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ABSTRACT

The Thesis presents an analysis of high-frequency series resonant inverter and ac
power control by using a full-bridge Asymmetry Phase-shift control. Output voltage
waveform of the inverter is an Ac-Square wave which is used to supply high frequency
RLC resonant induction heating. The power transfer charecteristics of the proposed
induction heater is anylyzed in details and verified by experiment.The input power and
output voitage and current waveform are also used to calculate the input power and
finally the ratio of output power to input power can determine the efficiency of high-
frequency induction heating. All the experimental result obtained in the thesis are also

verified by Pspice simulation , it is obvious that the two results are almost the same.
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Philips Semiconductors

Pov_verMOS transistors
Avalanche energy rated

FEATURES

SYMBOL

Product specification

IRFP460

QUICK REFERENCE DATA

* Repetitive Avalanche Rated
« Fast switching
« Stable off-state characteristics

+ High thermal cycling performance
* Low thermal resistance

Vpss = 500 V

I

=20 A

GENERAL DESCRIPTION

PINNING

S0T429 (TO247)

N-channei, enhancement mode
field-effect  power  transistor,

PIN DESCRIPTION

intended for use in off-line switched
mode power supplies, T.V. and
computer monitor power supplies,
d.c. to d.c. converters, motor control
circuits and general purpose
switching applications.

The IRFP460 is supplied in the
S0T429 (T0O247) conventional
leadad package.

] gate
2 drain
3 source

tab |drain

LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134)
SYMBOL |PARAMETER CONDITIONS . MIN. MAX. UNIT
Voss Drain-source voltage T,=25"Cto150°C - 500 Vv
Vper Drain-gate voltage 1Jl =25 "C 10 150°C; Rgg = 20 kQ - 500 v
Ves Gate-source voltage - 30 v
lp Continuous drain current Tw= 25°C; Vgs =10V - 20 A
Tre = 100 °C; Vs =10V - 12.4 A
lom Pulsed drain current Tw=25"C - 80 A
Po Total dissipation Tw=25"C - 250 w
T Teg Operating junction and -55 150 c
storage temperature range
AVALANCHE ENERGY LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134)
SYMBOL | PARAMETER CONDITIONS MIN. MAX. UNIT
Eas Non-repetitive avalanche Unclamped inductive load, l.s = 20 A; - 1300 mJ
energy t, = 0.2 ms; T, prior to avalanche = 25°C;
Vop €50V, =50 Q;Vgs =10V
E.r Repetitive avalanche energy’ {1, = 20 A; t, = 2.5 us; T, prior to - 32 mJ
avatanche = 25°C; Rgs = 5082, Vgg =10V
s 1an Repetitive and non-repetitive - 20 A
avalanche current
1 puise width and repetition rate limited by T, max.
September 1999 ] Rev 1.000




Philips Semiconductors

Product specification
PowerMOS transistors IRFP460
Avalanche energy rated ‘
THERMAL RESISTANCES
:YMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. { UNIT
; Thermal resistance juncti
th jmb juncaon - -
R, !lgh mounlting base 05 | KW
ermal resistance junction {SOT429 package, i i - -
] to ambrent I p ge, in free air 45 KW
ELECTRICAL CHARACTERISTICS
T; = 25 "C unless otherwise specified
SYMBOL | PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Verpss | Drain-source breakdown Ves=0V; Ipb=0.25mA 500 - - v
voltage
AV prinss /] Drain-source breakdown Vs = Vgsi Ip = 0.25 mA - 0.1 - %MK
AT, voltage temperature
coefficient
Rosiony Drain-source on resistance |Vgs=10V;Ipb=10A - 0.2 | 0.27 Q
Vasmo Gate threshold voltage Vpg = Vg 1o =0.25 mA 20 ] 3.0 | 40 Vv
n Forward transconductance |Vps=30V;I,=10A 13 18 - S
loes Drain-source leakage current V:: =500V, Vge=0V - 2 50 pA
: Vps =400 V; Ve =0V, T/ =125°C - 100 | 1000 | pA
i3.55 Gate-source leakage cument [V =30 V; Vs =0V - 10 | 200 | nA
Qg Total gate charge 15=20 A; V=400V, Vg = 10V - 147 | 190 | nC
Q.. ] Gate-source charge ° * o - 12 18 | nC
Quq Gate-drain (Miller) charge - 78 | 100 | nC
Loon) Tum-on delay time Voo =250 V; Rp =12 4; - 23 - ns
t, Tum-on rise time Rz=3.580 - 72 - ns
tyom Tum-off delay tima - 150 - ns
t Turn-off fall ttime - 75 - ns
Ly Internal drain inductance Measured from tab to centre of die - 3.5 - nH
internal drain inductance Measured from drain lead to centre of die - 4.5 - nH
L, Internal source inductance Measured from source lead to source - 7.5 - nH
bond pad
Ces Input capacitance Vas =0V, Vg =25V, f=1MHz - 3000 - pF
Coss Qutput capacitance - 480 - pF
Crs Feedback capacitance - | 270 - pF
SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS
T, = 25 'C unless otherwise specified
SYMBOL | PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
15 Continuous source cument | T, = 25°C - - 20 A
(body diode) .
[P Pulsed source current (body |T,, =25'C - - 80 A
diode)
Veo Diode forward voltage ts =20 A; Vgg=0V ) - - 1.5 \'4
t, Reverse recovery time Ig = 20 A; Vg = 0V, dl/dt = 100 Alus - 900 - ns
Q. Reverse recovery charge - 15 - pC

September 1999 2 Rev 1.000
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Product specification
PowerMOS transistors IRFP460
Avalanche energy rated
120 PD% Normalised Power Derating -
110 4 .2ah b (KW PHW2ON3OE
100 N D = 0 SR
ot Fo.2]
o 041 L'y ]
60 N L0.05 z
50 IS, Fo. o2ttt "By o D=WT
i y : tp D=t
40 O e e S
: < = — ==l
20 ~ o001 L1 LI v fog i
a

a 20 40 &0 80. 100 120 140
Tmb/ C
Fig.1. Normalised power dissipation.
PD% = 100Py/Ppy s c = fﬂ‘{;,)

1E-05 1E-05 41E-04 1E03 JE02 JEO1 1E+00 1E+)1
Pulse width, tp (s)

Fig.4. Transient thermal impedance.
Zon ety = () parameter D = /T

120 D% - Normoksed Currant Derating
110
100
90 —
80
70
60 N
50 ™.
a0
30
20 \\
10
a

0 20 40 60 80 00 120 140
Tmb/ ‘C

Fig.2. Normmalised continuous drain current.
D% = 100115 55 - = {(T,); conditions: Vss= 10V

Dradn Currant, 3D (A) PHW2ONSOE
2n -
48 |TI=25€ VGS = 1V o
18 e 8V
14 =
2 P 5y
10 / XBV
B .- /
o 45V
L AV
4 IV
2 7 —AV—
0 I

1 2 3 4 5
Drain-Source Yoltage, VDS (V)
Fig.5. Typical output characteristics.
Iy = f(Vg): parameter Vs

Pank Pulsed Drain Current, IDM (A) PHW20NSOE
100 et o e
=P 10 usS
= E—H
e =1 '~ | !l[
= Fr o ;
I SN A T
e Lmsth
FRDS(on) = VDS! D = T~ L T
del ~L T omsT
1 100 ma=
0.1

10 1000

100
Drain-Source Yoltage, VDS (V)

Fig.3. Safe operating area. T,, =25 C
Ip & I = fVos): low Single pulse; parameter i,

Drain-Source On Resistance, RDS{on) (Ohms) PHWZONSOE

3T azv [ aev 1l nepsc
44V 48v |5

045

04

035 /’

03 // ///} f VGS= 6V
~ __,._____/ [t
025 | ____10Va-

Py
0o 2 14 18 18 20

[:] 8 10 12
Drain Current, ID (A)

Fig.6. Typical on-state rasistance.
Rosion = flp). parameter Vs
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Product specification
PowerMOS transistors IRFP460
Avalanche energy rated '
2 __Dnln current, ID (A} PHW2ONSOE Vf‘»_sfg /Y
VDS)ID!RDE(QN} / 4 =i | e
25 CT Tl
20 / s ‘--.-_—-.._._____-_. = ]
15 ’/ e o "H .-"‘"---—.--_ .
) A 2 ==nl L
1 ++177]
5 // 1
0 J/ :
0 1 2 3 4 5 6 T 8 o
Gate-source volinge, VGS (V) 50 40 20 0 20 40 60 80 100 12 140
T/ c
Fig.7. Typical transfer characlenistics. Fig. 10. Gate threshold voltage.
lp = {Vss); parameter T, Vs = [(T); conditions: I, = 0.25 m.g Vis = Vs
20 Transconductancs, gfs (S) PHWZONS0E
18 JVDS 2D K RDS{ON|
6 f=25¢| __ _L—
14 = 150 C—
12 /// i T e
10 A
8 A=
6 4
J A
2 {
1] - —t 1 Fil i ;"
0 5 10 15 20 25 EY) 18.06 l 0t
Drsin current, 1D {A) o ! \ZHGSIV ? 4
Fig.8. Typical transconductance. Fig.11. Sub-threshold drain current.
9 = f(lp); parameter T Ip = f{Vssy conditions: T, =25 "C; Vpg = Vs
8 Normatsed RDS(ON) = {T]}
PHW2ONSOE
, y — 10000 c-pulune:u.CIu.Cm.Cru(pF}
WA ba | 1]
- L1 :-:__- Ciss
T
s | i “ 1000 "“:\\
] =
|1 . cm:-_
i LB
3 Cras{ |||
0 100 L1
&) 40 -20 0 20 40 60 B0 100 120 140 o1 1 10 100
5/ °c Drain-Source Yoltage, VDS (V)
Fig.9. Normalised drain-source on-state resistance. Fég. 12. Typical capacitances, Ciy Cogp Crsr
a = RogonyRosiomzs ¢ =T o = 10A Vgs =10V = f{V,s); conditions: Vs =0V, = T Mz
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Avalanche energy rated '
iy vltoge, ¥GS 1 PHW2ENSOE s __30::.-0!'.'!1 Diode Current, IF (A) PH\'I!ON?DE‘
:g 1 =2é’.‘ % A5 YES =0V /:f P
Im=2sc 200v. 0 -
; = | | 4
: 200V — 30 "”7
? - — VDD =400 VT :: Uk e WA TET
. y
2 / 15 o
4 Il 10 _—
i : P
H 4 0 -3 —

o 25 50 T5 100 125 150 175 200
Gate charge, QG (nC)

Fig.13. Typical tum-on gate-charge characteristics.
Vs = f{Qg); parameter Ve

0 1020304050807 0809 1 1112131415
Drain-Source Voltage, YS0S (V)

Fig.16. Source-Drain diode characteristic.
Ic = f{(Vsps), parameter T,

Switching times, t{on), tr, ti{ofm), tf (ns) PHW2ONIOE

] twdoff}
500 — -

-
400 —= -
-
300 e
- o
200 —ar = —
- | e e
LT i Lot
100 ———— e td{on)—
—_
0 |
o 5 10 15 20 25 30

Gate resistnce, RG {Chms)

Fig.14. Typical switching mes; tysy tn luem 4 = fiRs)

Non-repatitive Avalanche current, 1AS (A)

100
T] prior to tanche = 25 CHt
[
\“*-..‘
10 Frme—
1= — 1T 125 C
- VDS b "
u {; i
."n
e/ PHW20NSOE
4 ———"—n i) ] [N NTITIN ,
1E-06 1E-03 1E-04 1E03 1E-02

Avalancha tme, tp (s)

Fig.17. Maximum permissible non-repetitive
avalanche current (1,5} versus avalanche time (,);
unclamped inductive load

Normalised Drain-source braskdown voltage
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Fig.15. Normalised drain-source breakdown voltage;
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Fig.18. Maximum permissible repetitive avalanche
current (l,z) versus avalanche time (t,) |
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MECHANICAL DATA

Plastic singieended through-hole package; heatsink mounted; 1 mounting hele; 3-lead TO-247 30TA29

=

[ =
Aq-an r- }
)
j
2. S
R L1
— -t
t b
Lw
F_- - Q

DIMENSIONS [mm sre the origie! dispensions)

uer| A | A b |y g2 |Ele |y |®|a@iajr]|s|w| ¥ |a]kP
mm

53118 12 122 | 32 a9 Fi] 15 548 18 40 § 3T | 28 53 A5 | 75 04 157 & 17
4T | 17 08 |18 | 28 | OB 20 15 15 3.6 3| 24 33 [ T 153 a4 1
Mot
1. Tarring of evmineis ere unconiitled within 2o Ly.
OUTLINE REFERENCES EUROPEAN
IBERUE DATE
YERRION EC JEDEC [T PROJECTION
-0-{reiih
somz To-T 39 500804

Fig.19. S0OT429; pin 2 connected to mounting base

Notes

1. Observe the general handling precautions for electrostatic-discharge sensitive devices (ESDs) to prevent
damage to MOS gate oxide.

2. Refer to mounting instructions for SOT429 envelope.

3. Epoxy meets ULLS4 VQ at 1/8".

September 1999 6 Rev 1.000
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DEFINITIONS
Data sheet status

Objective specification | This data sheet contains target or goal specifications for product development.
Preliminary specification | This data sheet contains preliminary data; supplermentary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values .

Limiting values are given in accordance with the Absolute Maximum Rating §|§ystem (IEC 134). Stress above one
or more of the limiting values may cause permanent damage to the device. These are stress ratings only and
operation of the device at these or at any other conditions above those given in the Characleristics sections of
this specification is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information
Where application information is given, it is advisory and does not form part of the specification.
© Philips Electronics N.V. 1999

All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the
copyright owner.

The information presented in this document does not form part of any quctation or contract, it is believed to be
accurate and reliable and may be changed without notice, No liability will be accepted by the publisher for any
consequence of its use. Publication thereof does not convey nor imply any license under patent or other
industrial or inteflectual property rights.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices or systems where malfunction of these
products can be reasonably expected to result in personal injury. Philips customers using or selling these products
for use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting
from such improper use or sate.

September 1999 7 Rev 1.000
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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. Ali of
these power MOSFETSs are designed for applications such
as switching regulaters, switching convertors, motor dnivers,
relay drivers, and drivers for high power bipolar switching
transistors requiring high speed and tow gate drive power.
These types can be operated directly from integrated
circuits.

Formerly developmental type TA17441.

Features

* 5.6A, 100V

* rpsion) = 0.540Q

* Single Pulse Avalanche Energy Rated
» S0A is Powar Dissipation Limited

* Nanosecond Switching Speeds

= Linear Transfer Characteristics

* High Input Impedance

* Related Literature

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

Ordering Information Symbol

PART NUMBER PACKAGE BRAND D
IRF510 TO-220AB IRF510
NOTE: When ordering, include tha entire part number.

G
5
Packaging
JEDEC TO-220AB
SOURCE g
DRAIN
GATE

DRAIN {FLANGE)

RO Falrchild Corporation

fAFS510 Rev, B




IRF510

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

Drain to Source Voltags {Note 1)

....................................................... v
Drain to Gate Voltage (Rgg = 20K ) (NOte 1) . . ...ttt ir et ci it ene e eeemaeen s VDGD§
Continuous Drain CUITBNE . .. .. .. ...ttt ettt e e ettt et et e e iaens o .
TR 000G e I
Pulsed Drain CUITent (NOIB 3) .+ .. oot ae e aeeennnen .. LT Iom
Galte 10 SoUME VORADD . ... ... it i it et aiees Ves
Maximum Power DISSIpation . .. ..ottt e it et e i Fp
Limear Derating Factor. ... ... e et aa s
Single Pulsa Avalanche Energy Rating(Note 4) .. .. ... .oooneinii i it ian e Eas
Operating and Storage Temperatlure RANGO ... ....c it iettininen i inarcaran s rnrrans T4 Ts1G

Maximum Temperature for Soldering
Leads at 0.063m (1.6mm)from Case or 108, .. .. ... ii it ittt teriia et i carrraraneeannan T
Package Body for 108, See Techbrief 334

IRF510
100
100
5.6

4
20
120
43
0.29
19
-651t0 175

300
260

3

S8 c‘,‘a'§§<>>><<

CAUTION: Stresses above those listed in "Absoiute Maximum Ratings” may causa parmanent damaoe 10 the device, This Is a stress only miing and operation of the

device at these or any ather conditions above those indicated in the operational sections of this spacification is not impiled.
NOTE:
1. Ty = 25°C to 150°C.

Electrical Specifications T = 25°C, Unless Otherwiss Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Drain to Source Breakdewn Voltage BVpgs | Vas = 0V, ip = 250uA, (Figure 10) 100 - - v
Gate to Threshold Vollage VasoH) | Ves= Vs Ip = 250uA 2.0 - 4.0 v
Zero-Gate Voltage Dratn Curent Ipss Vpg =95V, Vgg =0V - - 25 WA
' Vps = 0.8 x Rated BVpgs, Vs = OV, Ty = 150°C - - 250 pA
On-State Drain Current (Note 2} ioiony | Vos > Ipiony x 'DS(ON)MAX: Vas = 10V {Figure 7\ 56 - - A
Gate to Source Leakage Curent lgss Vgg =120V - . +10¢ nA
Drain to Source On Resistanca (Note 2) |  rps(on Vgg = 10V, Ip = 3.4A (Figures 8, ) - 0.4 0.54 I]
Forward Transconduciance {Note 2} Ots Vs = 50V, Ip = 3.4A (Figure 12) 1.3 20 - ]
Tum-On Delay Time tyory | 'p~5.8A, Rgg =244, Vpp = 50V, Ry = 912, - 8 12 ns
Rise Time 4 VDD=50V.VGS=1OV _ 25 83 ns
MOSFET switching thmes are essentialty independent
Tum-Oft Delay Time t4(OFF} | of operating temperatura - 16 7 ns
Fail Time ] - 12 59 ns
Total Gate Charge Qgromy | Vas= 10V, Ip = 5.6A, Vpg = 0.8 x Rated Bvpgs, - 5.0 30 nG
{Gate to Source + Gate to Drain) lG(HEF) = 1.5mA (Figure 14) )
Gats to Source Charge QSB g‘r’nt?;e d'::urgr: is esseralty independent of cperating N 2.0 - nG
Gate to Drain “Miller Charge ] - ao - nGC
Input Capacilance Ciss Vag = 0V, Vpg = 25V, { = 1.0MHz (Figure 11) - 135 - pF
Qutput Capacitance Coss - 80 - pF
Reverse-Transfer Capacitance Cnass - 20 - pF
Internal Drain Inductance Lp Measured From the Modifiad MOSFET - a5 - rH
Contact Screw On Tab To | Symbol Showing the
Center of Die Inmtemal Devices
Measured From the Drain | 'nductances - 4.5 - nH
Lead, 6mm (0.25in) From
Package to Center of Die
Intarnal Source Inductance Lg Measured From The - 75 - nH
Source Lead, 6mm
{0.25In) From Header to
Source Bonding Pad
Junction to Case Reuc . - a5 | °cw
Junction to Ambient Raya | Free air operation - - 80 cw
©2002 Falrehiid Semiconductor Comporation IRF510 Fgv. B




IRF510

Source to Drain Dlode Specifications

PARAMETER SYMBOL Test Conditions MIN | TYP | MAX | UNITS
Continuous Source to Drain Current Isp Modified MOSFET D - - 5.6 A
Pulsa Source to Drain Current lsom | CYmpol Showing the
(Note 3) Integral Reverse - N 2 A
P-N Junction Diode G )
s
Source to Drain Diode Voltage (Note 2) Vso Ty =25%C, lgp = 5.6A, Vag = OV (Figure 13) - - 25 v
Reverse Recovery Time tr T, =25°C, igp = 5.6A, digp/d; = 100A/us 46 200 ns
Reverse Recovered Charge QrR Ty =25°C, Igp = 5.6A, digp/d; = 100A/s 0.17 | 0.4 0.83 pc
NOTES:
2. Pulse test pulse width < 300us, duty cycle < 2%.
3. Repetitive rating: pulse width limited by max junction temperature. See Transient Thermal Impedance curve {Figure 3).
4, Vpp = 25V, stant T, =25°C, L = 910H, Rg = 250, peak I5g = 5.6A.
Typical Performance Curves uniess Otherwise Specified
1.2 10
&
1.0
a < 9
5 L g
5 08
z N - J
2 s S § \
£ N 3,
g N 2 ~
=1 04 \ -
P g -q\
"g‘ 02 \\ z k‘
o \
0 0
] 25 50 i 100 125 50 175 25 50 75 100 125 150 175

Tc, CASE TEMPERATURE (°C)

FIGURE 1. NORMALIZED POWER DISSIPATION vs CASE

Te, GASE TEMPERATURE (°C)

FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs

TEMPERATURE CASE TEMPERATURE
10 e
= T
5 L 05

E g 0.2 :Eﬂa—lﬁ J_ 3
o E s ] 1 - . —E
E w 50.1 -t Pom 1
£ 3 |oos ] ]
2 oap 02 5

3 i ==z : ty |t :
E [ SINGLE PULSE (. 3

b NOTES: 7
DUTY FACTOR: D=tyfty |

PEAKT;=PpuxZguc+ T

0.01 ] 'WRNET] L ap sl
108 104 109 102 01 1 10

ty, RECTANGULAR PULSE DURATION (S)

FIGURE 3. MAXIMUM TRANSIENT THERMAL IMPEDANCE
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Typical Performance Curves uniess Oterwise Spedified (Continued)

100 _
E OPERATION INTHIS 35 FErH
REGION IS LINITED
BY rosion
2 b 44 U o
I~ 11
£ 10 ézl_-_ 22 Elazwouln
i ¥
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3 3 1ms
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s = === s==cail
& Tc=25°;:
Ty =175C
o | STNGLE PULSE
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Vpg, DRAIN TO SCURCE VOLTAGE (V)

FIGURE 4. FORWARD BIAS SAFE OPERATING AREA
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PULSE DURATION = 80yus ‘g'l""r'
DUTY CYCLE = 0.5% MAX Vs = 10V
- 8 > 1
S P |
1 Vgs = BY
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Q e VGS o TV =
z P | l
g T 1
=) e Vs = 6V ==
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Vps, DRAIN TO SOURCE VOLTAGE (V)
FIGURE 6. SATURATION CHARACTERISTICS
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Typical Performance Curves uniess Otherwise Specified (Continued)
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Test Circuits and Waveforms
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TRADEMARKS

The.foilowing are registered and unregistered trademarks Fairchild Semiconducior owns or ks authorized to use and is
not intended to be an exhaustive list of 2ll such trademarks,

ACEx™ FAST © OPTOLOGIC™ SMART START™  VCX™
Bottomless™ FASTr™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMAN™ Steatth™
CROSSVOLT™ GilobalOptoisolator™ POP™ . SuperSOT™-3
DenseTrench™ GTO™ Power247™ " SuperSOT™-6
DOME™ HiSeC™ PowerTrench® SuperSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
E2CMOS™ LitleFET™ Qs™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™  TnuTransiation™
FACT™ MicroPak ™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™ SILENT SWITCHER®  UtraFET®
STAR'POWER is used under licensse
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Order this document by TL434/D

@ MOTOROLA
SWITCHMODE™ Pulse Width
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
* Complet i i
e n_ge e Pulse W'ldth Modulation Control Clrcu.m'y SEMICONDUCTOR
hip Oscillator, with Master or Slave Operation TECHNICAL DATA
¢ On—Chip Ermror Amplifiers
* On-Chip 5.0 V Reference
¢ Adjustable Deadtime Control
* Uncommitied Output Transistors Rated to 500 mA Source or Sink D SUFFIX
* Output Control for Push-Pull or Single—Ended Operation o PG T CAGE
& Undervoliage Lockout 1 (SO-16)
N SUFFIX
16 PLASTIC PACKAGE
. CASE 648
PIN CONNECTIONS
Norimy ~ Noniny
. . 1 16
MAXIMUM RATINGS (Full operating ambient temperature range applies, “Tn E B} 4@ :l :':ﬂ
unless otherwise noted. } h.pg"; [Z l_il trgnt
Rating Symbol | TL494C | TL4a4l | Unnt oY [ W}V
Power Supply Voltage Vce 42 v Deadtime 73] Qutput
Contral :I Control
Collector Output Voltage Ve, 42 A
Vez : cr[5] 12] vec
Collector Output Curment ic1. lc2 500 mA Ry (8] 1] c2
{Each transistor) (Note 1)
Ground [ 7 10] E2
Amplifier input Voltage Range ViR 0.3 to +42 \
Pawer Disslpation @ Ta 5 45°C PD 1000 mw c1ié BE
Thermal Resistance, Rgja 80 G
Junction—to—-Ambient
Oparating Junclion Temperature Ty 125 °C
Storage Temperature Range Tstg —55to +125 °C ORDERING INFORMATION
Operating Ambilent Temperature Range Ta °C Operating
TL4B4AC 0to +70 Device Temperature Range Package
TL494] —-2510 +85 TLa54CD o ewaToC SO186
Derating Ambient Temperature TA 45 °C TL494CN A= Plaste
NOTE: 1. Maximum thermal limits must be cbserved. TLa0aIN TA=-25't0 +B5°C Plastic

© Motorola, inc. 1896 Rev1




TL494
RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unht

Power Supply Voltage Vee 70 15 40 v

Coltector Output Vollage Vg1 Vez - 30 40 Y

Collector Output Current (Each transistor) le1. o2 - - 200 mA

Amplified Input Voltage Vin 43 - Voo -20 v

Current into Feedback Terminal I - - 0.3 mA

Reference Output Current ‘ref - - 10 mA

Timing Resistor Rt 1.8 30 500 kG

Timing Capactor Ccr 0.0047 0.001 10 wF

Oscillater Frequency fosc 1.0 40 200 kHz

s
ELECTRICAL CHARACTERISTICS (Vi = 15 V, CT = 0.01 uF, RT = 12 k€, unless otherwise noted.)
For typlcal values Ta = 25°C, for minfmax values T is the operating ambient tempersture mnge that applies, uniess otherwise noted.
{ Characteristics T Symbol | Min [ Ty ] Max | unt ]
REFERENCE SECTION

Referanca Voitage (Ig = 1.0 mA) Vref 4.75 5.0 525 A

Line Regulation (Voo = 7.0 Vio 40 V) Regiing - 20 25 mv

Load Regulation (Ig = 1.0 mA to 10 mA) Reglgad - 3.0 15 mv

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

QUTPYT SECTION :

Collector Ofi-State Current Ictoff) - 20 100 HA
(VCC =40V, VCE =40 V) '

Emitter Off-State Current tE(off) - ~ -100 BA
Vop =40V, Ve =40V, VE=0V)

Collector-Emitter Saturation Voltage (Note 2} v
Common—Emitter (Vg = 0 V, I = 200 mA} Vsat(C) - 11 13
Emitter—Follower (Vo = 15V, Ig = —260 mA) Vsal{E) - 1.5 25

Qutput Control Pin Current
Low State (Vo 504 V) locL - 10 - RA
High State (Vo = Vief) : locH ~- 02 a5 mA

Output Voitage Rise Time tr ns
Common—Emitter {See Figure 12) - 100 200
Emitter—Foflower (Ses Figure 13) - 100 200

Output Voltage Fall Time 4 ns
Common—Emitter (See Figure 12) - 25 100
Emitter—Follower (See Figure 13) - 40 100

NOTE: 2. Low duty cycie puise techniques are used during test to maintain junction temperature as close to embient temperature as possibhe.

2 MOTOROLA ANALOG IC DEVICE DATA




TL494

ELEC'_TRICAL CHARACTERISTICS (Voo =15V, CT=0.01 uF, RT = 12 k3, unless otherwise noted.)
For typical values Ta, = 25°C, for min/max values Tg is the operating ambient temperature range that applies, unless otherwise noted.

| Characteristics | symbot | min Tvp Max | unt
ERROR AMPUFIER SECTION
input Cffset Voltage (Vg (pin 3)=25V) Vio - 20 10 mV
input Gftset Current (Vg (pin 3) = 2.5 V) ho - 50 250 pA
Input Blas Current (Vo (pin 3) = 2.5 V) s - -0.1 -1.0 pA
Input Common Mode Voitage Range (Voo =40 V, Ta = 25°C) VICR 0.3t Voc-2. v
Open Loop Voltage Gain (AVo =3.0 V.V =0.5V103.5V, R = 20kQ) AvoL 70 85 - dB
Unity—Gain Crossover Frequency (Vi = 0.5V o 3.5V, R = 2.0 k1) 1o - 350 - iz
Phass Margin at Unity-Gain (Vo = 0.5V 10 3.5 V. R = 2.0 k2} bm - 65 - dag.
Common Mode Rejection Ratio (Vo =40 V) CMRR €5 g0 - dB
Power Supply Rejection Ratio (AVee =33V, V=25V, Ry = 2.0k} PSRR - 100 - dB
Output Sink Current (Vo (Pin 3) = 0.7 V) lo— 03 07 - mA
Cutput Source Gument (Vo (pin 3) = 3.5 V) io* 20 —4.0 - mA
PWM COMPARATOR SECTION (Test Circult Figure 1)
Input Threshold Vdltage (Zero Duty Cycle) VTH - 25 4.5 v
Input Sink Current (V(pin, 3)=0.7 V) I 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Tast Circuit Figure 11}
Input Blas Current (Pin 4) (Vpin 4 =0V t0 5.25 V) liB (DT) - -2.0 -10 A
Maximum Outy Cycle, Each Output, Push—Pull Mode DCrmax %
(VPin4=0V, CT=0.01 gF, RT = 12 k1) 45 48 50
(VPin 4 =0V, C1 = 0.001 uF, RT = 30 kf2) - 45 50
Input Threshold Voltage (Pin 4) Vih v
{Zero Duty Cycle) - 28 33
{Maximum Duty Cycle) 0 - -
OSCILLATOR SECTION
Freguency (CT = 0.001 uF, RT = 30 k1) fosc - 40 - kHz
Standard Deviation of Frequency* (C1 = 0.001 pF, RT = 30 &} algso - 3.0 - %
Frequency Change with Voltage (Vo = 7.0 Vio 40 V, Ta = 25°C) Afgse (V) - 0.1 - %
Frequency Change with Temperature (ATA = Tiow to Thigh) Afpgc (AT) - - 12 %
(CT=0.01 pF, RT = 12k02)
UNDERVOLTAGE LOCKOUT SECTION
Tum—On Threshold (Vo increasing, irgf = 1.0 mA) 1 vm 55 6.43 70 | v
TOTAL DEVICE
Standby Supply Cument (Pin 6 at Vg4, All other inputs and outputs open) Icc mA
Vcc=15V) - 5.5 10
Vcc=40V) - 7.0 15
Average Supply Current mA
(CT=0.01uF, Ry = 12K, V(pin 4)= 2.0V} - 7.0 -
(Vce = 15 V) {See Figure 12)

* Standard deviation ts a measure of the statistical distribution aboust the mean as dartved from the formula, o
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Figure 1. Representative Block Diagram
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TL494
APPLICATIONS INFORMATION

Description

The TL494 is a fixed—frequency pulse width modutation
control circuit, incorporating the primary building biocks
required for the control of a switching power supply. (See
Figure 1.) An intemal-linear sawtooth osciliator is frequency~
programmable by two extemal components, RT and CT. The
approximate oscillator frequency is determined by:

focem —del
ey o=

For more information refer to Figure 3.

Output puise width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor CT 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 coresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The controf 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 48% with
it connected to the reference line. Additional deadtime may
be imposed on the output by sefting the deadtime—control
input to a fixed vollage, ranging between 0 Vig 3.3 V.

Functional Table

Input/Output fout
Controls Qutput Function Tosc =
Grounded | Single—ended PWM @ Q1 and Q2 1.0

@ Vref Push-pull Operation 0.5

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percent on-time, established by the deadtime
coniral input, down to zero, as the voltage at the feedback pin
varies from 0.5 V to 3.5 V. Both error amplifiers have a
common mods input range from -0.3 V to (Ve — 2V), and

may be used to sense power-supply output voltage and
cuirent. The ermor—amplifier outputs are active high and are
ORed together at the noninverting input of the pulse—width
modutator comparator. With this configuration, the amplifier
that demands minimum output on time, dominates control of
the loop.

When capacitor CT 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 fiip—flop directs the
modulated pulses to each of the two oulput transistors
altermately for push—pull operation. The output frequency is
equatl to half that of the oscillator. QOutput 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 required 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—ftop. The output frequency will now be equal to that of the
oscillator.

The TL494 has an intemal 5.0 V reference capable of
sourcing up to 10 mA of load curment for external bias circuits.
The reference has an intemnal accuracy of 15.0% 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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Figure 4. Open Loop Voltage Gain and
Phase versus Frequency

TL494

Figure 5. Percent Deadtime versus
Oscillator Frequency
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Figure 10. Error-Amplifier Characteristics
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Figure 11. Deadtime and Feedback Control Circuit
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Figure 14. Error-Amplifier Sensing Techniques
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Figure 18. Slaving Two or More Control Circuits

Figure 19. Operation with Vi, > 40 V Using

External Zener
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Figure 20. Puise Width Modulated Push—Pull Converter
#Vin = 8.0V 10 20V
o
12 ? Vg =28V
1N4934 ig=024A
U vee _,J\f:j_ o R o
8 2
21 _ Cy 13"2" k é
M Eq N
™ —_
33 Camp T }-o—) e =< 50l
0.01 0017 43 " ol % v
: - o ang
32| 25v o
16 1
1" oC VRgr OT Cr Ry Gd E! E2 4 - s O B
13| 14| a] 5| 6] 7] 9| 10
A *: 240 g
47Tk 10
4.7k 10K 0¥1 158k
Q- 0
Ak capacitors in pF
Test Conditions Results
Line Regulation Vip= 10 V040 V 14mV 0.28% TR s G
Load Regulation Vin=2BV,ig=10mAto1.0A | 3.0mV 0.06% Sc:::\gw 1207 fm gov\_«gw
Output Ripple Vin=28V.lg=1.0A 65mV pp PARD. |
Short Circuit Curent | Vin =28V, R = 0.1 0 16A
Efficiency Vin=28V,lg=1.0A 71%
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Figure 21. Pulse Width Modulated Step—Down Converter
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Test Conditions Results
Line Reguiation Vin=80Vtod0V aomv 0.01%
Load Regulation Vin=126V, g =02 mAto 200 mA 50mV  0.02%
Output Ripple - Vin =126V, Ig = 200 mA 40mvpp PARD.
Short Circuit Current Vin=126V,R . =0.1 02 250 mA
Efficiency Vin =126V, Ig = 200 mA 72%
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Motorota reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guaramera regarding
the suitabllity of its products for any particular putpose, nor does Motorola assume any llability arising out of the appilication or use of any product or clreuit, and
specifically disclaims any and all liability, Including without limitation consequential orincidental damages. “Typical” parameters which may be provided In Matomola
data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicats®
must be validated for each customer application by customer's tachnical experts, Motoota does not convay any license under its patent rights nor the rights of
othars. Motorole products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustein tife, or for any other application in which the failure of the Motorola product could create @ situation where persona Injury
or death may acour. Shoutd Buyer punchase or use Motorota products for any such unintended or unauthorized appiication, Buyer shall indemnify and hold Motorola
and is officers, employses, subsidiaries, affiliates, and distributors hammiess against all claims, costs, damages, and expanses, and reasonable attomey foes
arising outof, directly or indirectty, eny claim of personal injury or death associated with such unintended or unauthorized use, even if suchclaim alleges thatMotorole
was negligent regarding the dasign or manufaciure of the part. Molomle and @ registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE/Locations Not Listed. Motorola Litereture Distribution; JAPAN: Nippon Motoroia L. Tatsumi-SPD-JLDC, 6F
P.0. Bax 20912; Phoenix, Arizona 85038, 1-800-441-2447 or 602-303-5454 3-14-2 Tatsumi Koto—u, Tokyo 135, Jepan. 03-81-3521-8315

MFAX: RMFAXO@email.sps.motcom — TOUCHTONE 602-244-6609 ASIAIPACTFIC: Motoroia Semiconduciors H.KC Lid.; 88 Tai Ping Industrial Park,
INTERNET: http//Design-—NET.com 51 Ting Kok Road, Tal Po, N.T., Hong Kong. 85226629208
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