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f1ey WM I unzidun onyIve LTRY
1 Bridge Rectifier | Fullwave | 600V 8A B2 1
2 Fuse. 220V 6A F2 1
3 Push butten NO type Sw 1
4 - | Capacitor Electrolyte | 450V 4700|LF CR2 L
5 Capacitor Electrolyte | 10kV 0.01LLF CM1, CM2 10
6 | Capacitor Electrolyte | 25V 1Q4F Con 1
7 | Capacitor Electrolyte | 25V 10LLF CS 1
8 | Capacitor Electrolyte | 25V 220|J.F ClA, C1B, C14,C17 4
9 | Capacitor Wima 600V O.0IMF |  CSNI,CSN2 2
10 | Capacitor Wima 25V 0,01F CT,CG 2
11 | Resister Metal 15%2W4.7k RSN1 1
12 | Resister Metal +5%2W2.7k RSN2 1
13" 1 Resister Metal +5%2W0.5 RQS, RQL,...RQn 30
14 | Resister Carbon +5%1/4W100k Ro,.Ron-1 200
15 | Resister Carbon 15%1/4W500 RG2A, RG2B 2
16 | Resister Carbon +5%1/4W4.7k RGI1 1
17 | Resister Carbon +5%1/4W1.8k RDI,RD2 2
18 | Resister Carbon +5%1/4W2.4k RR2 1
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19 | Resister Carbon | £5%1/4W1k | R1A,R1B,R2,Rll,
RRI,RDI2, R13 7
20 | Resister Carbon 15%1/4W10k RS, R12, RLED 3
21 Resister Pot 50k Ron, RQS, RR3, RS9 4
22 | Zener Diode IN4744A | IWI5V D1 |
23 | Diode 1N4148 DI, D2 2
24 | Diode MUR460 | UF 600V4A DSNI1, DSN2 2
25 | Diode HV05-10 | H.V. Diode DM1, DM2 2
26 | LED LED 4
27 | MOSFET IRFPGS0 | 1000V6.1A Q1,Q2,...Qn 20
28 |IC SG3526 | PWM IC2 1
29 |IC LM358 | OPAMP IC3 1
30 | OPTO HI11DI1 CS, EA, Gate 3
31 | Varister 300V 1
32 | SOCKETIC 18 PIN 1
33 | SOCKETIC 8 PIN 1
34 | SOCKETIC 6 PIN 3
35 | CONNECTOR |4 PmNian | fafuassuily 6
36 | CONNECTOR {4 PINIngj | d2fuazduily 4
37 | BINDING POST 2
38 ! Heat Sink 1
39 | Ferrite Bread 24
40 | upundioutas | EE80/76 | Femite T2 1
41 | ASZANAUI | O.lmm 1kg 1
42 | samonniwn AWG16 1
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(#8) M1 n-1. TwnginTaivesansundasie i naiguuyeing

drey 10T oy 1UNIDUA G $uu
43 |meewnin | AWGH0 Aol 1,000 16y 1
| $um s gm

‘44 151:3’141113 | Concord
| No.333 1 U.S. Gallon 1

45 1{1ﬁuu1’fnuﬂm H.V. 0il
Th 15L 1
46 | urniwed Epoxy | D 48kV/mm 1x0.5x.002m |
47 | unuwere@nle | Acrylic 0.6x0.6x0.0m | 1
48 | ewiiHY. | AWG22 | 50kV DC 4m 1
49 | mulWfLY. | AWGI4 | 600V 2m 1
50 |melWfhLy. |AWG22 | 600V 2m 1
51 | melfhLy. | AWG24 | 300V2m 1
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SG3526 LAAWIATINA -2

A9 2. :wmsgunsaivesssesundasiyIifhdmiuees Ic PWM sG3s26

A1e 5013 U wnzdun SnyILe $1m
1 Bridge Rectifier | Fullwave | 600V 1A Bl 1
2 | Fuse 220V 0.5A F1 1
3 | Capacitor Electrolyte | 25V1,000 pF' Crl 1
4 | Capacitor | Electrolyte |'25V0.33 uF Crfl 1
5 Capacitor Electrolyte | 25V1 u¥ Cofl ' 1
6 | Capacitor Electrolyte | 25V100 pF Col 1
7 | Transformer 220V/15V Tl 1
8 |ICMCT7815 | Regulator | 15V 1A iCl 1
9 | CONNECTOR | 4PIN AfunzAadie 2
10 | ae'dh fusnifoy 1
sUestina e Ifhdmiuaees IC PWM sG3526 uamasagyl n-s,
I
054
VAV 3 W
TET
,

“4F

1UN n-8. guesundanieinfidmiuaces Ic PwM sG3526
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@ MOTOROLA

Pulse Width Modulation
Control Circuit

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

Functions inciuded. in this IC are a temperature compensated voltage
reference, sawtooth oscillator, error amplifler, pulse width modulator, pulse
metering and stesring logic, and two high current totem pole outputs idsally
suited for driving the capacitance of power FETs at high speeds,

Addltional protective features inctude soft start and undervoltage lockout,
digital current limiting, double pulse inhibit, edjustable deed time and a data
latch for single pulse metering. All digital control poris are TTL and B—series
CMOS compatibie. Active iow logic design allows easy wired-OR
connections for maximum flexibility. The versatility of this device enables
implementation In single—ended or push—pull switching regulators that are
transformeriess or transiormer coupled, The SG3526 is specified over a
junction temperature range of 0° to +125°C.

* 8.0V to 35 V Operation

5.0 V 11% Trimmed Reference

1.0 Hz 1o 400 kHz Oscillator Range

Dua! Source/Sink Current Outputs; 100 mA
Digital Current Limiting

Programmable Dead Time

Undervoltage Lockout

Single Puise Metering

Programmable Soft-Start

Wide Current Limit Common Mode Range
Guaranteed 6 Unit Synchronization

Representative Block Diagram

VM QJL.............._
Undet=
Refersnce
Voc ol Reguinior [ Voltage
Ground H » ‘r%hlgbmrp;l
14
=0 Vo
(13
=)
Ouiput
A
18
OQuiput
B

Order thls document by 8G3526/D

$G3526

PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

N SUFFIX
PLASTIC PACKAGE
CASE 707

PIN CONNECTIONS

+Emor | 1 Ev,ag
Eror[ 2 [17]vee
Compensation | 3 |16 ] ovpun.
CWE 15 ) Ground
Resst | 5 a]ve
<cs[s 13 ] Outpt A
0s[7 [12]8yne
Shutdown [ 8 E'F'Doadﬂme
Rr 8] [10]fer

{Top View}
ORDERING INFORMATION
Operating
Davice Temperature Range| Pachkage
§G3528N Ty=0°to +126°C Plastic DIP

© Motorola, inc. 1998 Rev2
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SG3526
MAXIMUM RATINGS (Note 1)
Rating Symbol ' Vuluo Unit
Supply Voitage Voo +40 Vde
Collactor Supply Voltage ve +40 Vvde
Logic Inputs -0.310 +5.5 v
Analog Inputs 03t Voe v
Output Current, Source or Sink g 1200 mA
Reterence Load Current (Voo = 40V, Note 2) lraf 50 mA
Logic Sink Current 15 mA
Power Dissipation Po mw
Ta =+26°C (Note 3) 1000
Tc =+25°C (Note 4) 3000
Therma! Resistance Junction—to-Alr Rgia 100 “Crw
Thermal Resistance Junction—to—Case Reic 42 *C/W
Operating Junction Temparature Ty +160 °C
Storage Temperature Range Tstg -85 to +150 °C
Lead Temparature (Soldering, 10 Seconds) Tsolder 1300 *C

NOTES: 1. Vaiuss beyond which damage may occur,

2, Maximum junction tsmperature must be observed,
3. Derale at 10 mwW/C for ambient termpenitures Above +50°C,

4. Derate at 24 mW/C far case temperatures above +258°C,

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Max Unlt
Supply Voitage vee 8.0 35 Vde
Collector Supply Yoltage Ve 45 as Vde
Qutput Sink/Source Current (Each Quiput) lo 0 +100 mA
Reference Load Current Irgf 0 20 mA
Oscillator Frequency Range fosc 0.001 400 kHz
Oscillator Timing Resistor RT 2.0 150 kil
Qeciflator Timing Capacitor Cr 0.001 20 na
Available Deadtime Range (40 kHz) - 3.0 50 %
Opecating Junction Temperature Range Ty 0 +125 ]

MOTOROLA ANALOGQ IC DEVICE DATA
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SG3526
ELECTRICAL CHARACTERISTICS (Vo = +15 Vde, T = Tiow to Thign [Note 5], unless otherwise noted.)
[ Characteristics | symbol | min | Typ | Max | unit |
REFERENCE SECTION (Noto €)
Refaranca Output Vollage (T = +25°C} Vrat 4.90 5.00 5.10 v
Line Regulation (+8.0 V< Voo s +35 V) Reglng - 10 30 mv
Load Reguiation (0 mA < 1| <20 mA} Regioad - 10 50 my
Temperature Stabillty : AVrgpAT - 10 - mv
Total Relarence Output Voitage Variation AVyaf 4,85 5.00 5.15 v
(+B.0V < Vo S +35 V, 0 mA < |, <20 mA)
Short Cireut Current (Vigf = 0 V) (Note 2) Isc 26 80 126 mA
UNDERVOLTAGE LOCKOUT
Reset Oulput Voitage (Vigf =+3.8 V) - g2 0.4 v
Reset Output Voltage (Vigs=+4.8 V) 2.4 48 - v
OSCILLATOR SECTION (Note 7)
Initlal Accuracy (T, = +25°C) - 3.0 8.0 %
Frequency B\ability over Power Supply Range Algge - 0.5 1.0 %
(+8.0VsVoc <435 V) ] AV_Cé
Frequency Stability over Temperature Afoge - 2.0 - %
(ATy = Tiow to Thigh} ATy
Minimum Frequency fmin - 05 - Hz
(AT =150k} CT =20 F)
Maximum Frequency : fmax 400 - - kHz
{AT = 2.0 k2, CT = 0.001 uF)
Sawlooth Paak Voitage (VoG = +35 V) VosclP) - 3.0 35 v
Sawlooth Vailey Voltage (Vo =+8.0 V) Voge(V) 0.45 0.8 - v
ERROR AMPLIFIER SECTION (Nate 8)
input Offgat Voltage (Asg < 2.0 kQ) : vio - 20 10 my
Input Bias Current 11 - ~350 | -2000 nA
Input Offeat Currant o - 35 200 nA
DC Open Loop Gain (Ry_ = 10 MQ) : AoL 80 72 - dB
High Output Voltage VoH 3.6 a2 | - v
{VPin 1~VPin 2 2 +150 mV, lggurcg = 100 pA)
Low Output Voltage YoL - 0.2 0.4 v
{VPin 2-YPin 1 2 +150 MV, lgink = 100 pA)
Commen Mode Rejection Ratio (Ag < 2.0kQ) CMRR 70 o4 C - dB
Power Supply Rejection Ratio (+12V s Voo s +18Y) ‘ "PSRR 86 8O - dB
NOTES: 2, Maxknum junction temperature must be cbesrved,
8. Tigw = 0°C Thigh = +125°C

8. 1= O mA unises cthersiss nated,
7.1ogc = 40 KHZ (AT = 4,12 kil £ 1%, G = 0.01 uF + (%, Ap = 043)
B.0VsVoms+52V, ‘

MOTOROLA ANALOG IC DEVICE DATA
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S$G3526

ELECTRICAL CHARACTERISTICS {continusd)
Characteristics l Symbol | Min [ Typ | Max | uni |
PWM COMPARATOR SECTION (Note 7)
Minimum Duty Cycle . BCmin - - 1] %
(VCompensation = +0.4 V) ‘
Maximum Duty Cycle DCmax 45 48 - %
{VCompensation = +3.6 V) .
DIGITAL PORTS (SYNC, SHUTDOWN, RESET)
Output Voltage v
{High Logic Level) (lggurce = 40 LA) VoH 24 4.0 -
{Low Logic Level} {Igini = 3.6 mA) VoL - 0.2 0.4
Input Current— High Leogic Level WA
(High Logic Lavel) (V|4 = +2.4 V} f IH - -126 —200
{Low Logic Level) (ViL=+0.4 V) L - -225 ' =360
CURRENT LIMIT COMPARATOR SECTION (Note 9)
Sense Voltags (Rg < 50 Q) Vgense 80 100 120 mA
Input Bias Current lis —_ -3.0 -10 KA
SOFT-START SECTION
Error Clamp Voltage (Reset = +0.4 V) \ - 0.1 0.4 v
Csptt—Start Charging Current (Reset = +2.4 V) Ics 50 100 150 WA
OUTPUT DRIVERS (Each Output, V¢ = +16 Vdc, uniess otherwise noted.)
Output High Level VoH v
Igource = 20 MA 126 | 135 -
lgource = 100 mA 12 13 -
Qutput Low Level ; VoL i v
Igink =20 mA - c.2 03
gink = 100 MA ‘ - 1.2 20
Collector Loakage, Vo =+40 V IC(leak) - 50 150 KA
Rise Time (C_ = 1000 pF) _ 1 - 03 0.8 us
Fall Time (C|_ = 1000 pF) '} - 0.1 0.2 ps
Supply Gurrent lcc - 18. 3o mA
{Shutdown = +0.4 V, Vo = +35 V, Ry = 4.12 k)

NOTES: 7.1pec = 40kHz (AT = 4,12k £ 1%, C7=0.01 uF £ 1%, Rp= 0 )
8.0ViVoys+52Y
8.0VsVoms+12V

MOTOROLA ANALOG IC DEVICE DATA
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$G3526

Flgure 1. Reference Stabllity over Temperature
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Figure 3. Error Ampiifler Open Loop
Frequency Response
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Figure 5. Undarvoltége Lockout Characterlstlc

1] 1.0 20 o 4.0 . 50 6.0 7.0 8.0
Vref, REFERENCE VOLTAGE ()

iy
o

Vg, REFERENCE VOLTAGE (V)
R W
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Va1, OQUTPUT DRIVER SATURATION VOLTAGE (V)
n

Figure 2. Reference Voltage ae a
Function Supply Voltage

¥,

V4

2 X4
Yoo, SUPPLY YOLTAGE (V)

Figure 4. Current Limit Comparetor Threshold

- 25 50 75 W 128 150 176 200

DIFFERENTIAL INPUT YOLTAGE (mV)

Figure 8. Output Driver Saturatlon Voltage as a
Function of Sink Current

-

0
20 50 10 2 50

100 200

OUTPUT DRIVER SINK CURRENT (mA)

MOTOROLA ANALOG IC DEVICE DATA
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$G3526
Figura 7. Ve Saturation Voltage as a
Function of Sink Current Figure 8. Osclliator Perlod
25
=
20 =
d g
€1s - ¥ E
) %
: ] :
g 10 g
3 &
205 3
2
0
20 5.0 10 20 50 100 200
I¢, SINK CURRENT {mA)
Figure 9, Error Ampiifier 1 Figure 10. Undervoitage Lockout
veo Vial

To Aeset
To Driver A
To Driver B
1.2v
Bardgap
Relerenca

Figure 1t. Puise Processing Logic

Mernary [« N |
FF The matering Flip—Fiop is an asyncivoncus data lalch
ﬁ s which suppresses high frecuency oscillations by aiowing
“_I_‘q only one PWM pulsa per ascifiator cycle.
8 o—JRr  Ql— Ciock
PWM —D  _ —_
o————> PWM The memory Flip-Flap preventa double pulsing In a
sh-pul] configuration by remambering which output
Metering produced the last pulse.
FF

MOTOROLA ANALOG IC DEVICE DATA
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PD - 9.543C

International
. ~ IRFPG50
I¢R Rechﬁer | | HEXFET® Power MOSFET

¢ Dynamic dv/dt Rating -
~® Repetitive Avalanche Rated b _

* Isolated Central Mounting Hole Vpgg = 1000V
¢ Fast Switching

® Ease of Paralieling

+ Simple Drive Requirements

RDS(on) = 2OQ
5 'D = 6.1A

Description

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

The TO-247 package is preferred for commerclal-indusirial appiications
whera higher power levals preclude the uss of TO-220 devices. The TO-247
is simitar but superior to the earier TO-218 package because of iis isolated
mounting hole. it also provides greater creepage distance between pins 1o
meet the raquirements of most safety specifications.

TQ-247AC
Absolute Maximum Ratings
SR N S ™ Ui ]
lo® Tc=25°C | Continuous Drain Current, Vas @ 10V | 81 _
lp@ Tc=100°C | Continuous Draln Currert, Vas @ 10V | = 8.9 A
lom : Pulsed Drain Current @ : 24 .
Po @ Tc = 25°C_| Power Dissipation 190 1w |
Linear Derating Factor 15 Twee
Vas | Cate-to-SourceVollage | 20 v
Eas Single Pulse Avalanche Ensrgy @ 800 mwJ
lag Avalanche Current © 1= 6.0 A
Ear Repstitive Avalanche Energy LT T e mJ__
dvidt | Peak Diode Recavery dv/dt @ - 1.0 Vins
Ty Operating Junction-and -55 to +150
Tera Storage Temperature Range °C
Soldering Temperature, for 10 seconds |~ 300 {1.6mm from case)
Mounting Terque, 6-32 or r M3 s0rew 10 Ibhin (1 1 Nem)
Thermal Resistance
. Parameter Min. | Typ. Max. | Units
Raic_ Junctionto-Case T 0.65
—ﬁacs_—- Case-lo-Sink, Flat, Greased Surface —_ 0.24 — 71 omw
Pwn _____ |Junction-to-Ambleni " [ "= "= 40
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@ Repetitive rating; pulse width limited by

max, junction temperaturs (See Figure 11)

@ Vop=50V, starting T4=25°C, L=40mH

Ra=250, las=6.1A (See Figure 12)

IRFPG50 International
' , TR Rectifier
Electrical Characteristics @ Ty = 25°C (unless otherwise specified) .
Parameter | Min. [ Typ. [ Mex. [Units TestCondltions |
Viapjoss Drain-to-Source Breakdown Voltage 1000 — | — V| Vag=0V, lp= 250uA
AVerpss/AT,| Breakdown Voltage Tamp. Coefficient — 1.2 — | VPC | Referance to 25°C, lp= 1mA
Rosien) Static Drain-to-Source On-Heslstance — | — | 20 [ Q |Ves=10V,Ip=38A @
Vasin) Gate Threshold Voltage 20 | — | 40 | 'V |Vos=Vgg, lo= 260pA
dis Forward Transconductance 54 | — — S | Vos=100V, ip=3.6A @
Ipss Drain-to-Source Leakage Currant — : ;£ LA 351333?;{‘;33\'11_‘!_12? S
loss Gate-to-Source Forward Leakage — ~— | 100 nA Vag=20V
Gate-to-Source Reverse Leakage — — | -100 Vag=-20V
Q - Total Gate Charge — | — | 190 In=6.1A
Qg Gate-to-Source Charge - | — | 23 { nC |Vpg=d0OV
Qg Gate-to-Drain ("Miller") Charge — — | 110 Vagm10V Ses Fig, 8 and 13 &
Lajon) Tum-On Delay Time - 19 — Voo=500V
b Rise Time — 35 — s lo=6.1A
taoiny Turn-Off Delay Time — [ 130 | — Ra=6.202
b Fall Time - as —_ Rp=8101 See Figurs 10®
Lo Intemal Drain Inductance _— 5.0 -_— Eemh::nefg éas?:.)
nH | from package o
Ls Internal Source Inductanca — 13| - and center of
: die contact s
Clas Input Capacitance — | 2800 — Vag=0V
Coss Qutput Capacitance — [ 250 | — | pPF |Vpg=28V
Crms Raverse Transfer Capacitance = 84 | — |  |f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - — | &1 " {MOSFET symbol o
{Body Diods) ’ A showing the
Ism Pulsed Source Current — | — | 24 integrel reverse %
{Body Diode) @ p-n junction diode. ]
Vsp Diode Forward Vollage — —_ 1.8 V | T=25°C, 1g=6.1A, Vag=0OV @
tre Heverse Recovery Time — | 630 | 950 | ns |T,=25°C, ip=6.1A
Qe Reverss Recovery Charge — | 35 | 53 | puC |di/di=100A/us @
ton Forward Tum-0n Time tntringic tum-on time Is neglegible (tum-on Is dominated by Le+Lp)
Notes:

@ Isp<B.1A, di/di<120A/us, VpDs600,
Tug150°C

@ Putee width < 300 us; duty cycle £2%.
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ToR Rectifier

’ID. Drain Current {Amps)

Ip, Drain Current {Amps)
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Vps, Drain-to-Saurce Voltage {volts)

Fig 1. Typical Output Characteristics

1

Vas, Gate-to-Source Voltage (voits)

Fig 3. Typical Transfer Characteristics
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(Normalized)

Rps(ony Drain-to-Source On Resi_stanoa

Ig, Drain Current (Amps)

IRFPG50
" EE‘;\' ’ ”
sol e
'Lnnw “
11
/ .
= 4.5V e
1® ,/
7
., T
/ 20us PULSE WIDTH
Te ~ 1509C
109 ' 101 102

Vps, Drain-to-Source Voltage (volts)

Fig 2. Typical Oufput Characteristics

1.5
ID = B, 1A

3.0

2.9

2.0 o

1.0 /
r/'

0.5

00 VEg - 10Y
"SB0 -40 -20 0 20 40 BO BO 100 120 {40 160
Ty, Junction Temperature (°C)

Flg 4. Normalized On-Resistance
Vs, Temperature
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IRFPG50 : International
‘ TOR Rectifier
20
o Vo - OV, f = Iz - I
Ciguy = C““ + ng. €y, SHOSTED Vgg = 400 =2
“TSrss ™ Cga Vpg = 200V ™
Coumy = Cdgy + Cad 16 Vpg = 100Y 23

N N

N

12

& \Cn;s y

Capacitance (pF)
£
,
4
I (73
Vas. Gate-to-Source Voltage (volts)

TR If
\\ V FOR TEST CIRCUI
SGE FIGURE 13
) 0l o 0 80 120 160 200
Vps, Drain-to-Source Voltage (voits) Qg, Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Source Voltage Gate-to-Source Voltage
100
g > OPERATION g{, TFI?IS AREA LIMITED
e DSton
E yod o
= - 1 *J' f1ove
E 4 7 ? 7] 4‘&., I “~ \4,
g T bl A
3. L s B2 ~ 100us
(=1 l S % F t F
: ' C N ¥
g b 150°¢ E > h’hms
& — = Q S
g i A o e IR =
i f ’! —| - 10ms
& I O . Tou 26°C
= ] I VLS Ty=150°C -
10~ | : GS ‘ o4 LSingle Pulse !
0.2 C.4 3.6 u.a 1.0 1.7 1.4 1.6 . 10 100 1000 10000
Vsp, Source-to-Drain Voltage (volts) Vpg . Drain-to-Source Voitage (V)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating

Forward Voltage Area
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Tc, Case Temperature (°C)

Fig 9. Maximum Drain Current Vs.
Case Temperature
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IRFPG50
Vos > __AHMD
|._> DT, '
m—f S Voo
Puise Width < 1us
Duty Factor $ 0.1%
+
Fig 10a. Switching Time Test Circuit
Vos |
5 N -/ \ /I
! |
| I i
YA A
Vas _ﬂ i | ) I
taon) b Lem Y

Flg 10b. Switching Time Waveforms

1 R ¥ A
L
foe0. v 1
ry bt
=
/‘
& bo.2 L~
0.4
§ TIY e +
| o
8 =i =
& e
0.005103 SINGLE PULSE  ~—H
'E 200 {THERMAL RESPONSE)
=8 p 4
10
g J —+ Py | l
[da X
NOTES:
1. DUTY FACTOR, Dwti/t2
2. PEAK Ty=Pgw % Zehjc + Te
107
1079 1074 1077 1072 0.1 1 10

P Rectangular Puise Duration {seconds)
Fig 11. Ma)umum Effective Transient Thermal Impedance, Junction-to-Case
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IRFPG50
N L |
Vary t to obtaln Vos >- T
- required ias

+*
+.vop

Fig 12a. Unclamped Inductive Test Clrcuit’
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Fig 12b. Unclamped Inductive Waveforms
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Fig 13a. Basic Gate Charge Waveform
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[nternational
ToR Rectifier
© 2000 v
Ip
TP 2.7k
3.0
1.60"\ BOTTOM 6.14
1200 \\
by,

Eas, Single Pulse Energy (muJ)

@
=
(=]

N
AN
400 ¢ \l\‘b\ ‘

VoD = SOV =

0

25 50 75 100 125 1%
Starting T,, Junction Temperature{°C)

Fig 12¢. Maximum Avalanche Energy
Vs. Drain Gurrent

__ Curont Rogulatr |
r . Same Type s DUT ™ |

r
'a Ip
Gurmnt Ssmpling Rsalsiors

Fig 13b. Gate Charge Test Circuit
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International IRFPGS50

TGR Rectifier \

Peak Diode Recovery dv/dt Test Circuit

< Circuit Layout Considerations

puT I_L « Low Stray Inductance
Y @ » Ground Plane
tl. = Low Leakage Inductance
Current Transformer

—
@ ﬂ{ , e

o) r e .
W3
Ra ‘ = dvidt controlted by g +

» Driver same type as D.U.T. T Voo
» |5 controiled by Duty Factor "D" ‘
+ D.U.T. - Device Under Test

)] Drver Gate Drive
e P W

@ |p.u.T. 155 Waveform te

Reversa )
Recovery |
Current

@ |0.u.T. Vg Waveform

Diode Forward
P Current /'
difdt

Dicde Recove
dvidt i \ :

Re-Applied -]
Voltage

@ |inductor Curent

*Vas = 5V for Logic Level Devices

Fig 14. For N-Channel HEXFETS
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IRFPG50

[nternational
TSR Rectifier

TO-247AC Package Details

3.65 {.143)
= 15.30 (.502) :j/ @ 355 (140 et Ef::;
20 L 17 0.26 (.010) W08 &) B
2,50 {,0809)
Al = 150 (.058)
{ : ( A— G =g
g T m=ciF
170 {?32} : I ox o 5:50 {217} ; NOTES:
4.50 {.177) ‘ : 1 DIMENBIONING & TOLERANCING
: PER ANSI Y14.5M, 1982,
1 ¢ ] ¥ | | 2 CONTROLLING DIMENSION : NCH,
l ‘ 3 CONFORMB TO JEDEC QUTLINE
T0-247-AC,
14.80 (583)
14.20 (559) “Ig}
2.40 (,084) 140 .ase 0.80 £,031) LEAD ASSIGNMENTS
0 o 53] et
[@FJezs (010 CLA® | _ 2,60 (.102) . SOURGCE
[Ea{a18 |— ""L“o (199) L& 2.20 {.087} i DRAIN
2 = 3.00 (.118)
Part Marking
rd
EXAMPLE : THIE IS AN IRFPE30
WITH ASSEMBLY O PART NUMBER
LOT CQODE 3A1Q INTERNATIONAL /
RECTIFIER ~ ] IRFPE30
LOGO ~ ISR
3A1Q 9302
ASSEMBLY 7 ™ pate cope
LOT CODE (YYWW)
YY = YEAR
WW WEEK

TGR Rectifier

WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 80245, Tel: (310) 322 3331

EUROPEAN HEADQUARTERS: Hurst Green, Oxted, Surrey RH8 8BB, UK Tel: ++ 44 1883 732020

!R CANADA: 15 Lincoln Court, Brampion, Ontario L8T 322, Tel: (905) 453 2200

IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 40 6172 08580

IRITALY: Via Liguria 48, 10071 Borgaro, Torino Tel: ++ 38 11 451 0111

iR FAR EAST: 171 (K&H Bldg.) 30-4 Nishl-lkebukuro 3-chome, Toshima-ku, Tokyo Japan Tel: 81 33 D83 0086
IR SOUTHEAST ABJA: 315 Ouiram Road, #10-02 Tan Boon Liat Building, Singapore 18807 Tel: 65 221 8371
Data and specifications subject to changa without notice.
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Material Symbol] Unit | H56Z [ H55Z{ H54Z { H53Z | H52A | H52B [ H52Z | HSLA | H61Z |
1" 7 sa| 0|  zo|  so] 1m0 20| 120
initial permeability - piac 120% | £209%| £20% | 12096 | £20%| X20%| £20% | £209% | L15%
. <:0| <160] <& < <x5| <2 < 5| < 3| <us|
tan b | 4omHe| 40MMz]c5 MHz| 1 MHz{ | MHz | 0.5MHz ]| 0. IMHZ | 0. IMHZ | 0. 1MHE
Balative loss facter Tu X0 emo| <z0{ <] <im| <ol <40 <2 <8 < 4
) 100MHz | 100MMz| 10MHz| 10MHz] 5 MHz| | MHz | 0. 5MMr | 0.5MHz | 0. SMKz
Temperature factor
~30~20°C 3~10 1.5~7 0.3~2
20-55°C app | X10™* 0~2 .
20~1°C B 4~20] 3~10| 0~5 1.5~7| 0.2~2| 0.2~1
: Gauss | 2000| 21001 2500{ -2000| 3300| 3900| 3800| 4550 4650
Saturation flux density Bs
mT 200 Z10 250 90 30 390 380 465 465
Gauss toe| t200f 1300] 1e00| 2200) 10| 00| 3500 1500
Residual flux density Br
mT 1o 120 130 160 20 170 160 150 150
Oe 12 10 8.0 3.0 2.0 0.7 0.5 0.5 0.5
Coerclve force He :
A/m ; 980 800 640 240 160 % 40 40 40
X190 <L8| <05} <0.6] <«<0.4
Hysteresis material conslani ng i 1okHz | 10kHz | 10okkz | 100Kz
Disaccomodation factor DF | Xi0™| <%0] <5| <30 <2 <1 <2/ <0l < 6f < 4
Curle tempaerature Te 'C >450| >a50| >aoo! >30| >aw| >:0| >20] >0l >0
Resistlvity P fi-cm W 1 1ot 10 0 500 50 500 500
Denaity d g/cm’ 43 43 4.5 4.5 4.4 4.6 4.7 47 4.7

Note 3 1) The vanras ware obtsinad with toroldal cores (FR25¢ /154 /5),
2) The valves were obtsined at 231:2°C untess otherwise specilied,
3) Inliialpermesbility ware maasured at 10 kHz, 0.8 A/m.
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/
H21B |HZZ!H23B|H2MB | H24a |H24Z | H25Z | H2BB H.4'9N{_'H493 H45 | H63 |HG3B | H45A [ H63 A
2000{ 2000| aso0| 4000| sooo| -7o000| 2000 3500+ 1EOU| 1700 2500 2500 2000{ 2400 1250
220% | £20% | +20%| +20% | +20%| +25% | £30% | £20%| L% | T0% | 0% | 0% | 120%| t20%| +20%
_;3.5 <25 <30] <is] <40| < 1| < 8t <8] < 5] < 8} < 4] < 4l < 5| < 5| < 3
100kHz) 100kHz | 10kHz| 100kHz | 100kHz | . tOkHz| 10kHz | 100kHxz| 100kHz | 100kHz | 100kHz | 100kHz | 100kHZ | 100kHz | 100kHz
0.5~2[0.4~1.2| 0~2.0| 0~1.5{-0.5~2| 0~2.0
0~1.5| -3~3
0,5~2[0.4~1.2| 0~2,0] 0~1.5(-0.5~2| 0~2.08| .
4100 4200 4000 4400 4500 4000 4000 4700] 5000 5300] 4700] 5200 5000 .qaoo 4700
-410 420 400 440 450 400‘ 400 470 500 530 a0 520 500 480 a0
1100 800 900 1500 1500 900 950 1000 1500 1800( 1000 1200] 1500 1200 3100
™ 80 90 150 150 90 95 00 150 180} 00| 120 150 120 30
0,30 0.15| 0.3 0.13 013 0.131  0.05 0.20| 0.16 0,20 0,16 0.16f 0.25
24.0 2.0 24,0 10.4 10,4 10,4 ' 4.0 16.0 12,8 12,8 i2.8 128 2.0
<0.4| <04 <1n0| <100 <nof <inel <10| <08
t0kHz | 10%Hz| 10kHz| 10kHz{ 10kHz| 10kHz| 10kHz| 100kHz
<3,0 <20] <30 <30| <30} <30 <20| <30
21601 >170] >128| >us| >8] >15| i) >200| 50| >0 >0| >20| >0 >0 >z
400 500 20 20 10 3 3 100 100 1000 100 100 100 100 1000
4.8 4.8 .8l 48 4.8 4.9 9| a8 4.8 4.8 48 4.8 4.8 4.8 4.7
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FDK
EE CORES '
Summary
|
| 3|
|
] _L ]
B —i1- of « w —4-—+-—-
|
: |
b A
F
B ol -—C
Dimensions (mm) ,
Shape code A B c D Emin. F - H 5?::::::1
EE12.6/13 12.6+0.50 6.40x0.10 3.5520.15 3.55+0.15 8.8 4.8510.15 1.70
EE1¥13B 13.010.20 6.40:+0.10 7,00£0.10 | 3.55+0.15 8.9 4.6510,15 1.80
EE{16/14K 16.0+0,30 7.20£0.10 4,80+0.20 3.801+0,20 1.7 5.20£0.15 2.00 Jis
| EE19/18K 19.1+£0.30 7.95+0.15 |[. 5.00+0.20 4.55+0.15 14.2 5.60+0.10 .| 230 JIS
EE19/16Z 19.3+0.32 8.10x0.18 4.76+0,13 4.76+0.08 14,1 5.72+0.13 2,38
EER2/20 22.0+0.30 10.21£0.20 5.7510.25 4,25+0.25 17.0 7.70+0.20 225
EE25/19A 25.8+0.40 9.65+0.13 6.35+0.20 6.48+0,13 18.8 6.7310.25 3.30
EE25/19Z 25.410.38 9.53+0.25 6.3510.25 6.35+0,13 18.7 6.3810.,17 3.18 JIS
EE25/20 25.0+0.30 10.2+0.20 8.40+0.30 6.4010.30 18.2 6.6510.15 3.25
EE30/26K 30.0+0.50 13.2+0.20 10.7+0.30 10,7+0,30 19.5 8.1510.15 5,00 Jis
EE30/30 30.0+0.50 14.9+0.25 6.90+0.30 6.9010.20 19.5 10.210.25 5.00
EE34/28A 34.610.45 14.210,20 9.27+0.25 9.27%0.25 254 9.90+0.25 4,38
EE40/34B 40,010.60 16.8:0.40 11.710.40 11.7+0.40 26.8 10,7%0.15 6.35
EE40/34K 40.0+0.50 17.0+£0.30 10.7+0.30 10.7+0.30 27.4 10.3+0.30 6.00 Jis
EE40/35A 40.810.55 18.6+0.25 12.4+0.30 12.510.30 28.6 10.7+0.28 5.85
EE40/44 40.1%0.60 22.3+0.30 11,7040 11.7£0.40 27.3 15.21+0.20 8.05
EE42/42-15W 42.2+0.90 21,0+0.20 15.0£0.30 12.0£0,30 29.5 15.2+0.40 6.03 Jis
EE42/42-20W 42.2+0.90 21.0+0.20 19.810.40 12.0+0.30 29.5 15.210.40 6.03 JIS
EE43/34 42.810.85 17.0+0.30 12.610.40 12,6+0.30 28.1 10.5+0.30 6.66
EE47/39A 47,240,860 19.6£0.30 15.5+0,40 15.7+0.35 31.8 12,410.35 7.44
EE50/42K 50.0£0.70 21.3:+0.30 1481040 14.61£0.40 34.2 | 12.810.30 7.50 Jis
EES5/55A 55.2+1.10 27.510.30 20.7+0.30 17.0+0.30 37.5 168.910.40 8.52 JIs
EE5S6/47A 56.6+0.65 23.610.30 18.7£0.45 18.8+£0.25 38.1 14.810.35 9.02
EEBO/76 80.0+1.00 38.1x0.40 18.8:+0.40 19.8+0.40 61.2 28.2+0.30 8.90
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EE CORES
Magnetic parameter Center leg | Minimum croas | Window | A} value Approx. | Test
Shape code Ci P . Ve ey W s area (6H20) | weight | data
) | mmd) | (mm) o | ) (mm3) | (mme) | TVNE25% | (ofpr) | (page)
EEt12.6/13 24057 12,4 20.7 367 12.6 12,1 L| 263 800 1.80 —
EE13/13B 1.1934 25.1 30.0 752 24.9 23.8 B| 268 1600 .70 20
EE18/14K 1.8662 18.9 35,2 663 18.2 18.2 C| 426 1100 3.20 30
EE19/18K 1.7168 23.1 39.6 915 22.8 23 C| 557 1200 4,58 3
EE1918Z | 17715 227 40.1 808 227 ™ 227 LBC | 56.9 1200 4.56 —
EE22/20 19584 261 | 512 1340 24.4 24.4 c 102 1100 13.8 —
EE25/19A 1.2387 30.8 48,2 1960 41.9 37 B 858 1600 9.96 —
EE25/19Z 1.1970 40.2 48.1 1840 40.3 40.0 B| 81.0 1800 10.3 3z
EE25/20 1.1561 42.6 49.3 2100 - 41.0 41,0 C| 805 1900 103 -
EE30/26K 0.52756 110 57.9 6380 114 107 L{ 758 4200 322 33
EE30/30 1,1538 57.3 66.1 3790 47.8 47.6 c 134 2000 207 M
EE34/28A 0.85153 82.1 89.9 5750 85.9 79.7 B 164 2700 29.5 —
EE40/34B 0.54388 142 7.5 | 11000 137 137 c 187 4200 52.0 a5
EE40/34K 0.60782 127 77.4 9880 114 114 & 178 3800 52.0 36
EE40/35A | 0.52589 148 78.1 11800 155 145 L 178 4400 58.8 -
EE40/44 0.66917 145 97.2 | 14100 137 137 C 248 3600 7.7 —
EE42/42-15W | 0.54243 160 97.8 | 17600 180 180 BC 278 4400 86.9 T
EE42/42-20W | 0.41512 236 97.8 | 23000 235 235 BC 276 5700 118 38
EE43/34 0.47780 185 78.7 | 13000 159 159 c 171 4800 65.0 —
EE47/39A 0.38524 232 89.5 | 20800 243 223 B 208 6000 106 —
EE50/42K 0.42877 226 963 | 21700 213 213 c 261 5500 113 a9
EES5/55A 0.34989 353 124 | 43700 352 352 c 400 6700 218 40
EES6/47A 0.31597 339 107 | 36400 as52 329 B 202 7300 186 —
EEBO/76 0.49137 377 185 69700 392 352 L| 1480 4700 354 —

Note: Minimurm crosa sactional area  B; Back area  C; Centerlagarea L; Side leg area
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40 | 0048 .1‘21. -— 011 - — 8.4 _— _. 3§
. 4t .00l | 98 0008 |~ - - .
v 41004 15.72 .008 - - 3.8 ‘;3'.?"; ;;::g: 2
:: .g::g: 0014 12,47 . .0088 - - - 1005 379.51 ,;33
1 oo 08121 9.89 0052 - - 1.86 004 | 85341 | 4o
46 { 0024
47 1002 pwidad  wminy v LTI SITR VP PP nsTnIy winInIu wnsa
13 | ““;:g PWGL AWG. | SWG | AWG. | AWG, | s.w.G. A%.G, AW.G,
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CONCORR. #333

“Thls type is of fast-drylng q.oll jmpregnation varaisl, varfous outslunding
propertles ava!lable such as electrical properly, wechanicat pruperh, oll redstance '_»
| ‘ chemlcal resistance , water reslstnnce molslun-. rc..slstnnce and mtmml - dryin;,'

| property 9 lultablo for pmalt or medium-sized revolvln;_ mm.hinu , tramsformers,

vehicles,_ships and working muchises.

!’.E.OEEBIIES :

" Tharmal Class B
Appearance = Light brown |
Sp_cciﬁc Grayvity ( 20 °c } 0.92 + 0.0."5

' Virscosilty ( poise at 30°C ) a4 1.5 £ 0.5
Solids content ( %:) 45 +3

Acid value | : <15
Drying time ( E'{ardeillng) 120°C 5 witlsin the

. Internal drying - 120°C. x within 3hrs
Ol resistance o 120 'C x Gl

"~ Bending ; 120"C » 120ws 3d

Heat - softening | ' | 140 d(_,'-x hr
meiabnuy | Good|
Volume resistivity 20°C (nchlj o >10

Dielectric strength (V /0.1 mm ) > 8,000
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GIBS |eBS—923 FLAME-RESISTANT COPP)
| T CcLAD EPOXY PAFRER LAMINATE
923 A .

is.Cotton paper based epoxy-phenolic resi

The laminate:
is made by ho

of flame-resistant-impregnated laminate,
press. ' ‘

The laminate Is composite printed circuit laminate com
ining the good‘characteristes of paper base and glass

base products. Epoxy paper core reduces the laminates
cost and provides punchability, and an epoxy woven gla.
face aives excellent machanical, thermal and electrica.

p:gpe;cies;

Having the property‘of being £ lame retardant, according
to' the UL specification It is classified and qualified:
v-0. .

o plerce and blank at

The product allows the processor
d to enhance the pun-

room temperature, and can be warme
chability further.

Typlical use include Radio, Tv. video games, communicatic
and inductrial electionics. . "

Principal properties,

— .
INa. IFroperty : Conditioning [Typical values Test Meth
L fSolder flont {260 G ) =Eo A Rio"blistering [ ima Ly 1--1
o e __r/“..'.'.!.\ Rl .. o detamtination) ocoecerme— - :

. cel strength gerfem . ot L
2| Carer saldery _min | C ol IR i
i A 7 ] Tt
3 IVolues resistivity 'lE;"i"“' after reeovery ‘ Lo NEMA L 1--1

- MQ ” |0 _ »

| Surfuce resistance | oo

5 Dielectric brcukd(')wn'.. kv - 18/ 50 5 .:\S[M i)-.-';j

5 | (paraliel to tamivation) M), o0 e NEMA Ly 127

G |Watcr absorplion % max | L2728 1.0 ASTM  D--20.

Lbprater, -34S — e Sedfel L - L g

7 |Flexueat strength, "B A 1000 (MD) | ASTM  D--7t}

W | wngentt IMTZ DRl T 008 [ TAStM iy
: , iMIIZ T g '

3 ietectrie Gonstant ) gy | S 0 .

10 | Flam resislant i U0 v ) /

Nominal Thickness and Tolerance:

- Nominal Thickness Cinm ) Tolerance ( mm )
a {0, 1.2 T Year
' 2.4, B Zl.a— : an ‘m.l 0.20

i

.The values in thé tableé refer to sample of Lbickness.
1.6mm with Cu 0.035 single side. .

CEM

Availabhle Size: 1020x1020mm, 1020x!220mm
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