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PLASMA ARC CUTTING MACHINE

Phairat Klonmuangpax
Pornchai Suwannapax
Somsak Cheersirikul Advisor

2001

ABSTRACT

This paper presented the components of Plasma are cutting machine and test report in the path of
power switching. Initially the rectifier and filter circuit transform the alternating current 220 Volts 50 H,
to direct current 311 Volts. Subsequently the direct current will be changed to high frequency pulses
(20kH,) by the MOSFET that it’s inside of Full-Bridge converter. Switching characteristic is produced by
SG3526 entire frequency and pulse width 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 2.5 kW.
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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) ) 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 28 26 0.045 5
0.093 Fillet 0.036 0.75 25 26 0.045 2.5
0.093 Lap 0.067 1.28 50 25 0.045 6.5
0.093 Butt 0.067 1.25 45 25 0.045 6.75
0.093 Fillet 0.067 1.25 50 25 0.045 4.25
0.118 Lap 0.067 159 70 27 1/16 7
0.118 Butt 0.067 1.50 70 28 1/16 8
0.118 Fillet 0.067 1625 65 27 1/16 6
0.118 Lap 0.089 1.75 75 29 3132 6
0.118 Butt 0.089 2.0 70 31 3/32 725
0.118 Fillet 0.089 1.50 75 27 3/32 5
3/16 Lap 0.089 Lo 100 32 3/32 4.25
3/16 Butt 0.089 2.0 100 34 3/32 3.5
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 0.067 50 30 6.5
0.093 3 0.067 56 3155 5.25
0.118 5 0.067 75 36 5.0
3/16 = 0.067 = recommended -
A = 0.089 . recommended -
0.118 8 0.089 80 37 5.0
3/16 & 0.089 Not recommended )
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 selecting 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) (sct/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

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

hydrogen in the shielding gas.




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 S8 Vertical 0.067 1.0 20 65 Va 308 SS - Manual -

178 Fillet 3/32 (Puddle)

304 S8 Vertical 0.067 1.0 20 25 Ya 308 SS - Manual -

1/16 Fillet 1716 (Puddle)

304 88 Vertical 0.067 1.0 20 45 Vi 308 SS - Manual -

3132 Fillet 1/16 (Puddle)

304 S Bead on 0.067 1.0 20 65 Ya - - Manual Argon

178 Flat (keyhold) 10

30488 plate 0.067 4.0 20 60 Ya 3 - Machine Argon

178 Bead on 5

304 SS Flat 0.036 1.0 30 15 Y Q 5 Machine Argon

0.022 plate 5

304 88 Flat 0.036 1.0 30 25 Vi - 6.5 Machine Argon

1716 butt S

30488 0.089 1.0 30 75 Vi . 18 Machine Argon

1716 Flat 5

304 SS butt 0.136 1.0 30 125 Vi . 30 Machine Argon

1116 s

304 88 Flat 0.067 1.5 30 80 Ve - 10 Machine Argon

178 butt 10

Flat
butt
Flat
butt




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

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) And Flow

(in.) Gas Flow t o - (in.) Rate
Thickness Flow | Rate Work (scf/h)
(in.) Rate (scf/h) Distance
(in.)
(scf/h)
304 S8 Flat 0.136 5.0 30 180 Va - 18 Machine Argon
118 butt 10
304 8S 0.036 15 30 25 Vi - 3 Machine | Argon
3/32 Flat 10
4108 butt 0.067 255 25 55 3/8 410 SS - Manual Argon
178 1/16 (keyhold) 25
41088 Flat 0.067 45 25 90 3/8 - - Manual Argon
1/8 o (keyhold) 25
Inconel62 0.067 2 25 62 3/8 | Inconel62 - Manual Argon
3/32 Flat (keyhold) 25
Waspalloy | by 0.036 el — 45 3/8 - - Manual Argon
and A-286 (Puddle) 10
0.045 Flat
Waspalloy | py 0.067 25 25 70 3/8 - - Manual | Argon
and A-286 (keyhold) 25
3/32 Flat
butt
Flat
butt




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 3 100 Machine Argon

brass butt 10

0.020

Titanium 0.067 5.0 35 50 3/16 TiS0A y 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 -1:3 7 2 125
0.089 1.50-2.0 10 2 =
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SG1526/5G2526/5G3526

REGULATING PULSE WIDTH MODULATOR

DESCRIPTION

The 8G1526 is a high performance monolithic pulse width medulator

circuit designed for fixed-frequency switching regulators and other e 5V reference trimmed to £1%
power control applications. Included in an 18-pin dual-in-line package e 1Hz to 350KHz oscillator range

are atemperature compensated voltage reference, sawtooth oscillator, e Dual 100mA source/sink outputs
error amplifier, pulse width modulator, pulse metering and steering logic, e Digital current limiting

and two low impedance power drivers. Also included are protective s Double pulse suppression
features such as soft-start and undervoltage lockout, digital current e Programmable deadtime

limiting, double pulse inhibit, a data latch for single pulse metering, e Undervoltage lockout

adjustable deadtime, and provision for symmetry correction inputs. For e Single pulse metering

ease of interface, all digital control ports are TTL and B-series CMOS e Programmable soft-start
compatible. Active LOW logic design allows wired-OR connections for e Wide current limit common mode range
maximum flexibility. This versatile device can be used to implement e TTL/CMOS compatible logic ports
single-ended or push-pull switching regulators of either polarity, both e« Symmetry correction capabllity
transformerless and transformer coupled. The SG1526 is characterized e Guaranteed 6 unit synchronization

for operation over the full military ambient junction temperature range of
-55°Cto+150°C. The SG2526 is characterized for operation from -25°C
to +150°C, and the SG3526 is characterized for operation from 0°C to
+125°C.

FEATURES

HIGH RELIABILITY FEATURES - SG1526

¢ Available to MIL-STD-883B and DESC SMD
¢ Radlation data avallable
¢ LMl level "S"processing avallable

8 to 35 volt operation
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SG1526/5G2526/SG3526

ABSOLUTE MAXIMUM RATINGS
Input Voltage (V) ..c.cvconeee. teessesissarsisisaceissesiaseasans 4OV Logic SinGEUmeNnt . ...t nam i iniaiiasasssesisnans 15mA
Collector Supply Voltage (V) .overeeciiei e 40V Operating Junction Temperature
Logiciinputs s s i i -0.3V to 5.5V Hermetic (J, L Packages) 150°C
ANaAlOgHNPUS i i b s 0.3VtoV,, Plastic (N, DW Packages) 150°C
Source/Sink Load Current (each output) . 200mA  Storage Temperature Range ..........ccccceunenen... -65°C to 150°C
Reference Load Current .......c.ccecevecremnneeeconviee s 50mA Lead Temperature (Soldering, 10 Seconds) ................... 300°C
Note 1. Exceeding these ratings could cause damage to the device.
THERMAL DATA
J Package:
Thermal Resistance-Junctionto Case, f . .................. 25°C/W Note A. Junction Temperature Calculation: T, =T, + (P, x 0,,).
Thermal Resistance-Junction to Ambient, 6, .............. 70°C/W  Note B. The above numbers for 8, are maximums for the limiting
N Package: thermal resistance of the package in a standard mount-
Thermal Resistance-Junction to Case, 6 ;. .cccvnee... 30°C/W ing configuration. The 8, numbers are meant to be
Thermal Resistance-Junction to Ambient, 6, ............. 60°C/W guidelines for the thermal performance of the device/pc-
DW Package: board system. All of the above assume no ambient
Thermal Resistance-Junction to Case, 8 .....ccc.crnece. 35°C/W airfiow.
Thermal Resistance-Junction to Ambient, e ............. 90°C/W
L Package:
Thermal Resistance-Junction to Case, 8 .....cc........... 35°C/W
Thermal Resistance-Junction to Ambient, L& 120°CW
RECOMMENDED OPERATING CONDITIONS (Note 2)
Input Voltage .................. = wenee 8V 1O 35V Oseliiator Timing €dpacitor ..........% . %........cccc.... 1nF to20pF
Collector Supply Voltage ..........cecienne..... ...4.5V to 35V Available Deadtime Range at 40KHz ...................... 3% to 50%

Sink/Source Load Current (each output) .. . 0 to 100mA Operating Ambient Temperature Range:

Reference Load Currentll... . ... # ¢.. Eoona. &, 0 to 20mA SG1526 -§5°C to 125°C
Oscillator Frequency Range .... .. 1Hz to 350KHz SG2526 - e ... 25°C t0 85°C
Oscillator Timing ReSiStor .........ccoccovciieieieinie 2KQ to 150KQ SG3626 L (252518 I A o AR 0°C to 70°C

Note 2. Range over which the device is functional.

ELECTRICAL CHARACTERISTICS

(Unless otherwise specified, these specifications apply over the operating ambient temperatures for SG1526 with -55°C < T, < 125°C, SG2526 with
-25°C < T, <85°C, SG3526 with 0°C < T, <70°C, and V,,= 15V. Low duty cycle pulse testing techniques are used which mamtams junction and case
temperatures equal to the ambient temperature )

S$G1526/2526 S$G3526
Parameter Test Conditions Win. | Typ. |Max. [Min. Tiyp. [Max. Units

Reference Section (Note 3)

Output Voltage T1,=25C 4.8515.005.0514.90{5.00|5.10] V

Line Reguiation V, = 8to 35V 10 | 30 10 | 30 mv

Load Regulation I, =0 to 20mA 10 | 30 10 1 50 | mV

Temperature Stability (Note 9) Over Operating T, 16 | 50 15 | 50 | mV

Total Output Voltage Range (Note 9) Over Recommended Operating Conditions 4.9015.0015.10 |4.85|5.00|5.15| V

Short Circuit Current Veee 20V 50 | 125 50 {125 | mA

Undervoltage Lockout Section

RESET Output Voltage =3.8V 0.2 104 02 |04 v

RESET Output Voltage =48V 24 | 4.8 24|48 v
4/90 Rev 1.1 2/94 LINFINITY Microelectronics Inc.
Copyright © 1994 11861 Westemn Avenue e Garden Grove, CA 92841

2 (714) 898-B121 e FAX: (7 14) B23-2570



SG1526/SG2526/SG3526

ELECTRICAL CHARACTERISTICS (continued)

$G1526/2526 SG3526
Parameter Test Conditions Min. | Typ.| Max. | Min. [Typ. |Max. Units
Oscillator Section (Note 4)
Initial Accuracy T,=25C +3 | 48 B |8 | %
Voltage Stability V, = 8to 35V 05| 1.0 05|10 Y%
Temperature Stability (Note 9) Over Operating T, 7 10 5 10 | %
Minimum Frequency (Note 9) R, = 150KQ, C, = 20uF 1.0 1.0 Hz
Maximum Frequency R, =2KQ, C = 1.0nF 350 350 KHz
Sawtooth Peak Voltage V,, =35V 3.0 35 3.0 35 \"
Sawtooth Valley Voltage vV, =8V 05| 1.0 0.5 ] 1.0 V
Error Ampilifier Section (Note 5)
Input Offset Voltage R, <2KQ 2 5 2 10 | mV
Input Bias Current -350 |-1000 -350 12000{ nA
Input Offset Current : 35 | 100 35 [200 | nA
DC Open Loop Gain R z10MQ, T, = 25°C 64 | 72 60 | 72 dB
High Output Voltage Vent = Vewz 2 150mV, 1 - = 100uA 3.6 142 3.6 |42 A%
Low Output Voltage Vona = Vo2 150mV, I, = 100uA 02104 02|04 \"
Common Mode Rejection R, < 2KQ 70 | 94 70 | %4 dB
Supply Voltage Rejection V,. = 8Vto 35V 66 | 80 66 | 80 dB
PWM Comparator Section (Note 4)
Minimum Duty Cycle Voaueesanoy (04 0 0 %
Maximum Duty Cycle courthisanon T3 6V 45 | 49 45 | 49 Y%
Digital Ports (SYNC, SHUTDOWN, and RESET)
HIGH OQutput Voltage Lsoinee = 400A 24 | 4 24! 4 \Y%
LOW Output Voltage lgpy = 3.6MA 0.2 104 02 {104 \"
HIGH Input Current V, =24V -125 | -300 -125(-300| pA
LOW Input Current V, =04V -225|-500 -225(-500 | pA
Current Limit Comparator Section (Note 6)
Sense Voltage R <50Q, T,=25°C 90 [ 100 110 | 80 | 100 [ 120 | mV
Input Bias Current -3 | -10 3 [-10 1 pA
Soft-Start Section
Error Clamp Voltage RESET = 04V 0.1] 04 0104 Vv
C, Charging Current RESET = 24V 50 | 100 | 200 | 50 | 100 | 200 | pA
Output Drivers (each output) (Note 7)
HIGH Output Voltage lsource = 20MA 12.5(135 12.5(13.5 \
Isounce = 100mA P2 | 13 12 | 13 \
LOW Qutput Voltage o = 20mA 02103 02103 \
I = 100mA 12| 2 1122 \Y

Collector Leakage V. =40V 50 | 150 50 | 150 | pA
Rise Time C, = 1000pF 03] 06 03} 06| ps
Fall Time C, = 1000pF 0.11 0.2 01]102] ps
Power Consumption Section (Note 8)
Standby Current | SHUTDOWN = 0.4V P 18 30] [18]30] mA

Note 3. |, = 0mA Note 7. V. =15V

Note 4. F .. =40KHz (R, = 4.12KQ +1%, C_= .01uF +1%, R, = 0Q) Note 8. V=35V

Note 5. V,,=0to 5.2V Note 9. These parameters, although guaranteed over the recom-

Note 6. V,,= 0to 12V

mended operating conditions, are not tested in production.

4/90 Rev 1.1 2/94
Copyright © 1994
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SG1526/SG2526/8G3526

CHARACTERISTIC CURVES
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SG1526/5G2526/8G3526

CHARACTERISTIC CURVES (continued)
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SG1526/8G2526/SG3526

APPLICATION INFORMATION
VOLTAGE REFERENCE

The reference regulator of the SG1526 is based on a temperature compensated s

May be
zener diode. The circuitry is fully active at supply voltages above +8 volts., and Siing f""“ml‘!‘“‘
provides up to 20mA of load current to external circuitry at +5.0 volts. In systems
where additional current is required, an external PNP transistor can be used to vin——28 D e BD—— Vrer
boost the available current. A rugged iow frequency audio-type iransistor shouid ===
be used, and lead lengths between the PWM and transistor should be as short as + = 1gue
possible to minimize the risk of oscillations. Even so, some types of transistors
may require collector-base capacitance for stability. Up to 1amp of load current N0
can be obtained with excellent regulation if the device selected maintains high Sl
current gain. EXTENDING REFERENGE OUTPUT CURRENT

UNDERVOLTAGE LOCKOUT

The undervoltage lockout circuit protects the SG1526 and the power devices it controls from inadequate supply voltage. If
+V, is too low, the circuit disables the output drivers and holds the RESET pin LOW. This prevents spurious output pulses
while the control circuitry is stabilizing, and holds the soft-start timing capacitor in a discharged state.

The circuit consists of a +1.2 volt bandgap reference and comparator circuit which Vrer
is active when the reference voltage has risen to 3Vge0r 1.8 volts at 25°C. When
the reference voltage rises to approximately +4.4 volts, the circuit enables the
output drivers and releases the RESET pin, allowing a normal soft-start. The 3R — TO RS
comparator has 200mV of hysteresis to minimize oscillation at the trip point. When TO DRIVER A
+V, to the PWM is removed and the reference drops 1o +4.2 voits, the undervoit- E :@o_% 0 ORIVER B
age circuit pulls RESET LOW again. The soft-start capacitor is immediately AeRLIR

discharged, and the PWM is ready for another soft-start cycle. j"u

7

The SG1526 can operate from a +5 volt supply by connecting the V.. pin to the =y )
+V,,, pin and maintaining the supply between +4.8 and +5.2 volts. SIMPLIFIED UNDERVOLTAGE LOCKOUT

SOFT-START CIRCUIT

The soft-start circuit protects the power transistors and rectifier diodes from high Ve

EF
current surges during power supply turn-on. When supply voltage is first applied <5,M Sro
to the SG1526, the undervoltage lockout circuit holds RESET LOW with Q3. Q1 +raok % @
is tumed on, which holds the soft-start capacitor voltage at zero. The second  —ereox o w2l J
collector of Q1 clamps the output error amplifierto ground, guaranteeing zero duty

g2
cycle at the driver outputs. When the supply voltage reaches normal operating ~ =T © T Do 5
range, RESET will go HIGH. Q1 turns off, allowing the internal 100pA current

(4]
source to charge C,. Q2 clamps the errer amplifier output to 1V, above the e DLTAGe 3
voltage on Cy. As the soft-start voltage ramps up to +5 volts, the duty cycle of the CSOFTSTART
PWM linearly increases to whatever value the voltage regulation loop requires for *

an error null. Figure 10 gives the timing relationship between C, and ramp time - FIGURE 19
to 100% duty cycle. SOFT-START CIRCUIT SCHEMATIC

DIGITAL CONTROL PORTS e

The three digital control ports of the SG1526 are bi-directional. Each pin candrive ] |
TTL and 5 volt CMOS logic directly, upto afan-outof 10 low-power Schottky gates. i:40K 220K
Each pin can aiso be directiy driven by open-coilector voitage comparators; fan-

inis equivalentto 1low-power Schottky gate. Each portis normally HIGH; the pin T0 SYNC
is pulled LOW to activate the particular function. Driving SYNC LOW initiates a 'NTERNAL °>12 e e ) ]
discharge cycle in the oscillator. Pulling SHUTDOWN LOW immediately inhibits 1 S
all PWM output pulses. Holding RESET LOW discharges the soft-start capacitor.
The logic threshold is +1.1 volts at 25°C. Noise immunity can be gained at the
expense of fan-out with an external 2K pullup resistor to +5 volts.
FIGURE 20.
DIGITAL CONTROL PORT SCHEMATIC
4/90 Rev 1.1 2/94 LINFINITY Microelectronics Inc.
Copyright © 1994 11861 Western Avenue e Garden Grove, CA 92841
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SG1526/85G2526/5G3526

APPLICATION INFORMATION (continued)

OSCILLATOR

11 5G1526

—({2 SYNC

i

is recommended for choosing timing values:

is the same as the oscillator frequency.
400nSec/ohm.

slightly to bring the frequency back to the nominal design value.

to the external frequency.

grounded.

FIGURE 21 - OSCILLATOR CONNECTIONS AND WAVEFORMS

The oscillator is programmed for frequency and deadtime with three components: R, C, and R,. Two waveforms are
generated: a sawtooth waveform at pin 10 for pulse width modulation, and a logic clock at pin 12. The following procedure

1. With R, = 0Q (pin 11 shorted to ground) select values for R, and C, from Figure 7 to give the desired oscillator period.
Remember that the frequency ateach driver output is half the oscitlator frequency, and the frequency atthe +V, terminal

2. If more dead time is required, select a larger value of R, using Figure 6 as a guide. At 40kHz dead time increases by

3. Increasing the dead time will cause the oscillator frequency to decrease slightly. Go back and decrease the value of R,

The SG1526 can be synchronized to an external legic clock by programming the oscillator to free-runata frequency 10% slower
than the sync frequency. A periodic LOW logic pulse approximately 0.5uSec wide at the SYNC pin will then lock the oscillator

Muitiple devices can be synchronized together by programming one master unit for the desired frequency, and then sharing
its sawtooth and clock waveforms with the slave units. All C, terminals are connected to the C, pin of the master, and all SYNC
terminals are likewise connected to the SYNC pin of the master. Slave R, terminals should not be left open nor should they
be tied to the +5V reference; at least 50K should be connected to each pin. Slave R, terminals may be efther left open or

ERROR AMPLIFIER

VREF VREF

2
Rz Ry Eosmue
J_ W Rk

GND GND

VOUT = WREF <5-‘§;—'2)

Ri= (WRI-SZ )
FIGURE 22A

ERROR AMPLIFIER CONNECTIONS

+5.0 volt reference voltage, as shown in Figure 22B.

R3 Ro
Ve R3

= 4.
VouT = \REF( Rz)

- (8

The erroramplifier is a transconductance design, with an outputimpedance of 2 megohms and an effective output capacitance
of 100 pF. Since aii voliage gain takes place at the output pin, the open-loop gain can be shaped with shuni reactance to ground.
For unity gain stability the amplifier requires an additional external 100 pF to ground, resultingin an open-loop pole at 400 Hz.

The input connections to the error amplifier are determined by the polarity of the switching supply output voltage. For positive
supplies, the common-mede voltage is +5.0 volts and the feedback connections in Figure 22A are used. With negative
supplies, the common-mode voltage is ground and the feedback divider is connected between the negative output and the

NEGATIVE
OUTPUT
Ry VOLTAGE
1

FIGURE 228
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SG1526/5G2526/5G3526

APPLICATION INFORMATION (continued)

OUTPUT DRIVERS

The totem-pole output drivers of the SG1526 are designed to source and sink 100mA continuously and 200mA peak. Loads
can be driven either from the output pins 13 and 16, or from the +V. pin, asrequired. Curves for the saturation voltage atthese
outputs as a function of load current are found in Figures 14 and 15.

Since the bottom transistor of the totem-pole is allowed to saturate, there is a momentary conduction path from the +V terminal
to ground during switching. To fimit the resulting current spikes a smail resistor in series with pin 14 is aiways recommended
The resistor value is determined by the driver supply voltage, and should be chosen for 200mA peak currents, as shown in
Figure 25.

+V suPPLY O—— +V SUPPLY & TO OUTPUT FILTER

SG1626 X n e L—
1 w 01526
v
- o a
o /]
= RETURN —

FIGURE 23. FIGURE 24. FIGURE 25.
PUSH-PULL CONFIGURATION SINGLE-ENDED CONFIGURATION DRIVING N-CHANNEL POWER MOSFETS
SG1526 LAB TEST FIXTURE

-18v GND +15V VREF +\%

(r_? ®
jT:-W 'L‘ W Iﬁ‘f ORd S

.|H
.|H

oR
-0
©—o

1=
It

+15v

SG1526

=
£
w-i)

[ OUTFUT B
i‘:nrs:r ibmmuom
CONMON MOOE
VOLTAGE SELECT
Ta cs T TO
<
ooy NG ?)o +S  -CS
AVog (MV) _ﬂ_ /\ @_ o
0 NAL ® OR EQUIV. CURRENT
SYNC SENSE 4
510 1 SWEEP 3 1000 100
—:—T-«:ﬂ:-«r—'ro —ERROR
—AA— = =
T0 +ERROR
10KE0.1%
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SGI1526/5G2526/8G3526

CONNECTION DIAGRAMS & ORDERING INFORMATION (See Notes Below)

Ambient
Package Part No. Temperature Range Connection Diagram
18-PIN CERAMIC DIP SG1526J/883B -55°C to 125°C +ERROR O 1 18 v,
J - PACKAGE SG1526J -55°C to 125°C -ERROR Oz w73 +,
SG25264 _25°C to 85°C COMPENSATION [Jz2 1[0 OUTPUTE
$G35264 0°C to 70°C Camme §* 1P GROWD
RESET Os 4P v ...
-CURRENT SENSE 6  13[J OUTPUTA
O
18-PIN PLASTIC DIP SG2526N -25°C to 85°C mURREmNT atha [= ; :23 iYNC
L2 % " DeanTivE
N - PACKAGE SG3526N 0°C to 70°C R, Os wfc
18-PIN WIDE BODY SG2526DW -25°C to 85°C
PLASTIC S.0.1.C. SG3526DW 0°C to 70°C +ERROR [T |1 18 [T] V.
DW - PACKAGE -ERROR [T |2 17O+,
COMPENSATION [ |3 16 [1] OUTPUTB
oo el 4 15 [T] GROUND
RESET [Tl|s MED v
- CURRENT SENSE [T (6 13 1 OUTPUTA
+CURRENT SENSE [ {7 12 [T SYNC
SHUTDOWN [T |s WENaR
R, M9 0 ¢,
20-PIN CERAMIC SG1526L/883B -55°C to 125°C
g 1. NC. 11. C,
tESADéiiZSH‘P CARRIER SG1526L -55°C to 125°C 2 .ERROR 2R
3. -ERROR 4 13. SYNC
4. comp % 14, OUTPUT A
5, csonsmu 6 15. ‘VMDR
6. RESE 6. N.C.
7/ -G8! G 17. GROUND
8. +CS. 8 18. QUTPUT B
9 19. 3V,
105 8.10 11 12 13 20- Veer

Note 1. Contact factory for JAN and DESC product availability.
2. All parts are viewed from the top.

4/90 Rev 1.1 2/94
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Intemational i v
1¢R| Rectifier ‘ IRFP460

HEXFET® Power MOSFET

& Dynamic dv/dt Rating

® Repetitive Avalanche Rated D o)

e |solated Central Mounting Hole Vpss =500V -
e Fast Switching

e Ease of Paralleling

e Simple Drive Requirements

Description
Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
‘on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercialHndustrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isotated
mounting hole. It also provides greater creepage distance between pins to
meet the requirements of most safety specifications.

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units

Ip @ T¢=25°C Continuous Drain Current, Vgs @ 10 V 20
Ip @ Tc=100°C | Continuous Drain Current, Vas @ 10 V 13 A
lom Pulsed Drain Current @ 80
Pp @ Tc=25°C | Power Dissipation 280 w

Linear Derating Factor 2.2 W/C
Vas Gate-to-Source Voltage +20 : V
Eas Single Pulse Avalanche Energy @ 960 mJ
lar Avalanche Current @ 20 A
Ean Repetitive Avalanche Energy @© 28 mJ
dv/dt Peak Diode Recovery dvidt ® 3.5 V/ins
Ty Operating Junction and -55 to +150
Tsta Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300 (1.8mm from case)

Mounting Torque, 6-32 or M3 screw 10 ibfein (1.1 Nem)

Thermal Resistance
Parameter Min. Typ. Max. Units

Raic Junction-to-Case — — 0.45
Recs Case-to-Sink, Flat, Greased Surface — 0.24 o °CW
Rgua Junction-to-Ambient . —— 40 J
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IRFP460 IR
Electrical Characteristics @ Ty= 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Test Conditions
V(erpss Drain-to-Source Breakdown Voltage 500 | — — V. 1'Vas=0V, lp=250uA
AV sr)pss/AT | Breakdown Voltage Temp. Coefficient — | 063 | — | V/°C |Reference t0 25°C, Ip= 1mA
Ros(on) Static Drain-to-Source On-Resistance — — | 0.27 Q |Ves=10V, Ip=12A @
Vesith) Gate Threshold Voltage 20 — 4.0 V | Vps=Vas, lo= 250uA
Ofs . Forward Transconductance 13 — —_ S | Vps=50V, Ip=12A @
; —_— — 25 Vps=500V, Vgs=0V
Ipss Drain-to-Source Leakage Current — T pA Voo—q00V, VooV, T125°C
s Gate-to-Source Forward Leakage — — | 100 An Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vgs=-20V
Qg Total Gate Charge — — | 210 Ib=20A
Qgs Gate-to-Source Charge — — | 28 | nC |Vps=400V
Qga Gate-to-Drain ("Miller") Charge — — ] 110 | Vas=10V See Fig. 6 and 13 ®
tdfon) Tum-On Delay Time — 18 s Vop=250V
tr Rise Time o 59 — N Ip=20A
td(off) Tum-Off Delay Time — | 110 | — Re=4.3Q
1 Fall Time — 58 e Rp=13Q See Figure 10®
Lo Internal Drain Inductance R R O | 6R g it.:fne?; 2‘?5?,? )
nH- | from package o l
Ls Internal Source Inductance L A3 s and center of
die contact s
1 Ciss Input Capacitance — 14200 — Vas=0V
- Coss Qutput Capacitance — 870 | — PF | Vps= 25V
*Crss Reverse Transfer Capacitance — 350 { — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current o o 20 MOSFET symbol P
(Body Diode) A showing the
[sm Pulsed Source Current — £1, 80 integral reverse & .
(Body Diodé) ® p-n junction diode. is
Vsp Diode Forward Voltage — — 1.8 V | Tj=25°C, Is=20A, Vgs=0V @
tir Reverse Recovery Time — | 570 | 860 | ns |Ty=25°C, |-=20A
Qr Reverse Recovery Charge — 57 | 86 | puC |di/dt=100A/us @
ton Forward Tum-On Time Intrinsic turn-on time is neglegible (turn-on is dominated by Ls+Lp)
Notes:

@ Repetitive rating; pulse width timited by
max. junction temperature (Ses Figure 11)

@ Vpp=50V, starting Ty=25°C, L=4.3mH
RG=25Q, 1as=20A {See Figure 12)

® Isp<20A, di/dt<160A/us, VoDSV(BR)DSS,

Tys150°C

@ Pulse width < 300 ps; duty cycle <2%.
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IGR IRFP460
7 —7
8.0V 8.0v!
7.0v 7.9v ="
£y 7 Y s
3.0V 5.0V
BOTTOM 4.5V B80TTOM 4.8V
m )
o o Q.
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€ 5 £ 1w 4 5V ]
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— s e
3 =3
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© 4.5V ©
& = 5 pd
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10 2 10 .
100 10! 100 101

Fig 1. Typical Output Characteristics,
Tc=25°C

Vps, Drain-to-Source Voltage (volts)

7
- 1500C A

10!

\“Jk

o

/ os0c

(Normalized)

Ip, Drain Current (Amps)

Vpg = SOV

Rps(ony, Drain-to-Source On Resistance

Fig 3. Typical Transfer Characteristics

5

20us PULSE WIDTH]

g

Vas, Gate-to-Source Voitage (volts)

Vps, Drain-to-Source Voltage (volts)

Fig 2. Typical Output Characteristics,
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T4, Junction Temperature (°C)

Fig 4. Normalized On-Resistance
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IRFP460 ToR
i Ves = OV, f = 1MHz it P o=
Ciss = Cgs * Cgg. Cgs SHORTED - 1 Vps = 400V 1\
\ P = Cay = Vps = 250¥ \\
8000 Coss = Cds + Cgg 2 15 Ve = 100V I N\
N = T
\\\ o /
=~ 6000 Ciss > 12
g \ W =
£ S - &2 4
[SRPIAN = ?» 8
@ N ;
g_ \ ™~ O /
S Coss ;T; y/
N I [\\N £ Z
™~ [ o )
2000 G \ !
™~
R ™ 8 /
R\ > / FCH TEST CIALOY
N SEE FIGURE 13
200 10t 9 40 80 120 160 200
Vps, Drain-to-Source Voltage (volts) Qg, Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Source Voltage Gate-to-Source Voltage
102 153 A8
,i”/' EEEEE 0PESATION IN TRIS LAEL _TwoeE: e
) Elaimr — Y B (g —
) //i/ )t M = s
5 / i 4
7 o M % e | Y I RS i
g 4 27 0 b/ |1
= . 4
[0 o2 ,
£ Vi A7 P = =
= 7 - ¥ } A C LS O -
O / % 5 t AT S, N 015~
£ '/ k VR4 ¢ S LN BN
g 1500¢ / G ‘ /r”“'r 3 < \\
@ / .E ! L/ {5k : 5 \1\\2:- \\ 1‘l?!).al_
@ / 250¢ g 10 =t = < :
2 / - = : ——
) & si# s A
o £ T -
o) _[Tc=25%¢ o N
- Vgg = OV “|7U=3500¢C = b
- 65 = SINGLE PULSE : l o B
0.8 0.8 1.0 1.2 i.4 {.6. 1.8 2.0 13 2 S iipaie 5 12 @ S .52

Vgp, Source-to-Drain Voltage (volts)

Fig 7. Typical Source-Drain Diode

Forward Voltage

Vps, Drain-to-Source Voitage (voits)

Fig 8. Maximum Safe Operating Area
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Vos > ANA-

Vas —\ D.UT.

20 Ra .
WA = -Voo
6 S ‘ T1ov
Pulse Width < 1ps
\ Duty Factor 5 0.1%
i N 5
- \\ Fig 10a. Switching Time Test Circuit

8 N | N

Ip, Drain Current (Amps)

|
i
|
|
1
i
i

0 V, | l\ /l
25 50 75 100 125 150 &s | N 1
Tc, Case Temperature (°C) tdon) 1 td(off)
Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms
Case Temperature
1
oo i
= 171 | 1
%) Fo-o.: ~H i I
l\cls ,/"
S— L_...--‘!" -~
@ 0.1 ko2 »
W iF
| -
8 - ﬂ/ -
g; Eo. o5 = // &
N s A
g .e.oz// LA stnoLE PuLsE | l !
= 102he ot (THERMAL RESPONSE) 5y
-G:.) Pnuﬂ—j
'._.
mto l
NOTES: i
i, DUTY FACTOR, D=ti/t2
e | ; RIS P TivPox X Zenje + Te
1073 1074 1072 1072 0.1 1 10

4, Rectangular Pulse Duration (seconds)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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L
Vary tp to obtain Vps > i —
required las
D.UT. Seik e
; Il a + e 8.on
o 134
T.VoD & 2000 30TTOM 208
E
las >
T % 1600 \\
0.01Q
AAA~— Tl \\ _\‘
; : B © N
Fig 12a. Unclamped Inductive Test Circuit g 1200
a ;
()]
_g, 800 \ \‘\‘
(73] ti\‘\\
LU2 400 bl N
\\ \\
Vps o |00 - 5oV S
25 50 75 160 125 150
Starting T, Junction Temperature(°C)
IAg = R S

Fig 12c. Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Waveforms Vs. Drain Current

Current Reguiator

Vg
Charge ——» It e
Current Sampiing Resistors
Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendix C: Part Marking Information — See page 1517 lntemational
er] Rectifier
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