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HIGH CURRENT SWITCHING POWER SUPPLY
FOR

HEAVY METAL SEPERATION FROM WASTE-WATER

Mr. Roongroj Boontos
Mr. Surapan  Wongseri
ASSOC.PROF. Somsak sheirsirikul(advisor)

2™ Semestor , Education Year 2000

Abstract

The purpose of this research bechelor is to present “Heavy Metal Seperation
from Water with Electrical System” with Electrical base on Faraday’s Electrolysis by
putting direct current voltage in plate electrode in waste-water treatment. The most
important purpose of the treatment are: saving energy used in this .The first
experiment are designing plate electrode and switching power supply which part of
high current switching power supply circuit .Specification of swtiching are: Constant
output voltage at 24 volts and maximum output current about 50 amps

This circuit is change from AC voltage to DC voltage which AC voltage go

into the rectifier circuit to convert to DC voltage and pass into switching device.
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2.2 DC - DC Converter

DC — DC Converter 91n1a0sunsunsiaIUYed switching power
A I . ¥
supply 31U 2.7 sztudludiuves DC — DC Converter 9215enounionin
4 ) 3
Inverter ANUAQA , recctifier , filter AU output LA NITAIUAN FIWIIAIVAUWX
Usznouli@ronanenees Wy 2995AUHARIND , 2ITVTHANURANTIALAS IS

floafiu load i a4

dc-dc conversion with isolation

RN — T \'

\ Isolation boundary
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s ) Filter | % A\l Filler | °
I T\ | |
| HF !
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Sttt A N ) e B |
L _|[Ph7 PN I  JF L
[ | - i
| ' 11
Switch |
| Base/gate Orive PWM | | Error | I
| Cireuit Controller Amolilier] |
l ! Nl
[} - i
| © MR |
| signal transformer |
]
L _ o

511 2.7 uanaduilseneuvedess DC — DC Converter
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A+ 3¢ =Al -1.67
Mn + 2¢ =Mn -0.83
2H,0 + 2¢ = H, +20H -0.83
Zn" + 2¢ =H, + 200 -0.76
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a3 elfAsen E’ (Thad)
Fe" + 3¢ = Fe -0.04
2H + 2¢ =H, 0.00
AgCl + ¢ = Ag +CI' 0.22
Hg,Cl, + 2¢ = 2Hg + 2CI 027
Cu +2¢ =Cu 0.34
Ly + 2¢ =21 0.54
Fe¢' +e¢ =Fe 0.77
Ag +¢e =Ag 0.80
Br, + 2¢ = 2Br 1.09
O,+ 4H +4¢ = 2H,0 1.23
MnO, + 4H  + 2¢ =Mn’+ 2H,0 1.28
Cr,0,” +14H" +6¢ =2Cr + TH,0 1.33
Cly, + 26 = 2CI 1.36
2C10, + 12H" + 10¢ = Cl, + 6H,0 1.47
8H +MnO, +5¢=Mn" + 4H,0 1.51
PbO, + 4H +2¢ =PbSO, +2H,0 1.69
H,0, +2H + 2¢ = 2H,0 1.77
F,+2¢ = 2F 2.87
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[Wholl Vout Iin Tout
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0 24 0.86 9
5 24 0.92 12
10 24 0.95 14
12 24 1.01 14.5
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MR 5.4 RamsvAaosuetesgiitisuving 7.5 #3 * 41 svEsvg

v
seHIEman 147

nan Vout Iin Tout
(i) (lad) (uwondl) | (uoudl)
0 24 0.818 9
5 24 0.89 12
10 24 091 13
12 24 0.95 13.5




= '
AN 5.4 (71D )

49

a‘?ga"lwﬁwm UL HAN BN | Wi anudems | uuimanii/aey
Wan MInAaes (A3Y) | naaos(nsu) | wilas (nsu)
STl 17.88 17.97 0.09
au 17.18 17.61 0.43

M5 5.5 HannAneetergiifsnng 4 W1 * 49 szezvasEndg

¥
wan 117

I Vout Iin Tout
(ui) (1aé) (woud) | (uewil)
|
0 24 0.56 3
5 24 0.59 4.5
10 24 0.6 45
12 24 0.6 45
i lifhog UL WA ABY | UL INVNEIMT | wlLnaniuaey
wan M5NAARY (N31) | naase (nsy) | wilas (ndu)
TRl 8.33 8.36 0.03
ay 8.64 9.00 0.36




50

Q15197 5.6 HANINAADIYBIFINZE v 7 H1 * 4N SLYLHMTTHINNAN

2
1117
a1 Vout Iin Tout
(uh) (Tad) ( uondl) (uouil)
0 24 0.56 7
5 24 0.69 10
10 24 0.9 16
12 24 09 14
T Whwes WL Wan Aoy | uu anndans | uuamanyinlasu
wan maneans (nSy) | naaes(asu) | wlas (afu)
UIN 65.48 63.39 -2.09
ay 63.35 63.53 0.18

15197 5.7 HANTINAADIVEY FInsE vinA 4547 * 3.5 STISHWIIHIN

wan 112
fa Vout Tin Tout
(19) (Trad) Cuonil) | (uouil)
0 24 0.59 5
5 24 0.59 5
10 24 0.6 55
12 24 0.62 6
L =




& .
£15131 5.7 (A
s . @ A a4
g2 1WA WL Han fBY | wu. manvdams | uuawanialasu
Wan mInaase(nsy) | neass(nsu) | wlas (n5u)
120 3427 33.00 -127
au 35.53 35.63 0.10

51

A151975.8 HanTINAABWeI FIned wna 3.5 da* 2.5 W STOSHWILHIN

b4
wan 112
nal Vout Tin Tout
(1#) (Thad) ( uowil) (uoui) )
0 24 0.56 4.5
5 24 0.59 5
10 24 0.6 6
12 24 0.6 6
> % e EE
2 1Wves L wan feu | WL manndems | uuswanialteu
Wan arnaaes (ndy) | naasa (nsy) | wlas (n3y)
UIIN 20.45 19.42 -1.03
auy 20.73 20.78 0.05




finfhl8euniae

[

A

v

52

mvaaaiaatdimaniiluaraindisu

056
=
<
L
10%4.5 75%4 4%4
as.50 a3.i0 a5.i0
MAUAIINAN

a o @ A 4 ) g
gil‘n 54 ﬂ'i”mluﬁmu’mun‘ntﬂaﬂuuﬂawmma‘nﬂzqumﬂmmmmaq

msvaalaalaiwanihudonss

tnfhuldaunae

U

7%4 4.5%35 3.5 % 2.5
a5.40 w540 735.10
adNnaAdNan

o I T @ a '
31“" 55 ﬂ‘i’lﬂLl’dﬁ\ﬂ«l'lﬂlmﬂl'ljﬂﬂuuﬂﬁﬁﬂlﬂﬂlﬂﬁﬂﬂ\iﬂzﬂﬂ!u']ﬂﬁ’ﬁ‘]



53

a < P
JTziNansnaaedi 2
‘n' & d' a v 9 v a a o P= 9/
sinmsnaassi 2 desdnumansiiaden 18un exgilidion , dinzd laoly
£ »
YuIAManal q fu aunsednsziasnanes1daail
b 3 b 4
1. ninHamsnaasnyhmanuanvesezglifiouszlihminiudn dauman
b d 1 4 v
Sangdvihhminanas manezaiidionmindu fioananlineaaune
kd v ¥ v v
2. gnmsnaaemh manauvesTangidessiialisiuiu unzhmniigane
pzgilifion uaasihfimanauniduesqlidiond cu”™ wumeuaznatediu Cu, 110

g

=%
aywaniimaasin 2
L fmanivan TangezRansniswilosnnfmlfisoeengindu udesgiitioud
v .; ’ - 4 (-3 o ¢§ =) v 2
i E dnhTanzadiatunnii il cu dslien B gandnunnliimgiivan
a a 0 q Vo P 1
szgiifiowihlmimilnmaniiuiu
& RPN 1 Ao o & 4 & a o s
2 juwanay szihiwiindwdulaslansmhvinmuinnganaesquition E a1
] v ¥y v b 4 v
fqanlvswdmaaseuld cu” ) Winnfigavh ilhmindudunniigs A
H & o v o o daa “ yatd A dear o3
Fumanfraunsethimiudeitisesulanzitelulaangane lansfillan E" @1
P £ < a s LY
figaseninmsnaaesnae « ozqiittion” U
3. nnsnaaeaasurinaveunan uRasrianuiumanidvinalvg ezl
' { - &' P [ A
AszugannAanial waladaiu smsdenmanitivinalveiinniiga

wSeldmunzaufumsusildnnnga

523  mInaaedi 3 (Wwa aausalgnaen)
EMINAnel
i d
L. wieuansazme CuSod 10 g waz iniSens 1 das
b d b d Y
2 fiwanezgiidion vuia 1012 * 4.5 U3 5TESHW 117
= gy 9 o v aaa &£ S P~} o cl’ s
1 wlasuanududuaausalfnsen sennenae Al 5,10,20 A3
b d
4. Funganyae nISud uaglimun vaunan fouUATHAIMNAABWA)

TuNnRaNIsNARDY



NANSNARDIN 3

M990 5.9 HaMInAaesvesmsKay nae wa'll 5 nsy

54

a1 Vout Iin Tout
(W) (Thad) (uwondly | (uonil)
0 24 0.4 1
5 24 0.63 25
10 24 0.63 3
12 24 0.68 35
AR UL AN ABY | UL Nanndems | uimaniaou
Wan MINAABY (NTY) | NAaee(nsy) | wilas (nsy)
UIN 21.98 22.03 0.05
ay 22.28 22.54 0.26

M3190 5.10 wamsnaavveIMIsHay wnae W1l 10 ndy

M Vout Iin Tout
(wi) (Thad) (uwonil) | (uowdl)
0 24 0.72 6
5 24 0.81 10
10 24 0.95 13.5
12 24 1 14.5
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I ] ]
72 e UUWaN NBY | UL IWanvaems | uniwaniaeu
(Wan AMINABL (NIUN) | nAass (nsu) | wlas (nsu)
UIIN 22.50 22.63 0.13
ay 22.47 23.08 0.61
- Ay o
M5 5.11 HAMSNABDIVBINIHNAN 08D 197110 20 ASY
ran Vout Iin Tout
(i) (Tad) (wouil) | (@owil)
0 24 0.613 5
5 24 1 145
10 24 1.14 20
12 24 1.31 25.5
H ; L Y A5
P wes UL WAV ABU | YU INANVDINS | Ul wanlasu
Wan MINATBA (N5N) | neans(nsy) | wlas (ndy)
1IN 23.04 23.35 0.31
ay 22.68 23.56 0.88
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Ml 6.1 ramsmageuunase eI ase ety
% Vin Iin Pin Vout Iout Pout Eff
load V) (A) (KW) V) (A) (KW) (%)
0 310 045 0.139 24 0 0 0
10 310 0.93 0.288 24 4.8 0.115 40
i> 316 i.39 0.431 24 7.6 0.182 422
18 310 1.61 0.500 24 9 0.216 432
30 310 2.60 0.806 24 15 0.360 44.6
40 310 3.15 0.976 24 20 0.4380 49.1
56 310 3.65 1.131 24 28 0.672 59.4
70 310 441 1.463 24 ’ 35 0.840 61.4
90 310 5.26 1.630 24 43.6 1.046 64.1
100 310 5.62 1.742 24 50 1.200 68.8
OUTPUT
POWER
(kw)

PERCENTAGE OF LOAD

514 6.1 uamsanuduiuisenieshdueniymiu Tnaa
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PERCENTAGE OF LOAD i
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Order this document by SG3526/D

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 voltage
reference, sawtooth oscillator, error amplifier, pulse width modutator, 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 switrhing regulators that are
transformerless or transformer coupled. The SG3526 is specified over a
junction temperature range of 0° to +125°C.

e 8.0V to 35V Operation

5.0 V1% 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

® &6 ¢ © © ¢ o 0 ¢ o

Representative Block Diagram

Vigg 028

Under-
17 | Reference
Vee o_l Regulator H_‘ i

Lockout
15
Groundoﬂ__ Ly Tolntemal
S L= Circuitry 14
Rbeadtime O l o Ve
Deadtime 9 .
Ry O Oscillator _13
Cr Output
A
Reset Soft =
Csoft-Start Start 1
4
Compensaﬁono-;- i
Vee ]
16
Output
B

1|

Shutdown

SG3526

PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

N SUFFIX
PLASTIC PACKAGE
CASE 707

PIN CONNECTIONS

+Emor [__1_— E Viet

—Enorlz EVCC

Compensation E 16 | Output B
CSoft-Start E E Ground

=6
]
+CS| 7
Stugow [ 1
RTE

o
B
ERDeadﬁme

[0]or

(Top View)

ORDERING INFORMATION

Operating
Device Temperature Range Package
SC3526N Ty =0°to+125°C Plastic DIP
© Motorola, Inc. 1996 Rev 2



SG3526

MAXIMUM RATINGS (Note 1)
Rating Symbol Value Unit

Supply Voltage Vce +40 Vdc
Collector Supply Voltage Ve +40 Vdc
Logic Inputs -0.3i0+5.5 "
Analog Inputs -0.3toVce "
Output Current, Source or Sink lo +200 mA
Reference Load Current (Vo = 40 V, Note 2) Iref 50 mA
Logic Sink Current 15 mA
Power Dissipation Pp mwW

TA=+25°C (Note 3) 1000

Tc =+25°C (Note 4) 3000
Thermal Resistance Junction—to—Air Raua 100 °CIW
Thermal Resistance Junction-to—Case Rguc 42 °C/w
Operating Junction Temperature Ty +150 °©
Storage Temperature Range Tstg -85 to +150 °C
Lead Temperature (Soldering, 10 Seconds) TSolder +300 °C.

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 temperatures above +25°C.

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Max Unit
Supply Vottage Vce 8.0 35 Vdc
Collector Supply Voltage Ve 45 35 Vdc
Output Sink/Source Current (Each Output) lo 0 +100 mA
Reference Load Current Iref 0 20 mA
Oscillator Frequency Range fosc 0.001 400 kHz
Oscillator Timing Resistor RT 2.0 150 kQ
Oscillator Timing Capacitor Cr 0.001 20 uF
Available Deadtime Range (40 kHz) - 3.0 50 %
Operating Junction Temperature Range Ty 0 +125 °C

2 MOTOROLA ANALOG IC DEVICE DATA



ELECTRICAL CHARACTERISTICS (Ve = +15 Vdc, Ty = Tigy to Thigh [Note 5], unless otherwise noted.)

SG3526

Characteristics } Symbol l Min l Typ l Max I Unit 1
REFERENCE SECTION (Note 6)
Reference Output Voltage (T j = +25°C) Vref 4.90 5.00 5.10 v
Line Regulation (+8.0 V<V < +35V) Regjine - 10 30 mV
Load Regulation (0 mA <l <20 mA) Regioad - 10 50 mV
Temperature Stability AVief/AT - 10 - mv
Total Reference Output Voltage Variation AVief 4.85 5.00 545 "
(+8.0V< Ve <+35V, 0 mA < <20 mA)
Short Circuit Current (Vyef = 0 V) (Note 2) Isc 25 80 125 mA
UNDERVOLTAGE LOCKOUT
Reset Output Voltage (Vigf = +3.8 V) - 0.2 0.4 Vv
Reset Output Voltage (Vyef = +4.8 V) 24 48 - \Y%
OSCILLATOR SECTION (Note 7)
Initial Accuracy (Tj = +25°C) - +3.0 +8.0 %
Frequency Stability over Power Supply Range Afgsc - 0.5 1.0 %
(+8.0V<Vpee £ +35V) A_JCE
Frequency Stability over Temperature Afpse - 2.0 - %
(8Ty = Tiow to Thigh) ATy
Minimum Frequency fmin - 0.5 - Hz
(RT = 150 kQ, CT = 20 pF)
Maximum Frequency fmax 400 - - kHz
(RT =2.0 kQ, Cy =0.001 pF)
Sawtooth Peak Voltage (Voc = +35 V) Vosc(P) - 3.0 85 v
Sawtooth Valley Voltage (Vog = +8.0 V) Vosc(V) 0.45 0.8 -
ERROR AMPLIFIER SECTION (Note 8)
Input Offset Voltage (Rg < 2.0 kQ) Vio - 20 10 mvV
Input Bias Current B - =350 | —-2000 nA
Input Offset Current ho - 35 200 nA
DC Open Loop Gain (R > 10 MQ) AvoL 60 72 - dB
High Output Voltage VOH 3.6 4.2 - v
(VPin 1=Vpin 22 +150 mV, lgoyrce = 100 pA)
Low Output Voltage VoL - 0.2 0.4 \%
(VPin 2-VPin 12 +150 mV, Igjnk = 100 pA)
Common Mode Rejection Ratio (Rg < 2.0 kQ2) CMRR 70 94 - dB
Power Supply Rejection Ratio (+12 V< Voo <+18 V) PSRR 66 80 - dB
NOTES: 2. Maximum junction temperature must be observed.
5. Tjow = 0°C Thigh = +125°C
6.1 =0 mA unless otherwise noted.
7.fosc =40 kHz (R = 4.12kQ+ 1%, C7 = 0.01 uF + 1%, Rp = 0 Q)
8.0V<Voym<+5.2V.
3
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5G3526
ELECTRICAL CHARACTERISTICS (continued)

Characteristics l Symbol j Min I Typ l Max l Unit ;
PWM COMPARATOR SECTION (Note 7)
Minimum Duty Cycle DCmin - - 0 %
(VCompensation = +0.4 V)
Maximum Duty Cycle DCmax 45 43 - %
(VCompensation = +3.6 V)
DIGITAL PORTS (SYNC, SHUTDOWN, RESET)
Output Voltage v
{High Logic Level) (Isource = 40 1A) VOH 24 4.0 -
{Low Logic Level) (Isink = 3.6 mA) VoL - 0.2 04
Input Current— High Logic Level HA
{High Logic Level) (Vi = +2.4 V) TS - -125 —200
(Low Logic Level) (Vi =+0.4 V) L - —225 —360
CURRENT LIMIT COMPARATOR SECTION (Note 9)
Sense Voltage (Rs < 50 ) Vsense 80 100 120 mA
Input Bias Current B — -3.0 -10 HA |
SOFT-START SECTION
Error Clamp Voltage (Reset = +0.4 V) - 0.1 04 \
Csoft—Start Charging Current (Reset = +2.4 V) Ics 50 100 150 A
OUTPUT DRIVERS (Each Output, V¢ = +15 Vdc, unless otherwise noted.)
Output High Level VOH \
lsource = 20 mA 125 43.5 -
lsource = 100 mA 12 13 -
Output Low Level Vour \
lsink =20 mA - 0.2 0.3
Isink = 100 mA - 1.2 20
Collector Leakage, Vg = +40 V . Ic(leak) - 50 150 pA
Rise Time (Ci_ = 1000 pF) tr - 0.3 0.6 us
Fall Time (Cg_= 1000 pF) tf - 0.1 0.2 us
Supply Current Icc - 18 30 mA
(Shutdown = +0.4 V, Vo = +35 V, RT = 4.12 kQ)

NOTES: 7. fogc = 40 kHz (R = 4.12kQ# 1%, Cy = 0.01 uF £ 1%, Rp = 0 Q)
8.0VsVppm<+52V
9.0VsVgopms+12V

4 MOTOROLA ANALOG iC DEVICE DATA
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Figure 1. Reference Stability over Temperature
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Figure 3. Error Amplifier Open Loop

Frequency Response

Figure 2. Reference Voltage as a
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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
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Figure 11. Pulse Processing Logic

Memory
FIF

8 R Q> Clock
PWM —D |
o———> PWM
Metering
FF

The metering Flip-Flop is an asynchronous data latch
which suppresses high frequency oscillations by allowing
only one PWM pulse per oscillator cycle.

The memory Flip-Flop prevents double pulsing in a
push—pull configuration by remembering which output
producad the last pulse.
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APPLICATIONS INFORMATION

Figure 12. Extending Reference
Output Current Capability

)
Vref
21 17{ Reference |18
vee S Regulator Veef
+
B 7 10uF

T Gnd
Gnd T :
* May be required with some types of transistors

Figure 14, Oscillator Connections

L
1

Figure 16. Soft—Start Circuity
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Figure 13. Error Amplifier Connections

Figure 15. Foldback Current Limiting

WHK&(——*T-———Oi'

6
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Figure 17. Driving VMOS Power FETs
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@
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The totem pole output drivers of the SG3526 are ideally
suited for driving the input capacitance of power FETs at
high speeds.
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Figure 18. Half-Bridge Configuration
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Figure 20. Single—Ended Configuration
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Filter
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Figure 19. Flyback Converter with
Current Limiting
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In the abave circuit, current Emiting is accomplished by using the
. current limit comparator output to reset the soft-start capacitor.

Figure 21. Push-Pull Configuration

+V Supply ©
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OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE
CASE 707-02
ISSUEC
NOTES:
1. POSITIONAL TOLERANCE OF LEADS (D),
(S kR Wk Mk Bk k! SHALL BE WITHIN 0.25 (0.010) AT MAXIMUM
I 0 ) MATERIAL CONDITION, IN RELATION TO
b SEATING PLANE AND EACH OTHER.
B 2. DIMENSION L TO CENTER OF LEADS WHEN
Oy 9 ¥ FORMED PARALLEL.
LY RTETRTRAYRTETYRAY AT 3. E{Ig:SPONBDOESNOTINCLUDEMOLD
[ mEy MILLIMETERS | INCHES
it | N | MAX | WIN | mMAX
L A | 2222 | 2324 | 0875 | 0918
B | 610 | 660 | 0240 | 0.260
€ | 355 | 457 | 0.140 | 0.160
D | 036 ] 0561 0014 | 0.022 |
F ] 1211 178 ] 0050 | 0070
G 254BSC 0.100 BSC
W 102 ] 152 | 0040 | 0060
" g 4] 020 030 00080012
K | 292 | 343] 0115 | 0135
L 762 BSC 0.300BS
[ o] 15° 0°] 15°
N

051 | 1.02 | 0020 | 0.040
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Motorola reserves the right to make changes without further notice to any products herein. Molorola makes no warranty, fepresentation 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 fimitation consequential orincidental damages. “Typical” parameters which may be provided in Motorola
datasheels and/or specifications can and do vary in different applications and actual performance may vary over fime. 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 Motorola product could create a situation where personalinjury
or death may occur. Should Buyer purchase oruse Motorota products for any suchunintended orunauthorized appication, Buyer shati indemmify end hoid 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 or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even ifsuch daimalleges thatMotorola
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USA/EUROPE /Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Lid.; Tatstmi-SPD—JLDC, 6F Seibu—Butsuryu—Center,
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intersil. | IRF530N

Data Sheet March 2000 rerilev Number 4843

22A, 100V, 0.064 Ohm, N-Channel Power MOSFET

Packaging Features
JEDEC TO-220AB « Ultra Low On-Resistance
- fpsoN) = 0.084Q, Vgg = 10V
= Simulation Models
- Temperature Compensated PSPICE™ and SABER®
Electrical Models

- Spice and SABER® Thermal Impedance Models
- www.intersil.com

» Peak Current vs Pulse Width Curve

= UIS Rating Curve

Symbol / Ordering Information .
B PART NUMBER PACKAGE BRAND
IRFS30N TO-220AB IRF530N
G
S

Absolute Maximum Ratings Tc = 25°C, Unless Otheswise Specified

IRF530N UNITS
Drain to Source Voltage (Note 1). . . ... ... .. it Vpss 100 v
Drain to Gate Voltage (Rgg =20kQ)(Note 1) ... . ... ... ..o ... VpGr 100 \"
GatetoSource Voltage . . .. ... ..., Ves +20 Vv
Drain Cument
Continuous (Tg=25°C, Vgs =10V) (Figwe 2) .. ... ........ooimeeen .. Ip 22 A
Continuous (Te= 100°C, Vgs = 10V) (FIQUre 2) . ... oot een e Ip 15 A
PulsedDrainCument . . ...... .. ... ... ... ... lpm Figure 4
Pulsed AvalancheRating .......... ... .. ... .. .......... ... .......... uls Figures 6, 14, 15
Power DISSIpation . ... iicocicaiionossannss Ny W.... 2. 20 Q11 2D Pp 85 w
Derate ABOve 25%C ... ooiniciiocmicormniinn e e oo et e o 0.57 wPc
Operating and Storage Temperature . . . ... .....................ccooo.... T3. TsTG -55t0 175 °c
Maximum Temperature for Soldering
Leads at 0.063in (1.6mm) from Casefor 10s. . . ... . ... . ..iiiiiiiiiiaiiaan... T 300 b
Package Body for 10s, See Techbrief TB334. .. ... ... ... .. ................ Tpkg 260 Sc
NOTES:

1. TJ=25°CID150°C.
CAUTION: Stresses above those fisted in “Absalute Maximum Ratings™ may cause permanent damage to the device. This is a stress only rating and operation of the

Mmdkmuwwﬂmmﬂmeimhmwmdmm&mm
1 mmmmmhmmmmswmm

PSPICE® is a registered trademark of MicroSim Corporation. SABER® s a Copyright of Analogy Inc.
1-838-INTERSIL or 321-724-7143 | Intersi and Design is a trademark of Intersil Corporation. | Copyright © Intersil Corporation 2000
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Electrical Specifications T¢=25°C, Unless Otherwise Specified

PARAMETER ] SYMBOL l TEST CONDITIONS 1 MIN T TYP I MAX | UNITS
OFF STATE SPECIFICATIONS
Drain to Source Breakdown Voltage BVpss |lp =250pA, Vgg = OV (Figure 11) 100 - - v
Zero Gate Voltage Drain Current Ipss |Vps=95V, Vgs =0V - - 1 HA

Vps =90V, Vgs =0V, T¢ = 150°C - - 250 pA

Gate to Source Leakage Current Igss Vgs =20V - - +100 nA
ON STATE SPECIFICATIONS
Gatz to Source Threshold Voltage Ves(rH) | Vas = Vps. Ip = 2504 (Figure 10) 2 - 4 Y
Drain to Source On Resistance ps(oN) |'p=22A, Vgs = 10V (Figure 9) - 0.054 | 0.064 Q
THERMAL SPECIFICATIONS
Themal Resistance Junction to Case Rayc |TO-220 - - 176 | ‘Cw
Thermal Resistance Junction to Raua - - 62 | ‘cw
Ambient
SWITCHING SPECIFICATIONS (Vgs = 10V)
Tum-On Time ton Vpp =50V, Ip =22A - - 75 ns
Tum-On Delay Time taony ‘égss:% - 7.9 - ns
Rise Time t (Figures 18, 19) - 42 - ns
Tum-Off Delay Time taoFF) - 47 - ns
Fall Time t - 39 - ns
Tum-Off Time torFr - - 130 ns
GATE CHARGE SPECIFICATIONS
Total Gate Charge Qqromy  |Ves=0V o 20V Vpp = 50V, - 43 52 nC
Gate Charge at 10V Qy10) |Ves=0Vio 10V '&:Eﬂztm - 23 28 nC
Threshold Gate Charge QyrH) |Ves=0Vio 2V (Figures 13, 16, 17) - 17 2 nC
Gate to Source Gate Charge Qgs - 35 - nC
Gate to Drain "Miller™ Charge Qg - 87 - nC
CAPACITANCE SPECIFICATIONS
Input Capacitance Ciss |Vps=25V, Vgs =0V, - 790 - pF
Output Capacitance ches I:i;l:‘:fZ) T 25 | - pF
Reverse Transfer Capacitance Crss - 70 - pF

Source to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIONS MIN TYP | MAX | UNITS
Source to Drain Diode Voltage Vsp Isp = 22A - - 1.25 v
Isp=11A - = 1.00 v
Reverse Recovery Time 4 Isp =22A, digp/dt = 100A/s - - 100 ns
Reverse Recovered Charge Qrr Isp =22A, digp/dt = 100A/us - - 313 nC
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12A, 100V, 0.300 Ohm, P-Channel Power
MOSFETs

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

Formerly developmental type TA17511.
. Ordering Information
PART NUMBER PACKAGE BRAND
IRF9530 TO-220AB IRF9530
RF1S9530SM TO-263AB RF1S9530

NOTE: When ordering, use the entire part number. Add the sufiix 9A to
obtain the TO-263AB variant in the tape and reel, Le., RF1S9530SM3A.

IRF9530, RF159530SM

July 1999 File Number 2221.4

Features

= 12A, 100V

* ps(on) = 0.300Q

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

+ Nanosecond Switching Speeds

= Linear Transfer Characteristics

High Input Impedance

Related Literature

- TB334, "Guidelines for Soldering Surface Mount
Components to PC Boards™

Symbol

Packaging
JEDEC TO-220AB
> DRAN
/ GATE
DRAIN (FLANGE) ’//

/
(o
%

N\

JEDEC TO-263A

4-9 CAUTION: These devices are sensitive o electrostatic discharge; follow proper ESD Handling Procedures.

hitip:/wwew.intersil.com or 407-727-9207 | Copyright © Intersil Corporation 1999



IRF9530, RF1S9530SM

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

IRF8530,
RF1S9530SM UNITS
Drain to Source Breakdown Voltage (Note 1) .. ... . ... ... ... ........_.......... Vps -100 \%
Drain to Gate Voltage (Rgs =20kQ) (Note 1) .. ... o .. oo i VDGR -100 \Y%
Continuous Drain Current .. ... ... ... ... Ip -12 A
T =1000C .. Ip 75 A
Puised Drain Cumrent (Note 3) . . .. ... . it Ipp -48 A
GatetoSource Voltage ... . ... ... ... ... ... ... ... Vs 120 \"
Maximum Power Dissipation .. ... .. . PD 75 w
DissipationDerating Factor - . ... ... ... ... . ... 0.6 Wr°C
Single Pulse Avalanche Energy Rating (Note4) . ... ..._..._... ... _............... Eas 500 mJ
Operating and Storage Temperatire . ... ... .. ... ... .iio it oo Ty Tste -55to 150 o
Maximum Temperature for Soldering
Leads at 0.063in (1.6mm) from Casefor 10s. . ... .. ... ... ... ... ... iiiiiaaao. T 300 %
Package Body for 10s,See Techbrief334 .. .. ... ... ... ... ... .. ... ... ... .... Tokg 260 ¢

wnm:mmmmm-wm&m-mmmmmmm This is a stress only rating and opesation of the
device al these or any other conditions above those indicated in the operational sections of this specification is not implied.
NOTE:

1. Ty=25°Cto Ty =125°C.

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

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Drain to Source Breakdown Voitage BVpss |lp=-250pA, Vgs = 0V, (Figure 10) -100 - - \"
Gate Threshold Voltage VesaH) | Ves =Vps. Ip =-250uA -2 - -4 \'4
Zero Gate Voltage Drain Current Ipss | Vps=Rated BVpgg, Vgs =0V - - 25 pA
Vps = 0.8 x Rated BVpss, Vgs = 0V, Tc=125°C| - - -250 pA
On-State Drain Current (Note 2) IpoN) | Vbs > Ip(oN) X Tos(onpmax- Ves =-10V, -12 - - A
(Figure 7)
Gate to Source Leakage Current Igss Vs =120V - - +100 nA
Drain to Source On Resistance (Note 2) ps(on) | Ip =-6.5A, Vgg =-10V, (Figures 8, 9) - 0250 | 0.300 Q
Forward Transconductance (Note 2) gfs Vs > Ip(on) X Toson) Max, Ip =-6.5A 2 38 - S
(Figure 12)
Tum-On Delay Time tyon) | VDp =50V, Ip =-12A, Rg =50Q, Vgs = 10V > 30 60 ns
Rise Time t Ry =4.20, (Figures 17, 18) - 70 140 ns
MOSFET Switching Times are Essentially Inde-
Tum-Off Delay Time ta(of) pendent of Operating Temperature - 70 140 ns
Fall Time ts - 70 140 ns
Total Gate Charge Qgron) [Ves=-10V.Ip=-12A,Vpss=0.8xRated BVpgs | - 25 45 nC
(Gate to Source + Gate to Drain) (Figure 14, 19, 20) Gate Charge
Gate to Source Charge Qgs ?EssenﬁaﬂylndependentofOpetanng 4 13 N nC
Gate to Drain (‘Miller’) Charge Qg peratre Z 12 . nC
Input Capacitance Ciss Vps =-25V, Vgs = 0V, f = 1MHz, (Figure 11) - 500 - pF
Output Capacitance Coss - 300 - pF
Reverse Transfer Capacitance CRrss - 100 - pF
Internal Drain Inductance Lp Measured From the Modified MOSFET - 35 = nH
Contact Screw On Tab To | Symbol Showing the
Center of Die Internal Devices
Measured From the Drain | Inductances e 45 - nH
Lead, 6mm (0.25in) From D
Package to Center of Die
Internal Source Inductance Ls Measured From The - 75 - nH
Source Lead, 6mm
(0.25in) From Header to
Source Bonding Pad
Thermal Resistance Junction to Case Rgyc - - 167 | crw
Thermal Resistance Junction to Ambient Rgya | Typical Socket Mount - - 62.5 °crw

4-10 intersil
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15A, 400V - 600V Ultrafast Dual Diodes

MUR3040PT, RURH1540CC, MUR3060PT, and
RURH1560CC are ultrafast dual diodes (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

File Number 2774.4

January 2000

Features

- Ultrafast with Soft Recovery . . .. ............... <55ns
= Operating Temperature. .. .................... 175°C
* ReverseVoltageUpto ... .. .. ... .. ... ._..... 600V

= Avaianche Energy Rated
= Planar Construction

Applications

« Switching Power Supply
= Power Switching Circuits
= General Purpose

Packaging
JEDEC TO-218AC

ANODE 1

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

MUR3040PT MUR3060PT
RURH1540CC RURH1560CC UNITS
Peak Repetitive Reverse Voltage. . .. ... .. ... . ... ........... VRRM 400 600 v
Working Peak Reverse VOMage . . . .. .. ... ..o oo, VRwM 400 600 '
DCBlockingVoltage .. .......................... ... VR 400 600 v
Average Rectified ForwardCurrent ... ... ... ... ._......_.... Ieav) 15 15 A
(Tc = 145°C)
Repetitive Peak Surge Current .. ... ... .. . ... _......_..... IFRM 42 30 A
(Square Wave 20kHz)
Nonrepetitive Peak Surge Cumrent. . ... ... ... ... ............. Iesm 200 200 A
(Halfwave 1 Phase 60Hz)
Maximum Power Dissipation . . .. .................................. Pp 100 100 w
Avalanche Energy (SeeFigures 7and 8) .................ccoooun.. EavL 20 20 mJ
Operating and Storage Temperature . . . ... ... ... ... ......... Tste. Ty -55t0 175 -55t0 175 °c

1 1-888-INTERSIL or 321-724-7143 | Copyright © Intersil Corporation 2000
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Data Sheet

15A, 400V - 600V Ultrafast Dual Diodes

MURB3040PT, RURH1540CC, MUR3060PT, and
RURH1560CC are ultrafast dual diodes (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.

i January 2000 - File Number - 2774.'4‘

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

A Az

MUR3040PT, RURH1540CC, MUR3060PT,

RURH1560CC

Features

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

= Avalanche Energy Rated
= Planar Construction

Applications

- Switching Power Supply
= Power Switching Circuits
= General Purpose

Packaging
JEDEC TO-218AC

ANODE 1

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

MUR3040PT MUR3060PT
RURH1540CC RURH1560CC UNITS
Peak Repetitive Reverse Voltage_ . . ... ... ... .....oiiiiinna.. VRRM 400 600 v
Working Peak Reverse VOIAgE . . . ... ouie it e, VRwM 400 600 v
DCBlockingVoltage ... ........... ..ot VR 400 600 v
Average Rectified Forward Cumrent . ... ... ... ... ...__........... IFav) 15 15 A
(Tc = 145°C)
Repetitive Peak Surge Current .. ... ... ... .. ... ........ IFRM 42 30 A
(Square Wave 20kHz)
Nonrepetitive Peak Surge Current . . ... ... ... ............. lesm 200 200 A
(Halfwave 1 Phase 60Hz)
Masximum Power Dissipation . . ......................_......... Pp 100 100 w
Avalanche Energy (See Figures 7and8) .. ... ... ... ........c..... EavL 20 20 mJ
Operating and Storage Temperature . . . ... ... ... .........o.... Tste. Ty -55t0 175 -55t0 175 °c

1 1-888-INTERSIL or 321-724-7143 | Copyright © Intersi Corporation 2000



MUR3040PT, RURH1540CC, MUR3060PT, RURH1560CC

Electrical Specifications (Per Leg) T¢ =259C, Unless Otherwise Specified

MUR3040PT, RURH1540CC

SYMBOL TEST CONDITION MIN TYP MAX MIN TYP MAX UNITS
VE =154 - - 125 - - 1.5 v
g = 15A, T¢ = 150°C - - 112 - - 12 v
IR VR = 400V - - 100 - - - pA
VR = 600V - - - - - 100 pA
VR = 400V, Tg = 150°C - - 500 - - - pA
VR =600V, Tc =150°C - - - - - 500 pA
& I = 1A, dig/dt = 100A/s - - 55 - - 55 ns
I = 154, dig/dt = 100A/us - - 60 - - 60 ns
t, I = 15A, dig/dt = 100Alps - 30 - - 30 - ns
ty Ig = 15A, dig/dt = 100A/ps - 17 - - 20 - ns
Rgic - - 15 - - 1.5 ocrw
DEFINITIONS

Vg = Instantaneous forward voltage (pw = 300us, D = 2%).

IR = Instantaneous reverse cusrent.
tr = Reverse recovery time at dig/dt = 100A/us (See Figure 6), summation of t, + .
t; = Time to reach peak reverse current at dig/dt = 100A/us (See Figure 6).
t, = Time from peak Igy to projected zero crossing of Igy based on a straight line from peak Igy through 25% of Igy, (See Figure 6).
Rgyc = Thermal resistance junction to case.

pw = pulse width.
D = duty cycle.

Typical Performance Curves
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FIGURE 1. FORWARD CURRENT vs FORWARD VOLTAGE
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FIGURE 2. REVERSE CURRENT vs REVERSE VOLTAGE
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MUR3040PT, RURH1540CC, MUR3060PT, RURH1560CC

Typical Performance Curves
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FIGURE 3. t, t; AND tp, CURVES vs FORWARD CURRENT

Test Circuits and Waveforms
Vg AMPLITUDE AND
Rg CONTROL dig/dt y
t1anpt2 CONTROL k

Rg
o—wWA— N = i

FIGURE 5. t; TEST CIRCUIT

I=1A

L = 40mH

R<01Q

Eav = 12LP [Vrpav (VReave) - VoIl
Q1=K;BT(BVCE5>DUTVR(A“)) L R

Voo

Voo
DuT =
h|

FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT
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FIGURE 4. CURRENT DERATING CURVE

FIGURE 6. t; WAVEFORMS AND DEFINITIONS

FIGURE 8. AVALANCHE CURRENT AND VOLTAGE
WAVEFORMS

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

Intersil semiconductor produdts are sold by description only. Intersil Corporation reserves the rigiit to make changes in circut design andlor spedifications at anty time with-
out notice. Accordingly, the reader is caulioned to verily that data sheets are current before placing orders. Information fumished by & # is believed to be accurate and
refable. However, no responsibility is assumed by Intersil or its subsidkaries for its use; nor for any infringements of patents or other rights of third parfies which may result
fram its use. No Bcense is granted 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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