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TOSHIBA TLP250
TOSHIBA Photocoupler GaAlAs Ired & Photo-IC
Transistor Inverter
Inverter For Air Conditionor 4 .
Unit in mm

IGBT Gate Drive
Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated photodetector.

This unit is 8-lead DIP package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

e Input threshold current: IF=5mA(max.)

e Supply current (IcC): 11mA(max.)

e Supply voltage (Vco): 10-35V

¢ Output current (I0): £1.5A (max.)

» Switching time (tpLH/tpHL): 1.5ps(max.)

o Isolation voltage: 2500Vrms(min.)

e UL recognized: UL1577, file No.E67349

e Option (D4) type
VDE approved: DIN VDE0884/06.92,certificate No.76823
Maximum operating insulation voltage: 630VPK
Highest permissible over voltage: 4000VPK

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
e Creepage distance: 6.4mm(min.)

Clearance: 6.4mm(min.)

Schmatic

o Vcc

IF

_)
2+ Vo

VE } =3
3- Vo
GND

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

Truth Table
Tr1 Tr2
Input On On Off
LED off off On

122016

- o>
i
o

05201

254 L0338

LIRT =)

TOSHIBA 11-10C4

Weight: 0.54 g

Pin Configuration (top view)

1[0
2(]
3]
4

17
I B

s

« s

O~NOODdWN =

:N.C.

: Anode

: Cathode
:N.C.

: GND

: Vo (Output)
Vo

:Vee
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TOSHIBA TLP250
Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta 2 70°C) Alg / ATa -0.36 mA/°C
@ Peak transient forward curent (Note 1) IFpT 1 A
Reverse voltage VR 5 \%
Junction temperature Tj 125 2C
“H"peak output current (Pyy s 2.5ps,f s 15kHz) (Note 2) loPH -1.5 A
“L"peak output current (Pyy s 2.5us,f s 15kHz) (Note 2) lopL +1.5 A
(Tas 70°C) 35
Output voltage Vo \"
5 (Ta=85°C) 24
3 (Ta s 70°C) 35
8 Supply voltage Vee Vv
(Ta=85°C) 24
Output voltage derating (Ta 2 70°C) AVp / ATa -0.73 vi°C
Supply voltage derating (Ta 2 70°C) AVec / ATa -0.73 Vi/°C
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tstg -55~125 °C
Lead soldering temperature (10 s) (Note 4) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.s 60%) (Note 5) BVs 2500 Vms

Note 1:  Pulse width Py < 1us, 300pps

Note 2.  Exporenential wavefom

Note 3:

Note 4: Itis 2 mm or more from a lead root.

Note 5:

Note 6:

Recommended Operating Conditions

together.

Exporenential wavefom, lopH s —1.0A( < 2.5ps), lopL s +1.0A( < 2.5ps)

Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high

gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Characteristic Symbol Min. Typ. Max. Unit
Input current, on (Note 7) IF(ON) T/ 8 10 mA
Input voltage, off VE(OFF) 0 —_ 0.8 \
Supply voltage Vee 15 - 30 | 20 v
Peak output current lopH/lOPL — —_ 10.5 A
Operating temperature Topr -20 25 70 85 °C

Note 7: Input signal rise time (fall time) < 0.5 ps.
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Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage Vg — IF=10mA, Ta=25°C 1.6 1.8 \
Temperature coefficient of - o
forward voltage AVE/ ATa — IF =10 mA — -2.0 - mV/°C
Input reverse current IR — VR =5V, Ta=25C - 10 HA
Input capacitance Cr — V=0,f=1MHz,K Ta=25C — 45 250 pF
wie IF=10mA
H" level loPH 3 VAR -0.5 -1.5 —
Output current 2{,%0 =N 2 A
. Ig=0
L" level lopL 2 Vo5 = 2.5V 0.5 2 —
wqn Veet = +15V, VEg1 = -15V .
' VoH 4 |R(=2000, I = 5mA " 128
Output voltage \
w Veet = +15V, VEgq = -15V - _ L
L" level VoL 5 |RCZ'2000 Vi = 0.8V 14.2 12,5
Vee =30V, I = 10mA - 7 B
“H" level e — |Ta=25°C
Vee =30V, I = 10mA - - 11
Supply current ECRAEV s mA
Vee =30V, I = OmA _ 75 _
“L" level lceL — Ta=25°C
Vee = 30V, IF = 0mA = — 11
Threshold input “Output | Veeq = +15V, VEgq = 15V
" - — : A
current L—H i R = 200Q, Vg > OV g 5 2
Threshold input “Output - _ |Vcer =415V, Vggq = -15V 0.8 - - v
voltage H—L RL =200Q, Vo < 0V
Supply voltage Vee —_ 10 - 35 v
Capacitance c Vg=0,f=1MHz
. - — 1.0 20 F
(input-output) : Ta=25 P
: ; Vs =500V, Ta =25°C 12 14 _
Resistance(input-output) Rs — R.H.< 60% 1x10 10 Q
* All typical values are at Ta = 25°C  (*1): Duration of Ip time < 50us
3 2004-06-25



TOSHIBA TLP250
Switching Characteristics (Ta = -20~70°C , unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Propagation L—H tpLH — 0.15 0.5
phigy b HosL toHL I = 8mA (Note 7) — | 015 | 05
6 Vecet = +15V, VEgq = -15V Ms
Output rise time tr RL =200Q - = —
Output fall time tf = = L
Common mode transient
; X . Vem =600V, IF = 8mA
immunity at high level CMH 7 = o g0 -5000 - — V/ps
output Vce =30V, Ta=25°C
Common mode transient
: ; Vem = 600V, I = 0mA
immunity at low level CmL 7 E B o no 5000 - —_ V/us
output Vce =30V, Ta=25°C
* All typical values are at Ta = 25°C
Note 7: Input signal rise time (fall time) < 0.5 ps.
4 2004-06-25




TOSHIBA

TLP250

Test Circuit 1:

10 15
i B

Test Circuit 3 : IOPH

8
] o
1 E | ]
Vce
:| = 0.1pF -
IF V-6
}——@J_*
}1 lopH
4 )
Test Circuit 5: VoL
8
Veen
T 0.1pF k.

RL

C\? VoL
]

1]

VF'[
L
4[]

L.l_lL_lL_JL

=3
5 VEE1

Test Circuit 2 : IOPL

[
[

o

Test Circuit 4 : VOH

1

Is:

i

—18
o
Veet
j %: 0.1pF -
M o B
i
} VoH
=
TVEE1
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TOSHIBA TLP250

Test Circuit 6: toLH, tpHL, tr tf

VoH 80%

VoL 80%

8
1 [ }I
sw IF 0.1pF
‘("_—‘E_’ ] T | Vee
A B T
I ? ' E }_ ° Vo
4 g
Vewm
600V
L 90% |
R i, 480 (V)
— «— —> <«
CML:
SW A(IF=8mA) r (s)
CMH Cun - 280 (V)
VO =—3\/ v_ 26V ki f (us)
N o
SW :B(I¢=0)

CML(CMH) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output
voltage in the low (high) state.
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TOSHIBA

TErP2o0

IF=VE * VE/+ Ta-I
100 2.6
Ta=25°C
50
30
] 2 o -
_ o O 2.4
10 = 2 Iy
i o= 3
5 y s &= 22
L 3 + EWN NN
- 2, S8
é L & L 2.0
-] 3 >
o 0.5 7 E i
0.3 -
§ 4 SE .8
S o1 § ¢
w
0.05 § -1.8
0.03 =
0.01 I 1.4
1.0 1.2 1.4 16 18 20 0.1 03 05 1 3 5 10 30
Forward voltage VE (V) Forward current I (mA)
IF-Ta Vee-Ta
40 40
&
€ 30 30
2 3 \
3 \
82 3
PE s
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o U z
35 N,
[ s
g »
= (]
< 10 § 10
<
0 0
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Ambient temperature Ta (°C) Ambient temperature Ta (°C)
loPH, lopL - Ta
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B 2
g
-
O
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[
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

* The information contained herein is subject to change without notice.

* The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed
by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.

* TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in
general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility
of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire
system, and to avoid situations in which a malfunction or failure of such TOSHIBA products could cause loss of human life,
bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the
most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the
“Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

* The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal
equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products
are neither intended nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a
malfunction or failure of which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include
atomic energy control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
combustion control instruments, medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products
listed in this document shall be made at the customer’s own risk.

* The products described in this document are subject to the foreign exchange and foreign trade laws.

* TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under
any law and regulations.

» GaAs(Gallium Arsenide) is used in this product. The dust or vapor is harmful to the human body. Do not break, cut, crush or
dissolve chemically.
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FAIRCHILD
I
SEMICONDUCTOR ™

Data Sheet

IRFP460

July 1999

File Number 2291.3

20A, 500V, 0.270 Ohm, N-Channel
Power MOSFET

This N-Channel enhancement mode silicon gate power field
effect transistor is an advanced power MOSFET designed,
tested, and guaranteed to withstand a specified level of
energy in the breakdown avalanche mode of operation. All of
these power MOSFETSs are designed for applications such
as switching regulators, switching convertors, motor drivers,
relay drivers, and drivers for high power bipolar switching
transistors requiring high speed and low gate drive power.
These types can be operated directly from integrated
circuits.

Formerly developmental type TA17465,

Ordering Information

PART NUMBER PACKAGE BRAND

IRFP460 TO-247 IRFP460

NOTE: When ordering, use the entire part number.

Features

* 20A, 500V

* 1pS(ON) = 0.270Q

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

» Nanosecond Switching Speeds

* Linear Transfer Characteristics

* High Input Impedance

* Related Literature

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

Symbol

Packaging

JEDEC STYLE TO-247

SOURCE

©2001 Fairchild Semiconductor Corporation

IRFP460 Rev. A



IRFP460

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

Drain to Source Voltage (Note 1)
Drain to Gate Voltage (Rgg = 20k2) (Note 1)
Continuous Drain Current

Tc =100°C
Pulsed Drain Current (Note 3)
Gate to Source Voltage
Maximum Power Dissipation
Linear Derating Factor

Operating and Storage Temperature
Maximum Temperature for Soldering
Leads at 0.063in (1.6mm) from Case for 10s
Package Body for 10s, See Techbrief 334

Single Pulse Avalanche Energy Rating (NOt@ 4). . ... ... ...\ttt

Eas

IRFP460
500
500

20

12

80
120
250
2.0
960

-55 to 150

300
260

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
1. Ty=25°Cto Ty = 125°C.

Electrical Specifications T¢ = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Drain to Source Breakdown Voltage BVpss |Ip =250uA, Vgg = 0V (Figure 10) 500 - - \
Gate Threshold Voltage Vas(tH) | Vas = Vs, Ip = 250pA 2 - 4 \Y
Zero Gate Voltage Drain Current Ipss Vps = Rated BVpgg, Vgg = 0V - - 25 HA
Vps = 0.8 x Rated BVpgs, Vas = 0V, Ty = 125°C - - 250 HA
On-State Drain Current (Note 2) IpoN) | Vbs > ID(ON) X Tos(ON)MAX: Vas = 10V 20 - - A
Gate to Source Leakage Current lgss Vgs = 120V - - +100 nA
Drain to Source On Resistance (Note 2) 'os(oN) |lp=11A, Vgs = 10V (Figures 8, 9) - 024 | 027
Forward Transconductance (Note 2) 9fs Vps 2 50V, Ipg > 11A (Figure 12) 13 19 - S
Tum-On Delay Time tgon) | Vpp =250V, Ip = 21A, Rgs = 4.3Q, Rp = 12Q, - 23 35 ns
Rise Time i Vas = 10VMOSFET Syvilching Times are Essentially 81 120 ns
Independent of Operating Temperature
Turn-Off Delay Time t4(OFF) 85 130 ns
Fall Time ty - 65 98 ns
Total Gate Charge Qg(TOT) Vgs = 10V, Ip = 21A, Vpg = 0.8 x Rated BVpgs, - 120 190 nC
(Gate to Source + Gate-Drain) IG(REF) = 1.5mA (Figure 14). Gate Charge is
Gate to Source Charge Qo Essentially Independent of OperatingTemperature . 18 _ nC
Gate to Drain “Miller” Charge Qgq 62 - nC
Input Capacitance Ciss Vps =25V, Vgg = 0V, f = 1MHz (Figure 10) - 4100 - pF
Output Capacitance Coss - 480 - pF
Reverse Transfer Capacitance Crss - 84 - pF
Internal Drain Inductance Lp Measured from the Drain | Modified MOSFET - 5.0 - nH
Lead, 6mm (0.25in) from | Symbol Showing the
Package to Center of Die | Internal Device
Internal Source Inductance Ls Measured from the Source | '"ductances . 13 . nH
Lead, 6mm (0.25in) from
Header to Source Bonding
Pad
Thermal Resistance Junction to Case Reyc - - 0.50 | °cw
Thermal Resistance Junction to Ambient RgJa Free Air Operation - - 30 ocw

©2001 Fairchild Semiconductor Corporation

IRFP460 Rev. A




IRFP460

Source to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Continuous Source to Drain Current Isp Modified MOSFET D - - 20 A
e Symbol Showing the
Pulse S to D - 80 A
ulse Source to Drain Current ISpm §Floqral RoversgiPil
(Note 3) . o
Junction Rectifier
G
S
Source to Drain Diode Voltage (Note 2) Vsp Ty=25°C, Igp = 21A, Vgg = OV (Figure 13) - 7 1.8 \%
Reverse Recovery Time ter Ty =25°C, Igp = 21A, digp/dt = 100A/us 280 580 1200 ns
Reverse Recovery Charge QRR Ty =25°C, Igp = 21A, digp/dt = 100A/us 3.8 8.1 18 uC

NOTES:

2. Pulse test: pulse width < 300pus, duty cycle < 2%.
3. Repetitive rating: pulse width limited by Max junction temperature. See Transient Thermal Impedance curve (Figure 3).
4. Vpp =50V, starting Ty = 25°C, L = 4.3mH, Rgg = 25Q, Peak Iag = 20A.

Typical Performance Curves uniess Otherwise Specified

1.2

1.0

0.8

0.6

0.4

0.2

I, DRAIN CURRENT (A)

POWER DISSIPATION MULTIPLIER

0 50

100

Tc, CASE TEMPERATURE (°C)

150

FIGURE 1. NORMALIZED POWER DISSIPATION vs CASE
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-
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-
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&

S

N
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FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs

TEMPERATURE CASE TEMPERATURE
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FIGURE 3. MAXIMUM TRANSIENT THERMAL IMPEDANCE
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IRFP460

Typical Performance Curves unless Otherwise Specified (Continued)

10° = joes 40 o — v
22 PULSE DURATION = 80us
OPERATION INTHIS Vgs = 10V
: ABEA IS LIMITED Vas = 6.0V DUTY CYCLE = 0.5% MAX
2 'DS(ON) 32
2 -
< 102 : < Vgs = 5.5V
Z 5 ; == W z =
E L - NN g 24
c 2 100,38
3 10 N r YL g
tz> = E— ms 3 [3)
- -
g 5 = = HH g 16 Vgs = 5.0V
Q 2 10ms{
- L1 7
= =i = 8 =
5 [Tc =25°C DCH Vi <V
2 Ty = MAX RATED 11 Vgs = 4.0V
0.1 SINGLE PULSE [ . ——
12 5 10 2 5 102 2 5 103 0 50 100 150 200 250
Vps, DRAIN TO SOURCE VOLTAGE (V) Vps, DRAIN TO SOURCE VOLTAGE (V)
FIGURE 4. FORWARD BIAS SAFE OPERATING AREA FIGURE 5. OUTPUT CHARACTERISTICS
40 = 102
PULSE DURATION = 808 P PULSE DURATION = 80us =}
DUTY CYCLE = 0.5% ml\x o DUTY CYCLE = 0.5% MAX—}
o ® Vgs = 10V 50 Gs" “ Vos 2 50V
E = 3 10
E L Vgs = 5.5V 5 e =
& 24 ] T T v 4
g " 4 Ty =150°C A1f
3} 3 1
3]
z T t
Z 16 ,/ Vgs = 5.0V - 1 T, =25°C
o / -] k
2] i =]
£ & 04
Vgs = 4.5V e |
Vas = 4.0V i i
Gs =4,
0 102 I 11
0 4 8 12 16 20 0 2 4 6 8 10
Vps, DRAIN TO SOURCE VOLTAGE (V) Vas, GATE TO SOURCE VOLTAGE (V)
FIGURE 6. SATURATION CHARACTERISTICS FIGURE 7. TRANSFER CHARACTERISTICS
25 3.0
PULSE DURATION = 80us PULSE DURATION = 80ys
DUTY CYCLE = 0.5% MAX i DUTY CYCLE = 0.5% MAX
3] Vgs=10V,Ip = 11A
W 20 € 24
g~ 3 v
3¢ ? w /
8 w Vgs = 10V o0
Q15 ~Z48 e
ez zZdq y
z & <05 /
Za -3 L~
g a I Q12 ]
o g 1.0 wa ,
z / N3 L1
& / - il
g 0.5 .. - § 0.6 g
- ” g '
Vgs = 20V o
i )
0 I I 0
0 20 40 60 80 100 -40 0 40 80 120 160
Ip, DRAIN CURRENT (A) T4, JUNCTION TEMPERATURE (°C)
FIGURE 8. DRAIN TO SOURCE ON RESISTANCE vs GATE FIGURE 9. NORMALIZED DRAINTO SOURCE ON
VOLTAGE AND DRAIN CURRENT RESISTANCE vs JUNCTION TEMPERATURE
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Typical Performance Curves uniess Otherwise Specified (Continued)
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VOLTAGE vs JUNCTION TEMPERATURE
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FIGURE 13. SOURCE TO DRAIN DIODE VOLTAGE
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FIGURE 14. GATE TO SOURCE VOLTAGE vs GATE CHARGE
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Test Circuits and Waveforms

Vos
I BVpss
L le— tp —=i
Vos
VARY tp TO OBTAIN E las 7 | e, ]
REQUIRED PEAK Iag Rg :3 = vop —’ \\ oD
—4 T /7
Vas d / \\ /
ouT B \
/7 \
tp /I \
OV md S— las W v 8T =
I 0.01Q
*—AAA—4 —>| tav —

FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 16. UNCLAMPED ENERGY WAVEFORMS
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FIGURE 17. SWITCHING TIME TEST CIRCUIT FIGURE 18. RESISTIVE SWITCHING WAVEFORMS
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> Vos
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—
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FIGURE 75, GATE SRARUSEL IR FIGURE 20. GATE CHARGE WAVEFORMS

©2001 Fairchild Semiconductor Corporation IRFP460 Rev, A



TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST ® PACMAN™ SuperSOT™-3
Bottomless™ FASTr™ POP™ SuperSOT™-6
CoolFET™ GlobalOptoisolator™ PowerTrench ® SuperSOT™-8
CROSSVOLT™ GTO™ QFET™ SyncFET™
DenseTrench™ HiSeC™ QS™ TinyLogic™
DOME™ ISOPLANAR™ QT Optoelectronics ™ UHC™
ECoSPARK™ LittleFET™ Quiet Series™ UltraFET™
E2CMOS™ MicroFET™ "SILENT SWITCHER @ VCX™
EnSigna™ MICROWIRE™ SMART START™

FACT™ OPTOLOGIC™ Star* Power™

FACT Quiet Series™ OPTOPLANAR™ Stealth™

DISCLAIMER

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 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant into support device or system whose failure to perform can
the body, or (b) support or sustain life, or (c) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can be effectiveness.
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TL494

SWITCHMODE™ Pulse Width

Modulation Control Circuit

@ ® @ o o o o o

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

Complete Pulse Width Modulation Control Circuitry
On—Chip Oscillator with Master or Slave Operation

On—Chip Error Amplifiers
On—Chip 5.0 V Reference
Adjustable Deadtime Control

Uncommitted Output Transistors Rated to 500 mA Source or Sink

Output Control for Push—Pull or Single-Ended Operation

Undervoltage Lockout

MAXIMUM RATINGS (Full operating ambient temperature range applies,
unless otherwise noted.)

ON Semiconductor

http://onsemi.com
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ORDERING INFORMATION

Rating Symbol | TL494C | TL494l | Unit
Power Supply Voltage Vce 42 \%
Collector Output Voltage Vet 42 \
Vea

Collector Output Current Ict le2 500 mA

(Each transistor) (Note 1.)
Amplifier Input Voltage Range VIR -0.3 to +42 Vv
Power Dissipation @ Ta < 45°C Pp 1000 mwW
Thermal Resistance, ReJa 80 °C/IW

Junction—to—~Ambient
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tstg -55to +125 °C
Operating Ambient Temperature TaA °C

Range

TL494C 0to +70

TL494| —40 to +85
Derating Ambient Temperature Ta 45 °C;

1)

Maximum thermal limits must be observed.

PIN CONNECTIONS
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Noninv

Input
Emor ] 3

Inv !
Input E Vee

Emor

Amp Inv
15] Input

Compen/PWN 50V
Comp Input [3: E Viet
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Oscillator

c E%E 3
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|
12] Vee
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€
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(Top View)

Noninv
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Output
Contro

Device Package Shipping
TL494CD SO-16 48 Units/Rail
TL494CDR2 SO-16 2500 Tape & Reel
TL494CN PDIP-16 500 Units/Rail
TL494IN PDIP-16 500 Units/Rail
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TL494

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vee fay) 15 40 \%
Collector Output Voltage Vei, Ve2 - 30 40 Y
Collector Output Current (Each transistor) Ic1, Ic2 - - 200 mA
Amplified Input Voltage Vin -0.3 - Vee =20
Current Into Feedback Terminal Ifp - - 0.3 mA
Reference Output Current lref - - 10 mA
Timing Resistor Ry 1.8 30 500 kQ
Timing Capacitor Cr 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vcc = 15V, Cr = 0.01 pF, R = 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 Symbol I Min I Typ I Max I Unit
REFERENCE SECTION

Reference Voltage (Io = 1.0 mA) Vref 475 5.0 5.25 \

Line Regulation (Vcc = 7.0 Vto 40 V) Regjine - 2.0 25 mV

Load Regulation (Ip = 1.0 mA to 10 mA) Regjoad - 3.0 15 mV

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

OUTPUT SECTION

Collector Off-State Current Ic(offy - 2.0 100 HA
(Vec =40V, Vg =40 V)

Emitter Off-State Current lE(off) - - -100 HA
Vec=40V,Vc=40V,VE=0V)

Collector-Emitter Saturation Voltage (Note 2.) \Y
Common—Emitter (Vg =0V, Ic = 200 mA) Vsat(c) - T 1.3
Emitter—Follower (Vg = 15V, |g = =200 mA) Vsat(g) - 1.5 25

Output Control Pin Current
Low State (Voc < 0.4 V) ‘ locL i 10 - HA
High State (Voc = Vyef) locH - 0.2 3.5 mA

Output Voltage Rise Time t, ns
Common-Emitter (See Figure 12) - 100 200
Emitter—Follower (See Figure 13) - 100 200

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

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

http://onsemi.com
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TL494

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

L Characteristics Symbol Min ] Typ Max | Unlrl
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo (Pin3)=2.5V) Vio - 2.0 10 mV
Input Offset Current (Vo (pin 3) = 2.5 V) lio - 5.0 250 nA
Input Bias Current (Vo (pin 3)=25V) B - -0.1 -1.0 HA
Input Common Mode Voltage Range (Vg = 40 V, Ty = 25°C) Vicr -0.3to Vge-2.0 \
Open Loop Voltage Gain (AVo =3.0V, Vo =05V 1t0 3.5V, Ry =2.0kQ) AvoL 70 95 - dB
Unity-Gain Crossover Frequency (Vo = 0.5V to 3.5V, R = 2.0 kQ) fc- - 350 - kHz
Phase Margin at Unity-Gain (Vo = 0.5V to 3.5V, Ry =2.0kQ) Om - 65 - deg.
Common Mode Rejection Ratio (V¢ = 40 V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVee =33 V, Vg = 2.5V, R = 2.0 kQ) PSRR - 100 - dB
Output Sink Current (Vo (Pin3) = 0.7 V) lo- 0.3 0.7 - mA
Output Source Current (Vo (pin 3) = 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
Input Sink Current (V(pjy 3) = 0.7 V) I- 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpjn 4 = 0 V t0 5.25 V) lig (OT) - -2.0 -10 HA
Maximum Duty Cycle, Each Output, Push—Pull Mode DCmax %
(VPina =0V, Cr=0.01 uF, Ry = 12 kQ) 45 48 50
(VPina =0V, Cy =0.001 uF, Ry = 30 kQ) - 45 50
Input Threshold Voltage (Pin 4) Vin \"
(Zero Duty Cycle) - 2.8 3.3
(Maximum Duty Cycle) 0 - -
OSCILLATOR SECTION
Frequency (Ct = 0.001 pF, Ry = 30 kQ2) fosc - 40 - kHz
Standard Deviation of Frequency* (Ct = 0.001 pF, Ry = 30 kQ) ofosc - 3.0 - %
Frequency Change with Voltage (Ve = 7.0 V to 40V, Ta = 25°C) Afosc (AV) - 0.1 - %
Frequency Change with Temperature (ATa = Tiow to Thigh) Afgse (AT) - - 12 %
(Ct=0.01 uF, Ry = 12 kQ)

UNDERVOLTAGE LOCKOUT SECTION

| Turn—On Threshold (Vcc increasing, lrer = 1.0 mA) Vin 55 6.43 70 | v |
TOTAL DEVICE

Standby Supply Current (Pin 6 at Vg, All other inputs and outputs open) lcc mA
(Vec = 15V) . 55 10
(Vcc=40V) - 7.0 15

Average Supply Current mA
(Cr=0.01 uF, Ry =12kQ, V(p]n 4)= 2.0V) = 7.0 =
(Vce =15 V) (See Figure 12)

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

http://onsemi.com
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Output Control Vee
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This device contains 46 active transistors.

Figure 1. Representative Block Diagram
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Figure 2. Timing Diagram
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APPLICATIONS INFORMATION

Description

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

Lo ™ Rl
Ry e Ct
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 48% 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 3.3 V.

Functional Table

Input/Output Paut
Output Function =

Controls fosc

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
control 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 mode input range from —0.3 V to (Vcc - 2V), and
may be used to sense power—supply output voltage and
current. The error—amplifier outputs are active high and are
ORed together at the noninverting input of the pulse-width
modulator comparator. With this 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 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 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-flop. The output frequency will now be equal to that of
the oscillator.

The TL494 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,

_ 500k £ -
§ =Gy = 0,001 pF 1 Vee =15V

& 100 k==

> = =

[«

o]

&

o

= 001 uF

5 10 k== Ea

2 1 N

o) ! 8
»gmk 0.1 WF ! |
o i“* N 34

500
1.0k 20k 50k 10k 20k 50k 100k 200k 500k 1.0M
Ry, TIMING RESISTANCE ()

Figure 3. Oscillator Frequency versus
Timing Resistance
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TL494
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Figure 4. Open Loop Voltage Gain and
Phase versus Frequency
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Figure 6. Percent Duty Cycle versus
Deadtime Control Voltage
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Figure 8. Common-Emitter Configuration
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Collector Current
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Error Amplifier
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Figure 10. Error-Amplifier Characteristics
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Figure 12. Common-Emitter Configuration

Test Circuit and Waveform

TL494

0
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Figure 11. Deadtime and Feedback Control Circuit
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Figure 13. Emitter—Follower Configuration

Test Circuit and Waveform
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Figure 14. Error-Amplifier Sensing Techniques
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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

http://onsemi.com

8



Ry

Cr

Vrel

Master

Slave
(Additional
Circuits)

Figure 18. Slaving Two or More Control Circuits

+Vjy = 8.0V to 20V

(o

TL494

Rs Vee !
O— VWA~ 1
V> 40V worsa & | |
|
Vz=39V || s.0v
| Ref
|
Gnd | [
t 3

Figure 19. Operation with V|, > 40 V Using
External Zener

All capacitors in pF
Figure 20. Pulse Width Modulated Push-Pull Converter

Test

Conditions

Results

Line Regulation

Vin=10V1t0 40V

14 mV 0.28%

Load Regulation

Vin=28V,lIo=1.0mAto 1.0A

3.0mV 0.06%

Output Ripple

Vin=28V,lpg=10A

65 mV pp PAR.D.

Short Circuit Current

Vin=28V,R =01Q

16A

Efficiency

Vin=28V,lg=10A

1%

L1-35mH@03A
T1 - Primary: 20T C.T. #28 AWG

Secondary: 120T C.T. #36 AWG

12 ? +Vo =28V
47 1N4934 lp=02A
L ¢ VCC J\/\/:j— T1 0
2. =
1™ 32 L
33k — +]
2 Comp TL494 79|—< ~ 50 Lt
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13| 14 4 5 6 7 9| 10
AN *{ 240 §
E g § 15k
4.7k 10k 0-’?1
O O
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1.0mH @ 2A
+Vjp =10V to 40V Tip 32A +Vo =50V
O — L O
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B A%
47
47k
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Figure 21. Pulse Width Modulated Step—Down Converter

Test Conditions Results
Line Regulation Vin=80Vtod0V 3.0mV  0.01%
Load Regulation Vin =12.6 V, Io = 0.2 mA to 200 mA 50mV  0.02%
Output Ripple Vin =126V, Igo = 200 mA 40mVpp PARD.
Short Circuit Current Vin=126V,R =01Q 250 mA
Efficiency Vin =126V, Iop = 200 mA 72%
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PACKAGE DIMENSIONS
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NOTES
1. DIMENSIONING AND TOLERANCING PER ANSI

aa wn

Y14.5M, 1982.

. CONTROLLING DIMENSION: INCH.
. DIMENSION L TO CENTER OF LEADS WHEN

FORMED PARALLEL.
. DIMENSION B DOES NOT INCLUDE MOLD FLASH,
. ROUNDED CORNERS OPTIONAL
INCHES | MILLIMETERS
DIM| MIN | MAX | MIN | MAX
A | 0740 [ 0770 | 1880 | 1955
B [ 0250 | 0270 | 6. 6.85
C | 0145 [ 0175 | a. 4.44
D [ 0015 [ 0021 [ 0. 0.53
F 0040 ] 070 | 102 177
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H | 00508 1278
0. 0015 | 021 | 038
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L [ 0295 | 0305 | 7.50 | 7.74
M 0% 10°[ 0°[ 10°
0. 0040 [ 051 | 101
NOTES

. DIMENSIONING AND TOLERANCING PER ANS!

Y14.5M, 1982,
2. CONTROLLING DIMENSION: MILLIMETER,
3. DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.
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EUROPE: LDC for ON Semiconductor - European Support
German Phone: (+1) 303-308-7140 (Mon-Fri 2:30pm to 7:00pm CET)
Emall: ONlit-german@hibbertco.com
French Phone: (+1) 303-308-7141 (Mon—Fri 2:00pm to 7:00pm CET)
Email: ONlit-french@hibbertco.com
English Phone: (+1) 303-308-7142 (Mon-Fri 12:00pm to 5:00pm GMT)
Email: ONlit@hibbertco.com

EUROPEAN TOLL-FREE ACCESS*: 00-800-4422-3781
*Available from Germany, France, Italy, England, Ireland

CENTRAL/SOUTH AMERICA:
Spanish Phone: 303-308-7143 (Mon-Fri 8:00am to 5:00pm MST)
Emall: ONlit-spanish@hibbertco.com

ASIA/PACIFIC: LDC for ON Semiconductor — Asia Support
Phone: 303-675-2121 (Tue—Fri 9:00am to 1:00pm, Hong Kong Time)
Toll Free from Hong Kong & Singapore:
001-800-4422-3781
Email: ONlit-asia@hibbertco.com

JAPAN: ON Semiconductor, Japan Customer Focus Center
4-32-1 Nishi-Gotanda, Shinagawa-ku, Tokyo, Japan 141-0031
Phone: 81-3-5740-2745
Emall: r14525@onsemi.com

ON Semliconductor Website: http://onsemi.com

For additional information, please contact your local
Sales Representative.

TL494/D
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MOTOROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by MUR820/D

SWITCHMODE™ Power Rectifiers MURS820

... designed for use in switching power supplies, inverters and as MUR840
free wheeling diodes, these state—of-the—art devices have the
following features: M U RBGO

*» Ultrafast 25, 50 and 75 Nanosecond Recovery Time Motorola Preferred Devices
* 175°C Operating Junction Temperature
* Popular TO-220 Package

* Epoxy Meets UL94, Vo @ 1/8” glézﬁ_ﬁ:ﬁé«:;
* Low Forward Voltage S AMBERES

* Low Leakage Current
* High Temperature Glass Passivated Junction
* Reverse Voltage to 600 Volts

200-400-600 VOLTS

Mechanical Characteristics:

» Case: Epoxy, Molded

* Weight: 1.9 grams (approximately) 1

« Finish: All External Surfaces Corrosion Resistant and Terminal :’_" 4
Leads are Readily Solderable 3

» Lead Temperature for Soldering Purposes: 260°C Max. for
10 Seconds

» Shipped 50 units per plastic tube . »— CASE 221B-03
» Marking: U820, U840, U860 TO-220AC

MAXIMUM RATINGS

MUR
Rating Symbol 820 840 860 Unit
Peak Repetitive Reverse Voltage VRRM 200 400 600 Volts
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
Average Rectified Forward Current 'F(AV) 8.0 Amps
Total Device, (Rated VR), T = 150°C
Peak Repetitive Forward Current IFM 16 Amps
(Rated VR, Square Wave, 20 kHz), T¢ = 150°C
Nonrepetitive Peak Surge Current IFsSMm 100 Amps
(Surge applied at rated load conditions halfwave, single phase, 60 Hz)
Operating Junction Temperature and Storage Temperature TJ. Tstg —65to +175 °C
THERMAL CHARACTERISTICS
Uaximum Thermal Resistance, Junction to Case | Reyc I 3.0 l 2.0 I °C/W l
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage (1) VF Volts
(iF = 8.0 Amps, T¢ = 150°C) 0.895 1.00 1.20
(iF = 8.0 Amps, T¢ = 25°C) 0.975 1.30 1.50
Maximum Instantaneous Reverse Current (1) iR HA
(Rated dc Voltage, T = 150°C) 250 500
(Rated dc Voltage, T = 25°C) 5.0 10
Maximum Reverse Recovery Time ter ns
(IF = 1.0 Amp, di/dt = 50 Amps/us) 35 60
(IF = 0.5 Amp, iR = 1.0 Amp, IRgC = 0.25 Amp) 25 50

(1) Pulse Test: Pulse Width = 300 ps, Duty Cycle < 2.0%.

SWITCHMODE is a trademark of Motorola, Inc.
Preferred devices are Motorola recommended choices for future use and best overall value.
Rev 3

@ MOTOROLA

© Motorola, Inc. 1996
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Figure 2. Typical Reverse Current*

* The curves shown are typical for the highest voltage device in the
grouping. Typical reverse current for lower voltage selections can be
estimated from these same curves if VR is sufficiently below rated VR.
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Figure 7. Typical Reverse Current*

* The curves shown are typical for the highest voltage device in the
grouping. Typical reverse current for lower voltage selections can be
estimated from these same curves if VR is sufficiently below rated VR.
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MUR820 MUR840 MUR860
PACKAGE DIMENSIONS

NOTES:
— C j— 1. DIMENSIONING AND TOLERANCING PER ANSI
B Y14.5M, 1982,

r' y F T —’1 S 2. CONTROLLING DIMENSION: INCH.
il L INCHES | MILLIMETERS |
Q A i | OIM[ MIN_| MAX | MIN | MAX
? A\ A | 0595 | 0620 | 15.41 | 1575

B | 0380 | 0.405 | 965 | 10.29
A p C [ 0160 | 0190 [ 4 4.82
U f D | 0025 | 0,035 | 064 | 089 |
dF 4 F | 0142 | 0447 | 361 | 373
G | 0190 [ 0210 | 483 | 533
H T H | 0110 | 0130 | 279 | 3.30
J | 0018 | 0025 | 046 | 064
K K | 0500 | 0.562 | 1270 | 14.27
0045 | 0.060 | 114 | 152
Ity Q | 0100 | 0120 | 254 | 3.04
l | R | 0080 | 0110 | 204 | 27
S | 0045 [ 0055 | 114 | 1.39
L h—:‘ L* D R |<— T | 0235 | 0255 | 597 | 648
—| G . U | 0000 | 0,050 | 0000 | 127

CASE 221B-03
(TO-220AC)
ISSUE B

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
data sheets and/or specifications can and do vary in different applications and actual performance may vary overtime. All operating 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 to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that

Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

Mfax is a trademark of Motorola, Inc.
How to reach us:

USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.: SPD, Strategic Planning Office, 4-32-1,
P.O. Box 5405, Denver, Colorado 80217, 1-303-675-2140 or 1-800-441-2447  Nishi-Gotanda, Shinagawa-ku, Tokyo 141, Japan. 81-3-5487-8488

Customer Focus Center: 1-800-521-6274

Mfax™: RMFAX0@email.sps.mot.com — TOUCHTONE 1-602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,
Motorola Fax Back System - US & Canada ONLY 1-800-774-1848 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298

- http://sps.motorola.com/mfax/
HOME PAGE: http://motorola.com/sps/

@ MOTOROLA

()  CODELINE TO BE PLACED HERE MUR820/D



This datasheet has been download from:

www.datasheetcatalog.com

Datasheets for electronics components.









