCKOUT SECTION
Turn—On Threshold (Vo increasing, ligf = 1.0 mA) Vih 55 ] 6.43 7.0 ] \Y J
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vgf, All other inputs and outputs open) lcc mA
Voo =15V) - 55 10
(Voo =40V) = 7.0 15
Average Supply Current mA
(CT=0.01pF, Ry =12k, V(pin 4)=2.0 V) - 7.0 -
(Voo = 15 V) (See Figure 12)
/N .
[ TXn=X)2
* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, o . n=1
/ N1
3
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Figure 1. Representative Block Diagram
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This device contains 46 active transistors.

Figure 2. Timing Diagram

Capacitor Cy

Feedback/PWt4 Comp.
P %

Deadtime Control ——u22=—1

AAAAAA

4

|

% Vv P A
s LU UL

Flip-Flop
Q

Flip-Flop i
Q J
Output Q1
Emitter )
! | ‘ oo
Output Q2 i
Emitter | | | l :‘
i .
Ouitput \ : | i !
Control | 3 1 | |
| | | i i l

1
1

4 MOTOROLA ANALQG IC DEVICE DATA



TL494
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, Rt and CT. The
approximate oscillator frequency is determined by:

1.1

f = .1
0scC RT e cr

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
linear 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 offset which limits the minimum output
deadtime to approximately the first 4% of the sawtooth—cycle
time. This would result in a maximum duty cycle on a given
output of 96% with the output control grounded, and 489 with
it connected to the reference line. Additional deadtime may
be imposed on the Output by setting the deadtime—control
input to a fixed voltage, ranging between 0 V to 3.3V

Functional Table
Input/Outpui

f
Output Function fous =
fosc

Controls '
Grounded ] Single-ended PWM @ Q1 and Q2 1.0

0.5

The pulse width modulator Ccomparator provides a means
o the error ampilifiers to adjust the output puise width from
e maximum percent on-time, established by the deadtime
ontrolinput, down to zero, as the voltage at the feedback oin
iries frem 05 V to 3.5 V. Both error amplifiers have a
Jmmon mode input range from 0.3 V 1o (Voo ~2Vv). and

@ Vg Push-pull Operation

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 configuration, the amplifier
that demands minimum output on time, dominates control of
the loop.

When capacitor Cr is discharged, a positive pulse is
generated on the output of the deadtime comparator, which
clocks the pulse-steering flip~flop and inhibits the output
transistors, Q1 and Q2. With the output-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 oscillator. Output drive can also be
taken from Q1 or Q2, when single—ended operation with a
maximum on-time of less than 50% is required. This is
desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher
output—drive currents are ‘equired for single—ended
operation, Q1 and Q2 may be connected in parallel, and the
output-mode pin must be tied to ground to disable the
flip—flop. The output frequency will now be equal to that of the
oscillator.

The TL4894 has an internal 5.0 V reference 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.

Figure 3. Oscillator Frequency versus
Timing Resistance
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% DG, PERCENT DUTY CYCLE (EACH OUTPUT) AyoL, OPEN LOOP VOLTAGE GAIN (dB)

VCE(sat): oA URATION VOLIAGE (V)

Figure 4. Open Loop Voltage Gain and
Phase versus Frequency
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Figure 10. Error—-Amplifier Characteristics
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Figure 12. Common—Emitter Configuration
Test Circuit and Waveform

15V
RL
68
| !
1 lc Vo
{
Each !
| i | CL
Output Q
: Transistor \*‘ ] 15pF
[ AE ol
o o o ) | 3

TLAS4

Figure 11. Deadtime and Feedback Control Circuit
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Figure 14. Error-Amplifier Sensing Techniques

VO 1o Output
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System
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Figure 15. Deadtime Control Circuit
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Figure 16. Soft-Start Circuit
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Figure 17. Output Connections for Single—-Ended and Push—Pull Configurations
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Figure 18. Slaving Two or More Control Circuits

Figure 19. Operation with Vj, > 40 V Using

External Zener
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(Additional
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Figure 20. Pulse Width Modulated Push-Pull Converter
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Test Conditions Results

Line Regulation

Vin=10V1040V

14 mV 0.28%

Load Regulation

Vin=28V,ig=1.0mAto 1.0A

3.0 mV 0.06%

Output Ripple

Vin=28V,Ig=1.0A

65 mV pp PA.R.D.

Short Circuit Current

Vin=28V, R =0.1Q

1.6 A

Efticiency

Vin=28V,lg=1.0A

L1-35mH@03A

T1 - Primary: 20T C.T. #28 AWG
Secondary: 120T C.T. #36 AWG
Core: Ferroxcube 1408P-L00-3CB
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Figure 21. Pulse Width Modulated Step—Down Converter
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Test Conditions Results
Line Regulaticn Vin=8.0V1to40V 3.0mV.  0.01%
Load Regulation Vin=12.6V, Ig =0.2 mA to 200 mA 5.0 mV 0.02%
Output Ripple Vin =126 V, I =200 mA 40mVpp PARD.
Short Circuit Current Vin=126V, R =0.1Q 250 mA
Efficiency Vin =126 V, Ig =200 mA 72%
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OUTLINE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE NOTES:
= (=A-] > CASE 648-08 1. DIMENSIONING AND TOLERANGING PER ANSI
ISSUE R Y14 5M, 1982
LT R ] 2. CONTROLLING DIMENSION: INCH
16 9 f 3. DIMENSION L TO CENTER OF LEADS WHEN
b B FORMED PARALLEL
o & 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
1 ¥ 5. ROUNDED CORNERS OPTIONAL
LI LI LI T LT [ INCHES | MILLIMETERS
JJ L DIM| MIN | MAX | MIN | MAX
c A | 0740 | 0770 | 1880 | 1955
[ B | 0250 | 0270 | 635 | 685
Vs & C 0145 [ 0175 | 369 | cae
D | 0015 | 0021 | 039 | 053
[T SEATING F o0 | 070 102 ] 177
— 1 PLANE G 0.100 BSC 2.54BSC
[L_ H | 00508SC 1.2785C
K J | 0008 | 0015 | 021 | 038
K | 0110 | 0130 | 260 | 330
- L | 0295 | 0305 | 750 | 770
D16 pL _ M o°| 10°| 0°] 10°
[@] 025(0{010)@“]’] A @j s | 0020 | om0 | o051 | tor |
D SUFFIX
PLASTIC PACKAGE
CASE 751B-05
" AT 4 (SO-16)
ISSUE J NOTES:
1. DIMENSIONING AND TOLERANGING PER

AR ARRRRR
16 9 7
[=B-] p

0
H

s =N/ IiD'NCAl,

G =

l K,Tv
TeT=T=i==l=Tm=iil

i
[=T—Tseatme ‘JL* TN - —f ik
> D 16pL

PLANE

[©]0250010/@[T[B ©[AD

8 PL

f! JG}, 025(0010)@[8 G|

S
- x45“/’

I 4
'(: \/%

M —J

ANSIY14.5M, 1982.

2. CONTROLLING DIMENSION: MILLIMETER.

3. DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

4. MAXIMUM MOLD PROTRUSION 0.15 (0.00:

PER SIDE.

5. DIMENSION D DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR

PROTRUSION SHALL BE 0.127 (0.005) TOTAL

IN EXCESS OF THE D DIMENSICON AT
MAXIMUM MATERIAL CONDITICN

0)

[ MILLIMETERS | INCHES |
| DiM| MIN | MAX | MIN | MAX |
A | 980 | 1000 | 0.386 | 0.383
B | 380 | 400 | 0.450 | 0.57
c | 135 | 175 | 0054 | 0.068

D | 035 | 049 [ 0014 | 0018
[7F | " 040 | 125 | 0016 | 0049 |
LG 1.27BSC 0.050BSC |
"0 | 019 ] 025 | 0008 | 0008 |
K | 010 | 025 | 0004 | 0003
M 0°] 790 o°l 7°
P | 580 | 620 | 0208 | 0244 |
R | 025 | 05 | 0010 | 0019 |
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Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters which may be provided in Motorola
datasheets and/orspecifications can and do vary in diflerent applications and actual performance may vary overtime. Alloperating parameters, including “Typicals”
must be validated for each customer application by customer’s technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended 1o support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
or death may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shallindemnity and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable atiorney fees
arisingoutol, directly or indirectly, any claim of personal injury or death associated with such unintended orunauthorized use, evenif such claim alleges that Motorola
was negligent regarding the design or manufacture of the part. Motorola and @e registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Aflirmative Action Employer.

How to reach us:

USA/EURQPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Lid.; Tatsumi-SPD-JLDC, 6F Seibu—Butsuryu-Center,
P.O. Box 20912; Phoenix, Arizona 85036. 1-800-441-2447 or 602-303-5454 3-14--2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-81-3521-8315
MFAX: RMFAX0 @ email.sps.mot.com — TOUCHTONE 602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,
INTERNET http://Design-NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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