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ABSTRACT

Half Bridge induction heating in this thesis presents control of inverter output
voltage and current by frequency variation. The technology of it is simple and required
no extra control. The basic knowledge of a half-bridge inverter and work-piece material
in first step. The practical knowledge of design high frequency transformer and working

coil in detail in thesis.
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Z=R+j(0) (2.14)
Z=R (2.15)
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Graph of impedance versus frequency

Graph of current versus frequency
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Philips Semiconductors Product specification
PowerMOS transistors IRFP460
Avalanche energy rated

FEATURES SYMBOL QUICK REFERENCE DATA

* Repetitive Avalanche Rated d

» Fast switching Vpss = 500 V

« Stable off-state characteristics

« High thermal cycling performance lb=20A

« Low thermal resistance g

Rogiony < 0.27
]

GENERAL DESCRIPTION PINNING S0T429 (TO247)

N-channel, enhancement mode PIN DESCRIPTION 5 5

field-effect power transistor, o)

intended for use in off-line switched 1 gate -

mode power supplies, T.V. and

computer monitor power supplies, drain

d.c.tod.c. converters, motor control
circuits and general purpose
switching applications.

3 source

tab |drain 2
The IRFP460 is supplied in the B ' 3
507420 (T0247) conventional -
leaded package.
LIMITING VALUES
Limiling values in accordance with the Absolute Maximum System (IEC 134)
SYMBOL | PARAMETER CONDITIONS MIN. MAX., [ UNIT
Viss Drain-source voltage =25°'Ct0150°C - 500 v
Voox  |Drain-gate vohage 1J 25 °C 10 150°C; Res = 20 kQ . 500 v
Vgs Gate-source voltage : - + 30 v
I Continuous drain cumrent T = 25°C; Vgs =10V - 20 A
T,,,,,-‘IOO C Vas =10V - 124 A
low Pulsed drain current Tw=25"C - 80 A
Po Total dissipation T =25°C - 250 w
T, T 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
E.g Non-repetitive avalanche Unclamped inductive load, I, = 20 A; - 1300 ml
energy t, = 0.2 ms; T, prior to avalanche = 25" C;
Voo =50 V; =50 £k Vg =10V
Ean Repetitive avalanche energy' |1,z = 20 A; t,, = 2.5 us; T, prior to - 32 mJ
avalanche = 25°C; Rgg = 50 £); Vg = 10 v
bass lar Repetfitive and non-repetitive - 20 A
avalanche current

1 pulsa width and repetition rate limited by T, max.

September 1999
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Philips Semiconductors Product specification
PowerMOS transistors IRFP460
Avalanche energy rated

THERMAL RESISTANCES
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. ] UNIT
R paris Thermal resistance junction - - 05 | KW

to mounting base
Ry pe Thermal resistance junction | SOT429 package, in free air - 45 - Kw
to ambient

ELECTRICAL CHARACTERISTICS

T, = 25 "C unless otherwise specified
SYMBOL |PARAMETER CONDITIONS MIN. | TYP, | MAX. | UNIT
Verpss | Drain-source breakdown Ves =0V, Ip=0.25mA 500 - - Vv

voltage
AVppipss / | Prain-source breakdown Vps = Vigsi Ip = 0.25 mA - 0.1 - %K
AT, voltage temperature
coefficient
Rosion) Drain-source on resistance |Vgs=10V,I;=10A - 02 [027] Q
Vesmy  |Gate threshold voltage Vps = Vss, ID =0, 25 mA 20 |1 30| 40 v
On Forward transconductance VDS 0A 13 18 - S
Ipss Drain-source leakage current |V, 500 V: D\las =0V - 2 50 pA
Vgs 400V; V=0V, T =125°C - 100 | 1000 | pA
lgss Gate-source leakage current VGs +30 V; Vps =0V - 10 | 200 | nA
Qoo Total gate charge 20 A V=400V, Vg =10V - 147 | 190 | nC
Q. ' Gate-source charge > - 12 18 nC
Qoy Gate-drain (Miller) charge - 78 | 100 | nC
toam Tum-on delay time Voo =250 V; Rp = 12 12; - 23 - ns
t Tum-on rise time R;=390 - 72 - ns
tuom Turn-off delay time - 150 - ns
t Tum-off fall time - 75 - ns
Ly Internal drain inductance Measured from tab to centre of die - 3.5 - nH
Ly 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
Cus Input capacitance Ves =0V V=25V f=1MHz - 3000 - pF
Con Output capacitance o8 = - |48 ] - | pF
Cm Feedback capacitance - 270 - pF
SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS
= 25 'C unless otherwise specified
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
lg Continuous source current | T, =25'C - - 20 A
g)ody diode)
lsas dL{‘J'dsed source current (body |T,.,=25'C - - 80 A
iode)
Vso Diode forward voltage =20A; Vee=0V - - 1.5 A4
t,Q, Reverse recovery time =20 A; Vg =0 V; difdt = 100 Np.s - 900 - ns
r Reverse recovery charge - 15 - nC

September 1999

Rev 1.000




Philips Semiconductors

Product specification
PowerMOS transistors IRFP460
Avalanche energy rated
120 PD% Normasiised Power
110 4 th Fmb (KAW) PHWIONSOE
100 . FD = 0 55=FF g
20 ™ T i
80 -nl.zl-- HH i o J H
70 0.1 tn.1 SRR
RS 5 L :
80 ~ [0S it i 011 1 O
50 A Co.020b=T T | B g DT
w0 0.04 2 E o e
% o singte pubsa AT AT ‘
20 ‘ ;
10 AN 0.001 i 1 ua : _.1'1 ‘rrn ST
¢ 1E06 1E-05 1E-04 1E03 1E-02 1E-01 1E+00 1E+01
[ 20 40 &0 Tmiﬂ.c 100 120 140 Putse width, tp (s)
Fig.1. Normalised power dissipation. Fig.4. Transient thermal impedance.
PD% = 100 Pp/Ppas o = (T ) Zomt = Kt); parameter D = t/T
120 1% Normolised Gument Derating
110 Drain Current, ID (A) PHW2ONSOE
20 -
100 ~ 8 |TI=25C : ves =1V "
0 P~ . g
69 4 Pz -
b /'/ AV
g N ;
50 L= AZV—
30 ryy
20 N %7 IV
10 2 i Av—
0 o ; !
o 20 40 &0 80 100 120 140 0 1 2 3 L} 5
Tmb/'C - Drain-Source Voltage, VDS (V)
Fig.2. Normalised continuous drain current. Fig.5. Typical output characteristics.
D% = 1001/l 25 ¢ = KT, ms); conditions: Ves> 10V Ip = f{Vps); parameter Ve
g5 Drain-Sourca On Resistance, ADS{on) (Ohma) PHW20NS0E
1w_mwmcm‘lmm  PHW20RSOE Mav | asv |1 N=ksc
= 44V agv |sv
== -~ 048
= - . ]
e s W N i T 1d100us | 04
Fabson < VOSID R et o= 1
1 de) NG il 03 AT
=== |1 VGS=gY
02s —ééﬁj v
01 \ 02
10 100 1000 0 2 4 6 e 10 12 14 16 18 20
Draln-Source Voltege, YDS (V) Drain Current, 1D {A)
F;'g. 3. Safa operating area. T,, =25 °C . Fig.6. Typical on-state resistance.
Ip & ou = f{Vios); Iy Single pulse; parameter t, Rusion = H{lp); parameter Vgs
September 1999 3 Rev 1.000




Philips Semiconductors

Product specification
PowerMOS transistors IRFP460
Avalanche energy rated
Drain curren, 1D (A) _ PHWZONSOE e
VDS > D X RDS(ON) V 4 = m;--_..._h
25 | Tl ]
20 / 3 s m..._______
15 T~ iy ™~
{soc 2 = 1
10 ////ﬂ i T+ 1]
5 / 1
] ] 4
0 1 2 3 4 5 ¢ 7 ] o
Gat rce votage, VGS (V) 50 40 20 0 220 :ﬁ'acﬁﬂ 80 100 120 130
Fig.7. Typical transfer charactenistics. Fig.10. Gaie threshold vorlt:/?e.
Ip = (Vo) parameter T, Vesaoy = (1)), conditions: I = 0.25 mA; Vs = Vs
4p Jramsconductance, gfe () PHW20NSOE reor
15 | VDS 21D X ROS(ON
18 he2sC| A
14 S 1506
12 = o ==roo o=
10 Pl
8 P ot
6 {—rf
L
2
o# { : — i
0 5 10 15 b 25 30 1506 1 7 L
Drain current, ID (A} ) e 1 ics/v 3 4
Fig.8. Typical transconductance. Fig.11. Sub-threshold drain current.
gs = f{lp); parameter T, Ip = {(Vgsy conditions: T, = 25 "C; Vg = Vigg
s Normalised RDS(ON) = KT])
. // 1m_0¢p¢dhnnu.€hl,€m¢rn(pﬂ PHWZONSOE
/ o s, 1 T+
P N~ LIS
// ..\:m.
] 14 1000 "":L\‘\
_-//( s =
=T = Cons 1]
~J T [
100 L
S0 40 20 0 20 40 _60 80 100 120 140 01 1 10 100
A, Drain-Source Vohaga, VDS (V)
Fig.9. Normalised drain-source on-state resistance. Fig.12. Typical capacitances, C,,, C.,. Cprs
a = Rosion/Rosionyzs o= (T Ip = 10 A; Vg = 10 V = Vo) conditions: Vs = 0 Vot = TMIE
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Philips Semiconductors Product specification
PowerMOS transistors IRFP460
Avalanche energy rated

Source-Drain Diode Current, IF {4) PHW2ONSDE

45 Gate-e0uTCE Voltage, VGS (v) PHW20NSE f:"vés-lnv A
14 1+-1D= 21.}:‘ 4/
3 [me-2xc o 7
11 3 p
12 20 y 1)

s 25 # 2

n 20 150 Q -’// Ti=25¢C

':' / 15 , _ L A

Eava 1: ya

H o g

§JL

o 25 50 75 100 125 150 175
Gate charge, QG (nC)

Fig.13. Typical turm-on gate-charge characteristics.
Ves = f(Q;); parameter Vps

¢ 01020304050607 0808 1 1112131415
Drain-Source Voltage, VSDS (V)

Fig.16. Source-Drain diode characteristic.
Ir = {Vspe); parameter T,

Switching tmes, ton}, tr, t{olf), tf {na) PHW2ONSDE
600 -
(o)
500 e
-
400 ——
‘/
300 —
- tr, of
200 L =
J'—' .-a---""""-‘ﬂ‘-
100 g —— = c{on}
—_—
o -
0 5 10 15 » 25 0

Gate resketance, RG {Ohms)

Fig.14. Typical switching times; lyony tn tyomy & = f(Rs)

Non-repetitive Avalanche curremt, LAS {A)

100
-3} prior to avalanche = 25 CH
\ -.._\-
10 b, .
H vos 125 C ~ v
I - .
i _/L o
o PHW2ONSOE [
1 y————eriy AT
1E-06 1E-05 1E-D4 1£-03 1E-02

Avalanche tme, tp (s)

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

Normuisad Drair-source breskdown voitag
115 (vempss @
V{ERDSS @ 25C

11 //
1.08 //

1 //
0.85 //

0.8
0'3?100 50 100 150

0 50
T} Junedion ternperatura {C)
Fig.15. Normalised drain-source breakdown voltage;,
VieriossVimmpss 25 ¢ =

Maxirmum Repetitive Avalanche Current, LAR (&)

100 = g
10 t~L1 [[| T} prior to avalanche = 25C
125 C—Hie
= ]
1 =t £ . 3
i B
PHW20N i
01 ; T s
1E-D6 1E05 1E-04 1E-03 1E-02

Awvalanche time, tp (s}

Fig.18. Maximum permissible repetitive avalanche
current (1,5} versus avalanche time (t,}
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‘Philips Semiconductors

Product specification
PowerMOS transistors IRFP460
Avalanche energy rated
MECHANICAL DATA
Mﬂmmmm;mmnmmmm;mm SOT429
Agal e ‘B
~
P~
A
,Qi
/] 10 20 mm
e
DISENSIONS {rmm sr the oripinel dimenstons)
ver| A (A (b [y [l e |||l | P|alaq s jw| Yy |aip
il P A Y A I R H H A I H E EIE{HES
:";Indnni-hnmﬂhmh.
VERSION prs =DEC vy PROJECTION WEUZ DATE
soTaz TO-M7 =36 Bt
Fig.19. SOT429; pin 2 connecled 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 UL94 VO at 1/8".

September 1999 6 Rev 1.000



Philips Semiconductors Product specification

PowerMOS transistors IRFP460
Avalanche energy rated

DEFINITIONS

Data sheet status

Objective specification | This data sheet contains target or goal specifications for product development,
Preliminary specification | This data shest contains preliminary data; supplementary 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 System (IEC 134). Stress above one
or more of the limiting values may cause permanent damage to the device. Tyhsese are stress ratings only and
opergation of the device at these or at any other conditions above those given in the Characteristics 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. 19989

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 quotation 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 intellectual property rights.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices or sysiems 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 egree to fully indemnify Phiiips for any damages resulting
from such improper use or sale.

September 1999 7 Rev 1.000
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Data Sheet

5.6A, 100V, 0.540 Ohm, N-Channel Power
MOSFET

This N-Channe! enhancement mods silicon gate power fisid
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 switching regulators, switching convertors, motor drivers,
relay drivers, and drivers for high power bipolar switching
transistors requiring high speed and low gate drive power.
Thess types can be operated directly from integrated
circuits.

Formerty devalopmental type TA17441.

IRF510

January 2002

Features

= 5.8A, 100V

* ps(on) = 0.5400

+ Single Pulse Avalanche Energy Rated -
+ SOA is Power Dissipation Limited

« Nanosecond Switching Speeds

» Linear Transfer Characteristics

« High Input impedance

* Related Literature
- TB334 “Guidelines for Soidering Surface Mount

Components to PC Boards”
Ordering Information Symbol
PART NUMBER PACKAGE BRAND D
(RF510 TO-220AB IRF510
NOTE: When ordering, includa the entire part number.
G
8
Packaging
JEDEC TO-220AB
SOURCE
DRAIN
GATE
DRAIN (FLANGE)

©2002 Falrchild Semicanductor Cotparation

IRF510 Rev. B




IRF510

Absolute Maximum Ratings Tg =25°C, Uniess Otherwise Specified

Drain to Source Voltage {Note 1)

...................................................... Vv
Drain to Gate Voltage (Rgg = 20K {Note 1} . . ... ... oo iiiiniiiienss VD(?;
Contnuous Draln CUITBIT .. ... ...t v i e v a et st anaat ittt aanasnraaenans Ip

e 1.4 o Ip
Pulsed Draln Cument (NOtB 3) . .. ... o ot i e it it s ir e, oY)
Gate to SOUTCE VO BGE . ... ittt ittt itcace it tiate e eeaasancarnranrasrrans Vas
Maximum Power Disslpation . ...._ ... ............. e raassatatataret e anaan Pp
Linear Derating Fattor. .. ..o ettt i it i it i i i et et ta ey
Single Putse Avalanche Ememgy Rating (Note 4) ... ... ... . it irier e Eag
Operating and Storage Tomperature RBNGD . ... .ccviin ittt et ianniriiarentacerrrones T4. 751G
Maximum Temperature for Soldering

Laads at 0.0634n (1.6mm) from Casefor 108. . ... ..ottt ittt c i e rrinraennnnns T

Package Body for 105, SeeTechbrief 334 . .. ...t iiiii  icee  ie e Toxg

IRF510

100
100
5.6

0.29

19

-85t0 175

300
260

3

58 c?§_§2<>>><<

CAUTION: Stresses above those isted in "Absolite Maxiroum Ratings™ may cause pswmnmanent damage fo the device. This is a stness only miing end operation of the

davice al thess or any othor conditions ebove those indicated In the operational sectfons of this specification is not implied.
NOTE:
1.Ty = 25°C 10 150°C.

Electrical SpecHications T = 25°C, Uniess Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Drein to Source Breakdown Voltage BYpgs | Vas= 0V, ip = 250uA, (Figure 10) 100 - - v
Gate to Threshold Voltage VasaH) | Ves= Vps. lp =250mA 2.0 - 4.0 v
Zero-Gate Voltage Drain Current lpss Vpg =95V, Vgg =0V - - 25 pA
Vpg = 0.8 x Rated BVpgs, Vgg = 0V, Ty = 150°C - - 250 uA
On-State Drain Current (Note 2) IpioN) | Vos > Ip(oN) x 'osiommax. Vag = 10V (Figure D 56 - . A
Gate to Source Leakage Current lgss Vgg = £20V - - 100 nA
Drain to Source On Resistance (Note 2) | rpsiony | Vas = 10V, Ip = 3.4A (Figures 8, 8) - 0.4 0.54 e
Forward Transconduclance (Note 2) Ofs Vg = 50V, Ip = 3.4A (Figure 12) 1.3 20 - 5
Tum-On Delay Time taony |l = 5.6A, Rgg = 24402, Vpp = 50V, R = 9802, - 8 12 ns
Rise Time 4 Vpp = 50V. Vgg = 10V o - 25 | 63 s
MOSFET switching times are essentially independem
Tum-Oft Delay Time {4OFF) | of operating temperature - 15 7 s
Fell Time {4 - 12 58 ns
Total Gate Charge : C Qgrony | Vas = 10V, lp =5.6A, Vpg = 0.8 x Rated BVpgs, - 5.0 30 nC
(Gate to Source + Gate to Drain}) latRer) = 1.5mA (Figure 14}
Gate to Source Charge Qgs QGate charge Is essentially ndependent of operating N 2.0 N nc
temperature,
Gate 1o Drain "Miller” Charge Qg - 3.0 - nC
Input Capacitance Ciss Vag = 0V, Vpg = 25V, { = 1.0MHz {Figure 11} - 135 - pF
Output Capacitance " Cpss - ‘B0 - pF
Reverse-Transfer Capacitance Cass - 20 - pF
Internal Drain Inductance Lp Measured From the Modified MOSFET - 3.5 - nH
Contact Screw On Tab To | Symbal Showing the
Center of Die Imemnal Devices
Measured From the Drain | PJuctances - 4.5 - nH
Lead, 6mm (0.25in) From
Package to Center of Die
imtemat Source Inductance Lg Measured From The . 7.5 - nH
Source Lead, 6mm
(0.25in) From Header to
Source Bonding Pad
Junction to Case Raic - - a5 | o
Junction to Ambient Rgya | Free air operation - - B0 | oW

€002 Falrchild Semiconductor Corporation
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Source to Drain Diode Specifications

PARAMETER SYMBOL Test Conditicns MIN | TYP | MAX | UNITS
Contmuous Source to Drain Currant lsp Modified MOSFET D - - 5.6 A
Pulsa Source to Drain Gurrent lsom | Yol Showing the A I P A
Not Integral Reverse
{Note 3) P-N Junction Diode o
s
Source to Dmain Diode Voltage (Note 2) Vsp Ty = 25°C, Igp = 5.6A, Vgg = OV (Figure 13) - - 25 v
Reverse Recovery Time tr Ty =259C, Igp = 5.6A, digp/d; = 100A/us 46 200 ns
Reverse Recovered Charge Qrr | Ty=25°C, Igp = 5.6A, digp/d, = 100A/s 017 | 04 | 083 ne
NOTES:
2. Pulse test pulse width < 300us, duty cycle < 2%.
3. Repetitive reting: pulse width imited by max junction temperature. See Translent Thermal impedance curve (Figure 3).
4. Vpp =25V, slant T = 25°C, L = 810uH, Rg = 2502, peak lzg = 5.6A.
Typlcal Performance Curves uniess Otherwise Specified
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Typical Performance Curves untess oterwise Specified (Continued)

100
OPERATION IN THIS S——+
REGION 1S LIMITED
B"'DS(ON}
- | 10us
- e -
- N 1 i
5 mEELE’ 1003
H i
[ 4 3 |
8 1me
z 4
o
T 1
n L T
T LA
X Tc-zs"c
Ty=175°C
o1 SINGLE PULSE
B 10 102 109

¥Yps, DRAIN TO SOURCE VOLTAGE (V)

FIGURE 4. FORWARD BIAS SAFE OPERATING AREA

PULSE DURATION = 80y.8 =
DUTY CYCLE = 0.5% MAX — Vgs = 10V
o |
) |
Vas = 8Y
| |
- [
Vnsgw —
] |
Ves-6\|'=
| |
Vgg = 5V
Vgo =4V
0 2 4 [ 8 10
Vps, DRAIN TO SOURCE VOLTAGE (V)

10

\

Ip, DRAIN CURRENT (A)

N

FIGURE 6. SATURATION CHARACTERISTICS

PULSE DURATION = 80us
FDUTY CYCLE = 0.5% MAX

Vgg = 10V
Vs =20V — |
1 "
fnommarnst
)

tpg(on) DRAINTO SCURCE
ON RESISTANCE {01}

[} L} -} 12 16 )

Ip, DRAIN CURRENT (A)

FIGURE B. DRAIN TO SOURCE ON RESISTANCE va GATE
VOLTAGE AND DRAIN CURRENT

10
/ ! I ! ] VGS = 16V
4 PULSE DURATION = 80ys
=z & l DUTY CYCLE = 0.5% MAX T
E I N T Vg = BV mm
il =" e
e 6
] Vg7V
=
[ {
g’ ]
-] Vgg = 6V ﬁ
=2 -
Vgg = 5V
o Vag = 4V
[+] 10 20 30 40 50
Vps. DRAINTO SOURCE VOLTAGE (V)
FIGURE 5. OUTPUT CHARACTERISTICS
10
3 Vpg 2 50v ——
- PULSE DURATION = 80us
z DUTY CYCLE = 0.5% MAX
o ]
3
] -2 I
§ T = 115°C Ta=29%
y4
g
_g 0.1
3 —
3 i
[=]
-§ A
102
[ 2 a 6 8 10
Vgg, QATE TO SOURCE VOLTAGE (V)
FIGURE 7. TRANSFER CHARACTERISTICS
30 S
Ip=3.4A,Vgg = 0V
PULSE DURATION = BOus
u DUTY CYCLE = 0.5% MAX
z > 7
= /
-4 >
i
woqs
z o
2 1.2 {
=
g 0.8 —_
T

[
. S0 -0 20 0 20 40 €D 80 100 120 140 150 180
T, JUNCTION TEMPERATURE {°C)

FIGURE 9. NORMALIZED DRAIN TO SOURCE ON
RESISTANCE va JUNCTION TEMPERATURE

©2002 F. Semiconductor Corg

IRF510 Rev. B



IRF510

Typical Performance Curves uniess Otherwise Specified (Gontinued)
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Test Circuits and Waveforms
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FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 16. UNCLAMPED ENERGY WAVEFORMS
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TRADEMARKS

The following are registered and unregistered tredemarks Fa
not intended 1o be an exhaustive Lst of all such rademarks.

ACEx™

irchild Semicenductor owns or s authorized to use and is

FAST ® OPTOLOGIC™ SMARTSTART™  VOX™
Bottomless™ FAST™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMAN™ Stealth™
CROSSVOLT™ GiobalOptoisolator™ pOp™ SuperSOT™-3
DenseTrench™ GTO™ Power247™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench® SuperSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
E2CMOS™ LitteFET™ Qs™ TinylLogic™
EnSigna™ MicroFET™ QT Optoelecironics™  TruTranslation™
FACT™ MicroPak ™ Quiet Series™ UHC™
FACT Quiet Series™ MICROWIRE™ SILENTSWITCHER® UHaFET®

STAR'POWER is used under license
DISCLAMMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

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

1. Life support devices or systems are devices or
systems which, (a) are imended for surgical implant Into
the body, or (b) suppornt or sustain iife, or {¢) whose
failure to perform when properly used in accordanca
with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

PRODUCT STATUS DEFINITIONS

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

Definitlon of Terms

Datasheest Identification Product Statis Definltion
Advance Information Formative or This datasheet contains the design specifications for
in Design product development Specifications may change in

any manner without notice.

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

No Identification Needed Full Production This datasheet contains fina! specifications. Fairchild

Semaconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet comains specifications on a product
that has been discontinued by Falrchild semiconductor.

The datasheet is printed for reference information onfy.
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SWITCHMODE™ Pulse Width
Modulation Control Circuit

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

Complste Pulse Width Modulation Control Circuitry

On—Chip Oscillator with Master or Slave Operation

On—Chip Ermor Amplifiers

On=Chip 5.0 V Reference

Adjustable Deadtime Control

Uncommitted Qutput Tranststors Rated to 500 mA Source or Sink
Qutput Control for Push—Pull or Single~Ended Operation
Undearvoltage Lockout

Order this document by TL494/D

TL494

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

D SUFFIX
PLASTIC PACKAGE
" CASE 751B

! {SO-16)

N SUFFIX
18 PLASTIC PACKAGE
. CASE 648

PIN CONNECTIONS

p-Hu 5] et
MAXIMUM RATINGS (Full operating ambient temperature range applies, e v
uniless otherwise noted.) gt L2} 5] toput
Rating . Symbol | TLAS4C | TLAS4 | Unit CompenPW (51 2] Ve
Supply Vi A 42 v .
Power Supply Veltage VCC — . Deadtime E E Output
Coltector Qutput Voltage C1
ve2 er 5 i2] vec
Collector Output Currant Iea. Ic2 500 mA rr (6] 11] 2
ji Note §
(Each transistor) (Note 1) s 7] -
Amplifier Input Voitage Range ViR =03 to +42 v :|
cils B|Et
Power Disslpation @ Ta < 45°C Pp 1000 mw r—-—
Thermal Resistance, Rgja 80 °CIw
Junction-to—-Ambient
Operating Junclion Temperature Ty 125 °C
Storage Temperature Range Tstg —55t0 +125 °C ORDERING INFORMATION
Operating Ambient Temperature Range Ta ’ °C Operating
TLA%4C Oto +70 Device Temperature Range Package
TL494] —2510 +85 TLa94CD o000 170 5016
Derating Amblent Tempearature TA 45 °C TL49aCN A=U"10 Plaste
NOTE: 1. Maximum thermat limis must be observed. TL49aIN Ta = —25° to +85°C Plastc

© Motorola, tnc. 1696 Rev 1




TL494
RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unht

Power Supply Voltage Vee 7.0 15 40 v

Collector Output Voltage Vet Voo - 30 40 v

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

Ampiified input Voltage Vin 03 - Vec~20 A

Current Into Feedback Terminal ih - - 03 mA

Reference Qutput Current iret - - 10 mA

Timing Reststor ) Rt 18 30 500 [ {e]

Timing Capacitor Cr 0.0047 0.001 10 wF

Oscillator Frequency fose 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vo = 15 V. CT = 0.01 wF. RT = 12 kf), unless otherwise noted.)

For typical values Tp = 25°C, for min/max values T is the operating emblent temperature range that applies, unless otherwise noted.
Characteristics | Symbot | min | T ] Max | Unh ]

REFERENCE SECTION

Reference Vaitage (i = 1.0 mA) Vel 475 5.0 5.25 v

Line Regulation (Vcc=7.0Vin 40 V) Regjling - 2.0 25 mv

Load Regutation (ig = 1.0 mA to 10 mA) Regjoad - 3.0 15 my

Short Circult Output Current (Vief= 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Ofi-Stats Current Iciof) - 2.0 100 BA
(Vcc =40V, VCE=40V)

Emitter Off—State Current (o) - - -100 BA
Ve =40V, Ve =40V, VE=0V)

Collector-Emitter Saturation Vollage (Note 2) A
Common-Emitter (Vg = 0V, I = 200 mA) Vsal(C) - 1.1 13
EmittarFoliower (V¢ = 15V, Ig = —200 mA) Vsai(E) - 1.5 25

Output Control Pin Current
Low State (Vo s 04 V) locL - 10 - pA
High State (Voo = Vief) locH - 0.2 35 mA

Output Vottage Rise Time tr ns
Common—Emitter {(See Flgure 12} - 100 200 :
Emitter—Follower (See Figure 13) - 100 200

Qutput Voltage Fall Time i ns
Common—Emitter {See Figure 12) - 25 . 100
Emitter—Follower (Ses Figure 13) - 40 100

NOTE: 2. Low duty tycle pulse techniques are used during test to maintain Junclion tempersture as closs to ambient lemperature as possible.

2 . MOTOROLA ANALOG IC DEVICE DATA




TL494

ELECTRICAL CHARACTERISTICS (Ve = 15V, Ct = 0.01 &F, RT = 12 k2, unless otherwise noted.)

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

Characteristics | Symbo [ wn [ | max | unh |
ERROR AMPLIFIER SECTION
Input Offsst Voltage (Vo (pin 3)=25V) Vio - 20 10 my
Input Offset Current (Vg {Pin3)=25V) o - 5.0 250 nA
input Bias Current (VO (Pin 3) = 2.5 V) B - 0.1 -1.0 uA
input Common Mode Voltage Range (Vo = 40 V, Ta = 25°C) VICR -0.3t0 Voe-2.0 v
Open Loop Valtage Galn (AVo =3.0 V, Vo =05 V10 3.5V, R = 2.0 k(2) AvoL 70 a5 - dB
Unity—Gain Crossover Frequency (Vg =0.5Vio 35V, R = 2.0 k2) fr_ - as0 - kHz
Phase Marpin at Unlty-Galn (Vo = 0.5V to 3.5 V, R = 2.0 kQ2) dm - 65 - deg.
Common Mode Rejection Ratio (Vo = 40V) CMRR 65 a0 - dB
Power Supply Rejection Ratio (AVeC = 33V, Vo = 25 V, Ry = 2.0 k) PSRR - 100 - dB
Output Sink Cument (Vo (Pin 3=07V) lo- 03 07 - mA
Output Source Cument (Vo (pin 3) = 3.5 V) o+ 20 -4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) VTH - 2.5 45 v
Input Sink Current (V(pin 3)= 0.7 V) I 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Blas Current {(Pin 4) (Vpin 4= 0V1t0 525 V) ha {OT) - ~20 -10 wA
Maxtmum Duty Cycle, Each Output, Push—Pull Mode DCrmax %
(VPin4 =0V, CT =001 yuF, RT = 12 k2} 45 48 50
{(VPin4 =0V, Ct = 0.001 uF, RT = 30 k?) - 45 50
input Threshold Vohage (Pin 4) Vit v
{Zero Duty Cydie) . - 2.8 33
{Maximum Duty Cycle) . 0 - -
OSCILLATOR SECTION
Frequency {Ct = 0.001 pF, RT = 30 k) fosc - 40 - kHz
Standard Deviation of Frequency* (C1 = 0.001 pF, Ry = 30 kf2) ofasc - 30 - %
Frequency Change with Voltage (Vo = 7.0 Vo 40 V, Ty = 25°C) Aase (AV) - 0.1 - %
Frequency Change with Temperature (ATA = Tiow t© Thigh) Afgge (AT) - - 12 %
(CT=0.01 uF, Ry = 12 kD)
UNDERVOLTAGE LOCKOUT SECTION
Tum—On Threshold (V¢ increasing, kg = 1.0 mA) Vin | 55 6.43 0 | v |
TOTAL DEVICE
Standby Supply Cumrent (Pin 6 at Vigf, All other inputs and outputs open) lce mA
Mec=15V) - 5.5 10
(Vo =40V) - 7.0 15
Averaga Supply Current mA
{Ct=0.01yF, RT = 12K, V(pin 4)=2.0V) - 7.0 -
(Voo = 15 V) (See Figure 12)
* Standard devlation fs a measure of the statisticat distribution about the mean as d,ertved from the formula, o
MOTOROLA ANALOG IC DEVICE DATA 3
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Figure 1. Representative Block Diagram

This device contains 46 active transistors.
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TLA494
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 intemal=linear sawtooth osciliator is frequency—
progreammable by two external components, Rt and CT The
approximate oscillator frequency is determined by:

11
RT«CT

For more information refer to Figure 3.

fosc = ~———

Qutput pulse width modulation is accomplished by
comparison of the posltive sawtooth waveform across
capacitor CT to sither of two control signals. The NOR gates,
which drive output transistors Q1 and Q2, are enabled only
when the flipflop 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
increass in control-signal amplitude causes a comresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are extemal inputs that can be fed into
the deadtime control, the error ampifier inputs, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offset which limits the minimum output
deadtime to approximately tha first 4% of the sawlooth—cycle
time. This would result in @ maximum duty cycle on a given
output of 96% with the output control grounded, and 48% with
it connecled to the reference line. Additional deadtime may
be imposed on the output by setting the deadtime—control
input to a fixed voltage, ranging between ¢ Vio 3.3 V.

Functional Table
put/Output f
mc::nh'ola Output Function % 'S
Grounded Single—ended PWM @ Q1 and Q2 1.0
@ Vief 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
control input, down fo zero, as the voltage at the feedback pin
varies from 0.5 V to 3.5 V. Both error amplifiers have a
commoh made 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
maodulator comparator. With this configuration, the amplifier
that demands minimum output on time, dominates control of
the loop.

When capacitor Ct1 is discharged, a positive puise 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 fine, the pulse~steering flip—fiop directs the
modutated pulses to each of the two output transistors
altematsly for push—pull operation. The output frequency is
equsal to half that of the oscillator. Qutput drive can also be
teken from Q1 or Q2, when single—ended cperation 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 paraltel, and the
output—-mode pin must be tied to ground to disable the
fiip—flop. 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 current for external bias circuits.
The reference has an intemal accuracy of 35.0% with a
typical thermat! drift of less than 50 mV over an operating
temperature range of 0° to 70°C.

Figure 3. Oscillator Frequency versus
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Figure 4. Open Loop Voltage Gain and

Figure 5. Percent Deadtime versus

Phase versus Frequency Osclllator Frequency
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Flgure 7. Emitter—Follower Configuration
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Figure 10. Error—Amplifier Characteristics
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Figure 12. Common-Emitter Configuration
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TL494

Figure 11, Deadtime and Feedback Control Circult
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Figure 14. Error-Ampiifier Sensing Technlques
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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 V,, > 40 V Using

External Zener
Vrot
Rg vee T
C-=AA- ' o—} :
8 Vip > 40V 12
Ry " 1Ng754 : | I
Master Vz=39V I |
5.0V
21 | '
= 7 Gnd | | :
7 1
= L
Slave
(AdiStional
Crauis)
Figure 20. Pulse Width Modulated Push-Pull Converter
+ip =8.0Vie 20V
[+
12 (I, +Vpo =28V
1 Voo 4 7, INass I9=02A
+ -M:j— 1 ©
2]_ Cy 8 Tip z %
M az Ly Jo k
3k ey o
3 Comp TLAS }»—)l—: P 3552’—1
00 D01 4 "
- Tip| 50
i 2| 2V and | 5
16 T
—{* oC VRgr DT €y Ry Gnd E! E2 ~ ";‘I.,:l_ s A S I
3] 4] 4| 5] sl 7] 9 10
A 4 240 é
4.7k 10
47k é 10K Offi 15k
O . ]
Al capacitors in uF
Test Conditlons Results
Uine Regulation Vip=10 V1040V 14 mv 0.28% il @;%'30"1. DBANG
Load Reguiation Vin=28V,ig=10mAto 1.0A | 3.0mV 0.06% Secondary: 1207 C.T. #36 AWG
Core: Fesroxcube 1408P—100-3CB
Output Ripple Vin=28V,lg=1.0A 65mV pp PARD.
Short Circuit Cument | Vi =28V, R =010 16A
Efficiency Vin=28V.Ip=10A 71%
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Figure 21, Pulse Width Modulated Step-Down Converter

1.0mH @ 2A
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Test Conditlons Results

Line Regutation Vin=80Vioa0V 30mvV  0.01%
Load Regulation Vip = 126 V. Ig = 0.2 mA to 200 mA 50mV  0.02%
Output Ripple Vin = 12.6 V, Ig = 200 mA 4Omvpp PARD.
Short Circult Current Vin=126V,R.=0.1Q 250 mA
Efficiency Vin = 12.6 V, 10 = 200 mA . 2%
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General Description

Thesa hex buflers are monolithic compiementary MOS
{CMOS) integrated circults. The N- and P-channel enhance-
ment made transistors provide @ symmetrical cirguit with
cutput swings essentially squal 1o the supply voltage. This
results in high nolse immunity over a wide supply voltage
renge. No OC power other than that caused by leakage cur-
rent ts consumed during static conditions. All Inputs are pro-
tected against static: discharge. These gates may bwe used
as hex buffers, CMOS to DTL or TTL interface or as CMOS
current drivers. Conversion ranges anre frem 3V 1o 15V pro-
viding Voo £ Vop.

CD4009M/CD4009C Hex Buffers (Inverting)
CD4010M/CD4010C Hex Buffers (Non-inverting)

Features

| Wide supply voitage range 3.0V to 15V

B Low power 100 nW (typ.)

& High noise immunity 0.45 Vpp (typ)

B High current sinking 8 mA (min.) at Vo = 0.6V
capabllity and Vpp = 10V

Applications

m Automotive m Alarm system

m Data terminals
& instrumentation
W Madical electronics

| Industrial cantrods
B Remote metering

u Computers

Duakin-Line Package

Hex COS/MOS to OTL o TTL
comverter {non-mverting).

Comnect Ver 1o DTL ar TTL supply.
Connect Voo to COS/MOS supply.

Schematic and Connection Diagrams

Dual-in-Line Package

Yoo Yoo
|u 13 Iu Iu 12 In lw || lu 15 Iu Iu 12 ||1 113 Il
'[u 2 |s 4 I: 0 l‘: || [1 2 Ia 4 |s [ Ir Iu
Yoo Ves Yoo Yo
TL/F/504%-2 TUF/ 50494
Top View Top View
Order Mumber CD4009* or CD4010"
*Flemse look iro Saction 8, Appendix [ for avallabilty of various package types.
CD4008M/CD4009C CD4010M/CD4010C
vf, Yoo vg, Voo
| =i [ aald Ty ‘ L] 173
. B e - B E ek -
and L o0 N et oot L o] : Jile
E— l N R
Vs = Yo =
TL/F/BB45— Hex COS/MOS to OTL or TTL TUF/50459-0

comerter {inwverting).
Cornett Yeg: to DTL ar TTL supply.
Connect Vpp 1o COS/MOS supply,

0010+03/N0L0¥AD/ 2600+ AD/KE00+AD
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Absolute Maximum Ratings
If Military/Aerospace specified devices.are required, Storage Temperature Range (Tg) -85 Cto +150°C
contact the Natlonal Semlconductor Sales Office/ Py isglpat
Distributors for avaliablity snd specHications, ﬁ,_?:fh‘,’:m" Po) 700 mwW
Vuoltage at Any Pln {Note 1) Vgs — 0.3V fo Vgg + 15.5V Small Outline 500 mw
Operating Temperature Aange Lead Temperatura (T
CO40XXM —=55Cto +125°C (Soldering, 10 eeconds) 260°C
CO40XXC —-45Cto +85'C Oparating Range (Vpg) Vgg + 3V toVgs + 15V
DC Electrical Characteristics
Tast Limits
Symbol Characteristics “&:’I::;m CD40XXM Co40xxC Units
~55C | +25C +125¢| —aorc +25¢ | +a5C
Vo |vpp! Min iMax Min [ Typ [Max] Win Max] Min [Max] Min Typ{Max| Min [Ma
lee Quiascant Device 5 0.3 001103 20 3 0. 3 42 | pA
[Current 10 0.5 0.01 |05 30 6 0.05 5 70 | pA
Po  (Quiescent Davice 5 1.5 00515 100 15 0,15 15 210 uwW
Dissipation/Packag 10 5 o1 | s 200 50 0.5] 50 700] xW
Output Voltage 13 0.01 o 0.0 0.05] 0.01 0 0.0 0.05 Vv
Yo Low Level 10 0.01 0 0. 0.05 0.01 o j0.01 0.0 V
Vou [High Level 5 |4089 4.909 5 4.85 4,89 498 | 5 4.85 v
10 | 9.68 998 | 10 9.85 8.89 9.99 | 10 9.95 v
Moise irnmunity
(Al inputs) lo.z
Vox401] § 1 1 2.25 0.8 1 1 2 0.9 v
YNL CoM0M | yvaza0f10] 2 2 | as 10 2 2 [as 10 v
Vo215| § 1.8 1.5 | 2.25 1.4 1.8 1.5 |2.25 14 v
YL Co4010M { Vo230| 10| 3.2 3 | a5 28 3z 3 |45 26 v
Ve Vo235 6 1.4 1.5 | 225 1.5 1.4 1.5 {224 1.6 v
Vo270l 10| 28 3 4.5 3 2.9 3 (456 3 v
Output Driva Current 04 5 |375 3 4 21 36 3 24 mA
pN N-Channe! (Note 2) 05 101 10 B 10 6.6 -X:] B g 6.4 mA
oP P-Channe! {Note 2) 25 5 |—-1.85 -=1.25~1.75 —0.5 -1.5 -1.2 - 14 mA
9.5 10 | -0.8 ~08f—-08 —0.4] =073 -0.6 —0. mA
Input Current 10 | 10 ] pA
Nate |:Tmm:hmnulbaaarmocmmuru.m'mhmepuutrmb-umhphwmmwmmnpmmmmd:mm
Nate X g and IpP are leated one outpat at a tms.
AC Electrical Characteristics*
Ta = 258%, G = 15 pF, unless otherwise noted. Typical Temperatura coafficlant for all values of Vpp = 0.3%/°C
Test Limis
Conditions 40XXM CD40XXC
Characteristica v CD40XX Units
DD n Max
(Volts) Min Typ Max M Typ
. . —_— 70
Propeqation Dalay Time: - 5 —_ t5 55 15 )
High-to-Low Level (lpuy) :cc Voo 10 — 10 30 - 10 4D ns
DD = 10V - 5 — 10 as
Voo = 5V 10 2
-1 —_— 50 80 -_— 50 100
Low-to-High Leve! {tp 1) Veo = Voo 10 - 25 55 — 25 70
Vpp = 10V — 30 - 15 40 ns
Voo = 5V 15
Transstion Time; = 5 —_— 20 45 -_— 20 60 ns
High-to-Low Leve! (trHy) Vee = Voo 10 —_ 18 40 — 16 50
5 —_— 80 125 — 80 160 ns
Low-to-High Leve! (tr_y) Vee = Vop 10 — 80 100 — 50 120
Input Capacitance (Cy) Any Input —_ 5 -— — 5 — pF
“AC Peramaters are guarartesd by DC comeinted testng.
5-34
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