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SWITCHING POWER SUPPLY BY CONTROLLED TRANSFORMER

Pongkan Tongkhonburi

Pongtawat Kaosampan

Sakchai  Wisutthagul

Asst. Prof. Prapas Praisuwanna Advisor
Anuwat Jangwanitlert Advisor

1996

ABSTRACT '

A new control scheme is proposed for a forward converter regulater using a controlled
transformer. Pulse Width Modulation (PWM) control is used to reset the control core of the
controlled transformer. As a result, a low cost ferrite core can be used for the controlled
transformer: Which experiment at 100 kHz 500 W and output regulator 5 volt include
efficiency 70% and load regulation 1%. The range of line regulation is 220 volt + 20% with
using feedback signal from output and as circuit to control an alternating of output that

operate with switching part to constant output voltage.
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MOSFET Q1&Q2 - IRFP450;Q3 - IRF540;

DR1&DR2 - UHVP406;DR3&4 - 200CNQO045;DR5 - 8TQ100,

R1 - 4.7 kohm;R2 - 10 kohm;R3 - 4.7 kohm;R4 - 5kohm,

Cin - 220 uf;C4 - 1,000 pf;Cout - 400uf,L1 - 3.8 uh (2/MPP55716),
T1 - Magnetic J (U-U) 39:4;Tc - TDK H5B(Toroid) 57:6,

A -LM361;B - LF353;C - IR2113
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4] 0,00280 0,0711 0,05144 0,00397 5,594 0,098
40 0,00314 0,0798 0,1041 0,00500 4,448 0,111
39 0,00353 0,0897 0,1143 0,00631 3,519 0,122
. 38 0,00397 0,1008 0,1295- 0,00799 2,783 0,138
37 0,00445 0,1130 0,1448 0,01003 2,215 0,154
36 0,00500 0,1270 0,1626 0,0127 . 1,754 0,172
35 0,0056 0,1422 0,1778 0,0159 1,398 0,188
34 0,0063 0.1600 0,1981 0,0201 1,105 0,209
33 0,0071 0,1803 0,2235 0,0255 0,8700 0,236
32 0,0080 0,2032 0,2489 0,0324 0,6853 0,261
31 0,0089 0,2261 0,2743 0,0401 0,5537 0,287
30 0,0100 0,2540 0,3048 0,0507 0,4386 0,319
29 0,0113 0,2870 0,3404 0,0647 0,3435 0,356
28 0,0126 0,3200 0,3759 0,0804 0,2762 0,393
27 0,0142 0,3607 0,4191 0,1022 0,2175 0,438
26 0,0159 0,4039 0,4699 0,128 0,1735 0,491
25 0,0179 0,4547 0,5232 0,162 0,1369 0,547
24 0,0201 0,5105 0,5817 0,205 0,10860 0,608
23 0,0226 0,5740 0,6502 0,259 0,08586 0,679
2 0,0253 °0,6426 0,7214 0,324 0,06852 0,754
21 0,0285 0,7239 0,8052 0,412 0,05399 0,841
20 0,0320 0,8128 0,8966 0,519 0,04283 0,937
19 0,0359 0,9119 1,003 0,653 0,03403 1,048
18 0,0403 1,024 1,118 0,823 0,02700 1,168
17 0,0453 1,151 1,247 1,040 0,02137 1,303
16 0,0508 1,290 1,389 1,308 0,01699 1,452
15 0,0571 1,450 1,557 1,652 0,01345 1,627
14 0,0641 1,628 1,737 2,082 0,010670 1,815
13 0,0720 - 1,829 1,943 2,627 0,008460 2,030
12 0,0808 2,057 g 2,172 3,308 0,006717 2,270
11 0,0907 2,304 2,431 4,168 0,005331 2,540
10 0,101 2,588 2,720 5,261 0,004224 2,842
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. 1R2113

INTERNATIONAL RECTIFIER | JE3R

Data Sheet No. PD-6.021

HIGH VOLTAGE
VIOS GATE DRIVER

IR2113

General Description

The IR2113 is & high voltage, high speed MOS-

gated power device driver with independent high side
and low sida refsrenced output channels. Proprietary
HVIC and fatch Immune CMOS technologies ena-
ble ruggedized monolithic construction. Logic Inputs
are compatible with standard CMOS outputs or with
LSTTL outputs using pull-up resistors. Qutput drivers
use low impedance totem-pole arrangement
designed for low cross-conduction current spike.
Propagation delays for the two channels are matched
to simplify use in high frequency application. The
floating channel can be used to drive an N-channel
power MOSFET or IGBT in the high side configura-
tion that operates off high voltags rail up to 600 volts.

Applications

M High frequency switch-mode power supply
R OC and AC motor drives

W Electronic lamp ballast

M Battery charger

®| Induction heating and welding

B Switching amplifier

Features

Floating suppty designed for bootstrap operation

— Operating offset range from =5V to +600V

— dvidt immunity, rated at +50Vins

— Quiescent power dissipation of 1.6mW at 15V

Wide output operating gate drive supply range

from 10 to 20V

Separats logic supply to interface with logic signal

— Operating supply range from 5 to 20V

— Loglc and power ground operating offset
range from -5 to +5V

CMOS Schmitt-triggered inputs with hysteresis

and pull-down

Cycle by cycle edge-triggersd shutdown logic

Undervoltage lockout with hysteresis for both

channels

Output totem-pole driver designed to drive

MOS-gated power devices

— Peek current capability at 2A minimum

— Switching time of 25ns typical into 1000pt
load

Matched propagation delay time for both

channels |

— Typlcal 120ns tum-on delay and 94ns turn-off
delay

— Maximum rated matching differential of
4+10ns

Latch immune CMOS. Withstand >2A reverse

current at I/O pins

Typical Connection

Voo 0——

<H

] [ ] <
—n 9 f—F Lo
SYSTEM {1y &- x —0 L0AD
7 &
" %a
1 A

Pinout Assignment

. walky
Voo [T Vs
1 1‘2 (5] vs
) N /|
N E 3] Voo
Vss 2] com
] m

For mechanical specifications see beck page




IR2113

Absolute Maximum Ratings - .

Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occu.
All voltage parameters are absolute voltages referenced to COM.

The Thermal Resistance and Power Dissipation ratings are measured under board mounted and still
air conditions.

Symbol Pa e Min Max Units
va High Side Floating Supply Absolute Voitage -05 Vg +20

Vs High Side Floating Supply Otfset Voltage -Vgs - 05 800

VHO High Side Output Voltage Vg 05 vg +05

Voo Low Side Fixed Supply Voitage 05 20 .
vio Low Side Output Voitage -05 vee +05 v
Voo Logic Supply Voltage 05 Vgg+20

vss Logic Suppty Offset Voltage Ve - 20 Voo +0S

vin Logic Input Voltage (HIN, LIN & SD) Vgs -05 Vpp +05

dvg/dt Allowable Offset Supply Voitage Translent (Fig. 16) - 50 Vins
Pp Package Power Dissipation @ T <= 25°C (Fig. 19) = 16 ]
Rihia Thermal Rest: junction to Amblent - 75 ‘oW
Tj Junction Temperature -55 150

Ts Storage Temperature =55 150 °C
T Lead T o { ing. 10 ds) - 300

Recommended Operating Conditions
The Input/Output Logic Timing diagram is shown in Fig. 1. For proper operation the device should be used

within the

recommended conditions.

The Vg and Vg offset ratings are tested with all supplies biased at 15V differential. Typical ratings at other
bias conditions are shown in Fig. 2 and 3.

Symbol Psrameter Min Max Units

Vg High Side Floating Supply Absolute Voltage Vg +10 Vg +20

Vs High Side Floating Supply Offset Voltage -5 600

VHO High Side Output Voitage Vs Vg

vee Low Side Fixed Supply Voltage 10 20 v

vio Low Side Output Voltage 0 vee

Voo Logic Suppty Voitage Vgs+S Vgg +20

Vss Logic Supply Ottset Voltage -5 5

VIN Logic Input Voltage (HIN, LIN & SD) vss Voo
Dynamic Electrical Characteristics
Vgias (VCC. VBS. VDD) = 15V and Vgg = COM unless otherwise specified.
The dynamic electrical characteristics are measured using the test circuit as shown in Fig. 11.

T= 25°C Ty=-55¢t
150°C
Symbo!l | Parameter Min | Typ | Max | Min | Max | Units Test Conditions Reference

ton Turn-On Propagation Delay — | 120 1150 | — | 260 Vg = OV Fig. 12
tott Tum-Oft Propagation Detay . — | 94 | 125 | —~ | 220 Vg = 600V
ted Shutdown Propagation Delay  ~ - | 110 | 140 } — | 235 Vg = 800V
t Turn-On Rise Time -— 25 35 - 50 Cp = 1000pt Fig. 13
Yy Turn-Off Fall Time — 17 | 25 | — | 40 | ns C, = 1000pt
Mtg, Delay Matching, HS and LS Yumn-On | — | — | 10 | — | — IHton—Uonl Fig. 14
Mioff Detay Matching, 41S and LS Turn-OH | — - 10| — - [Htop-Lost!
OHtgn Deadtime, LS Turn-OH o HS Tumn-On | 16 | 26 | 38 | — | — (Hion~Lott) Fig. 15
Dlgn Deadtime, HS Turn-Off to LS Turn-On | 16 26 36 -— —_ (Mon-Hiotr)




Static Electrical Characteristics
vgias (VCC. VBS. VDD) = 15V unless otherwise specified.
The VN, VFH and IN parameters are referanced to Vg and are applicable 1o all three logic Input Pins: HIN, LIN and SO,
The VO and IQ paramsters are referenced 1o COM or Vg and are applicable to the respective Output Pins: HO or LO.

IR2113

T) = 25°C Ty =-S5t
150°C
Symbol | Parameter Min | Typ | Max | Min | Max {Units Test Londitions feference
ViH Logic “1” lnput Voltage a | -~ - |33 | - Vpo = 5V
64 | — - | 68 | — Vpo = OV
95 | - — 10 -— Vop = 15V
126 — | — |1BAf — | V Voo = 20V
viL Logic “0" Input Voltage — | -8 =117 Voo = SV Fig. 4
— -— ] Vpp = 1oV
— | =16 | =187 Vpp = 15V
. - | = — [ 79 Vpp = 20V
VOH High Leve! Output Voltage, Vatag-VO | — { 7 | 1.2 | — | 15 v VIN = ViH. lo = 0A Fig. 10
Vou Low Leve! Output Voitage, VO — T - [t ] =Ta VIN = Vi, Ig = OA
K Offset Supply Leakage Current - - S0 | — | 2% Vg = Vg = 600V Fig. 5
igas Quiescent Vg Supply Current — | 126 | 230 | — | 500 VIN = Vi o Vi Fig. 6
lacc Quiescent Vo Supply Curent — | 180 {340 | —~ | 600 | pA VIN = Vi o0 Vi Fig. 7
QDD Quiescent Vpp Supply Curmrent - 5 30 —~ | 80 VIN = Vi or Vit
N+ Logic “1" Input Bias Current —_— 15 30 - k) ViN = 15V Fig. 8
in- Logic “0” Input Bias Current - — t - 10 ViN = OV
VBSUV + | Vas Supply Undervoage Positive 7T |ar {97 | — | —
Going Threshold
Vasuv- | Vas Supply Undorvohqc Negative 73 | 83 { 93 - -
Going Threshol Fig. 9
Vecuv +| Voo Supply Undowoﬂaqo Positive 76 | 86 | 98 - —_ v o~
Going Threshold
Vecouv- (Ve Supply Undervoitage Negative 72 | 82 | 9.2 - -
Going Threshold
o+ Output High Short Circult Puised 2 | == [=1]= VOUT = OV, Viy = 15V.
Current A PW <= 108
o~ Qutput Low Short Circuit Puised 2 - - - —_ Vour = 15V, Vin = OV,
Cusrent PW <= 10 ps

Functional Block Diagram




IR2113

Static Electrical Characteristics

VBIAS (VCC. VBS. VDD) = 15V unless otherwise specified.

The ViN, VFH and 1IN parameters are referenced to Vg and are applicable to ail three logic input Pins: HIN, UN and SD.
The VO and IO parameters are referenced to COM or Vg and are applicable o the respective Qutput Plns: HO or LO.

T} = 28°C Ty=-55t
150°C
Symboi |Parameter Min | Typ | Max | Min | Max |Units Test Sonditions Reference
ViH Logic “1* input Voltage |-} —-]3] - Vop = 5V
64 -— -— 68 -— Vpp = WV
95 | — |~ T 0| —~ Vpp = 15V
8 — | — | R3] ~ v . Vpp = 20V
viL Logic “0" nput Voltage - = T18] ~]17 Vop = SV Fig. &
- — 38 - Kt Voo - ;‘W
— [ =161 ~-157 Vpo = 18V
L — | = |83 -7 Vpp = 20V
Vo High Level Output Voftage, Vatas VO [ — J 07 [ 12 [ — 1 15 [ VIN = VIH. {0 = OA Fig. 10
VoL Low Level Output Voitage, VO 1 ~TJor | —[ar VIN = Vi, I = OA ’
K Offset Supply Leakage Current - — 50 - | 20 Vg = Vg = 800V Fig. 5
lgss Quiescent Vpg Supply Current — | 125 1230 § — | 500 VIN = Vi or V), Fig. 6
locc | Quiescent Vo Supply Current — [ 180 [340 | — | 600 | pA VIN = Vi of Vit Fig. 7
lapo Quiescent Vpp Supply Current - 5 30 -~ | 60 VIN = ViH of Vit
fine Logic "1 tnput Bias Current - 15 30| — 0 Vin = 15V Fig. 8
N Logic “0" input Bias Current - - 1 - 1w Vin = OV
vasuv + | Vas Supply Undervoltage Positive 77 | &7 | 97 - -
Going Threshold
Vasuv- | Vas Supply Undervoltage Negative 73 | 83 | 93 | ~ - .
Going Threshold Fig. 9
Vecuv +| Vec Supply Undervoltage Positive 75 | 86 | 96 | — | — v =3
Going Threshold
Vecuv- | Voo Supply Undervoltage Negative | 7.2 | 82 | 92 | — | —
Going Threshold
1o+ Output High Short Circuit Pulsed 2 | =1 —-=1-71~ VOUT = OV, ViN = 15V,
Current A PW <« 10 s
o~ Output Low Short Circult Pulsed 2 - — - - VouT = 15V, Vi « OV,
Current PW.<= 10 us

Functional Block Diagram

[ e e e e e e e e e e e e e o s e e e e e e
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v IRF540/541/542/543

IRF540R/541R/54ZR/543R

'N-Channel Power MOSFETs™
Avalanche Energy Rated*

Features - - -
4 25A and 28A, 80V - 100V .. —- -
‘e ros(on) = 0.0770 and 0.10Q Te

« Single Pulse Avalanche Energy Rated*
« SOA [s Power-Dissipation Limited -

« Nanosecond Switching Speeds

¢ Linear Transfer Characteristics

e High ln;;ut impedance

Description
The IRF540, IRF541,

IRF542, and IRFS543 are n-channel
enhancement-mocde silicon-gate power field-effect transis-
fors. IRFS40R, IRF541R, IRF542R and IRFS43R types are -
advanced power MOSFETs designed, tested, and guaranteed

Package

DRAIN
(FLANGE)

L

Terminal Diagram
N-CHANNEL ENHANCEMENT MODE

to withstand a specified level of energy in the breakdown D
avalanche mode of operation. All of these power MOSFETs are
designed for applications such as switching regulators,
switching converters, motor drivers, relay drivers, and drivers
fot high-power bipolar switching transistors requiring high G
speed and low gate-drive power. These types can be operated
difectly from Integrated circuits. 3
The IRF types are supplied in the JEDEC TO-220AB plastic s
package. .
Absolute Maximum Ratings (Tg = +250C), Unless Otherwise Specified
IRF540 IRF541 IRF542 IRF543

IRF540R IRF541R IRF542R IRF543R UNITS
Drain-Source Voitage (1) «..e.oennennne AYA T P Vps 100 80 100 80 v
Drain~Gate Voltage (RgS =20k {1} ..evvnenveneannn 100 80 1C0 80 v
Continuous Drain Current

Te®=+259C . oiiieiiiianarnsnnnncenns 28 28 25 N - 25 A

Te=4+1000C .. ciiiienrenisnnacnens 20 20 17 17 A
Pulsed Drain Current(3) v occvviieiinnaans, 110 110 100 100 A
Gate-Source Votage «.ueeeeeeeeeiinaessn feenees =20 -£20 +20 20 v

. Maximum Power Dissipation .

TCm+250C 1eueueininrniniineniaanaanaaensanas 150 150 3 150 w
Unear Derating FACION......vvveiiiiineinrnannes 1.0 1.0 1.0 1.0 W/oC
inductive Current, Clamped ... .coiiiiaiiiiinnnancees 108 108 o6 06 A

{See Figure 14, L = 100uH)

Single Pulse Avalanche Energy Rating (4). .. hereeaenves Eas 230 230 230 230 mJ
Operating and Storage Junction . .......coeeennnes T4, TsTG -55t0+175 -5510+175 =-55to+1 75 -55t 4175 oc
emperature Range - ’

aximum Lead Temperature for Soldefing ....oeuveveares TL 300 300 300 300 aC

(0.063" (1.6mm) from case for 10s)

NOTES: T . . VRN
1. Ty = +259C 1o +150°C. ‘e 4. Vpp = 25V, starting Ty = +259C, L » 440H, Rgs = 250,
2! Pulse Test: Pulse width < 300ps, Dty Cycle < zq& IpEAK = 28A. See Figure 15.
3. Repetltive rating: Pulse width limited by t ion
Eeo T lent Thermal Imp: Curve (Figure 5). -
*R Suffix Types Only -

CAUTION: These devices are sensitive 1o elsctrostatic discharge. Proper |.C. handllﬁa procedures should be followed.

_Cooy.riqm © Harris Corporation 1991

File Number. 2309.1



0, IRF540; IRFE41:IRF542; IRF543 - IRFSAOR, IRF541R, IRFS42F, IRF5A3 I

*Electrical Characteristics Tg = 259C, Unless Otherwise Specified ’ Somon &
o . ) umits™™ U
<, 3" CHARACTERISTIC “ | symeoL TEST CONDITIONS +MIN TYP MAX {'UNT

Drain-Source Breakdown Voltage ‘| BVpgs | Vas =0V, ip = 250pA 1
IRF540/542, IRFS40R/542R . i ] 100 - - R

" IRF541/543, IRF541R/543R 80 = - oV

Gate Threshold Voltage VasaH) | Vos =Vas: lp = 250pA 20 - 40 EV,

Gate-Source Leakage Forward IGes |Vas=20v - - .| 500 Juon,

Gate-Source Leakage Reverse lass |Ves==-20V -— v - =500 -

Zero Gate Voltage Drain Current ipss | Vos = MaxRating, Vag = OV T - - 250 ‘5N

e et -t o Vps = Max Rating x0.8, Vag =0V, =’ - .- -1000-¢ | o
. Ty=+1250C .

On-State Drain Current (Note 2) ibjoN) | VDS > ID(ON;) X fDS(ON) Max, VGS = 10V - - -
IRF540/541,IRF540R/541R - 28 . - - =.0A
IRF542/543, IRF542R/543R 25 - - HA¥

Static Drain-Source On-State fDS(ON) |VGs=10V,Ip=17A 1 ¢

Resistance {Note 2) a5
IRF540/541, IRFS40R/S541R - 006 .| 0077 | O
IRF542/543, IRF542R/543R - 0.08 0.10 [l

Forward Transconductance (Note 2) Ots Vpg> S0V, lp=17A 8.7 13 - S( )¢

input Capacitance Ciss |vgs=0V,Vpg=25V,f=1.0MHz - 1450 - pF %]

Output Capacitance “Coss | See Figure 10 : - 550 - pF 2]

Reverse Transfer Capacitance Crss A e 100 - pF .5

Turn-On Delay Time td(ON) | VoD =50V, Ip =28A, Rg = 9.1 n - 15 23 ns,3

ise Ti See Figure 16. (MOSFET swilching times ~ 11 oy

Rise Time i are essentially independent of operating 70 0 D8

Turn-Otl Delay Time YOFF) | temperature) - 40 60

Fall Time tt - 50 | 75

Total Gate Charge - Qg Vgs = 10V,ip = 28A, Vpg = 0.8V Max = 38 59

(Gate~Source + Gate-Drain) Rating. See Figure 17 for test clrcuit.

Gate-Source Charge Qgs {Gate charge is essentially independent of = 8 —

ting temperature.
Gate-Drain ("Miller”") Charge Qgd Qeginadnann & - 21 -
internal Drain inductance Lp Measured from the Modlfied MOSFET r 3.5 -
contact screw on symbol showing the
tab to center of die internal device
inductances.
Measured from the Ny , 4.5 -
drain lead, 6mm
{0.25in.) from pack= %
age to center of die 7
Internal Source Inductance Lts Measured from the - 7.5 - nH {:
source lead, 6mm A 53
| {0.25") from header 3 ﬁ
and source bonding -1 @
pad. - 2 X
Junction-to-Case ReJc - - 1.0 ocrw 1 4
, Case~to-Sink Recs | Mounting surface flat, smooth and greased - 0.5 - SC/W -}’
Junction-to-Ambient RgJa | Free air operation - - 80 oc/W ;E
Source Drain Diode Ratings and Characteristics = ;
| Continuous Source Gurrent 1s | Modified MOSFET - - 6| A |3 £
(Body Diode) symbol showing the " g
Pulse Source Current igm | Integralreverse — - - 110 A ] dm
(Body Dlode) (Note 3) || P-Niunc. rectifier. ha I 4%
. . '3
o . ’i':
Diode Forward Voltage (Note 2) VgD | Ty=+250C,Ig=27A,VGgg =0V - - 25 v i %
Reverse Recovery Time ter Tg=+250C, I = 28A, diF/dt = 100A/us 70 150 300 ns ki
Reverse Recovered Charge QRR- | Ty= +259C, Ig = 28A, dig/dt = 100A/us 0.44 1.0 1.9 nC 4 g
Forward Turn-on Time tON intrinsic turn-on time I3 negligible. Turn-on - - - - f‘ %
* speed is substantially controlled by Lg + Lp. 2 ;
NOTES: 1. Ty = +25°C to +150°C 3. Repetitive Rating: Pulse width limited by max, 4. Vpp = 25V, Start-Tj = +25°C, L = 440pH, : '.:‘4
2, Pulse.Test: Pulse width < 300ps, * junction temperature. See Transient Thermal RGgs =250, IpgAK ™ 28A (See Figure 15) 4 &
Duty Cycle < 2% . {mpedance Curve (Figure 5) . Ce emems . e
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IRFP450/45 1/452/453 :

. TIRFP450R/451R/452R/453R,

T e N- Channel Power MOSFETs

v ee te e . - . e emivmaa ke an - P

August 1991 Avalanche Energy Rated*

Features’ e - Package

o 12A'and 14A, 450V - 500V .. . o . .. "
trps(on)-'04ﬂ and0.50 ° o RTINS R

«Single Pulse Avalanche Energy Rated* - <-- ° ~(TAB)

* SOA is Power-Dissipation Limited

* Nanosecond Switching Speeds

o Linear Transfer Characteristics ... . . .o T LTS e

* High Input Impedance

Description

The IRFP450, IRFP451, IRFP452, and IRFP453 are n-channel | Tarminal D/agram . o
enhancement-mode silicon-gate power fleld-effect transis- "=

tors. IRFP450R, IRFP451R, IRFP452R and IRFP4S3R types Y N-CHANNEL ENHANCEMENT MOOE
ate edvanced power MOSFETSs designed, tested, and guaran- r . . . . .
teed to withstand a specified level of energy in the breakdown . D

avalanche mode of operation. All of these power MOSFETSs are
designed for applications such as switching regulators,
sw'uitching 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 s
package.

Absolute Maximum Ratings (Tg = +259C), Unless Otherwise Specified

IRFP450 IRFP451 IRFP452 {RFP453
IRFP4SOR IRFP4ASIR {RFP4S2R {RFP4S3R UNITS

Drain-Source Voltage (1) ...c....v.vunnn WENE. Vpg 500 ‘450 500 450 \
Drain-Gate Voltage (Rgg = 20k) (1}...cvnnunenn. ... VDGR 500 450 500 450 v
Continuous Drain Current

TC=425%C ciiiiininninencnnnnns " © 14 T 14 12 y 12 A

Te=+1000C .. ceuinciinareasnss foud 88 - 88 79 79 A
Pulsed Drain Current(3) @ 58 56 48 48 A
Gale-Source VOage .....coevvreiriincensraiiannnns =20 +20 +20 %20 v
Maximum Power Dissipation

To=+259C..... U Wy, . 180 180 180 180 w
Linear Derating Factor f.d 1.44 1.44 1.44 1.44 wroc
IiAductive Current, Clamped .....cooovvennennns. ceenenes LM 52 52 48 48 A

(See Figure 14, L = 100uH) . o
Single Puise Avalanche Energy Rating (4)....eneeaeuees. Eas* 860 860 860 860 mJ
Operating and Storage Junction ....... ... .ues TLTSTG -55t0+150 -55t0+150 -5510+150 -55t0+150 oCc

Temperature Range H

Maximum Lead Temperature for Soldering....... veeeee LT - 800 300 300 300 oC

(0.063" (1.6mm) from case for 10s) , . .

. s _-;*?A« - T

NOTES: ) AT o
1. Ty = +259C to +1509C. ) - 4. VO = SOV, starting Ty = +259C, L = 7.9mH, Rgg = 25(1,
2. Pulse Test: Puise width < 300ps, Duty Cycls < zss . IPEAK ™ 14A. See Figure 15.
3. Repetllive rating: Pulse width limited by i tion :

Seo Transient Thermal impedance Curve (Figure 5). o —

*R Suffix Types Only . -

CAUTION: These devices are sensitive 1o electrostatic discharge. Proper LC. handling procedures shouid be followed. File Number 233 1 _:‘

Copyright © Harris Corporation 1891



IRFP450:IBFP451"IRFP452 RFP453., IRFP45OR'TRFP451R IRFP452R IR%P
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Gty

poar
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s

FR Fueny o

~

:gjectﬂcal _Charac‘terlst.lgz,:[é.‘ =.250C,:Unless Otherwisé' Specified

i . d uMmITS
2~ CHARACTERISTIC ‘137" | SYMBOL TEST CONDITIONS MIN TYP MAX
i} Drain-Source Breakdown Voltage - | BVpss |VGs =0V, Ip = 250pA '
, IRFP450/452, IRFP450R/452R - 500 - -
“IRFP451/453, IRFP451R/453R ) 450 - -
Gate Threshold Voltage VGsaH) | VDS = VGS. Ip = 250pA 2.0 - 40 -
Gate-Source Leakage Forward Igss |Vas=20V - - 500°
Gate~Source Leakage Reverse Igss |VGg=-20V - - =500
Zero Gate Voltage Drain Current____ 1 _Ipss . | Vos = Max Rating, Vgg = 0V - - 250
SRR eTL T - . 1Vpg = Max Rating xOB.VGsaov - - 1000-
R : Tg=+1250C
On-State Crzin‘Current (Note 2) IoEN) | Vos > ID(ON) X TDS{ON) Max VGgg =10V -~ .
IRFP450/451,IRFP450R/451R  |° .. 14 - -
IRFP452/453,IRFP452R/463R ™~ | ™ ™ 12 - -
Static Drain-Source On-State TDS(ON) | VGs = 10V,1p =7.9A
Resistance (Note 2) . B
IRFP450/451, IRFPASOR/4S1R B —— L - 03 " |"'04
IRFP452/453, IRFP452R/453R - 0.4 0.5
Forward Transconductance (Note 2) Ots Vps 2 50V,Ip = 7.9A 9.3 138 -
Input Capacitance ~ - Ciss V@S =0V,Vpg ™25V, =1.0MHz - 2000 -
Output Capacitance Coss | See Figure 10 - 400 -
| Reverse Transfer Capacitance Crss ) ) - 100 -
Turn-On Delay Time tgiony | VDD =250V, Ip = 14A,Rg = 6.10 - 16 27
Rise Time t See Figure 16. (MOSFET switching times - 45 68
are tially independent of operating
Turn-Off Delay Time Y4(OFF) | temperature) - 68 100
Falt Time 1 - 41 60
Total Gate Charge Qq Vags = 10V,1p = 14A, Vpg = 0.8V Max . 82 130
(Gate~Source + Gate-Drain) Rating. See Figure 17 for test circuit. . .
Gate-Source Charge Qgs (Gate charge is essentially independent of B 12 -
Gate-Drain ("Miller) Charge N Y e ¢ g @ -
intemal Orain inductance Lp Measured between Modified MOSFET = 5.0 -
the contact screwon | symbol showing the
headerthatis closer | internal device
to source and gate inductances. D
pins and center of |
center of die.
Internal Source Inductance Ls Measured from the - 125 -
) source lead, 6mm-
- (0.25™) from header
and sourcé bonding
pad. oS
Junction-to-Case Royc - a 0.70
Case-to-Sink Rgcs | Mounting surface flat, smooth and greased - 0.10 -
dJunction-to-Ambient RgJA . | Free air operaton - - 30
Source Draln Diode Ratings and Characterlstics
Continuous Source Current 5 .| Modified MOSFET p 0 - - 14
(Body Diode) symbol showing the
Pulse Source Current igm | Integral reverse —1 - - 58
{Body Diode) (Note 3) P-Njunc.rectier. & | |k &
, 58
Diode Forward Voltage (Note 2f . Vsp | Ty=+259C,Ig = 14A,Vgs =0V - - 14 v
Reverse Recovery Time ter Ty = +1500C, Ig = 13A, alg/dt = 100A/us - 1300 - ns
Reverse Recovered Charge QR | Ty=+1509C, I = 13A, dig/dt = 100A/ps - 7.4 - pC
Forward Tum-on Time toN | Intrinsic turn-on time is negligible. Turn-on - - - -
speed Is'substantially controtled by Lg + Lp-

NOTES: 1, T = +25°C to +150°C

2. Pulse Test: Pulse width < 300ps,

Duty Cycle < 2%

a. Repolllvo Rating: Pulse width limded by max.
Transk

Thermal

impedance Cum (Figure 5)

4. Vpp = S0V, Start Ty e« +25°C, L = 7.9mH,

RGs = 250, IpgaK = 14A (See Figure 15)




MOTOROLA .
m SEMICONDUCTOR sty

TECHNICAL DATA

MBR20035CT
MBR20045CT
MBR20050CT
MBR20060CT

SWITCHMODE POWER RECTVRERS

...using the Schottky Barrier principle w'= & Z.atnuT tarrier
metal. These state-of-the-art devices have & ‘clowing f2ziures:

e Dual Diode Construction — May Be Pz-z £'zc =cr Higher

Current Output
e Guardring For Stress Protection
e Low Forward Voltage

e 175°C Operating Junction Temperature

: o Guaranteed Reverse Avalanche

3

35to 60V

SCHOTTKY BARRIER
RECTIFIERS

200 AMPERES

OLTS

3

(Rated dc Voftege, Ty = 25°C)

(1) Pulse Test: Pulse Wickh = 300 us, Duty Cycle « 2.0%.

*Center Hole Must be
Yorqued First:

1 w
r_-—-——-——u— /‘:o-uztn!"‘lﬁ e
H l | b ! "
i R
2 [ XLY
MAXIMUM RATINGS ™ ' Feszre € 1 18 (@
Rating Sy Max Unhit !Q ! I/ AN —
oY, L g
Peak Repetitive Reverse Voltage  MBR20035CT | Vas 3k Vohts - e "t"l—- L'
Working Peak Reverse Voltage MBR20045CT | Sop 43
OC Blocking Voltage MBR20050CT (= 50 NOTES:
NBR20060CT & 1. DIMENSIONING AND TOLERANCING PER ANS!
Y16.5M, 1982,
Average Rectified Forward Current Per Device A, 2% Amps 2 CONTROLLING DIMENSION: IN
{Rated VR) Tc = 140°C Per Leg 10C 0 ENSHNCH.
Peak Repetitive Forward Current, Per Leg e 20C Amps
{Rated VR, Square Wave, 20 kHz), Tc = 140°C MILLIMETERS INCHES
Nonrepetitive Peak Surge Current Per Leg FEa 15C Amps L DM | MIN_| MAX | MIN | MAX |
{Surge applied at rated load conditions A L8763 | 9220 | 3850 L 36X
halfwave, single phase, 60 Hz) B ] 1778 1 205 | 0700 | 0B10
. 3109 : C | 1563 | 1600_) 0615 | 0630
Pesk Repetitive Reverse Current, Per Leg Baw 2 Amps [3 305 33 10120 ] 0130
(2.0 ps, 1.0 kHz) See Figure 6 F ] 105 | 1130 | 0435 | 045
Operating Junction and Storage Temperature TiTgs ~Sw-"T51 € a 3;:’: 3:g ;JO.Z?I ;%
Vohtage Rate of Change (Rated VR! o= 1000 V ps N | 14.20UNC-2B 1:8.20NC-28
THERMAL CHARACTERISTICS PER LEG 0 | 686 [ 123 | 0200 | 085
R 80.01 BSC 3150 BSC
IThermll Resistence, Junction to Case l AgC 2 J ‘CW J Uy 1524 1 16.00 T600 | 0636
E v 839 | 952 ) 0330 | 0375
ELECTRICAL CHARACTERISTICS PER LEG w T e T an Tom [ 01
Instantaneous Forward Voltage (1) vE Voltg
{if = 200 Amp, T) = 175°C) o658 CASE 357C-01
{ig = 200 Amp, Ty = 125°C) 2.828 POWERTAP
ig - - 2.77¢
o o Ame T = 250 Py Terminal Penetration:  0.280 mx
L AL Terminal Torque: 25-40 in-Ib max
Instantaneous Reverse Current {1} ] mA Mounting Torque —
(Reted dc Voltage. Ty = 125°C) % Outside Holes:* 30-40 in-b max

8-1C in-Ib max




MBR20035CT, MBR20045CT, MBR20050CT, MBR20060CT

FIGURE 1 — TYPICAL FORWARD VOLTAGE. PER LEG FIGURE 2 — TYPICAL REVERSE CURRENT, PER LEG
g o 4 ‘2: [— t,: lsu:"c t
-
g oo = L1
E 77 _ 16
g w0 14> 195°C7 H ;ﬁ 100°¢
-
2 3 V4 £ 0
- -
£ n S S 04
S 4 ; 02
©w 1 01
g 1 /7 ek £, [y
z w y : 002
E 59 VAN = om
£ 4 25°C :
£ 1 V4 0.00¢ = ; I
# 20 000; 1 H
0 02 04 [ o8 i 0 10 20 30 @
v, INSTANTANEOUS SORWARD VOLTAGE (VOLTS) Vi, REVERS! YOUTAGL (VETS)
FIGURE 3 — FORWARD CURRENT DERATING, PER LEG '/ FIGURE 4 — POWER DISSIPATION . PER LEG
1 E 100
. Mo T T T 7T 71
H AN Rame Voltage Agpted § X Ra\!d volu.q.lupnl.c L
A L 4
= 1 N ‘Smm Ware 504 Duty Crele =< 80— Square Wave. Resistwe toad /// ;!
= AN > 0% Doy Cycle 7 !
100 ] Z
g \ 1=} -
o N N AN & 60 o
o (4] =
= A Y \ e )4
E AN 2 P
< AN N\ A\ Ty= 12550 25
& N AN ] ]
é 0 AN N g A A isec
T ® 1,e 1259C ‘tso-c\——ns AN g
g Pl 1 1\ H]
E | RN IV 3 : o ]
80 160 120 ) 160 180 = 0 20 40 0 80 00 129
T¢. CASE TEMPERATURE (°C) = lg;av), AVERLGE FORMARD CURRET (AMPS)
FIGURE 6 — CAPACITANCE, PER LEG FIGURE 6 — TEST CIRCUIT FOR REPETITIVE
REVERSE CURRENT
20,000 ] I I l <150V, 10 masc
T 1 T 201
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10,000
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