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Abstract

This project presents an induction heating system. The induction heating gives effective
heating to materials. And works at frequency 70 kHz.The system consists of a control stage , gate
driver and IGBT for generating more current. The system has a half bridge converter as qne of

main port and output at the resonance frequency to have maximum output current.
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Frequency used in induction and dielectric heating

Frequency ( Hz) Source of power Used

60-960 Rotating generator or converter | Mass induction hating forging
Forming extrusion

960-10,000 Motor generator Induction heating for meltring
Heat treating

10,000 - 60,000 Convertor Inductons heating for small
scale melting and sintering

200,000 - 550,000 Vaccuum — tube Oscillators Suface induction heating for
brazingsoldering and strip and
wire heating

2,000,000 - 90,000,000

Vaccuum — tube Oscillators

Dielectric heating
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@ MOTOROLA

Pulse Width Modulation
Control Circuit

The SG3526 is a high performance pulse width modulator integrated
circuit intended for fixed frequency switching regulators and other power
control applications.

Functions included in this IC are a temperature compensated vollage
reference, sawtooth oscillator, error amplifier, pulse width modulator, pulse
metering and steering logic, and two high current totem pole outputs ideally
suited for driving the capacitance of power FETs at high speeds.

Additional protective features include soft start and undervoltage lockout,
digital current limiting, double pulse inhibit, adjustable dead time and a data
latch for single pulse metering. All digital control ports are TTL and B—series
CMOS compatible. Active low logic design allows easy wired—-OR
connections for maximum flexibility. The versatility of this device enables
implementation in single—ended or push—pull switching regulators that are
transformerless or transformer coupled. The SG3526 is specified over a
junction temperature range of 0° o +125°C.

8.0 V to 35 V Operation

5.0 V +1% Trimmed Reference

1.0 Hz to 400 kHz Oscillator Range

Dual Source/Sink Current Outputs: £100 mA
Digital Current Limiting

Programmable Dead Time

Undervoltage Lockout

Single Pulse Metering

Programmable Soft-Start

Wide Current Limit Common Mode Range

Guaranteed 6 Unit Synchronization

® & & o o & o & © o o

Representative Block Diagram

QOrder this document by SG3526/D

SG3526

PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

N SUFFIX
PLASTIC PACKAGE
CASE 707

PIN CONNECTIONS

+Error II E Veef
—Error | 2 E Voo
Compensation E E Output B
Csoft-Start E E Ground
wls] [
s E E Output A
wli] [
Shutdown E II Rpeadtime
R[] [10]cr

(Top View)

ORDERING INFORMATION

Operating
Device Temperature Range| Package
SG3526N Ty =0°t0 +125°C Plastic DIP
© Motorola, Inc. 1996 Rev 2



MAXIMUM RATINGS (Note 1)

$G3526

Rating Symbeol Value Unit

Supply Voltage Vce +40 Vdc
Collector Supply Voltage Ve +40 Vdc
Logic Inputs —0.3to +5.5 V
Analog Inputs -0.3toVge Vv
Qutput Current, Source or Sink lo 1200 mA
Reference Load Current (Vo = 40 V, Note 2) Iref 50 mA
Logic Sink Current 15 mA
Power Dissipation Pp mw

TA = +25°C (Note 3) 1000

Tg = +25°C (Note 4) 3000
Thermal Resistance Junction—to—Air Rgya 100 °Cw
Thermal Resistance Junction-to—Case Rgyc 42 °C/w
Operating Junction Temperature ity +150 °C
Storage Temperature Range Tstg -65 to +150 °Cc
Lead Temperature (Soldering, 10 Seconds) Tsolder +300 i

NOTES: 1. Values beyond which damage may occur.

2. Maximum junction temperature must be observed.
3. Derate at 10 mW/°C for ambient temperatures above +50°C.

4, Derate at 24 mW/°C for case tamperatures above +25°C.

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Max Unit
Supply Voltage Vee 8.0 35 Vdc
Collector Supply Voltage Vo 45 35 Vdc
Output Sink/Source Cument (Each Output) lo 0 +100 mA
Reference Load Cumrent Iref 0 20 mA
Oscillator Frequency Range fosc 0.001 400 kHz
Oscillator Timing Resistor Rt 2.0 150 kQ
Oscillator Timing Capacitor Crt 0.001 20 pF
Available Deadtime Range (40 kHz) = 3.0 50 %
Operating Junction Temperature Range Ty 0 +125 C

MOTOROLA ANALOG IC DEVICE DATA




SG3526
ELECTRICAL CHARACTERISTICS (Vg = +15 Vdc, Ty = Tigw to Thign [Note 8], unless otherwise noted.)

[ Characteristics ] Symbol [ Min | Typ I Max J Unit |
REFERENCE SECTION (Note 6)
Reference Output Voltage (T j = +25°C) Vref 4.90 5.00 5.10 \Y
Line Regulation (+8.0V < Vg <+35V) Regjine - 10 30 mv
Load Regulation (0 mA < I|_ < 20 mA) Regjoad - 10 50 mV
Temperature Stability AViefAT - 10 - mv
Total Reference Output Voltage Variation AVief 4.85 5.00 515 \
(+BOV<VCC<+35V,0mASI <20 mA)
Short Circuit Current (Veef = 0 V) (Note 2) Isc 25 80 125 mA
UNDERVOLTAGE LOCKOUT '
Reset Output Voltage (Vpef = +3.8 V) - 0.2 04 v
Reset Output Voltage (Vef = +4.8'V) 24 4.8 - v
OSCILLATOR SECTION (Note 7)
Initial Accuracy (T = +25°C) = 430 | 480 %
Frequency Stability over Power Supply Range Afoiz % 05 1.0 %
(+8.0V Vo s+35V) AVCC
Frequency Stability over Temperature Afgsc - 20 - %
(ATy = Tiow t© Thigh) ATy
Minimum Frequency fmin - 0.5 - Hz
(RT =150 kQ, C1 = 20 pF)
Maximum Frequency fmax 400 - - kHz
(RT = 2.0 kQ, C1 =0.001 puF)
Sawtooth Peak Voltage (VoG = +35 V) Vosc(P) = 3.0 35 v
Sawtooth Valley Voltage (Vo = +8.0 V) VosoV) | 0.45 0.8 s v
ERRCOR AMPLIFIER SECTION (Note 8)
Input Offset Voltage (Rg < 2.0 ki2) Vio - 20 10 mV
Input Bias Current liB - —350 | —-2000 nA
Input Offset Current . - lio - 35 200 nA
DC Open Loop Gain (R 2 10 MQ2) AvoL 60 72 - dB
High Output Voltage VoH 36 4.2 - \'
(VPin 1-VPin 2 2 +150 MV, Isoyrce = 100 pA)
Low Output Voltage VoL - 0.2 04 v
(VPin 2-VPpin 1 2 +150 mV, Lsing = 100 pA)
Common Moﬁe Rejection Ratio (Rg < 2.0 kQ) *CMRR 70 94 - dB
Power Sup;;ly Rejection Ratio (+12V<Voo<+18V) PSRR 66 80 - dB
NOTES: 2. Maximum junction femperature must be observed.
5. Tiow = 0°C Thigh = +125°C

6. I = 0 mA unless otherwise noted.
7.fosc=40kHz (RT=4.12kQ £ 1%, C7=0.01 uF £ 1%, Rp=010)
B.OV<SVgopy <+52V.

MOTOROLA ANALOG IC DEVICE DATA



SG3526

ELECTRICAL CHARACTERISTICS (continued)

Characteristics J Symbol ] Min | Typ | Max | unit
PWM GOMPARATOR SECTION (Note 7)
Minimum Duty Cycle DCmin - - 0 %
(VCompensation = +0.4 V)
Maximum Duty Cyde DCmax 45 49 - %
(VCompensation = *+3.6 V)
DIGITAL PORTS (SYNC, SHUTDOWN, RESET)
Output Voltage Vv
(High Logic Level) (source =40 pA) VoH 24 40 e
(Law Logic Lavel) (Igink = 3.6 mA) VoL - 0.2 0.4
Input Current— High Logic Level pA
(High Logic Level) (V|4 = +2.4 V) i - -125 | -200
(Low Logic Level) (V| =+04 V) IiL - -225 -360
CURRENT LIMIT COMPARATOR SECTION (Note B)
Sense Voltage (Rg < 50 Q) Vserise 80 100 120 mA
Input Bias Current ' Ig = -3.0 -10 HA
SOFT-START SECTION 1 - )
Error Clamg Voltage (Reset = +0.4 V) - 01 04 [ v
Csoft-Start Charging Cumrent (Reset = +2.4 V) Ics 50 100 150
QUTPUT DRIVERS (Each Output, V¢ = +15 Vdc, unless otherwise noted.)
Output High Level VoH v
Isource = 20 MA 125 | 135 -
lsource = 100 mA 12 13 -
Output Low Level VoL v
Isink = 20 mA - 0.2 0.3
Isink = 100 mA - L2 20
Collector Leakage, Vg = +40 V IC(leak) - 50 150 HA
Rise Time (Cy_= 1000 pF) il ki 0.3 0.6 us
Fall Time (C|_ = 1000 pF) tf = 0.1 0.2 us
Supply Current lcc - 18 30 mA
(Shutdown = +0.4 V, Voe = +35 V, R = 4.12 kQ)

NOTES: 7. 15 = 40 kHz (RT=4.12 kQ £ 1%, CT= 0.01 pF £ 1%, Rp = 0 Q)
B.OVsVpopms+52V
9.0VsVgopms+i2Vv

4 MOTOROLA ANALOG IC DEVICE DATA
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Figure 1. Reference Stability over Temperature

Figure 2. Reference Voltage as a

Function Supply Voltage
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T, JUNCTION TEMPERATURE (°C) Vee. SUPPLY VOLTAGE (V)
Figure 3. Error Amplifier Open Laop
Frequency Response Figure 4. Current Limit Comparator Threshold
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Figure 6. Output Driver Saturation Voltage as a
Figure 5. Undervoltage Lockout Characteristic < Function of Sink Current
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Figure 7. V¢ Saturation Voltage as a

Function of Sink Current
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Figure 9. Error Amplifier
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Figure 8. Oscillator Period
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Figure 10. Undervoltage Lockout
\Tf
To Reset
S
To Driver A
+ To Driver B
1.2V ol
Bandgap -
Reference
_I_ § R2 L

Figure 11. Pulse Processing Logic

Memary
FIF

Sync —l—CS

S Q R QfF—>»
PWM —D ]
og—>
Metering
FIF

Clack

PWM

The metering Flip-Flop is an asynchranous data falch
which suppresses high frequency oscillations by aliowing
only one PWM pulse per oscillator cycle.

The memory Flip-Flop prevents double pulsing in a
push—pull canfiguration by remembering which output
produced the fast pulse.
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Figure 12. Extending Reference

Output Current Capability
c' 4,
= A
2 17| Reference |18
Vee P Regulator Viet
%
15 == 10pF
Gnd

|L=

* May be required with some types of transistors

Figure 14. Oscillator Connections

1}

Rp

563526

Rt

-~ Cr

Figure 16. Soft—Start Circuity
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- Error

Reset 3
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Vief

Gnd

Ry +Rg
Vout = Vref R2

SG3526

APPLICATIONS INFORMATION

Figure 13. Error Amplifier Connections

R3 1
2
R2
Ry Paositive
Output
Vottage  Gnd

e [ I \
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Figure 15. Foldback Current Limiting
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Figure 17. Driving VMOS Power FETs
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Ve AL

SG3I526
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Gnd

The totem pole output drivers of the SG3526 are ideally.

suited fordriving the input capacitance of power FETs at

high speeds.

Negative
Output
Voltage

|
Vout =Veef | &,
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Figure 19. Flyback Converter with

Figure 18. Half-Bridge Configuration Current Limiting
+V o
W oo : Supply
Supply R1 c2 LT
" |
= ¢t 14 Rd
14 = a1 e gm0
VC A 13 O e 2
M D2 01
12 = 16
$G3526 N R =
16 Q2 T C2 SG3526
B 8
Gnd S +CS
15 T1*
Ll P L §
o S Gnd

[ Lo
= i

In the above circuit, current limiting is accomplished by using the
current limit comparator autput to reset the soft-start capacitor.

Figure 20. Single—-Ended Configuration Figure 21. Push—Pull Configuration
+V Supply © Qi To +V Supply ©
Fitter R1
C1
R2 14 @
V R2
™ A 13 af T
14 “
VC c2 =
PYRL 863526 [——{H
$G3526 16 R3
16 !
B Gnd B Y -
God 15 L
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SG3526
OUTLINE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE
CASE 707-02
ISSUE C
NOTES:

1. POSITIONAL TOLERANCE OF LEADS (D),
ey £5 a5 o B e L o ) s I o O o B SHALL BE WITHIN 0.25 {0.010) AT MAXIMUM
18 1 ) MATERIAL CONDITION, N RELATION TO

SEATING PLANE AND EACH OTHER.
D B 2. DMENSION L TO CENTER OF LEADS WHEN
Oy g ¥ FORMED PARALLEL.
\YRYRYATAYRY AT AYAY ) s.msmsooesnmm_uuemn
A = MILLIMETERS | INCHES
DM | MN | MAX | MIN | MAX
L A | 2222 | 2324 | 0875 | 0915
B | 610 | 660 | 0240 | 0260
C | 356 | 457 | 0140 | 0.180
D[ 036 05 | 0014 | 0022
F| 1271 1.7 | 0050 | 0.070
G 254BSC 0.1008SC
H | 102 | 15 | 0040 | 0.060
M J | 020 | 0.3 | 0008 | 0012
K | 262 [ 343 0115 | 0435
L 7562BSC 0300 BSC
] 0°] 152 pe] 15°
N | o051 [ 10 [ owo o040
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Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential orincidental 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 over time. Alloperating parameters, including “Typicals™
must be validated for each customer application by customer’s technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Moterola product could create a situation where personal injury
ordeath may occur. Shouid Buyer purchase or use Motorola products forany such unintended or unauthorized application, Buyer shall indemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmiess against all claims, costs, damages, and expenses, and reasonable attomey fees
arising out of, directly orindirectly, any claim of personal injury or death associated with such unintended orunauthorized use, even if such claim alleges thatMotorola
was negligent regarding the design or manufacture of the part. Motorola and @p registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Lid.; Tatsumi-SPD-ILDC, 6F Seibu-Butsuryu—Center,

P.O. Box 20912; Phoenix, Arizona 85036. 1-800-441-2447 or 602-303-5454 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAX0@email.sps.mot.com — TOUCHTONE 602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K Ltd.; 88 Tai Ping Industrial Park,
INTERNET: http:/Dasign—NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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MC14049B, MC14050B

Hex Buffer

The MC14049B Hex Inverter/Buffer and MC14050B Noninverting
Hex Buffer are constructed with MOS P—Chamnel and N-Channel
enhancement mode devices in a single monolithic structure. These
complementary MOS devices find primary use where low power
dissipation and/or high noise immunity is desired. These devices
provide logic level conversion using only one supply voltage, Vpp.

hitp:/fonsemi.com

The input-signal high level (Vi) can exceed the Vpp supply MARKING
voltage for logic level conversions. Two TTL/DTL loads can be driven DIAGRAMS
when the devices are used as a CMOS—to-TTL/DTL converter (Vpp 16
=50V, VoL s 0.4V, IgL23.2mA). _ :';JP"G MC140:xBCP

Note that pins 13 and 16 are not connected internally on these CASE'WID( o AWLYYWW
devices; consequently connections to these terminals will not affect 2
circuit operation. 16

] . minininininini
@ High Source and Sink Currents gg'l?""’ 1400B
e High-to-Low Level Converter CASE 751B 3 :&YS’SL‘U
® Supply Voltage Range=3.0Vto 18V 1 48
¢ VN can exceed V i
- ¥ 4 / TSSOP-16 14
® Mects JEDEC B Specifications -@ DT SUEFIX GoB
e Improved ESD Protection On All Inputs CASE 948F o ALYW
LLELEL]
MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.) 16
Symbol Parameter Value Unit SOEIAJ-16 noannnon
V DC Supply Vottage Range 05 to +18.0 v F SUFFIX § "
b — ‘ : 3 CASES66 [o ALYW
Vin Input Voltage Range -0.5t0 +18.0 v Tooooooy
(DC or Transient) 1
XX = Spacific Device Code
(DC or Transient) WL,L = Wafer Lot
s Input Current +10 mA me = m’; Mok
(DC or Translent) per Pin ! -
low Output Current 145 mA ORDERING INFORMATION
(DC or Transient) per Pin
Device Package Shipping
Po Power Dissipation, mwW
" per Package (Note 3.) MC140498CP PDIP-16 2000/Box
. (Piastic) 825
(SOIC) 740 MC140498D SOIC-16 2400/Box
Ta Ambient Temperature Range -55 to +125 °C MC140498DR2 SOIC-16 | 2500/Tape & Reel
Tsg | Storage Temperature Range —65 to +150 %G MC14049BF SOEIAL16| See Note 1.
T Lead Temperature 260 °C
3 MC140508CP PDIP-16 2000/Box
(8—Second Soldering)
2. Maximum Ratings are those values beyond which damage to the device MC140508D Solc-16 2400/Box
may OCCur.
3. Temperature Derating: See Figura 3, MC14050BDR2 | SOIC—16 |2500/Tape & Reel

This device contains protection circuitry to protect the inputs against damage MC14050BDTEL | TSSOP-16 | 2000/Tape & Reel
due to high static voltages or electric fields referenced to the Vgg pin only. Extra
precautions must be taken to avoid apptlications of any voltage higher than the MC140508F SOFIA-16 Sea hate 1.
maximum rated voitages to this high—mpedance circuit. For proper operation, the MC14050BFEL SOEIAJ-16 See Note 1.

ranges Vgg < Vi, < 18 V and Vgg < Vo < Vpp are recommended.
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

© Semiconductor Components |ndustries, LLC, 2000 1
August, 2000 - Rev. 4

Publication Order Number:

MC14049B/D




MC14049B, MC140508B

PIN ASSIGNMENT
Vop [j 1@ 16 [INC

OUT, [] 2 15 [] OUTE
Ny [ 3 14 [] INg
ouTg [} 4 13 [INC

Ng[] 5 12 [] OUTE
oUT: [} 6 1[I N

NcD 7 10 [] OUTp
Vss [ 8 9 [1Np

MC140498 LOGIC DIAGRAM oy, -

48888
Sa0d

10 9 10
1l 12 1 12
14 15 14 15
NC = PIN 13, 16 NG = PIN 13, 16
Vs =PINB Vss = PINB
Vo =PiN 1 Vpp =PIN 1

http:/fonsemi.com
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MC14049B, MC14050B

ELECTRICAL CHARACTERISTICS (Voitages Referenced to Vgg)

v - 55°C + 25°C +125°C
DO
Characteristic Symbol | Vdc | Min | Max | Min | Typ®l | Max | Min | Max | une
Quiput Veltage “0"Leval | VoL 5.0 — 0.05 —_ 0 .08 - 0.05 Vde
Vin = Voo 10 _— 0.05 —_— 0 0.05 -_ 0.05
15 — 008 — Q 0.05 — Q.05
1" Lével | Ven 5.0 4.95 — 4.95 5.0 — 495 — Ve
V=6 Top 16 | e85 |~ | e85 | 10 = 9% | -
15 14.95 - 14.95 18 - 14.95 -
T i v g e — o
ND =4.6 Vdo) &0 —_ 16 b 225 1.5 = 15
(Vo = 9.0 Vdc) 10 -_ 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 Vdc) 15 —_ 4.0 — 6.75 40 —_ 4.0
“4* Laval "V“H EiS S c ) Vdc
(Vo = 0.5 Vde) 5.0 35 - 35 2.75 - 3.5 =
(Vg = 1.0 Vdo) 10 70 — 7.0 5.50 —_ 7.0 =
(Vo = 1.5 Vda) 15 i — 1 8.25 - 11 ==
Output Drive Current low mAdc
(VoH = 2.6 Vda) Source 6.0 -1.6 Al -126 | -26 h ~1.0 —
(Von = 9.5 Vdc) 10 -1.6 — 1-130 | -26 b -1.0 ==
{(Vou = 13.5 Vdc) 15 =47 — | =375 -10 s -30 ==
(VoL = 0.4 Vda) sink | loo 5.0 3.75 —_ 32 6.0 — 26 — | mAde
(Vo = 0.5 Vdc) 10 10 —_— 8.0 16 —— 6.6 =
(VoL = 1.5 V) 15 30 —_ 24 40 19 —
Input Gurrent bn 15 - 10.1 — | #0.00001 | +0.1 - +1.0 | pAdc
Input Capacitance (Vi = 0) Cin - — — - 10 20 — — pF
Cuilescant Current (Per Package) Ino 5.0 8 1.0 = 0.002 1.0 — 30 | pAde
10 - 2.0 A 0.004 2.0 2> 60
15 - 4.0 A 0.006 4.0 — 120
Totai Supply Current (3 (&) r 5.0 Iy = (1.8 pA/KHz) f + Ipp pAdc
(Dynamic plus Quiescent, 10 Iy = (3.5 pAJKHZ) f + Ipp
per package) 15 b= (5.3 pAMKHz) f + Ipp
(C = 50 pF on all outputs, all
buffers switching

4. Data labelled “Typ" is not to be used for design purposes but is intended as an indication of the |C's potential perfermance.
§. The formulas givan ara for the typical characteristics anly at + 26°C
6. To calculate total supply curment at loads other than 50 pF:

H{Cy) = I17(50 pF) + (Cy - 60) Vik

Where: I is in pA (per Package), C in pF, V = (Vpn — Vis) in volts, f in kHz is input frequency and k = 0,002.

http://onsemi.com
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MC140498, MC140508

AC SWITCHING CHARACTERISTICS (T (C( = 50 pF, Tp = + 25°C)

Characteristic

Symbol Vde

Min

Output Rise Time
tyin = (0.7 ns/pF) € + 65 ns
tyun = (0.25 ns/pF) C_ +37.5ns
treH = (0.2 ns/pF) CL + 30 ns

trim

283

Output Fall Time
tyi = (0.2 ns/pF) G + 30 ns
trHe = (0.06 ns/pF) G + 17 ns
trL = (0.04 ns/pF) C_ + 13 ns

trHL

a8

883

Propagation Delay Time
tpry = (0.33 ns/pF) C + 63.5ns
tpry = (0.19 ns/pF) C + 30.5ns
tpgw = (0.06 ns/pF) Cy + 2T ns

888

g%

Propagation Delay Time
teL = (0.2 ns/pF) C + 30 ns
tpw = (0.1 ns/pF) G + 15 ns
tpL = {0.05 ns/pF) C_+ 12.5ns

40
20
15

858

7. The formulas given are for the typical characteristics only at 25°C.
8. Data labeled “Typ" is not to be used for design purposes but is intended as an indication of the IC's potential performance.

2 0 1 o 1
3 Vgs = 15 Vde
< Ves=50Vde |4~ 17 g = -
iz 7/ £ 120 > o
g gt z >y
=2 [+
w 2 r/// § 7
S o /] Vg = 10 Vde
5 & 80 7 =
8 _aol Ves=10Vac 2 s I |
E : E A~ MAXIMUM CURRENT LEVEL
= e e e e e e e e — e
S -4 =R / 1
z Mg =1V MAXIMUM CURRENT LEVEL = | Vos=5.0Vdo
0 - [ |
-10 80 -0 40 -20 0 % 20 40 6.0 8.0 10
Vos, DRAIN-TO-SOURCE VOLTAGE (Vi) Vos. DRAIN-TO-SOURCE VOLTAGE (Vdc)

Figure 1. Typical Output Source Characteristics

Figure 2. Typical Output Sink Characteristics

e
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PULSE
GENERATOR

MC14049B, MC140508

1200
_% 1100
‘Z’ 1000
&
@D
a g :\\\
s
%‘% o (P} POIP
500
g ﬁ 400 )‘\
= A o
g 300 {D) SOIC N
A 200 === 175mWB
o 100 120 mW
o25 50 B 100 125 150 175
Ta, AMBIENT TEMPERATURE (°C)
Figure 3. Ambient Temperature Power Derating
20 ns —» |-— —-I ls— 20 1S
Voo
INPUT 90%
- ]
Voo w4 10% ANy,
1 T per e lewn
¥ 90% Ay Vou
e Qe 5%
g 2 Vs MC140498 :10”« -
i J_ ~ i ket ] Rty
8 0Vss ICL top —fee - toy "
K i OUTPUT %0% =
N ~ MC140508 50%
#Invert on MC140498 only 10% VoL
iy —= = HL

Figure 4. Switching Time Test Circuit and Waveforms
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MC14049B, MC14050B

PACKAGE DIMENSIONS

PDIP-16
P SUFFIX
PLASTIC DIP PACKAGE
CASE 64808
TaTaTatatalaly ISSUER
16 ' f
o § g
LA LA R B B L]
1 -JvL-F —c . L
S
]
o
H I~ -K J—ite— M
G =
=it D 16 PL
Blo=wwal 8]
SOIC-16
D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751B-05
AZ) ISSUE J
AHAHAAAH _Tf
16 '
| = per
o | |[Blezs000@[EE)
;-jl_E HHHE
G

[@]0250010@[1]B ®[AG)]

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI
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.

[EF T

|_0.050B5C
0.008 | 0.015 | 021

g
E
S
EE

0305 | 750
0° 0°
0020 | 0:049 | 051

s [
3

=3
E
=3
of

nl!‘lhkﬂ'ﬂﬂﬂﬂ’h
-

i

NOTES:

1. 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 (0.008)
PER SIDE.

5. DMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE

DAMEAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
N EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

avkxunmunu>ﬁ
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MC14049B, MC14050B

PACKAGE DIMENSIONS

TSSOP-16
DT SUFFIX
PLASTIC TSSOP PACKAGE
CASE 948F-01
ISSUE O

16x K ReF

— [-—Iﬁ*l 0100004 @[T[u B[V O]
K fe—

T ARAARAAR L) 5 o

% 1. DIMENSIONING
i ¢ | u W ek o

[x]0.15 t0.006| Tf U B

AND TOLERANGING PER ANSI
CONTROLLING

T & DIMENSION A DOES NOT INCLUIDE MOLD
l B | SECTION N-N FLASH. PROTRUSIONS OR GATE BURRS. MOLD
J

FLASH OR GATE BURRS SHALL NOT EXCEED 0.15

0.006) PER SIDE
— 4 DMEHSION § DOGS NT BCLLE WTERLEAD
PN O PROTRUSION SHALL NOT EXCEED
: 025 0010 PER SDE.
' N 5 DIMENSION K DOES NOT INCLUDE DAMBAR
H H H H H H |: 025 (0.0101 PROTRUSION SHALL BE 0.08 {3008} TOTAL N
u @I EXCESS OF THE K DIMENSION AT MAXIMUM
e & - —» M IATERIAL CONDITION.
= 7 ¢ TERMMAL MAIGERS AR SHOWN FOR
N 7 DRICHEAON A AHD B ARE TO BE DETEAMNED

Fl-— ﬂmm mones |

0477
0047

[a]015 0.006)] T

:
FRFFR
:
| %Ehl
e

B

¢ 0.10 {0.004] b —
= st:;n : __-' I G—-l H DETAILEf

0010

; ségsﬁ
e
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MC14049B, MC14050B

PACKAGE DIMENSIONS

SOEIAJ-16
F SUFFIX
PLASTIC EIAJ SOIC PACKAGE
CASE 96601
Y14.54, 1982,
‘ 3, DIENSIONS D AND E DO NOT INGLUDE

- RADIUS OR THE FOOT, MINIMUM SPACE
D PROTRUSIONS

MILLIMETERS |  BICHES

=]
=
=3
2

ElsEhls
BEcE]
ZEEEEE

Er&ﬁlz" B

E
=
P

g

FEFFFRFFRFF R
=
R B
E

| &
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SEMICONDUCTOR ™

TIP31 Series(TIP31/31A/131B/31C)

Medium Power Linear Switching Applications
« Complementary to TIP32/32A/328/32C

175 TO-220
: | r 3.Emi
NPN Epitaxial Silicon Transistor ase 2 Collecor SEmiter
Absolute Maximum Ratings 1c=25°C unless otherwise noted
Symbol Parameter Value Units
Veso Collector-Base Voltage : TIP31 40 \
1 TIP31A 60 \"
:TIP31B 80 \
: TIP31C 100 \
Veeo Collector-Emitter Voltage : TIP31 40 \%
:TIP31A 60 v
: TIP31B 80 \%
: TIP31C 100 \
Veso Emitter-Base Voltage 5 \
Ic Collector Current (DC) 3 A
lep Collector Current (Pulse) S A
Ia Base Current ’ 1 A
Pc Collector Dissipation (Tc=25°C) 40 w
Pc Collector Dissipation (T,=25°C) -~ w
Ty Junction Temperature 150 °C
Tsre Storage Temperature -65~ 150 °C
Electrical Characteristics 1.=25°C uness otherwise noted
Symbol Parameter Test Condition Min. | Max. | Units
Veeo(sus) * Collector-Emitter Sustaining Voltage
: TIP31 lc=30mA, Ig=0 40 Y
:TIP31A 60 v
:TIP31B 80 \
:TIP31C 100 \'
lceo Collector Cut-off Current
1 TIP31/31A Voe =30V, 15=0 03 | mA
: TIP31B/31C Veg =60V, Ig=0 0.3 mA
lces Collector Cut-off Current
1 TIP31 Ve =40V, Vgg =0 200 A
:TIP31A Ve =60V, Vgg =0 200 pA
: TIP31B Vee =80V, Vgg=0 200 BA
:TIP31C Vee = 100V, Vg =0 200 | pA
Ieso Emitter Cut-off Current Veg =5V, Ic=0 1 mA
hee * DC Current Gain Vee =4V, Ic= 1A 25
Vee =4V, Ig=3A 10 50
Vee(sat) * Collector-Emitter Saturation Voltage Ic=3A, Ig=375mA 1.2 A
Vge(sat) * Base-Emitter Saturation Voltage Ve =4V, Ic=3A 1.8 Vv
fr Current Gain Bandwidth Product Vee = 10V, Ig = 500mA 3.0 MHz

* Pulse Test: PW<300us, Duly Cycle<2%

©2000 Feirchild Semiconductor Intemational

Rav. A, February 2000
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Typical Characteristics
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Figure 1. DC current Gain
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Ve V], COLLECTOR-EMITTER VOLTAGE

Figure 3. Safe Operating Area

Vae(sat), Vee(sat)mV], SATURATION VOLTAGE
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Figure 2. Base-Emitter Saturation Voltage
Collector-Emitter Saturation Voltage

E & 2
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Te['C], CASE TEMPERATURE

Figure 4. Power Derating

G2000 Fairchild Semiconductor intemasional

Rav. A, February 2000

(Ole/alevie/iedil)senes Ledil



Package Demensions

TO-220

9.90 +020
2 {8.70) e
5| % g
=l .8 23.60 10.10 2
£ 4 o
Q| gl 2
g ol gl 2
g © 8 3
S @ =) st
=] ~ (=] T
b S
= s
=
| 5
- e
e T
& 8
i = 8
3 ! 9
‘:—i 1.27 10.10 1.52 10.10 2
[ LJ ;
0.80 +0.10
2.54TYP 2.54TYP
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Dimensions in Millimeters
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Typical Characteristics

heg, DC CURRENT GAIN

Ic{mA], COLLECTOR CURRENT

Figure 1. DC current Gain

Ic[A], COLLECTOR CURRENT

Vee[V], COLLECTOR-EMITTER VOLTAGE

Figure 3. Safe Operating Area

Vee(sat), Vee(sat)[mV], SATURATION VOLTAGE

PW], POWER DISSIPATION

-4 -1 -100 -1000 -10000

IejmA], COLLECTOR CURRENT

Figure 2. Base-Emitter Saturation Voltage
Collector-Emitter Saturation Voltage
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Figure 4. Power Derating
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SEMICONDUCTOR m

TIP32 Series(TIP32/32A/32B/32C)

Medium Power Linear Switching Applications
« Complement to TIP31/31A/31B/31C

PNP Epitaxial Silicon Transistor

Absolute Maximum Ratings 1.=25°C unless otherwise noted

1.Base 2.Coliector 3.Emitter

Symbol Parameter Value Units
Vego Collector-Base Voltage : TIP32 -40 \
: TIP32A -60 A"
1 TIP328 -80 A
: TIP32C -100 A
Veeo Collector-Emitter Voitage : TIP32 -40 A
: TIP32A - 60 \
: TIP328 - 80 \"
1 TIP32C -100 \"
VEBO Emitter-Base Vollage e ] \
e Collector Current (DC) -3 A
lep Collector Current (Pulse) -5 A
Ig Base Current -3 A
Pc Collector Dissipation (T=25°C) 40 W
Pe Collector Dissipation (T,=25°C) 2 W
Ty Junction Temperature 150 °C
Tsta Storage Temperature - 65~ 150 °C
Electrical Characteristics 1c=25°C uniess otherwise noted
Symbeol Parameter Test Condition Min. | Max. | Units
Veeolsus) | * Collector-Emitter Sustaining Voltage
1 TIP32 lc=-30mA, Ig=0 -40 V'
1 TIP32A -60 Vv
:TIP32B -80 A
1 TIP32C -100 Vv
lceo Collector Cut-off Current
: TIP32/32A Vee=-30V,1Ig=0 -03 | mA
: TIP32B/32C Veg=-60V, Ig=0 -0.3 mA
lees Collector Cut-off Current
: TIP32 Vep =-40V, Vgg=0 -200 | pA
:TIP32A Vg =- 60V, Vgg = 0 -200 | pA
:TIP32B Vee =-80V, Vgg=0 200 | pA
:TIP32C Vg =- 100V, Vee =0 -200 | pA
leso Emitter Cut-off Current Veg=-5V,Ic=0 -1 mA
hee * DC Current Gain Veg=-4V, Ic=-1A 25
Vop=-4V, Ig=-3A 10 50
Vee(sat) * Collector-Emitter Saturation Voltage Io=-3A, Ig=-375mA =12 v
Vge(sat) * Base-Emitter Saturation Voltage Vee=-4V, Ig=-3A -1.8 \
fr Current Gain Bandwidth Product Vg =- 10V, Ig = - 500mA 3.0 MHz

“Pulse Test; PW<300us, Duty Cycle<2%

©2000 Fachid Semiconductor International

Reav. A, February 2000
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IGBT Modules

Short Circuit SOA Capability
Square RBSOA

MDI

Symbol Conditions Maximum Ratings
Vees T, =25°C to 150°C 1200 \%
Veor T, =25°C to 150°C; Rg = 20 kQ 1200 Vv
Vaes Continuous +20 \%
Vaoeu Transient +30 \'
s T =25°C 330 A
| 7O T, =80°C 220 A
. T. =80°C,t,=1ms 440 A

1 Vee = 15V, Ve = Vs, Ty= 125°C 10 us

(SCSOA) Rs = 3.3 0, non repetitive
RBSOA Vee= 215V, T,=125°C,R; =33 Q lew = 400 A
Clamped inductive load, L = 100 pH Veae £ Vees

P T, =25°C 1380 w

T, 150 °C

Teq -40 ... +150 °C

VieoL 50/60 Hz, RMS  t=1 min 4000 Vv~

~ o < 1TMA t=1s 4800 V-~

Insulating material: ALO,

M, Mounting torque (module) 2.25-2.75 Nm

20-25 Ib.in.

{teminals) 2.56-3.7 Nm

22-33 lb.in.

de Creepage distance on surface 10 mm

d, Strike distance through air 9.6 mm

a Max. allowable acceleration 50 _mls_’
Weight Typical 250 g

8.(_3 oz.

Data according to a single IGBT/FRED unless otherwise stated.

leys =330 A
V... =1200V
CE(sat) typ. =22V

3

A E72873

Features

« NPT IGBT technology

= low saturation voltage

* low switching losses

= switching frequency up to 30 kHz

« gsquare RBSOA, no latch up

+ high short circuit capability

« positive temperature coefficient for
easy parallelling

« MOS input, voltage controlied

« ultra fast free wheeling diodes

« package with DCB ceramic base plate

» isolation voltage 4800 V

« UL registered E72873

Advantages

« space and weight savings
= reduced protection circuits
Typicai Applications

* AC and DC motor control
= AC servo and robot drives
« power supplies

« walding inverters

© 2000 IXYS All rights reserved
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Symbol Conditions Characteristic Values — 1 mm = 0.0394

(T, = 25°C, unless otherwise specified) VimeHeaaRRLIL e ")

min.| typ. [ max.
80
" V=0V _ 1200 v = — 0,5
Vo I =8 mA, Ve = Vee 45 65 VvV I : %
‘Iﬂ VCE = Vces T_. =25°C 13 mA T * . o
T,=125°C 20 mA } "
R Vee =0V, Ve =220V | 800 nA
Vi .=200A, Ve =15V 22| 27 V _2['
Cre 13 nF 2 . —'jl
C... Vee =25V, Vae =0V, f= 1 MHz 2 [ T Ig 3 =1T&3
T 1 nF P 1
5 b K?—
Lateny 100 ns =
18,5 =
t Inductive load, T, = 125°C 60 ns | 28ole 4s5—o] |25
Lo 600 ns b——745——=
¢, Ic=200 A, V=215V 90 s -‘1%
Ve =600V, =330 )
E.. o= R 32 md
En 29 mJ
R 0.09 K/W
Rus with heatsink compound . 0.18 & KJW
Equivalent Circuits for Simulation

Reverse Diode (FRED) Characteristic Values Conduction

(T, = 25°C, unless otherwise specified}

min. | fyp. | max.

V, ;=200 A, Vee =0V, 22| 25 V 1 e

,=200A V=0V, T,=125°C T2 3 BV ——

u_a

i T.=25°C 450 A

Te =80 280 A 1 iGBT (typ. at Ve = 15 V. T, = 125°C)
[ i, =200 A, Vo = 0V, -di/dt = 1800 Alus 180 A Vo=13 VR, =6.2man
te T,=125°C, Vg =600 V 200 NS | Free Wheeling Diode (typ. at T, = 125°C)
R 0.15 K/W Vo= 1.3V, Ry=2.4ms2
Runss with heatsink compound 0.3 Kiw Thermal Response

P_U | R_THL | R_TH2
lT_J R .

e T_Cl
E_THI T B_TH2

Ll_i__._

IGBT (typ.)
Cys = 0.50 J/K; Ry, = 0.088 KW
Cyo = 1.16 JIK: Ry, = 0.002 KIW

Free Wheeling Diode (typ.)
Cony = 0.44 JIK Ry, = 0.146 KW
Cpz = 0.80 J/K; Ry, = 0.003 KW

© 2000 IXYS All rights reserved 2-4
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T,=25°C |
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V.
400 15V
/ 13v
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Fig. 1 Typ. output characteristics
500 T
A | Vee=20V
T,=26°C
400

b/

100 /

5 6 7 8 9 d0 TTITY

Vgg —=

Fig. 3 Typ. transfer characteristics

20 T
V| Ve =600V
1 l. =200A

Vee 16— //
10 /
5
0

0 200 400 600 800 1000 nC

e

Fig. 5 Typ. turn on gate charge

M s I
1 A .=t V=17V
400 e

Lt gV
-
100 ////
0 /

00 05 10 15 20 25 30 35V

Vg —==

Fig. 2 Typ. output characteristics

2z |
A
T o T,=125°C
B 600 ’ T,=25°C
/]
500
a0 -4\
/ //
300 /’ ]
200 7 7
100 Vi P
0 /
0 1 2 3 vV 4
!y -

Fig. 4 Typ. forward characteristics of
free wheeling diode
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1 A ns?
fen P\ PR

80 === 200

/
//r‘,=1zs'c
40 — Vg =600v — 100
b = 2008
/ 300-12
0 0
0 200 400 600 Alus 1000
~di/dt—=

Fig. 6 Typ. turn off characteristics of
free wheeling diode
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Fig. 9 Typ. turn on energy and switching
times versus gate resistor
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A
400
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Fig. 11 Reverse biased safe operating area
RBSOA
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| o - e 800
off
A t
Ex
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Fig. 8 Typ. turn off energy and switching
times versus collector current
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Fig.10 Typ. turn off energy and switching
times versus gate resistor
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Fig. 12 Typ. transient thermal impedance
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Data Shéer

15A, 400V - 600V Ultrafast Dual Diodes

MUR3040PT, RURH1540CC, MUR3060PT, and
RURH1560CC are ultrafast dual diedes (t; < 55ns) with
soft recovery characteristics. They have a low forward
voltage drop and are of planar, silicon nitride passivated,
ion-implanted, epitaxial construction.

These devices are intended for use as energy
steering/clamping diodes and rectifiers in a variety of
switching power supplies and other power switching
applications. Their low stored charge and ultrafast recovery
with soft recovery characteristics minimizes ringing and
electrical noise in many power switching circuits thus
reducing power loss in the switching transistor.

Formerly developmental type TA09905.

Ordering Information

PART NUMBER PACKAGE BRAND
MUR3040PT TO-218AC MUR3040PT
RURH1540CC TO-218AC RURH1540C
MUR3060PT TO-218AC MUR3060PT
RURH1560CC TO-218AC RURH1560C

NOTE: When ordering, use the entire part number.

Symbol

Aq Az

MUR3040PT, RURH1540CC, MUR3060PT,

RURH1560CC

January 2600 File Number  2774.4

Features

» Ultrafast with Soft Recovery................... <55ns
» Operating Temperature. . ..............oouu... 175°C
* ReverseVoltageUpto........................ 600V

« Avalanche Energy Rated
* Planar Construction

Applications
« Switching Power Supply
* Power Switching Circuits

» General Purpose

Packaging
JEDEC TO-218AC
ANODE 1
CATHODE
ANODE 2
CATHODE
(FLANGE)

Absolute Maximum Ratings (PerLeg) Te = 25°C, Unless Otherwise Specified

Peak Repetitive Reverse Voltage. .. ..............................
Working Peak Reverse Voltage .. ...............................

DG Blocking VORAE . . cvesnes sumuaoninn seaie e soms v vitnmson
Average Rectified Forward Current .. . ... .. ...... ... . ...,

(Tc = 145°C)

Repetitive Peak Surge Current .. .................. .. ............

{Square Wave 20khz)

Nonrepetitive Peak Surge Current . .. .. .. ... ... ... ... . .........

(Halfwave 1 Phase 60Hz)

Maximum Power Dissipation . ... ... ... . ... ... ... ... ...
Avalanche Energy (See Figures 7and 8) . ..........................
Operating and Storage Temperature . .. .. ......................

MUR3040PT MUR3060PT
RURH1540CC RURH1560CC UNITS
VRRM 400 600 A"
VeRwM 400 600 v
VR 400 600 \'
'F{AV) 15 15 A
IERM 42 30 A
lEsm 200 200 A
Pp 100 100 w
EAVL 20 20 md
Ts1e. Ty -55t0 175 -55t0 175 °c
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MUR3040PT, RURH1540CC, MUR3060PT, RURH1560CC

Electrical Specifications

(Per Leg) T = 25°C, Unless Otherwise Specified

MUR3040PT, RURH1540CC

MUR3060PT, RURH1560CC

SYMBOL TEST CONDITION MIN TYP MAX MIN TYP MAX UNITS

Vg IF = 15A - . 1.25 - - 1.5 v

Ig = 15A, T¢ = 150°C - - 112 - - 1.2 v

IR VR = 400V - - 100 - - - A

VR = 600V - - - - - 100 A

VR = 400V, T = 150°C - - 500 - - - HA

VR = 600V, T¢ = 150°C - - - - - 500 pA

tr Ig = 1A, dig/dt = 100A/ps - - 55 - - 55 ns

If = 15A, dig/dt = 100A/us - - 60 - - 60 ns

ta Ig = 15A, dig/dt = 100A/jus - 30 - - 30 - fis

th Ig = 15A, dig/dt = 100A/us - 17 - - 20 - ns
Rolc - - 1.5 2 - 15 cw

DEFINITIONS

VE = Instantaneous forward voltage (pw = 300us, D = 2%).
Ir = Instantaneous reverse current.

ty = Reverse recovery time at dig/dt = 100A/us (See Figure 6), summation of t5 + t,.

ta = Time to reach peak reverse current at dig/dt = 100A/us (See Figure 6).

tp = Time from peak Igy to projected zero crossing of Iqyy based on a straight line from peak Igp through 25% of gy (See Figure 6).
Rgyc = Thermal resistance junction to case.

pw = pulse width.
D = duty cydle.

Typical Performance Curves
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FIGURE 1. FORWARD CURRENT vs FORWARD VOLTAGE

Ir, REVERSE CURRENT (nA)

Vg, REVERSE VOLTAGE (V)

FIGURE 2. REVERSE CURRENT vs REVERSE VOLTAGE




MUR3040PT, RURH1540CC, MUR3060PT, RURH1560CC

Typical Performance Curves
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FIGURE 3. t,, t; AND t, CURVES vs FORWARD CURRENT FIGURE 4. CURRENT DERATING CURVE

Test Circuits and Waveforms

Vge AMPLITUDE AND
Rg CONTROL dig/dt
t4 aND t2 CONTROL I
DUT  CURRENT g of i
Rg SENSE IF —&lf- NS T
| | l | o—MA I 1 ¥
Vae - \1 = Voo 0
4 g IGBT T e
1,1
=, —l—-
FIGURE 5. t TEST CIRCUIT FIGURE 6. t WAVEFORMS AND DEFINITIONS
1=1A
L = 40mH
R<0.10
Eawvi = 112L1 [VR(avL)/(VR(AVL) - VDD)]
Qq = IGBT (BVcgs > DUT VRavy)) L R
Voo
-1 '
.ﬂ. o—l Voo
: put -9
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE

WAVEFORMS

All Intersil semiconductor products are manufactured, assembled and tested under ISO9000 quality systems certification.

Intersil semiconductor products are sold by description only: Intersil Corporation reserves the right to make changes in circuit design andlor spacifications at any time with-
out notice. Accordingly, tha reader is cautioned ta verfy that data sheets are cument before placing orders. Information furnished by inters is balieved to ba accurate and
reliable. However, no responsibility is assumed by Intersi or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result
from its use. No Iicense is grarnted by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.

For information regarding Intersil Corporation and its products, see web site www.intersil.com
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