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PLASMA ARC CUTTING MACHINE

Cherdpong Tongyoo
Montri Saithong
Somsak Cheersirikul Advisor

2002

ABSTRACT

This paper presented the components of Plasma Arc Cutting Machine and test report in the path
of power switching.Initially the rectifier and filter circuit tranform the alternating current 220 Volts
50 Hz to direct 311 Volts.Subsequently the direct current will be changed to high frequency pulses
(25kHz) by the IGBT that it's inside of Full-Bridge comverter.Switching characteristic is produced by
SG3526 entire pulse width and frequency which it received data from output section to continue the

process.Finally,output voltage of power switching is 250 Volts(No load).That about power 2.5kW.
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ﬂ’ﬂllé PWM 25 KHz

RL () 32 28 25 20 15 12

Iin (A) 4.5 4.75 5 5.25 6 6
Tout (A) 5.4 5.64 6.09 6.93 8.3 9.05
Vout (V) 175 161 155 140 120 102.5
Pin (W) 1395 1472 1550 1627 1860 1860
Pout (W) 945 908 943.95 970.2 996 927
Eff % 67.7% 61% 60% 59% 53.5% 49%
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TABLE 1-1 Conditions for plasma-welding Type 304 stainless steel with the melt-in (puddle)

Plate Downhand | Orifice PlasmaGas | Current | Voltage Filler Wire | Weld Speed
Thickness Joint Type | Diameter Flow Rate (A) v) Size (in/min)

(in.) (in.) (scf/h) (in.)

0.058 Lap 0.036 0.75 15 27 0.035 2.75
0.058 Butt 0.036 1.0 8 30 0.035 3
0.058 Fillet 0.036 0.75 15 28 0.035 3.25
0.093 Lap 0.036 0.75 25 26 0.045 3
0.093 Butt 0.036 0.75 A 26 0.045 5
0.093 Fillet 0.036 0.75 25 26 0.045 2.5
0.093 Lap 0.067 1.25 50 29 0.045 6.5
0.093 Butt 0.067 1.25 45 25 0.045 6.75
0.093 Fillet 0.067 1.23 50 %5 0.045 4.25
0.118 Lap 0.067 1.25 70 27 1/16 7
0.118 Butt 0.067 1.50 70 28 1/16 8
0.118 Fillet 0.067 h25 65 27 1/16 6
0.118 Lap 0.089 1.75 75 29 3/32 6
0.118 Butt 0.089 2.0 70 31 3/32 7.25
0.118 Fillet 0.089 1.50 75 27 3/32 5
3/16 Lap 0.089 1.25 100 32 3/32 4.25
3/16 Butt 0.089 2.0 100 34 3/32 3.75
3/16 Fillet 0.089 1.5 100 31 3/32 3.5

torch rating 100 A.

Shielding Gas-Argon plus 5 percent H,at 15 scf/h. filler wire-Type 304 stainless steel,




TABLE 1-2 Typical conditions for plasma-welding Type 304 stainless steel with the keyhole

technique
Plate High Plasma Orifice Size Current Voltage Travel Speed
Thickness | Gas flow Rate (in.) (A) V) (in./min)

(in.) (sch/h)

= 0.036 Not recommended 5

S 0.067 50 30 6.5
0.093 5 0.067 56 31.5 5:25
0.118 5 0.067 75 36 5.0
3/16 - 0.067 = recommended -
Ya - 0.089 : recommended -
0.118 8 0.089 80 37 5.0
3/16 = 0.089 Not recommended 3
1/4

TABLE1-3 Guide for selecting current and plasma-gas flow, 100 A torch, for Type 304

stainless steel

Nozzel Diameter

Current Range

PlasmaGas FlowRate

Ar + 5% H, ShieldingGas

(in.) (A) (scf/h) (scf/h)
0.036 1-25 0.05-1.5 15-20
0.067 2-27 0.5-3.0 15-20
0.089 5-100 0.5-4.0 15-30

hydrogen in the shielding gas.

When welding ultrathin material, heat input can be lowered by reducing or eliminatingthe




TABLE 1-4 Guide for sclecting current and plasma-gas flow, 200 A torch, for Type 304

stainless steel

Nozzel Diameter Current Range | Plasma Gas Flow Rate | Ar +5% H, ShieldingGas
(in.) (A) (scf/h) (scf/h)
0.036 1-25 0.5-1.6 20-40
0.067 2-75 0.5-3.0 20-40
0.089 5-100 0.5-4.0 20-40
0.118 60-180 1=5 20-40
0.136 90-200 1-6 20-40

hydrogen in the shielding gas.

When welding ultrathin material, heat input can be lowered by reducing or eliminatingthe




TABLE 1-5 Plasma welding datd for various alloy with the melt-in technique

Material Joint Orifice | Argon Shield- Curre Maxi- Filler- Weld Welding Backup
And Type | Diamete | Plasma ing nt mum Wiretyp Speed Technique Gas Type
Plate r Gas Gas (A) Nozzel e (in./min) And Flow

(in.) Flow Flow to-Work And Rate

Thickness Rate Rate Distance Size (scf/h)
(in.) (scf/h) | (scf/h) (in.) (in.)

304 SS Vertical 0.067 1.0 20 65 Y 308 SS - Manual -

178 Fillet 3/32 (Puddle)

304 SS Vertical 0.067 1.0 20 25 Y 308 SS - Manual .

1716 Fillet 1/16 (Puddle)

304 SS Vertical 0.067 1.0 20 45 Y 308 SS - Manual -

3/32 Fillet 1/16 (Puddle)

304 SS Bead on 0.067 1.0 20 65 Va - - Manual Argon

178 Flat (keyhold) 10

304 SS plate 0.067 4.0 20 |60 Va - - Machine Argon

178 Bead on 5

304 SS Flat 0.036 1.0 30 15 Va - 5 Machine Argon

0.022 plate 5

304 SS Flat 0.036 1.0 30 25 Ve - 6.5 Machine Argon

1716 butt 5

30488 0.089 1.0 30|75 Vi - 18 Machine Argon

1716 _Flat 5

304 SS butt 0.136 1.0 30 125 Y - 30 Machine Argon

1/16 5

304 8S Flat 0.067 1.5 30 80 Y - 10 Machine Argon

178 butt 10

Flat
butt
Flat

butt




TABLE 1-5 Plasma welding datd for various alloy with the melt-in technique

butt

Material Joint Orifice | Argon | Shield- Current Maxi- Filler- Weld Welding Backup
And Type | Diamete | Plasm ing (A) mum Wiretype Speed Technique Gas Type
Plate r a Gas Nozzel | And Size | (in./min) AndFlow

(in.) Gas Flow t o - (in.) Rate
Thickness Flow | Rate Work (scf/h)
(in.) Rate (scf/h) Distance
(in.)
(scf/h)
| 304sS Flat 0.136 50| 30 180 Y - 18 Machine | Argon
18 - 10
304 SS 0.036 1.5 30 25 Vs - 3 Machine | Argon
3/32 Flat 10
410SS butt 0.067 2.5 25 55 3/8 410 SS - Manual Argon
1/8 116 (keyhold) 25
410SS Flat 0.067 4.5 25 90 3/8 - - Manual Argon
1/8 butt (keyhold) 25
Inconel62 0.067 2.5 25 62 3/8 Inconel62 - Manual Argon
3/32 Flat (keyhold) 25
Waspalloy | py 0.036 0.75| 25 45 3/8 - 2 Manual Argon
and A-286 (Puddle) 10
0.045 Flat
Waspalloy | pyyt 0.067 2.5 N3 70 3/8 . - Manual | Argon
and A-286 (keyhold) 25
3132 Flat
butt
_Flat




TABLE 1-5 Plasma welding datd for various alloy with the melt-in technique

Material Joint Argon Shield- Current Maxi- Filler- Weld Welding Backup
And Type | Orifice Plasma ing (A) mum Wire Speed Gas
Plate Gas Gas Nozzel | type (in/min) | Technique | Type

Thickness Diamete | Flow Flow t o -| And And

(in.) r Rate Rate Work Size Flow
(in.) (scf/h) (scf/h) Distance (in.) Rate
(in.) (scf/h)

70-30 Flange 0.089 4.0 30 140 Ya . 100 Machine Argon

brass butt 10

0.020

Titanium 0.067 5.0 35 50 3/16 Ti 50A 1 Manual Argon

50 A Flat 1/6 (keyhold) 25

0.025 butt

Shielding gas — Argon plus 5 percent H, at 15 scf/h , torch rating — 100 A.




TABLE 15-6 Plasma-gas (argon) and shielding gas flow rate (scf/h) for various

nozzle sizes

Nozzle Argon He 75% + Ar 75% + Ar 92.5% +
Size Argon 25% He 25% He 25%
(in.)
0.036 0.75-1.0 5 1 1
0.067 1.25-1.5 7 2 1.5
0.089 1.50-2.0 10 2 -
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Ordec this document by SG3526/D

Pulse Width Mcdulation
Control Circuit

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

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

Additiona! protective features include soft start and undervoitage lockout,
digital current imiting, double pulse inhibit, adjustable dead time and a data
latch for single putse metering. All digital control ports are TTL and B—series
CMOS compatible. Active fow logic design allows easy wired-OR
ccnnections for maximum flexibility. The versatifity 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 temperaturc range of 0° to +125°C.

e 8.0V to 35V Operation
e 50V +1% Tammed Reference

e 1.0 Hz to 400 kHz Oscillator Range

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

® Programmable Dead Time

e Undervoltage Lockout

@ Single Pulse Metering

e Programmable Soft-Start

® Wide Cumrent Limit Common Mode Range
Guaranteed 6 Unit Synchronization

O V¢
13

SG3526

PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

N SUFFIX
PLASTIC PACKAGE
CASE 707
PiN MNECHWS
«enoc[ 1] 18 | Vet
moc[ 2 | 17| vee
Compersaoa 3 | 16 | Oupt 8
Csm-smlz 15 | Ground
=] [me
—s[6 | 13 | Oupee A
«s[ 7] 12| syc
Stutdown [ 8 | 11| Roeadime

w5

10|Cr

(Top View)

ORDERING INFORMATION

Device

Operating
Temperature Range

Package

SG3526N

Ty3=0"10 +125°C

Plastic OIP

€ Molorola, Inc. 1936

Rev 2



SG3526
MAXIMUM RATINGS (Note 1)

Rating Symbol Value Unit
Supply Voltage Vce +40 Vdc
Collector Supply Voltage Ve +40 Vdc
Logic lnputs 031455 v
Analog [npuits 03w Vcee Vv
Output Current, Source or Sink o 1200 mA
Reference Load Curent (Vo = 40 V, Note 2) ker 50 mA
Logic Si.nk“Cutent 15 mA
Power Dissipation Pp mwW
TA =+25°C (Note 3) 1000
T =+425°C (Note 4) 3000
Thermal Resistance Junction—to-Air RaJa 100 oW
Thermal Resistance Junction—to—Case RayC 42 G
Operating Junction Temperature Ty +150 °C
Storage Temperature Range Tstg —-65to0 +150 e
Lead Temperature (Soldering, 10 Seconds) | TSoider 4300 °C
NOTES: 1. Values beyond which damage may ooar.
2 Maxdmum juncion temperature must be observed.
3. Derate al 10 mW/C for ambient temperatures above +50°C.
4. Derate at 24 mW/IC for case lemperatures above +25°C.
RECOMMENDED OPERATING CONDITIONS
Characteristics Symbol Min Max Unit
Suppty Voltage Vee 8.0 35 Vdc
Collector Suppty Voltage Ve 4.5 35 Vdc
Gutput Sink/Source Current (Each Output) ) o 0 +100 mA
Reference Load Current lrof 0 20 mA
Oscillator Frequency Range fosc 0.001 400 kHz
Oscitator Timing Resistor Ry 20 150 KQ
Oscittator Timing Capaditor Cr 0.001 20 uF
Available Deadtime Range (40 kHz) - 3.0 50 %
Operating Junction Temperature Range Ty a +125 *C

2 . MOTOROLA ANALOG IC DEVICE DATA



SG3526
ELECTRICAL CHARACTERISTICS (Vg = +15 Vde, Ty = Tiow 1 Thigh (Note 5], unless otherwise noted.)
f Charactecistics Symbol ] Min l Typ ] Max l Unit 1
REFERENCE SECTION (Note 6) )
Reference Output Vottage (T = +25°C) Vief 4.90 5.00 5.10 Vv
Line Regutation (+80V<Vcc <+35V) Regine - 10 30 mvVv
Load Reguiation (0 mA <1 <20 mA) Regioad - 10 50 mV
Temperature Stability AVpef AT = 10 - mV
Total Reference Output Voltage Variation AVeef 4.85 5.00 515 v
(+8.0V<VoC <+35V, 0 mA <[ <20 mA)
Short Circuit Current (Vet = 0 V) (Note 2) Isc 25 80 125 mA
UNDERVOLTAGE LOCKOUT
Reset Output Vottage (Veef = +3.8 V) - 02 0.4 v |
Reset Output Voltage (Vief = +4.8V) 24 4.8 - \"
OSCHLATOR SECTION (Note 7)
Inttial Accuracy (T = +25°C) - +3.0 8.0 %
Frequency Stability over Power Supply Range Alosc - 05 1.0 %
(+80V <V s+35YV) Avee
Frequency Stabifity over Temperature AMosc - 2.0 = %
(AT = Tiow o Thigh) ATy
Minimum Frequency  tmin - 0.5 - Hz
(RT =150 kQ, CT = 20 uF)
Maximum Frequency fraax 400 - - kHz
(RT =20 kQ, Cy =0.001 pF)
Sawtooth Peak Voitage (Voo = +35 V) Vosd(P) — 3.0 3.5 \"
Sawtooth Valiey Voltage (Voc = +8.0 V) VoscV) 0.45 08 - \Y%
ERROR AMPLIFIER SECTION (Note 8) o
Input Offset Voltage (Rg 2.0 kQ) Vio - 20 10 mV
Input Bias Current i - —-350 —2000 nA
Input Oftset Current o - 35 200 nA
DC Open Loop Gain (R 2 10 MQ) AyOL 6 72 — ds
High Output Voitage Vou 3.6 42 - \'
(VPin 1-VPin 2 > +150 mV, Isource = 100 pA)
Low Output violtage Vot - 02 0.4 \
VPin 2-VPin 1 2 150 WV, Isink = 100 +A)
Common Mode Reiection Ratio (Rg < 2.0 kQ) CMRR 70 94 - ds
Power Supply Rejection Ratio (+12V <V <+18 V) PSRR 66 80 - ds
NOTES: 2. Maximum juncion tempecatice must be obsecrved.
5. Tiow =0C Th'gh =+125°C
6. lf_=0 mA unitess otherwise noted.
7.fosc = 40kHz (RT = 4.12kQ = 1%, CT = 0.01 yF £ 1%, Rp =0 Q)
8.0V<Voy<+52V.
MOTOROLA ANALOG (C DEVICE DATA 2
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SG3526
€1 ECTRICAL CHARACTERISTICS {corinued)
r Ctaractedistics ]MM]WnITmlm]um]
PWI COMPARATOR SECTION (Note 7)
Minimum Duty Cyde DCin - - o %
(VCompensation = +0-4 V)
Maximum Duty Cydcie DCrrax 45 43 - <
(VCompensation = +3.6 V)
D{GITAL PORTS (SYNC, SHUTDOWN, RESET)
Output Voltage v
(High Logic Leve) (Isource = 40 #tA) Vou 24 4.0 -
(Low Logic Leved) (Isink = 3.6 mA) VoL - 02 04
{nput Current— High Logic Level A
(High Logic Level) (V{4 = +24 V) iH - -125 | =200
(Low Logic Level) (V_=+0.4V) W - =225 | 860
CURRENT LIMIT COMPARATOR SECTION (Note 9)
Sense Vottage (Rg < 50 Q) Veorise 80 100 120 mA
lnput Bias Curent g — -3.0 -10 pA
SOFT-START SECTION
Error Clamp Voltage (Reset = +0.4 V) - 0.1 0.4 \
Csoft—Start Charging Curent (Reset=+24 V) Ics 50 100 150 pA
OUTPUT DRIVERS (Each Output, V¢ = +15 Vdc, uniess otherwise noted.)
Output High Level VOH v
ko= 20 A 125 | 135 -
lsource = 100 mA 12 13 -
Output Low Level VoL \'
| Lsink = 20 MA - 02 03
| lsink = 100 mA . 1% 20
| Collector Leakage, Vg = 440V IC(leak) v 50 150 HA.
| Rise Trme (CL = 1000 pF) A . 0.3 06 us
Fall Time (C_= 1000 pF) 1’3 - 0.1 0.2 us
' e _ | 18 30 mA
(Shutdown = +0.4 V, Ve ~ #35V, Ry = 4.12kQ)

NOTES: 7.€gsc =40 kHz (RT =4.12k2 = 1%, C7 = 0.01 uF+1%,Rp=00)
8.0V<Vepy<+2V
9.0V <V <+12V

4 : . MOTORO{A ANALOG IC DEVICE DATA
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Figure 2. Reference Voltage as a

Figure 1. Reference Stability over Temperature Function Supply Voitage
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APPLICATIONS INFORMATICY

Figure 12. Extending Reference . )
Output Current Capability Figure 13. Erroc Ampiifier Connections
/[ .1 omn
c Ry

T s . ‘ o

Vrd-—JVV\/——_ +

za 17| Reference |18 2
VCC AA— R ) vl'd Rz -
o I Ry
Gnd

Tmuf

Gnd

* May be required with some types of transistors

Figure 14. Oscillatoc Connections

R1+Ry
R

Ry
Vout = Vief (TRE)
7

Vout = Vref (
_RiRp

Figure 15. Foldback Current Limiting

Oup Filer €<—9— VWA —9p—O ¢+
Rs
LL SGIS26 . Sye
— Sy 16
8
Ry Vout
A%Ro 9 10 7
+
Gnd <€ —O0 -
Rt Cr - 2.8E
]: AN LNy
L 1l \MV* v (01v)
- - e = Rs ’SC'\”P@/

Figure 16. Soft-Start Circuity

Veet

100 “
A | Ramp—— Ve -
+ Exroc 1 + *PV‘H oA
- Error
@

Figure 17. Driving VMOS Power FETs

+12v

(=2}

==
B jn

The botem pole ottput advers of the SG3926 are ideally
suted for diiving the input capacitance of power FETs at
high speeds.
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Figure 19. Flyback Coaverter with

Figure 18. Hatf-Bridge Configuration Current Limiting
¥ o
V o Supply
Supply R1 e LT
o I
7= C1 “ - R4
Vc A 13 3 R at
A 5l 6 2 N
SG3526 4 R BI—»t
16 @ T Q& SG3526
8 8 T
Gnd | S «CS
15 hd
™ 4 - 6 R3
€S Gnd

In the above dircuit, cumrent Bimifing & accompiished by using the
cuent Emit comparator output 1 reset the soft-start capacitor.

Figure 20. Single—Ended Configuration Figure 21. Push—Pull Configuration

+V Supply Qi To +V Supply O
R1 gg‘ % A
Ci
R2 14'
Ve o
4

Ve AL SG3526

SG3526
B 16 B

Gnd
Gnd 15
15
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QUTLINE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE
CASE 707-02
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intersil MUR3040PT, RURH1540CC, MUR3050PT,
inter

15A, 400V - 600V Ultrafast Dual Diodes Features

. Ultrafast with Soft Recavery Characteristic

MUR3040PT, MUR3050PT, MUR3060PT and RURH1540CC,
(trr < 55ns)

RURH1550CC, RURH1560CC are ultrafast dual diodes
(lrr < 55ns) with soft recovery characteristics. They have alow « +175°C Rated Junction Temperature
forward voltage drop and are of planar, silicon nitride passivated, . Reverse Voltage Up to 600V

ion-implanted, epitaxial constructiodn.
« Avalanche Energy Rated

These devices are intended for use as energy steering/clamping

diodes and rectifiers in a variety of switching power supplies and Applications

other power switching applications. Their low stored charge and

ultrafast recovery with soft recovery characleristics minimizes « Switching Power Supply
ringing and electrical noise in many power switching circuits thus . Power Switching Circuits

reducing power loss in the switching transistor. remEneg Pugose

Ordering Information

Package
PACKAGING AVAILABILITY
JEDEC TO-218AC
PART NUMBER PACKAGE BRAND ANODEA1
MUR3040PT TO-218AC MUR3040PT / CATHODE
ANODE2
RURH1540CC TO-218AC RURH1540C CATHODE: / e
(FLANGE) :
MUR3050PT TO-218AC MUR3050PT
RURH1550CC TO-218AC RURH1550C | &',
MUR3060PT TO-218AC MUR3060PT S
RURH1560CC TO-218AC RURH1560C
NOTE: When ordering, use the entire part number.
Symbol
K
A1 A2
Absolute Maximum Ratings T¢ = +25°C, Unless Otherwise Specified
MUR3040PT MUR3050PT MUR3060PT
RURH1540CC RURH1550CC RURH1560CC
Peak Repetitive Reverse Voltage. . . ...........co oot VRRM 400V 500V 600V
Working Peak Reverse Voltage .. .............coooeiiinne.s VRwM 400V 500V 600V
DC Blocking VORage. . .. ..o VR 400V 500V 600V
Average Rectified Forward Current . ... .. ....ooionnnnen IF(av) 15A 15A 15A
(Total device forward current at rated Vg and Tg = +1 50°C)
Peak Forward Repetitive Current. .. ....... ... lERM 42 42 30A
(Rated VR, square wave 20kHz)
Nonrepetitive Peak Surge Current . ... .........cooonieeeaenn s IFsm 200A 200A 200A
(Surge applied at rated load condition halfwave 1phase 60Hz)
Operating and Storage Temperature . . .. ... ..........cooone- Tstg. Ty -55°Cto+175°C  -55°C to +175°C -55°C to +175°C
1 I CAUTION: These devices are sensitive 1o electrostatic discharge; follow proper IC Handling Procedures.

“http//www.intersil.com or 407-727-9207 | Copyright © Intersil Corporation 1999



MUR3040PT, RURH1540CC, MUR3050PT, RURH1550CC, MUR3060PT, RURH1560CC

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

LIMITS :
TEST MUR3040PT, RURH1540CC | MUR3050PT, RURH1550CC | MUR3060PT, RURH1560CC
SYMBOL CONDITION MIN TYP MAX MIN TYP MAX MIN TYP MAX | UNITS
VF IF = 15A - - 1.12 - . 1.20 2 - 1.20 Y
Tc = +150°C
I = 15A - - 1.25 = 5 1.50 - 5 1.50 Y
T = +25°C
Ig at VR = 400V - ) 500 = - - - - - A
Tc =+150°C Vg = 500V 2 - - - E 500 : - . A
VR = 600V = = - - = - ¥ - 500 uA
IR at VR = 400V - - 100 - - - - - - A
Tc = +25°C VR = 500V B - - : - 100 - - - Iy
VR = 600V - - . ) 2 = ) = 100 A
tRR Ig = 1A - - 55 E - 55 - = 55 ns
IF = 15A - - 60 . - 60 = - 60 ns
ta IF=1A - 20 = - 20 = - 20 = ns
IF = 15A - 30 s - 30 < = 30 - ns
ts Ig = 1A - 15 . ] 15 - - 15 - ns
Ig = 15A ) 17 ) v 17 : 9 20 E ns
RoJc - = T8 3 - 1.5 9 - 1.5 ocw
EavL see Fig. 7,8 - - 20 - ~ 20 - 20 mj
DEFINITIONS

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

trr = Reverse recovery time at dlg/dt = 100A/us (See Figure 2), summation of ta + 1g.
ta = Time to reach peak reverse current at dlp/dt = 100A/ps (See Figure 2).

tg = Time from peak Igpm to projected zero crossing of Ixpy based on a straight line from peak Igp through 25% of Igm (See Figure 2).

RgJc = Thermal resistance junction to case.
Eavi = Controlled avalanche energy (See Figures 7 and 8).

pw = pulse width.
D = duty cycle.

V4 AMPLITUDE CONTROLS (g
V2 AMPLITUDE CONTROLS dIg/dt
L{ = SELF INDUCTANCE OF R4
+Loor
Qq
+V1

Ry <
1<

+V3

t2>1RR
13>0

L tagain
e

11 2 Sta(MAX)

10

] trRR :

1 [
l.—(A—-IQ—la—.|
1

Ll

VRM (REC)= = == == o=

FIGURE 1. tgg TEST CIRCUIT FIGURE 2. DEFINITIONS OF tgR, ta AND tg

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

Intersil semiconduclor products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design and/or specifications at any time with-
out notice. Accordingly, the reader is cautioned to verify thal data sheets are current before placing orders. Information furnished by Intersil is believed to be accurate and
reliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may resuft
from its use. No license is granted by implication or otherwise under any patent or patent rights of Inlersil or its subsidiaries.

For information regarding Intersil Corporation and its products, see web site http:/iwww.intersil.com
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MUR3040PT, RURH1540CC, MUR3050PT, RURH1550CC, MUR3060PT, RURH1560CC

Typical Performance Curves
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CHARACTERISTIC
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FIGURE 5. TYPICAL tgR, ta AND tg CURVES vs FORWARD
CURRENT
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L=40mH
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FIGURE 7. A{IALANCHE ENERGY TEST CIRCUIT
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FIGURE 4. REVERSE VOLYAGE vs REVERSE CURRENT
CHARACTERISTIC
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8A, 400V - 600V Ultrafast Diodes Features
The MUR840, MUR860, RURP840 and RURP8G0 are low » Ultrafast with Soft Recovery . .................. <60ns
fast e tifiers (t 60ns). ;

forwasd voliage drop ulFra ast racoviayectit _( U ne) « Operating Temperature. . . .................... 175°C
They use a glass-passivated ion-implanted, epitaxial
construction. e ReverseVoltage . . ..o vieiie e 600V
These devices are intended for use as output rectifiers and » Avalanche Energy Rated
flywheel diodes in a variety of high-frequency pulse-width o Planar Construction
modulated switching regulators. Their low stored charge and
attendant fast reverse-recovery behavior minimize electrical A pp lications
noise generation and in many circuits markedly reduce the )
turn-on dissipation of the associated power switching * Switching Power Supplies
transistors. « Power Switching Circuits
Formerly developmental type TAOS616. « General Purpose
Ordering Information Packaging

PART NUMBER PACKAGE BRAND JEDEC T0O-220AC

) ANODE
MUR840 TO-220AC MUR840 1% - CATHODE
RURP840 TO-220AC RURP840 CATHODE
MURB860 TO-220AC MURB860 (FEQNGE
RURP860 TO-220AC RURP860
NOTE: When ordering, use the entire part number.
Symbol
K
A
Absolute Maximum Ratings T¢ =25°C, Unless Otherwise Specified
MUR840 MURS860
RURP840 RURP860 UNITS

Peak Repetitive ReverseVoltage. . ... ... ... o VRRM 400 600 \Y%
Working Peak ReverseVoltage . .. ... ... o i VRwM 400 600 \"
DCBIlocking Voltage .. ..o iee ettt it i VR 400 600 v
Average Rectified Forward Current ... ... ... i i IF(Av) 8 8 A

(Te = 155°C)
Repetitive Peak Surge CUMBNY ..o o o ¢ st & 5 5 PGS S5 S8 S s 5 Ehimes o » fieser o o wanis IFRM 16 16 A

(Square Wave, 20kHz)
Nonrepetitive Peak Surge Cumrent. ... ... ... IFsm 100 100 A

(Halfwave, 1 Phase, 60Hz)

= -Maximum Power Dissipation . . ... ... . e Pp 75 75 w

Avalanche Energy (See Figures 10and 11) ....... ...t EavL 20 20 mJ
Operating and Storage Temperature .. ..o Tstg. Ty -65t0175 -6510 175 °c
Maximum Lead Temperature for S.oldering

Leads at 0.063 in. (1.6mm) from case for 105 . ...........oootiriiiiiiion nns T 300 300 °e

Package Body for 10s,see Tech Brief334. ... ... ... ... ... ...t TpkG 260 260 ¢

€2002 Fairchild Semiconductor Corporation
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MUR840, MUR860, RURP840, RURP860

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

r” MJ@%,RU;!::;E”WA I MURS60, RUR;égo - T ]
SYMBOL TEST CONDITION MIN T?F‘M T max N ,.,v*;‘,&,.*;.,,ﬁ; [ MAX | UNITS
VE IF=8A - . 1.3 - - R v

oeaTtecse | - | e |- I T \
. IR VR = 400V — I . | = 106 L - QA |
Vi = 600V - PR : o 0 | A
VR = 400V, Tg = 150°C - - | 'E— - 1; ]
VR =600V, Tg = 150°C - A I 75766 o pA 7
o tei Ig = 1A, le/dt=200A/psVuwi I B ,A.ng_ o - 60 e
Ig = 8A, dlg/dt = 200A/yts - -_7ﬁ~—7om¢ . S 70 1 nV:A
ta IF = 8A, dl,:/dt=200A/u;” - s _3‘?:7 —— - 32 - ns m
to I = 8A, dIg/dt = 200A/us ~ . 21 T NN 21 - T my |
QRR I = BA, diF/dt = 200A/us B Afi;;i LA 1957 7 - Abnicrﬁ i
Cy Vg =10V, Ig = 0A - = o ES=¢T . | \A - _p‘FW~
N7 NP =R~ \\_ = | =]
DEFINITIONS )

VE = Instantaneous forward vollage (pw = 300us, D =2%).

Ig = Instantaneous reverse current.

t,r = Reverse recovery time (See Figure 9), summation of t; + tp.

ta

=Time to reach peak reverse current (See Figure 9).

tp = Time from peak Iqpm 1o projected zero crossing of gy based on a straight line from peak Ixp through 25% of Iz (See Figure 9).

QRp = Reverse recovery charge.

C, = Junction Capacitance.

Rgyc = Thermal resistance junction to case.

pw = pulse width.
D = duty cycle.

Typical Performance Curves
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MUR840, MUR860, RURP840, RURP860

Typical Performance Curves (Continued)
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Test Circuits and Waveforms
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FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT
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. TRADEMARKS

rha 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 @ OPTOLOGIC™ SMART START™ VCX™
Bottomless™ FASTr™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMAN™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTo™ Power247 ™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench® SuperSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
E2CMOS™ LittleFET™ QS™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™ TruTranslation™
FACT™ MicroPak™ Quiet Series™ uHc™

FACT Quiet Series™ MICROWIRE™ SILENT SWITCHER®  UltraFET ®
STAR*POWER is used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOT ASSUME 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.

reasonably expected to result in significant injury to the

user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet ldentification Product Status Definition
Advance Information Formative or This datasheet contains the design specifications for
In Design product development. Specifications may change in

any manner without notice.

Preliminary 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 time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

Rev. H4




e SRR

SEMICONDUCTOR i

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

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

1 TO-220
y .Coll 3.Emitter
NPN Epitaxial Silicon Transistor s olletor e
Absolute Maximum Ratings Tc=25C unless otherwise noted
Symbol Parameter Value Units
Vceo Collector-Base Voltage  : TIP31 40 \
: TIP31A 60 \
1 TIP31B 80 \Y
: TIP31C 100 \Y
Vceo Collector-Emitter Voltage : T\P31 40 v
1 TIP31A 60 \Y
: TIP31B 80 \Y
1 TIP31C 100 \Y
Vego Emitter-Base Voltage ) \
Ic Collector Current (DC) 3 A
lcp Collector Current (Pulse) 5 A
Ig Base Current 1 A
Pc Collector Dissipation (T¢=25°C) 40 w
Pc Collector Dissipation (T,=25°C) 2 w
T, Junction Temperature 150 °C
Tste Storage Temperature -65~150 | °C
Electrical Characteristics 1¢=25°C unless otherwise noted
Symbol Parameter Test Condition Min. | Max. | Units
Vceolsus) | * Collector-Emitter Sustaining Voltage
1 TIP31 Ic=30mA, Ig=0 40 \Y
: TIP31A 60 \Y
:TIP31B 80 \Y
2 TIP31C 100 \
lceo Collector Cut-off Current
1 TIP31/31A Vee =30V, 15=0 03 mA
: TIP31B/31C Vce =60V, 1g=0 0.3 mA
lces Collector Cut-off Current
1 TIP3 Veg = 40V, Vgg = 0 200 | pA
:TIP31A Ve = 60V, Vgg =0 200 pA
:TIP31B Vce =80V, Vgg =0 200 pA
:TIP31C Vcg = 100V, Vgg = 0 200 pA
lego Emitter Cut-off Current Veg =5V, Ic=0 1 mA
hee *DC Current Gain Veeg =4V, Ic=1A 25
Ve =4V, Ic=3A 10 50
Vce(sat) * Collector-Emitter Saturation Voltage Ic=3A, Ig=375mA 1.2 v
Vge(sat) * Base-Emitter Saturation Voltage Veg =4V, Ic=3A 1.8 \
fr Current Gain Bandwidth Product Vce = 10V, I = 500mA 3.0 MHz

“Pulse Test: PW=300ps, Duty Cycle2%

©2000 Fairchild Semiconductor International

(ore/gre/vie/iedil)sanas Ledll

Rev. A, February 2000



Typical Characteristics

1000
Ve =4V
Zz
é 100
i
=
w
2 4
o
o~ |
(8]
(8] 10
[a]
o
£
«
1 10 100 1000 100uU0
I.{mA), COLLLC TOR CURRLNI
Figure 1. DC current Gain
10
I(MAX) (PULSE)
100us
= IMAX) (OC) \
w
4
g 3 \3
2
]
(s
O L
e
o
w
s
-}
Q :
o
2‘- TIP3 Vigo MAX, o
= TIP31A Vero MAX.
TIP31B Vgo MAX. ——f=
TIP31C Vo MAX.
8.1
10 100

Vee|V], COLLECTOR-EMITTER VOLTAGL

Figure 3. Safe Operating Area

2000 Fairchild Semicoedwne eteceatinooal

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

Pc[W], POWER DISSIPATION

10000

Veg(say

lefle = 10

1000 Vee(sat) /

1 10 100 1000

Ilma), COLLLCTOR CURRENI

Figure 2. Base-Emitter Saturation Voltage

Collector-Emitter Saturation Voltage

s0

(o1e/aLE/VIE/LEdIL)SBUBS LedlL

a5

T¢|"C), CASE TEMPERATURE

Figure 4. Power Derating

Rav. A, Febcuary 2000



©2000 Fairchild Semiconductor lnternational

Package Demensions
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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™ HiSeC™ SuperSOT™-8
Bottomless ™ [SOPLANAR ™ SyncFET™
CoolFET™ MICROWIRE ™ TinyLogic™
CROSSVOLT™ POP ™ UHC™
EZCMOS™ PowerTrench® VCX™
FACT™ QFET™
FACT Quiet Series™ Qs™
FAST® Quiet Series™
FASTr™ SuperSOT™-3
GTO™ SuperSOT™-6

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME 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

EAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR

INTERNATIONAL.
As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, or (c) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

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

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status

Definition

Advance Information Formmative or In
Design

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

Preliminary First Production

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

No ldentification Needed Full Production

This datasheel contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

©2000 Fairchid Semiconductor Intemational

Rev. E




SEMIDDNDUCTDQ "

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

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

1 TO-220
1.Base 2.Collector 3.Emitter
PNP Epitaxial Silicon Transistor
Absolute Maximum Ratings 7¢=25°C unless otherwise noted
Symbol Parameter Value Units
Vego Collector-Base Voltage  : TIP32 -40 \
1 TIP32A -60 \Y
- TIP32B -80 \Y
1 TIP32C -100 \Y
Vceo Collector-Emitter Voltage : TIP32 - 40 \%
: TIP32A - 60 \Y
TiP32B - 80 \Y
1 TIRP32C -100 Vv
Veso Emitier-Base Voltage -5 vV
Ic Collector Current (DC) =3 A
lcp Collector Current (Pulse) -5 A
Ig Base Current 43 A
Pc Collector Dissipation (T =25°C) 40 W
Pc Collector Dissipation (T;=25°C) 2 w
T, Junction Temperature 150 1
Tste Storage Temperature - 65~ 150 °C
Electrical Characteristics 7¢=25°C unless otherwise noted
Symbol Parameter Test Condition Min. | Max. | Units
Veeolsus) * Collector-Emitter Sustaining Voltage
: TIP32 Ic=-30mA, Ig=0 -40 \
1 TIP32A -60 \
1 TIP328 -80 \
:TIP32C -100 \
lceo Collector Cut-off Current
1 TIP32/32A Vee=-30V,1g=0 -0.3 mA
- TIP32B/32C Vcg=-60V,13=0 -0.3 mA
lces Collector Cut-off Current
1 TIP32 Vg =-40V, Vgg=0 -200 pA
:TIP32A Vce=-60V, Vgg=0 -200 HA
:TIP32B Vce =-80V, Vgg=0 - 200 pA
:TIP32C Vg =-100V, Ve =0 - 200 pA
lego Emitter Cut-off Current Vgg=-5V,1c=0 -1 mA
hee * DC Current Gain Veg=-4V,Ic=-1A 25
Veg=-4V,Ic=-3A 10 50
Vcg(sat) * Collector-Emitter Saturation Voltage Ic=-3A, lg=-375mA -1.2 \
Vge(sat) * Base-Emitter Saturation Voltage Vee=-4V,Ic=-3A -1.8 Y
fr Current Gain Bandwidth Product Vcg =- 10V, Ic = - 500mA 3.0 MHz

* Pulse Tesl PW<300us, Du(y Cyck:Q%

(oze/gaze/veeizedil)sauas zedll
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Typical Characteristics :
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Package Demensions

TO-220

9.90 020
¢ (8.70) o
gl 2 %
58 83.60 1010 S
- o
|
)
[}

1 %
; 8z
T ol @
jo} o] ©
S5 ol =
o| = 7

Al
f< Qo
s o E g
© ~ 0
3 2
Sy 1524080 w
5 o
=
0.80 10.10
2.54TYP 2.54TYP
[2.54 10.20] [2.54 3020)

l 10.00 10.20

(oze/gazeiveeizedll)sauas zedll

4.50 1020
1.30 '903
e
.1
0502902 || 2.40 1020
T

Dimensions in MiHimetersJ

Rev. A, February 2000



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™ HiSeC™ SuperSOT™-8
Bottomless ™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE™ TinyLogic™
CROSSVOLT™ POP™ UHC™
E2CMOS™ PowerTrench® VCX™
FACT™ QFET™

FACT Quiet Series™ Qs™

FAST® Quiet Series™

FASTr™ SuperSOT™-3

GTO™ SuperSOT ™-6
DISCLAIMER

EAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME 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
INTERNATIONAL.

As used herein:

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

provided in the labeling, can be reasonably expected to
result in significant injury to the user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet ldentification Product Status Definition
Advance Information Fomative or in This datasheet contains the design specifications for
Design product development. Specifications may change in

any manner without notice.

Preliminary 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 time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

©2000 Fairchild Semiconductor International ’ Rev. E





