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SWITCHING POWER SUPPLY

Suchart Sinprajackpol
Sutthipong  Jattupornpong

Surachet Chaipetch

Asst.Prof Pichit Lumyong Advisor
1996

ABSTRACT

This thesis presents about parameters ( flux density", frequency ) which have
effect on energy transfer in magnetic circuit of high frequency transformer in switching
power supply. The experiment set, half - bridge converter is built for testing that has
output power about 500 watt , output voltage 25 volt , load current 20 ampare . Voltage
regulation is 0.1 % and efficiency is about 70 - 80 % . The results of the experiments
that set values of parameters can usé for designing high frequency transformer in

switching power supply which has high rated power and high efficiency.
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b

asntiufionammaasdii 1
f = 50 kHz
Gap = 0.15 mm
Np/Ns = 13/35
Load (R) = 12 Q
Vin( Volt) | Iin( A) Pin ton (s ) Vout(Volt) | Tout ( A) | Pout(Watt) | % efficiency
® (Watt)
: 220 482 645 8 24 20 480 74.4
, 220 3.65 470 7 20 16.8 336 71.5
220 291 360 6 17 14.3 243 675
220 233 280 5 14.5 12 174 62.1
220 1.52 180 4 11 9.2 101 56.2
220 0.96 115 3 8 7 56 48.7
220 0.54 60 2 5 4 20 333
220 0.28 35 1 2 2 4 11.43
220 0.21 25 0 0 0 0 0
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h.

maiuiinnanimaaesii 2
ferrite EESS/55A
f = 3333 kHz
Gap = 0.15 mm
Np/Ns = 13/35
ID;ld Vin Iin Pin Iout Vout Pout Ipeak B Poefficiency
«) (Volt) A) (Watt) (A) (Volt) (Watt) (A) (tesla)
6 220 227 295 6.2 36 2232 7 0.38 75.66
3 | 220 | 365 | 475 | 113 | 34 | 3842 7 0.38 80.9
2 220 435 575 152 30 456 9 0.49 79.3
1.5 220 5.11 630 18.2 27 4914 12 0.65 78
f = 50 kHz
Gap = 0.15 mm’
Np/Ns = 13/35
Load | Vin Iin Pin Tout Vout Pout Ipeak B Jocfficiency
) (Volt) A) (Watt) (A) (Volr) (Watt) (A) (tesla)
* 6 220 2.04 270 59 345 203.5 6 0.32 754
3 220 3.35 435 10.8 32 345.6 7 0.38 794
: 2 220 4.05 490 14 275 385 9 0.49 78.6
1.5 220 4.50 575 17.3 26 44938 10 0.54 78.2
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h.

matuinHaniImaassi 2 (@)
f = 66.66 kHz
Gap = 015 mm
Np/Ns = 13/35
Load Vin Iin Pin Tout Vout Pout Ipeak B %efficiency
(9)) (Volt) A) (Watt) A) (Volt) (Watt) A) (tesla)
6 220 1.99 255 5.6 33 184.8 5 0.27 725
3 220 2.27 280 83 25 207.5 7 038 741
:2 220 2.59 320 10.5 21 220.5 t 8 043 689
15 220 292 380 12.3 20 246 10 0.54 64.7
f = 3333 kHz
Gap = 03 mm.
Np/Ns = 13/35
Load | Vin Iin Pin Iout Vout Pout Ipeak B %oefficiency
Q) | (Volt) A) | Wat) | (A (Volt) (Watt) (A) (tesla)
6 220 2.19 290 6 355 213 10 0.27 734
3 220 3.84 490 114 34 387.6 10 0.27 79.1
2 220 527 650 16 32 512 10.5 0.28 787
1.5 220 6.03 770 20 30 600 12 0.32 779
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<~

f = 50 kHz
Gap, = 03 mm
Np/Ns = 13/35
Load Vin Iin Pin ‘ Iout | Vout Pout Ipeak B %efficiency
Q) | (Volt) A) (Watt) (A) | (Volt) | (Watt) (A) (tesla)
6 220 201 275 59 345 203.5 8 0.22 74
3 220 333 440 10.8 32 345.6 8 022 78.5
2 220 438 560 15 29.5 4425 10 0.27 79
15 220 5.04 610 17.6 26 457.6 12 0.32 75
f = 66.66 kHz
Gap = 03 mm -
Np/Ns = 13/3.5
Load Vin Iin Pin Iout | Vout Pout Ipeak B %efficiency
@ | (volty | (A) | (Watt) | (A) | (Volt) | (Watt) | (A) | (tesla)
6 220 193 260 5.7 33 188.1 7 0.19 723
3 220 2.62 340 93 27.5 255.7 9 0.24 75.2
2 220 2.86 365 115 | 225 258.8 10 0.27 70.8
i 5 220 3.35 405 13.9 21 259.9 11 0.29 72




58

A.

MINUUNNHANIINAGRIN 2 (D)
f = 3333 kHz

Gap = 0.15 mm
ijN s = 111/3
Load | Vin Iin Pin iout Vout Pout Ipeak B %efticiency
(9)) Volt) | (A) | (Watt) | (A) (Volt) (Watt) (A) (tesla)

6 220 1.98 280 6 35 210 6 0.28 75

% 220 245 340 92 27.5 253 9 0.42 744

2 220 292 385 12 235 282 io 0.46 732
1:5 220 3.54 445 146 215 3139 12 056 70.5

;

f = 50 kHz

Gap = 0.15 mm
Np/Ns = 11.1/3
Load | Vin fin Pin Iout Vout Pout Ipeak B eefficiency
‘(Q) (Volt) | (A) | (Watt) | (A) (Volt) | (Watt) (A) (tesla)

6 220 2.16 295 6.2 36 2232 7 0.32 75.6

3 220 3.52 465 11.2 33 369.6 8 0.37 79.5

2 220 4.19 535 14.6 28.5 416.1 11 0.51 77.7
1.5 220 4.46 580 17.2 255 435.6 12 0.56 75.6
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.

MINUHUNANANIINAQDIN 2 (AD)
£ = 66.66 kHz
Gap = 0.15 mm
Np/Ns = 11.1/3
Load Vin Iin Pin ‘Iout Vout Pout Ipeak B %efficiency
(@) | (Volt) | (A) | Watt) | (A) | (Volt) | (Watt) [ (A) | (tesla)
6 220 1.95 280 6 35 210 7 032 75
3 220 2.72 390 10.1 30 303 10 046 777
2 220 322 425 12.6 25 315 11 0.51 74.1
1.5 220 3.96 480 153 23 351.9 12 0.56 733
f = 3333 kHz
Gap = 03 mm
Np/Ns = 11.1/3
Load | Vin Iin Pin Iout Vout Pout Ipeak B oefficiency
'(9)} (Volt) (A) | (Watt) (A) (Volt) | (Watt) (A) (tesla)
6 220 2.59 360 6.3 375 236.2 14 0.32 65.6
3 220 4.16 550 11.6 35 406 14 0.32 738
2 220 5.68 750 16.9 34 574.6 14 0.32 76.6
1.5 220 6.81 900 21.3 32 681.6 15 035 75.7
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h.

o <2
MINIUUNNNANITNADRYY 2 (7B)

£ = 50 kHz
Gap = 03 mm
Np/Ns = 11.1/3
Load | Vin Iin Pin Iout Vout Pout Ipeak B %efficiency
€ | (Volt) | (A) | (Watt) | (A) (Volt) | (Watt) (A) (tesla)
6 220 2.34 310 6.2 355 2188 12 028 70.6
3 220 3.78 500 11.3 335 3785 12 0.28 75.7
2 220 495 665 16 32 512 f4 032 769
1.5 220 6.04 785 20 30 600 15 035 76.4
f = 6666 kHz
Gap = 03 mm
Np/Ns = 11.1/3
Load | Vin Iin Pin Iout Vout Pout Ipeak B %efﬁciéncy
gQ) (Volt) A) Watt) | (A) (Volt) (Watt) (A) (tesla)
6 220 1.98 280 59 34 200.6 10 023 71.6
3 220 3.19 450 10.8 32 345.6 10 023 76.8
2 220 432 570 15 295 4425 12 0.28 77.6
1.5 220 4.40 560 16.8 25 420 14 0.32 75
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er £ <5

EE80/76

f = 3333kHz : Gap = 015mm. : Np: Ns = 13:35
R Vin Iin Pin Iout Vout Pout Ipeak %eefficiency Bmax
(9)) (volt) (A) (watt) (A) (volt) (watt) (A) (tesla)
1.5 220 4.38 560 17 25 425 9 759 0.4900
2 220 3.81 495 14 28 392 7 792 0.3811
3 220 3.25 415 10.5 315 330 7 79.7 0.3811
6 220 227 300 6 36.5 219 6 73 0.3267

f =50kHz : Gap = 0.15 mm. : Np: Ns = 13:35

R Vin Iin Pin Iout Vout Pout Ipeak Y%efficiency Bmax
Q) (volt) (A) (watt) (A) (volt) (watt) (A) (tesla)
1.5 220 3.98 510 16 24 384 6 75.3 0.3267

2 220 324 435 13 26 338 6 777 0.3267

3 220 273 355 9.7 28.5 276.5 6 778 0.3267

6 2?0 1.90 255 5.7 34 193.8 5 76 0.2723
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1
s <2 =

MINUUNDINANITNATREN 2 (AD)

f =6666kHz : Gap = 0.15mm. : Np: Ns = 13:35
R Vin Iin Pin Iout Vout Pout Ipeak %efficiency Bmax
Q) (voltf (A) (watt) (A) (volt) (watt) (A) (tesla)
15 220 262 375 13.6 20 272 7 72.5 0.3812
2 220 234 315 10.7 21.5 230 6 73 0.3267
3 220 2.08 270 8 24 192 5 71.1 0.2722
6 220 1.75 220 5.1 31 158.1 '3 719 0.1633
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MOTOROLA

TL494

SWITCHMODE

PULSE WIDTH MODULATION

CONTROL CIRCUITS -

Tha TL4S4 is & fixed frequency, puise wicth modulation controt
dircuit designed primarily lor Switchmode power supply contsol. -

This device features:

e Completa Pulse Width Mcdulation Controt Circuitry
® On-Chip Oscillator With Master Or Slave Operation

® On-Chip Error Amphfiers
® On-Chip S Volt Reference
® Adjustable Dead-Time Control

® Uncommirtad Output Transistors Rated to 500 mA Source Or

Sink

® Output Centrol For Push-Pull Or Single-Ended Operation

e Undervoltage Lockout

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

SIUCON MONOLITHIC
INTEGRATED CIRCUITS

Non 1w : et
tagt rout
[ 1es

2 -sl
fopt vee et
C ormpmrns {
rFynt Come | 3 N N Lulv.‘,
Pagmet n(r
oe -0 1v A
- N -}
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Conrmer
o[+ H vee
Oututoter i
u,l [ = \l}t!
LE l
Grew ? 101t 2
Qr
C" . ’ '(|
{109 vto i

LI

J SUFAX
CERAMIC PACKAGE
CASE 620-10

-

The TLASAC is specified over the commercial operating range
of 0°C 10 70°C. The TL4341 is specilred Over the ndustriat range
of -25°C 10 85°C. Tha TLAS4M is specilied over the full muelitary
range of —-S5°C 10 125°C.

N SUFRAX
PLASTIC PACKAGE
CASE 648-08
D
ORDERING INFORMATION
Temperature' I
Device Range Pachage
TLa94CN 0" 1o - 70°C Plastc O\P
TL494Cy 0" 1o +20C Cetamc CiP
TL49UN © 25 10 - 85°C | Plastc 1P
TLa94t - 2510 +8%°C |Cetamec P
TL494My - 35710 ¢ 125°C | Cerarmec OiP
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PGURE | — BLOCK DILGRAM
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ELECTRICAL CHARACTERISTICS (Vee » 15V.Cy = 0.01 uF Ay « 12 ki1 unicss otherwise noted )
For typcal velves Ty = 25°C, for mia maes values TA '3 the operating ambeent temperature tange that spphes unicss otherwite

noted,
TLE<M
Charectoriatic Symbol Rt Uok
Min l Tre ] Max Min J Typ I Mae
OUTPUT SECTION )
Coltecror O2-State Current ICtoMy —_ 20 100 — 20 100 wA
Ve - QV.veg - OV .
Emitier Ot-State Current Ieto) _ - 100 —_ — 150 wA
Ve = QY. Ve - DV, Vg =0V
Collector-Emsier Saturston Voaga (2} VSATICY - 1 11 - IR 19 v
Common-Eminier
(Vg = OV. i = 200 mA}
Eminer-Fokomer VSATIE) - 15 2% - 15 bR v
(Ve = 15V, i « - 200 mA)
Ovutput Comtrod Pun Current oct — < w0 - - 10 - vA
Low State
Voc < 04w
High Stace oCH L) 02 35 — 02 35 mA
Vo = Vet
Oviput Vohage Rose Time Y, sy 100 200 - 100 00 ns
Common-Emmer (See Fgure 13) =
Emtier Folomer [See Frgure 14] i\ = 100 200 o) 100 200 ne
Output Votage Fot Time N S I 100 - 2% 100 ns
Common E=rtier (See Fugure 13} f ! ~
Emimec.foicmer (Sce Fgure 14 Y w0 i 100 - | » 100 ~
{ TLad4
Characteddstic Symbdol — Und
- §0m S Mia . I Typ l Mas
ERROR AMPUFIER SECTIONS
lnput Offset YoRage b vio ! Ny } 70 10 mv
VO (P 3 = 25 VI | i :
tnput Offsat Carrere ho t = X 50 250 nA
VO (P 3y = 25V
nput Bias Corrent hg ot e .0 10 . uA
VO (Pa 33 = 25V1
nput Common-Mode Yoltage Range VICR, 0Jwo < - v
(Vee = 40V. Ty = 250 N vee 20 H
Open-Loop Vokage Can AvoL 70 % - a8
3v¥g = 30V. Vg - 0S1035V,
R - 20uN 2
Unity-Gamn Crossover Frequency fc - %0 - Ll
(Vo « 031038 V. R « 20441 .
Phase Morgew a8 Unty-Gan s om — 69 L. deg
(Vo - GSW03SV. R+ 20Ln
Common-Mode Regt-on Aato CMAR (3] B
Ve » V) M
Povret Supphy Repecton Rateo PSRA - 100 - a0
QVee « V. Vg » 25 V. R« 200D
Output Sank Currernt . 1o 03 [ 3] - mA
(YO iPap = 02 W) : -
Ovtput Sovece Cuerent o 20 40 - mA
(VO (Pea 1 = IS VI

N TE 2. Low Sury crcts maiee techacnes 503 wond durmng 1081 10 Mantain penclon lempe: siurs o3 (3ed 40 $mbonl Temnper SIur ot 83 $O3 bibbe
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MAXWUM RATINGS (Fou 0DC a1-Ag aMmD-ent 1emDersture range 2pplvet unkets otherwise noted)

Rating Symbol | TLasC Tlsa | TLamam Untt
Powes Supohe Vohage vee ! Q ) [ ) v
Coltecror Outznst Vorsge | verver ! Q 42 j 42 v
Coltec10r Outons Cunrent {each tre~1ist0r) 1) Uiy ie) : 500 500 ! 00 mA
Ampiiler lnput Voltage Range Yovia | 01042 0304 | -031042 v
Powee Dtacanon e Ty « 45°C rp Yoo 1000 ] 1000 e
Opersting Juncron Tempersture Ty '
Plasic Pacrage 125 128 T— °C
Cevameg Pacrage 150 1%0 150 b
Operating Amerent Tempersiure Asnge Ta 0w 20 25 10 8% 5% 10 125 <
Storage Temperature Range Tag <
Plasic Pacrage b 85 40 125 5% 10 125 —_
Cerama Pacrsge, ! - 6510 150 -6%10 1%0 6510 1950
NOTE 1| Moncmum ey Lmas musl Do 60w o
THERMAL CHARACTERISTICS
Chorectoristics : Symbol N Sutha Plestc Package J Suthis Coramic Packsge Unn
Thermat Revrstonce, Juncilon 10 Amb-ent 7 A JA L] ! 100 CTw
Deroteng Ambent Temperature i Ta - 4 ] 50 <
RECOMMENDED OPERATING CONDITIONS
i i TLass
CondtionVaive Symbol I o Yr"p ) = Une
Powers Supoiy YorRage ! vee i 70 19 ' 40 v
Coltecrior Ovapns Wohtage U overnvey -_ : » g 40 v
Coltecr0r Ot Caserend leach trans.1toe) SN - B - i 2¢0 mA
Ampidees bngns “Mage | AlveseeT 03 i x ! _vgg - 20 v
Current tmo Feectact Tevmonat ! iy : - ' - 03 mA
Reference Otont Casrent ST 1 ' LY A 10 ma
Timung Resestor RSN e ] 30 ! 500 vt
T:meng Covacmor 4 Cr i 0 00<) 0 00t , 10 W
Orcutator Frogueacy lose | - VO 20 g 200 Ay

ELECTRICAL CHARACTERISTICS V¢ - 15 V. Cy « 001 uf, Ry « 12411 yniris Othern~iie noted |
For typcal vabues Ta = 25C for min mas valves TA ¢t 1h¢ Operating smbeent tempceraiure +an0e that 2DONeS LAIEST OIherwite

noted
| l TLas4C ) TLasam
“Cherocterdotec 1 Symbol Unit
! | Mo | T | Mes Min | Trp | Mae
REFERENCE SECTION .
Relerence Volage Vit 4135 | 50 | 525 | «75 1 s0 | s7s v o
tg + 10 miy i i ! i
Line Regutenon . . PrQune | — 0 | 2 - 70 2% mv
Ve ¢« 10V a0 V) H ] !
Loed Repulaton T Regioag Yoo jo ‘ 14 - 3o 15 my
! 10 + 10 mA a3 10 mAy , { ' ]
Shon-Crreat Outprs Current : ts¢ [BERL} » .[ 7% 1% 34 s mA i
Niet - 391 : H i ! L .
[4
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ELECTRICAL CHARACTERISTICS (Vo »~ 15 V. Cy = Q01 uF, RT ~ 12 M} untess Otherwise noted }
For typcal vatues Ty = 25°C, for minmax values T 18 the operating smbent tempersture range 1hat spplies uniess otherwise

noted
+
4 Unz
! Charecreristic Symbal TLesd ~
i Min | Tty | M
PWM COMPARATOR SECTION ({Test Circust Figure 12) ’
! input Threshola Voltage v — 18 45 v
{Zero duty cycie)
¥ 1nput Sk Current * N- 0.3 07 —_ mA
Vipn3) = 97V
DEAD-TIME CONTROL SECTION (Test Circust Figure 12}
Input Bias Current {Pin 4} g 10 —_ -20 10 A
Veva ) = 0:0525V)
Maximum Duty Cycle. Each Output, Push-Pull Mode | OCmmes *
(Vpnd = OV.CT = 0.01 .F, A "= 12 41} 45 a8 50
(Vend = OV.Cy = 0001 uF, Ry = 30N - 45 [%)
Anput Thresholc Voitage (Pin 4} Yy v
¢ {Zero Duty Cycte) \ — 28 33
{Mezimum Dury Cycle) (] N N —
OSCULATOR SECTION v
T
Frequency 2 fosc — 4 — vHe
1Cy = 0001 ,F, Ry = 30 M}
Standard Deviateon of Frequency® Aoec = 30 — -
(Cy - 0001 .F, AT - 30U
Frequency Charge with Voltage Moac (3V) —_ 0.1 — “~
Ve = 70Vwo a0V, Ty » 25°C) =
Frequency Change with Terperature More 31N — - 12 -~
(3TA = Tiouw 10 Thgn! .
(Cy ~ 001 uF, AT = 12 111} J
UNDERVOLTAGE LOCKOUT SECTION --— s .
r £
3 Turn-On Theethald (Ve Increasing, ligr = 1 0 mAl I Vin J 5% [ 6 43 I 70 r v j}
YOTAL DEVICE ] :
Standtry Supply Current ¢ ~A
{Pin 6 ot V,qq. A1 Other bnpuis and Ouiputs Open)
Vee =~ 151 —_— 5% 10 |
NVee ~ O - 70 19
Aversge Supply Current - - 70 — mA
Vipin ¢) = 20 V) (See Fogure 121
(Cy -~ 001 4F, Ry « 12012, Vee ~ 15 V)

® S1en0sC Oresteatn b 4 Mrsruee of 1hE SN I AN SLOuL TR "hesn gy S ed from the Tgamyly .o

-
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PGURE 10 — STANDBY SUPPLY CURRENT
veriut SUPPLY VOLTAGE
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F\GURE 13 — ERROR AMPUIFIER SENSING TECHNIQUES
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AGUPE 10— OUTPUT CONNECTIONS FOR SINGLE ENDED AND
FUSH PULL CONFIGURA TIONS

icl !
./-—————o—-———v—-Oc +——0
i 24V - voe *© VRET _{/E“ 110 250 ma

Oueput ~————o— e ' Output ——C

Cortrot ! i K"‘ 200 mA l Control
I

-
l <y c? °
S e e
-<r 0, Qo 750 ma

O~Vpoc=~04v — 0 €2
\___o

Singte [ ~cec Cortgueston Push Pyt Cunfiguration
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IRFP450R/451R/4523/453§;1

N-Channel Power MOSFETE

August 1991 Avalanche Energy Rated!é
Features . Package
TO-247

* 12A and 14A, 450V - 500V TOP VIEW
¢ rpg(on) = 0.401 and 0.5

DRAIN .
« Single Pulse Avalanche Energy Rated* (TAB) ~/ [ ————— SOURCE_
« SOA is Power-Dissipation Limited . L O W————> 0RAIN -
» Nanosecond Switching Speeds N |Fo————> GATE -

s Linear Transfer Characteristics

* High Input Impedance

Description .

The IRFP4S0, IRFPA51, IRFP452, and IRFP45S3 are n—channel | Term/nal Diagram
enhancement-mode silicon-gate power field-effect transis- .
tors. IRFP450R, IRFP4SIR, IRFP452R and IRFP453R types N-CHANNEL ENHANCEMENT MOOE
are advanced power MOSFETs designed, tested, and guaran-
teed to withstand a specified levei of energy in the breakdown D
avalanche mode of operation. All of these power MOSFETs are ?
designed for applications such as switching requiators,
switching converters, motor drivers, relay drivers, and drivers
for high-power bipolar switching transistors requiring high G

speed and low gate—-drive power. These types can be operated -
directly from integrated circuits.

The IRFP types are supplied in the JEDEC TO-247 plastic é
package.
Absolute Maximum Ratings (Tg = +25°C), Unless Ctherwise Specified
IRFP450 IRFP4S1 iRFP452 IRFP453
IRFP450R IRFP4S1R IRFP452R IRFPAS3R UNITS

Drain-—Sourg,e Voltage (1) ccuveeniienreseaceanrnonnnan Vos 5CO 450 500 450 v
Drain-Gate Voltage (Rgs = 20k {1)..covieriiienns VOGR 500 450 500 450 v
Continuous Orain Current A

TC=+259C L .iiiienennenrantiniacacicitacceanons [} 14 14 12 12 A

TC = +1009C 1. epurnnninnrmanncacsernmnieennnsass Ip 88 as 79 7.9 A
Pulsed Drain Cument(3) coueeeeeecercescsasascasnsonas fom 58 56 48 43 A
Gate-Source Votage ....covteuesraarosaastacsnceces vas =20 *20 =20 +20 v
Maximum Power Dissipation G

TG = #250C coeuninininrruninare e eeaeenniaaans 180 180 180 180 w I
Linear Derating Factor. 1.44 1.44 1.44 1.44 wrog
Inductive Current, Clamped .....veoveentnscecneiocens ™ 52 52 43 48 A

(See Figure 14, L = 100uH)
Single Puise Avalanche Energy Rating(4).cooveveecianen Eas”® 860 860 860 860 LSNP
Operating and Storage Juncton ... veenneeaaenas T),TSTG -5510+150 -55t0+150 -551+150 -5510+150 °C Las

Temperature Range

Maximum Lead Temperature {orSoldering . .........aeue T 300 300 300 300 °Cc

(0.683" (1.8mm) from case for 1Cs)

} NOTES:

1. T = +25°C 1o +150°C. 4. VDo = 50V, starting Ty = +25°C. L = 7.9mH. Ags = 250,
2. Puise Test Puise width < 300us. Outy Cycle < 2% IpEAK = 144, See Fiqure 15.
2. Repetiive rating: Pulse width limied by maximum function temperature,

See Transient Thermal impsdance Curve (Figure 5)

*A Suffix Types Only

CAUTION: These devices are senaitive 10 slecirostatic dlscharge. Prooer LC. Nandiing procedurss shouid be foitowed. File Number 23

‘Conyright © Harria Comporation 1981
4-528
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t1ectrical Characteristics Tc = 259C, Unless Otherwise Specified

uMITS
CHARACTERISTIC SYMBOL TEST CONOITIONS MIN TYP MAX UNITS
- 2n-3ource Breakdown Voitage BVpss |VGs =0V, Ip = 250pA
+iFP450/452, IRFP4S0R/452R 500 - - v
+1FP451/453, IRFP451R/453R 450 - - v
atn Threshold Voitage VasaH | Vos = VGs. ip = 250pA 20 -..1L.40 \
-ate-Source Leakage Forward Igss |Vas =20V - - 509 nA
-a:e-3ource Leakage Reverse IGss |Vgg=-20v - - -500 nA
. = Gate Voitage Orain Current loss | Vos=Max Rating,Vgg =0V - - 250 RA
Vps = Max Rating x 0.8, Vgg = 0V, - - 1000 pA
Ty=+125°C
<-State Orain Current (Note 2) IpoN) | Vos > Io(ON) X o S(ON) Max. VGS = 10V
AFP450/451, IRFP450R/4S1R N 14 - - A
HFP452/453, IRFP452R/453R : 12 - - A
*at¢ Drain-Source On-State DS(ON) | VGS =10V, Ip = 7.9A
-wwustance {(Note 2)
iRFP450/451, IRFP4S0R/4S1R - 0.3 0.4 a
IHFPA52/453, IRFP452R/4S3R - 0.4 0.5 e}
->ward Transconductance (Note 2) gfs Vps > 50V, Ip = 7.9A 9.3 138 - S(U)
~out Caoacitance Ciss |VGs =0V.Vpg = 25V, 1= 1.0MHz - 2000 - - pF
utut Capacitance Coss | See Figure 10 - 400 - pF
-«everse Transier Capacitance Cass 5 100 - oF
*«n-On Oetay Time WoN | VDo =250V, 1p = 14A.Rg = 6.103 Y - 16 27 ns
“eee fime te See Figure 16, (MOSFET switching dmes N 35 56 s
- are essentiaily independent of operating
«n-Otf Delay Time YOFF temperature) - 88 100 ns
*ad Time t - 41 80 ns
* »al Gate Charge Qq Vgs = 10V,Ig = 14A,Vpg = 0.8V Max - 82 130 nC
Sate~Source + Gate-Orain) Rating. Sae Figure 17 for test circuit
ato-Source Charge Ogs {Gate ::arg:‘ is e:st::\:;;llv independent of - 12 _ nC
ate-Orain ("Miller") Charge Qqg Vi - a2 - nC
~temat Orain Inductance Lo Measured batween | Modified MOSFET - 5.0 - aH
the contact screw on | symbol showing the
header thatis closer | internal device :
to sourca and gate inductances. 0
pins and center of {
center of die.
~temal Source inductance Ls Measured from the - 12.5 - nH
source lead, 6mm
{0.25") from header
and source bonding
pad.
nction-to~-Case * Rayc S y Q.70 oc/w
~asa—10-Sink Rgcs | Mountng surface tlat, smooth and greased - 0.10 - oC/w
wnction~-to-Ambiant RgJa | Free ak operation - - 30 oC/wW
Source Drain Dlode Ratlings and Characteristics
Cantinuous Source Current Is Modified MOSFET S - - 14 A
+Bogy Oiode) symbol showing the
#Aulse Source Current g | integral reverse — - - 56 A
Sody Diode) (Note 3) P-Njunc.rectfier. S | Jbm &
03
Cwode Forward Voltage (Note 2) Vsp | Ty=+25°C,Ig = 14A,Vgg = OV - - 1.4 v
Heversa Recovery Time tr Ty = +1509C, Ig = 13A, dig/dt = 100A/us - 1300 - . ns
Heverse Recovered Charge Qra | Tj=+1500C, g = 13A, dig/dt = 100A/us - 7.4 - uC
tacrward Tum~on Time tON Intrinsic tirn-on time is negligible. Tum-on - - - [
speed Is substantially controlied by Lg + Lp.
SOTES: 1. Ty » +25°C to +150°C L Reoetdive Rating: Pulse wicth limited by max. 4. Vpp = 50V, Stant T = +259C, L = 7.9mH,
2. Puise Test Puise width < 200, unction temperature. See Transiert Thermal Rgs =~ 2501 lpgax = 14A {See Figure 15)

Duty Cycle < 2% impedance Curve (Figure 5)

4-529




Performance Curves
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»erformance Curves (Continued)
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Performance Curves (Continued)
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MAXIMUM RATINGS

2N2Z218A
S Einciy 2N2218A,2N2219 A%
Reting Symbol | 2N2722 | 202222A ; Unit *
' (ovector-Emater Vohage VCEO xn - 40 Ve 2N2222’A
(eiector-Base Voltage Vceo | & 7| Ve | | 2N2218, A”2N2219,A
" | = nicr-Base Voltage VEBO 50 so vae CASE 79-04 -
L eector Curredt.— Continuous Ic | 800 000 | mAdc TO-39 (TO-205AD)
- | MR 'STYLE 1 » o
| IN221BA L INZ22A o
108 Device Dissipation Po ! 'I/i Py
1A 25C P08 04 Wan [
Derate sbove 25°C | 497 278 mWeC N //“ * fonner
t,4a Device Dissipstion Pp ' i LAl
16 25°C '30 12 Wns A‘2N2222,A
iw-ate_sbove 25°C A 685 mwC CASE 22-03
[— and Storsge Junction Ty s - 6510 - 200 I < TO-18 (TO-206AA}
tenpetatuce Range . s STYLE 1
THLRMAL CHARACTERISTICS L
IN2218A | GENERAL PURPOSE
Characteristic Symbol IN2218.A  2N2222A  Unh TRANSISTORS
'-.mm;'.l Resistance, Junction to Ambrent Ruja N9 L %Y X TwW NPN SILICON
*wermal Resistance, Junction to Case RuwC 58 145.8 tw w2N2219A and 2N2222A

[Le CTRDCAC CHARACTERISTICS (T4

25 C uniess otherw:se noted )

are Motorols designated
preferced devices.

Charecteristic ! Symbol l Min I Max [ Unit
Of1 CHARACTERISTICS
Cultector Ermitter Breakdown Voltage ¥ V(BRICED Vde
e 10 mAdc, tg - 0} Aon A Suthia 30 —
A St 40 —_—
(uliector Base Breakdown Voltage VIBRICBO Vde
fig, 10 uAdc. g - O} No~ A Sufhia 60 —
A SuMix 7% -
Erutter.Base Breakdown Voliage V(BRIEBO Vdc
1 0 uAdc. ic - O Aor & Suthx 50 —_
A Suthx 60 —_
Caolector Cuto#t Current IceEx - 10 nAdc
IVcg = 60 Vde. Vegiotf) = 30 Vac) A Suffux
Cortector Cuto! Current icso uAdc
IVcg « %0 Vde. ig « O No~ A Sutlia - 0.01
Veg -+ 6Q Vs ig « O A Suthx Al 0.0%
Veg - SOVec, g = 0.T4 = 150C) Non A Sutiim L\ -—_ 10
Vcg - 60Vac, lg = 0.Ta - 150 0) ASuttia — 10
£rrutter Cutott Current €80 - 10 nAdc
Vgg = 3.0Vac. ic » 0} A-Sut
Base Cutot! Cyrrent % gy el 20 nAdc
tVCE * 60 Vac, Veprot) « 30 Vdc) A Su*n
ON CHARACTERISTICS >
OC Cutrent Gan hege -
fic + 0.1 mAde. Vg = 10 Vol 2827184 20 —_
INIITSA IN2222A 35 —_
fc « 1.0 mAdc, Veg = 10 Vaa) 2822184 25 -
IN2019.A, 2N2222.A 50 -
fic = 10 mAdc, Vcg = 10 Vdciil) NIt8A 35 —_
IN2II0ALIN2222A 75 -—
(ic « 10 MAdc, Vg = 10 Vde. 2NI2°BA 15 —
Ta = -55Cun IN2T2ALIN22A 35 _—
lic = 150 mAdc. Veg » 10 Vdei) 2N2318A 4 120
2N22TA 2N22A 100 300 .




ELECTRICAL CHARACTERISTICS (continued) (Ty, = 25°C uniess othe-wise noted.)

Cheractenstic Symbol Min Max E .
¥
fic = 150 mAdc, VeE = 1.0 VdeK1) IN22TEA 20 -
IN22TIA IN22A 50 -
fic = 500 mAdc. VCE * 10 Vdel(1) IN2219, 2N2222 30 -
ININBA 25 -
2N2279A IN2222A 40 —
‘Collector-Emitter Saturstion Vohage(l) VCEisat) Vde
ic ~ 150 mAdc. Ig = 15 mAdc) Non-A Suffix —_ o4 :
A-Sufha -— 0.3 i
fic = 500 mAdc, 1g = S0 mAdc) Non-& Suffix - 16
A Suffix - 10
Base-Ermitter Saturation Vohsgell} VgE(sat) Ve
(ic = 150 mAde. 1g * 15 mAgch Non A Scffiz 06 13
A Syffa 06 1.2
fic = 500 mAdc, Ig = 50 mAdc) Non-& Suffin — 26
' A Suttix — 20
SMALL-SIGNAL CHARACTERISTICS
Carrent Gain — Bandwidth Producti2) ! N MmT :
{ic = 20 mAdc. veeg = 20 vdc. t = 100 MHzI Al Types. Eacept 790 -
2NI19A, 2N2222A 300 _
Output Cepacitance(d} Cobo -— 80 pf
(veg = VO Vdc. Ig = O {« 1.0 MH2)
Input C-paciur‘ce(!l Cibo of
{vgg = 0.5Vec. I = 0.1 = 1.0 MHz) Nona-& Suttix - 30
A Suffi —_ 25
Input tmpedance hie tohms
Ui = 1.0 mAdc, VCg = 10 Voc, f = 1.0 R IN2218A 10 35
IN2219A, IN2222A 20 80
fic = 10 mAdc, Vgg = 10 Vde. t = 1044 22784 0.2 1.0
- IN22T9A. IN222A 025 125 A s
vohage Feedback Ratio Bre x 10 ¢
tic = 1.0 mAdc. Vg = 10 Vdc. 1 = 1O WM IN2218A — 50
IN221SA. IN2222A - 8.0
fic = 10 mAdc, VCg = 10 Vde, f = 1.0 kKl 2N22184 - 25
IN2213A, 2N2222A - 40
Smail-Signal Current Gain hye —
Uc = 1.0 mAdc, Vg » 10 Vdc. f = 1.01HD) TN 30 150
INI1BA, IN2222A 50 300
(ic = 10 mAdc, Vcg = 10 vde, { = 1.0 kH2) IN2218A N 50 300
IN2219A, IN2222A 75 37%
Output Admittance hoe pmhos
fic = .0 mAde, Vg = 10Vde. t e 104k N2218A 30 15
- INZIT9A IN2222A so L ¥ ..
flc + 10 mAdc. VCg = 10 Vde. ! = 1.0 tH2) 22184 10 100 .
2K22794, IN2222A 1% 200
Collector Base Time Constant > C¢ bl 150 -1}
(g = 20 mAdc. Vcs = 20Vde, { = 31.8 MHz)  A-Su'fia
Noise Figurnc NF - 40 dB
ic = 100 wAde, Vg = 10 Vde,
Rg = 1.0 tohm, { = 1.0 kH2) INI22A
Res! Pant of Common-Eminer Reihye} -_— 60 Ohms
High Frequency Input Impedance
fic = 20 mAdc. YcE - 20 Ve, § = 300 MHz) IN2218A, 2N2219A
IN2222A

{11 Puise Test: Pulse Wicth € 300 us. Outy Cycle « 2.0%
(21 H is defined as the frequency 8t which Inge’ extrapoletes to unity.
(3) IN5531 and 2N5582 ere Listed Cep, 9nd Cep, for these conditions and values.
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(L'[CT'RICAL CHARACTERISTICS iconraved! (T = 25°C unless othe~wise noted.)
Characteriatic - [ Symbot | Min | Max [ Unk |
* gwiTCHING CHARACTERISTICS
D':" Time (Vce = 30 V. Vggioth = - 0.5 Vde, 7 — _ 10 ns
. I = 150 mASc. lgy = 15 mAdc) 1 —_ 25
t Time {Frgure 12) . .. i
) suwage Time (veg™s M Ve i - 150 mAdc, - g - 225 ns
= lgy = tay * 15 mAdc \ — 60
101 Time (Figure 131 f ns
a l:.( Aegion Time Constant TA —_ 25 ns
¢ 150 mAdc, VCg = 30 Vda) See Figuce 11 tor INZ21BA, 2N2219A,
IN2221A, 2N2222A)
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SWITCHING TIME CHARACTERISTICS

FAGURE 9 — TURN-ON TIME
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PNP SILICON ANNULAR HERMETIC TRANSISTORS

... designed for high-speed switching cireuits, DC to VHF amplifier
tions and complementary circuitry.

& High DC Cutrent Gain Specified — 0.7 to SOOmAa_i_c

e High Current-Gain — Bandwidth Product —

7 = 200 MHz (Min) @ IC = $0 mAdc

Low Collector-Emitter Saturation Voltage —
VCE(sar) = 0-4 Voc {Max) 0 i¢ = 150 mAde

aspplica-

)
2N2904,A%

thru
2N2907 A*

2N2904 A 2NZ905.A

N 3 Cotte
2N2904. A thru 2N2907, A Compiement fo NPN 2N2218. A, CASE 73-04, STYLE 1 olecte
2N2219, A, 2N2221, A 2N2222. A T0-39 (TO-205AD)
?
i " Buasr
MAXIMUM RATINGS 7/
~ . 1 gt
Rating T Symbol T Non-A Sutfis | A-Sutfis Unit s // J "
Coliector-Eminer Voltage VCEO v 60 Vdc LA
2N2906 AZNZI0T A
Coliector-Base Voltage veso - 60 Vdc CASE 2203, STYLE 1
Emitter-Base Voltage VEBO 50 Vde¢ M., TO-18 {TO-206AA)
Collector Current — Continuous 1c 600 mAdc .
ST A GENERAL PURPOSE
INZ90SA | 2N2907TA TRANSISTORS
Totat Device Dissipation Pp PNP SILICON
T = 25C 600 400 mw
*2N2905A end ZN2307A
Devate above 25 C 343 228 mwﬁ are Motorols designeted
Total Device Dissipation Pp preferred devices.
w Te o+ 25°C 30 1.2 Watts .
Derate sbove 25C 7.2 685 mw C (s
Operating and Storage Junction T3 Tsig & to - 200 c
Temperature Range
THERMAL CHARACTERISTICS
Characterjstic ! Symbol Man Unit
3 ‘ INZAA. | INZIOSA;
IN2905 A 2N290T.A
Thermat Resistance, Junction 10 Rusa 292 438 cwW
Ambient
Thermas! Res:stance, Junction to Ruic S8 146 Tw
Case
ELECTRICAL CHARACTERISTICS (Ta + 25 C untess otherwise noted )
r Characteristic Il Symbol J Min { Typ 1 Maz | Unht |
OFF CHARACTERISTICS
Collector-Emutter Breskdown Voltagell) V{BRICEQ t o Vdc ]n
{ic = -10mAdc.lg ¢ O Non A Suffix 0 - - !
A Sufhix B ! 60 —_ — : i
Coflector-Base Breatdown Voltage (Ic - - 10 wAdc. Ig - O vigaceo | 60 - - v !
Ermimer-Base Breatdown Voltage llg - 10 wAdc. Ic 0 V:g8RIEBO } 50 - - vae |
Collector CutoHf Current (Vcg - - 30 Vde, Veg - 0.5 Vdal IcEx 1 — - %0 , nAdc
Coltector Cutoff Current Ic8o | nAde '1
(Veg » -S0Voe. lg = O Non-A Suftix - - 002 |
A-Sufla - - oo1 | :
t
(Vg ¢ -0 Voc.ig « 0. Ta s 1500 Non A Sutfix - - 20 .
A-Suttia -— - -, I
Base Current {VCg * - 30 Vdc, Vgg = - 05 Vel 18 — - 50 nade |
ON CHARACTERISTICS
DC Curtent Gain nrE T
¢ = -01mAdc. Veg * - 10 Vee) IN2904, 2N2906 20 - -
2N2905. 2N2907 3% - - H
INZIO0LA. 2N206A 40, - —_
INZIOSA, 2NZSOTA H 75 R — . ;
H zontunued:

1) Puise Test Puise Wiain -, 300 wd. Duty Cycte © 20



ELECTRICAL CHARACTERISTICS (contirued} (T = 25°C unless otherwse noted.}

;

/

- Charecteristic I Symbol [ l Typ I Maz I Unh J

ON CHARACTERISTICS (continued!

oOC Current Gain 25 -

(e « - 1.0 mAdc, Vgg « - 10 Vacl 2N2904, 2N2905 50 -
IN2905, 2N2907 40 —
2N2904A, IN7906A - 100 —_
2N2905A, 2N2907A

e - -0 mAdc, Vcg = - 10 Vdc) 2N2904, 2N2906 -
2N290%. 2N2997 -
IN2904A, INT96A -
2N29054, 2N7337A -

U » -150mADc, Vgg ¢ 10 VOOH1  ZNZSO4A, ZN2906.A neg - i
2N2905.A, IN29OT.A -

U - 500 mAdc. Veg + -+ 10 VOCHN - 2N2904, IN290§ -

. 2N2905, 2N2907 -
INZ904A, 2N2906A —
IN2905A, 282907A - -

{ elector-Emitier Saturation Voltagel1) VCE(sat) vde
{1 150-mAdc, Ig = - 15 maac) -— ]
ftc + - 500 mAdc. g + - 50 mAdc) -_ |

Hase-Emitter Saturation Voltage Veeisat) Vdc l
ic =+ - 188 mAdc.lg = - 15 mAdchi 1} b
(¢ « -"500 mAdc, 1g = - 50 mAdci) —

DYNAMIC CHARACTERISTICS

Current-Gan — Bandwidth Producti2} — MHz l|
fic - - 50mAdc, Veg ¢ - 20 Vde. | - 100 MMz} 4

Output Capacitance Cob - pf 1
Vep » - 10Vde lg = 0.1« 10 MH) J

tnput Capacitance C - pf i
(Vg « - 20Vde.lg « 0.1 « 1.0 MHz) s H

SWITCHING CHARACTERISTICS

_Yum.On Tine (Ve = - 30 VdcIc - 150 mAdc. ton 26 ns

Octay Time Igy « - 15 mAdc) 6.0

R.-se Time {Figure 1500 20

e O Tne S W 4 Nee + - 60Vdeic « - 150 mAdc, ot 9 s
 Siage Time tgy - lg2 o - 15 mAdd) S0

full Time | (Figure 150! 20 i

1 Buise Test Pulic Wiath © 300 ps Outy Cycle o 20N

T 47 s dehined s the frequency 8t whch By estrapolates to vnty

FIGURE 1 - NORMALIZED DC CURRENT GAIN
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FIGURE 13 - STORAGE TIME
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FIGURE 18 — ACTIVE REGION SAFE OPERATING AREAS
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Features

(I Customers are invited to select the most suitable products from a
wide selection of shapes.
(Z Various types of bobbins with pins are available.

Applications

Switching regulators, choke coils, transformers for strobo use, pulse
transformers, etc.
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Designation e

6H20 EE30/26K

TT T L o e Shape detail

'L L - e~ Core height

. cemrimmeem—— Core length
— I . - e= emme———— Shape— " 7
. R - - eee——— Material-—-- -




Summary EE CORES

¢
8 C
)
T ) ) DY / r- Dimensions (r—n_r.r;)— : )
General
Shape code A | 8 c D " Emin, | F | i standard
eE126013 | '1};:6—50  640-010 i 3554015 | 3.55:015 89 : 4658015 ' 170 |
TEE13138 | 130020 640-010 7004010 356:015 89 4654015 190
EE16/14K | 16.0:030 7202010 480£020 °  3.80£0.20 117 5204015 2.00 5S
EB19/16K | 191$030 | 795-015 5002020 4.55:015 142 . _;é-o;—(;._{(;m; 230  JS
EE19/16Z 193032 | 81020.18 4761013 § 4.76£0.08 __.1:1‘.1‘_;“ '5{{;(5”13“_%‘“ 238 '
EE22/20 22.0+0.30 102:020 | 575:025 | 4.25:0.25 170 | 7.70£0.20 25
§EE;’25/19A 258£040 | 965:013 6351020 | 648:013 188 , 673:025 330
. EER5/19Z 25.410.38 $53:0.25 , 63510.25 6.35£0.13 | 187 | 6.38£017 | 318 , JIS
§EE-#5/20 25.0£0.30 : 1022020 | 640:030 | 6.4010. 30‘ 182 | 6658015 ;}25 T
; 5150/2&( 30.0+0.50 13.220.20 10.740.30 10.740.30 .195w 8154015 | as g
£E50/30 30.010.50 14.9:0.25 6.9040.30 6.90:0.20 195 102£0.25 | 500 Ji ‘ ?
EEE34/28A 3461045 | 142:020 | 9271025 _ﬂ__s.gu__g\.z_sﬂj?_z_s_g__ | 990:0.25 | 438 | .
| EE40/34B 40.0+0.60 1682040 | 11.7£0.40 11.7:040 268 1074015 | 635 i
! era0/3aK 400£050 | 41~7.o:o.3o b 107:030 1075030 274 1038030 | 6.00 i s
| EE40/35A 408+055  16.6:0.25 12.4£0.30 1251030 286  10.7:0.28 595 ,
EE40/44 | 40.130.60 “; _223;0.30 ) ;. §£ z}_oao . 11.740.40 ‘ 27.3 ! 15.240.20 !_éos % _
EE42/42-15W  423:090 ; 21.0:020  1500.30 | 120£030 295 : 152:040 | 603 | JIS
EE42/4220W  42.240.90 ’ 210:020 . 1964040 | 12.0£0.30 29.5 15.240.40 } 603‘;. s
EE43/34 42.640.85 170:030 1262040 1261030 281 105£0.30 | 6.86 :
EE47/39A 4728060  196:030 1561040 1571035 318 1245035 | 7.44
EESO/42K | 50.0£070  213.030  146:040 1461040 342 1281030 750 JS
_EES6/55A° ©852:1.00  27.5:030 2071030 1701030 375 1891040 . 852 | Jis
_EES6/47A | 566:065  236:030  187:045 1881025 381 1481035 902 | B
E80/76 _'!— 800100 381:040 198:040 1981040  §12 | 2821030 890 N
43




w Magnetic parameter .| L% | Machonatares | ares | APPrOX | Test— g
e O T e | ey | e T oA Amin | A | Taror | gel | 0599
T (mm™'% | (mm?) | (mm) | (mm?) (mm?) {(mm?) (mm?) ! T
36/13. | 2.4057 124 | 297 | 367 126 - | 121 L | 263 | 19 — —
3/;:-538 1.1934 261 | 300 : 752 249 2338 B | 266 3.70 47 —
614K 1.8662 189 | 352 ' 663 18.2 18.2 C ' o426 | 320 a8 59
B/16K 17168 | 231 | 396 915 228 28  C 55.7 4.58 49 -
fs}‘/t?ez 1.7715 227 | 401 | 908 227 227 LBC | 559 | 456 - —
5120 1.9594 261 | 512 | 1340] 244 24.4 ity 0 13.8 -] =
%}SA 12387 | 398 | 492 10| ap 37.1 B, 856 | 9% — ~
5192 1.1970 402 | 481 @ 1940 40.3 40.0 B | 810 10.3 50 -
5720 11561 426 | 493 2100 41.0 41.0 c 805 | 103 — —
e 062756 | 110 | 573 | 6360-f.— 114 107 L | 758 | 322 | 61 4
11538 | 57.3-|-66.| 379CEETAZER 476 C | 134, [:-207=2
085183 | 821 |-699: | 5750 ki sslga|l 797 B | 164 | 2057 %Y
0.54389 142 | 77.5 | 11000} 137 C 167 52.0 53 | —
0.60782 127 | 774 | 9860 114 114 c 178 520 | 54 60
052569 | 143 | 781 | 11600-——185 145 L | 178 | 588
066917 | 145 | 972 | 18100 RS AT | 187 c | 248 | N7’
054743 | 180 | 978 | 17600:fEi{E0zs | 180  BC | 276 - |--869
041512 | 236 | 978 | 230007[PFFi2865— | 235  BC | 276 | 118 _
047780 | 165 | 787 | 13000 159 159 c | 65.0 — -
0.38524 232 | 895 | 20800 243 23 B | 206 | 106 — — .
042677 226 | 93 | 21700 213 23 ¢ | 261 | 13 57 60
034989 | 353 | 124 | 437003|Gidaes. | 352 C | 400 | 218 58343 ities
031597 | 339 | 107736300, T LI 329 B | 292 186 —,;f,fcm—rgi -
049137 | 377 | 185—|-697003 ke300~ "352 L | 1480 | 384 [T

T Minimum cross sectional area B; Back area C; Center leg area  L; Side leg area




MOTOROLA
EZ SEMICONDUCTOR s,
TECHNICAL DATA

MUR3005PT
Switchmode Power Rectifiers thru
... designed for use in switching power supplies, inverters and as free wheeling diodes, M 3 GOPT
these state-of-the-art devices have the following features:
& Ultrafast 35 and 60 Nanosecond Recovery Time
® 175°C Operating Junction Temperature ULTRAFAST RECTIFIERS
® Popular TO-218 Package 30 AMPERES
¢ High Voltage Capability to 600 Volts l 50-600 VOLTS
® Low Forward Drop L
¢ Low Leskage Specified @ 150°C Case Temperature
¢ Current Derating Specified @ Both Case and Ambient Temperatures ]
® Epoxy Meets UL94, Vo @ 1/8” o 2
¢ High Temperature Glass Passivated Junction 4
4
3 o—H—
CASE 340-02
TO-218AC
PLASTIC
MAXIMUM RATINGS
, MUR .
Rating Symbol = Unit
3005PT[3010PT|3015PT3020PT 3930PT{3040PT 3050PT ;3060PT
Peak Repetitive Reverse Voltage VRRM 50 100 150 200 ’ 330 i 400 500 600 | Volts
Working Peak Reverse Voliage VRwM i '
DC Blocking Voltage VR : !
Average Rectified Forward Current {Rated VR} IF(av) Amps
Per Leg 5 Tc = 150C 5 Tc =
y 30 30 145C
Per Device
Peak Repetitive Forward Current, Per Leg IFRM 30 30 Amps
(Rated VR, Square Wave, 20 kHz), Tc = 150°C @ Tc = 150°C @ Te = 145C
Nonrepetitive Peak Surge Current IEsM 200 H 150 Amps
(Surge applied at rated load conditions halfwave,
single phase, 60 Hz) Per Leg .
Operating Junction Temperature and Ty, Tﬂg -651t0 - 175 “C
Storage Tempersture
THERMAL CHARACTERISTICS PER DIODE LEG
Maximum Thermal Resistance, Junction 10 Case RaJc 1.£ CW
Junction to Ambient | Rgga &0 ‘Cw
ELECTRICAL CHARACTERISTICS PER DIODE LEG
Maximum Instantaneous Forward Voltage (1) VE ] Volis
(ig = 15 Amps, T¢ = 150°C) 0.85 112 i 1.2.
{ig = 15 Amps, T¢ = 25°C) 1.0 1.2¢ 1.5
Maximum Instantaneous Reverse Current (1) iR HA
(Rated dc Voltage, Te = 150°C) 500 1000
{Rated dc Volisge, Tc = 25°C) 10 10
Maximum Reverse Recovery Time ter 35 Ll 60 ns
{ir = 1 Amp, difdt = 50 Amps/us) i

{1} Pulse Test: Putse Width = 300 us, Duty Cycle = 2%

3-259



MUR3005PT thru MUR3060PT

MUR3005PT, 3010PT, and 3015PT

Tl 1lso-c 1 Ty = 1500
J ,/r 1001 0 + s pes
T <357 .
50 4 w0
s s :
K| A g 2
/ [u
wd
2 & 0s 25°C
. 2 02
>3 - -
& 01 =ﬁ
gw £ 005
E A1 0.02
= 7 17 0.01
2 5 / / 0 20 4 60 80 10 120 140 160 180 200
g ] VR. REVERSE VOLTAGE (VOLTS)
g *The curves shown are typical for the highest voltage device in the
= 3 / / voltage grouping. Typicsl reverse cutrent for lower voltage selections
t;z / can be estimated from these same curves if VR is suficiently below
2 rated VR. . .
g ? Figure 2. Typical Reverse Current (Per Leg)*
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Figure 4. Current Derating, Ambient (Per Leg)
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{f(Av). AVERAGE FORWARD CURRENT (AMPS)
Figure 5. Power Dissipation (Per Leg)



MURB3005PT thru MUR3060PT

MUR3020PT,3030PT, and 3040PT
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*The curves shown are typicel foruthe highest voliage device in the
voltage grouping. Typical reverse current for lower voltage selections
can be estimated {rom these same curves if VR is sufficiently below

S Figure 7. Typical Reverse Current (Per Leg)*®
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MUR3005PT thru MUR3060PT

MUR3050PT and MUR3060PT
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;5) / ] *The curves shown are typical for the highest voltage device in the
o 3 voltage grouping. Typical reverse current for lower voliage selections
Fd can be estimated from these same curves i VR is sufficiently below
E . rated VR.
E 2 ] / Figure 12. Typical Reverse Current*®
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MURB3005PT thru MUR3060PT
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QUTLINE DIMENSIONS

NOTES:
€ — 8- 1. DIMENSIONING AND TOLERANCING PER 44§
e ] VieEN, 1962,
r—l ,a 2. CONTIOLLING DMENSION WCH,
|
| l C. r WILMETERS INCHES
a - T ? i DIv__ MIN | MAX | MIN | MAX
i A & 203 1 208 | 0oe | 083
} : ] B _1tes - 1590 ) 0610 | 063
th 2 3 TTC e8| 5ge T ot6s | 0200
; [ 020:
i L H 0 e 1 igs 000 | 00% )
| IR b8t !
. ! 13 6 tnis 0.22%
) W26t | 280 5164 | DI
. i H 3% et cms | oex
z - - N CASE 340-02 K__ %270 . 1545 @ €500 | 061
" - - e b 2 i
10-218AC L 386 1661 1 oo | 08k
Hﬂ'.‘L— G PLASTIC N 116 1270 1 0e%0 | 05K
[ 40t 622 1 0159 ! 0§
~
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