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ABSTRACT

This paper presents the three level boost DC to DC converter for wind turbine which was
tested together with wind turbine simulator which can controls and monitoring using a digital signal
processing board DS1104 of dSPACE GmbH. The simulator can simulate any characteristics of
wind turbine such as wind velocity, turbine’s blade, sizing of wind turbine and height of turbine
pole etc.

The function of the boost Converter converts DC voltage from 35-65 Vdc to 311 Vdc
which is enough for a establish a 220 Vac 50 Hz output voltage through a single phase inverter
circuit. Orcad/Pspice and Matlab/Simulink software are also used for simulating the overall system
in order to stabilize the output voltage as desired.

The results of this thesis prove that output voltage will drop in every voltage level with
sudden load change under the open loop control condition. When PI controller is applied in closed
loop of the DC Boost converter control, DC output voltage of the converter is stabilized at 311 Vdc
while the 200W load is injected into the converter output, However, the efficiency of the DC

Converter system in this experiment is about 73%.

Keywords: Three level boost dc to dc converter, Wind turbine, Wind simulator.
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{[? uc1824
TEXAS UC2824
INSTRUMENTS Ucagzd
www.ticom SLUST2EA -MARCH 1957 - REVISED JULY 2007
HIGH SPEED PWM CONTROLLER
FEATURES DESCRIPTION

+« Complementary Qutputs

+« Practical Operation Switching Frequencies to
1 MHz

+ 50-ns Propagation Delay to Output

« High Current Dual Totem Pole Cutputs (1.5 A
Peak)

» Wide Bandwidth Error Amplifier

+ Fully Latched Logic With Double Pulse
Suppression

+ Pulse-by-Pulse Current Limiting

+ Soft Start/iMaximum Duty Cyecle Control

» UnderVoltage Lockout with Hysteresis

+« Low Start Up Current (1.1 mA)

« Trimmed Bandgap Reference (5.1 £ 1%)

The UC1824 family of PWM control devices is
optimized for high frequency switched mode power
supply applications. Particular care was given to
minimizing  propagation  delays  through  the
comparators and logic circuitry while maximizing
bandwidth and slew rate of the error amplifier. This
controller is designed for use in either current mode
or voltage mode systems with the capability for input
voltage feed-forward

Protection circuitry  includes a current  limit
comparator with & 1-V theshold, 8 TTL compatible
shutdown port, and a soft-start pin which doubles as
a maximum duty cycle clamp. The logic is fully
latched to provide jitter free operation and prohibit
multiple pulses at an output. An under-voltage
lockout section with 800 mY of hysteresis assures
low start up current, During under-voltage lockout,
the cutputs are high impedance.

BLOCK DIAGRAM

Plegse be aware hat an II'I1|:I’_'Iﬁ3r:1 notice COMOETTI NG, a‘b‘?!ﬂtﬂlﬁ'_ siandand '.'.-*arranﬁ-_ and use m cntical BFIF‘ICHIIO[‘B of TEIES
& Insiruments semconductor products and dsciamens therslo appeans at the end of This data sheat

FROCUCTION DATA information (8 cument a8 of publclicn wl.le
Products conform o spadficalions per the Brms of e T
raliamants shandan warmanty  Produdion processing m-;. mr
recean iy indute besting of all parameiers

Copyight & 19597 2007, Texas nstmuments ncorporated
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UC1824

UC2824 * Texas
UC3824 INSTRUMENTS
SLUSIGA. -9._uac.-| 1957 ~REVISED JULY 2007 e h.om

DESCRIPTION (CONTINUED)

These devices feature totem pole outputs designed to source and sink high peak curents from capacitive loads,
such as the gate of a power MOSFET. The on state is designed as a high leval.

ABSOLUTE MAXIMUM RATINGS!®

VALUE umIT

Supply voliege (ping 13, 15) 30 v
Quiput curent, source of snk (ping 11, 14}

DG 05

Pulse (0.5 ms) 2 B
Analog inputs

{Fina 1, 2,7} naToT :

{Fin 8, &) -03TOE k
Clock output curnent {pin 4} -5
Emror amplifier output cument (pin 3) 5
Soft stant sknk curnmer ) 20 L
Oscillator charging cument {pin 3} =5
Power dissipaiion
Storage temp eratune range 55 to 150
Lesd temperature (soidering, 10 seconds) 300 e

{1) Al voltages are with respect to GND (Pin 10); all currents are posifve info, negstive out of part, pin numbers refer to DIL-16 package
{2} Consult Unitrode Integrated Cirewit Databook for thermal bmitetions and considerations of packege

S0IC-16
DW PACKAGE
(TOP VIEW)
INV[T 7 18] vrems. 1v
NI[z] 18] Voo
EfA Outla] [14] INV ouT
Clock [4] 1] Ve
Rr (8] [z Pwr Gnd
crle] 1] out
Ramp[7] el @nd
Soft Start[s] [GILIM/ZD
DIL-16
J OR N PACKAGE
(TOP VIEW)
AN oS
v [i] [18] mEF 8.1
[z (18] vee
Era out[3] (4] INvour
Cloak [4] 18] va
AT[s] [12]Pwr Gna
0 |11] ot
Ramp 7| 18] and
Boft Btart[d] 8] L8

Submit Documentation Fesdback
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uc1824

INSTRUMENTS UC 3824

wearar tcom
SLUSTEA -MARCH 19597 - REVISED JULY 2007

PLCC-20 AND LCC-20 PACKAGE PIN FUNCTION
@ AND L PACKAGES FUNCTION PiN
(TOP VIEW) Ll -
[ 2
Bl 3
Eif Onud 4
Clock 5
MIC [
Br I
3 2 12019 CT g
¢« 'mL Hamg 2
(5 7 Solt Stan 10
MIC 11
i 18 LIS D 12
7 15 'Eled 13
| t 14
[8 140
Puvr Gind 15
L Sunen | Ne T
iz 17
[boLT 18
Voo 189
VREF 51V 20
Submif Documentalion Fesdback 3
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uc1824
uc2s24
UC3824

SLUSH &~ MARCH 1957 -REVISED JULY 2007

ELECTRICAL CHARACTERISTICS
Unless otherwise stated, these specfications apply for, By = 3,63k, Gy = 1 nF, Ve = 13 V, =85°C < T, = 125=C for the

UC1824, 40°C < Ty < 85°C for the UC2824, and 0°C < Ty < TOPC for the UC3824, To =T,

‘w TEXAS

INSTRUMENTS

weare T oom

PARAMETER TEST CONDITIONS 3%2 s LINIT
MIN  TYP Max MIN P Max
Reference Section
Qutput v oltage Ti=2 25, = 1mA 505 510 5.15 ] 210 2.20 WV
Line reguiation 10V = Vem =30V 2 20 2z 20
Load regulation TmA<ly < 10mA ] 20 5 20 ik
Temperaturs stz T < Ta= Tuax 0.2 0.4 o2 04 mviPC
Total cutput vanation! ) Lime, Load, Temparature 5 520 485 525 v
Cutput noise voltage'! 10Hz < f =10 kHz E0 50 T
long term stability T, = 12522, 1000 hrs 5 25 5 25 my
Short circult cunment Vegr=0W =15 -50 =100 15 =50 =100 ma
Oscillstar Section
Initial accuracy’? Ty =25 /O 400 40| 380 400 40| kHz
10V V=30V 0.2% % 2% %
Temperature stabifity! 7 T = T = T 5% 5%
Total variafion!? Lime, Temperature 340 AG0 340 450 kHz
Clock out high 1] 4.5 38 45
Clock out low 23 248 23 28
Ramp pesk’! 26 28 3 26 28 3 '
Ramp valley™ oF 1 125 o7 1 1.25
Ramp valley to peak’! 18 18 2 16 18 2
Error Amplifier Section
Input offset voltage 10 15 my
Input bias curment 06 3 Pl 3 ua
input offset cument 0,1 1 01 1 BA
COipen loop gan 1Valg=dW (=] a5 &0 as
CMRR 15V aeVgy=SoW s a5 Fi-] a5 B
PERR 10V = V=30V BE 110 BS 110
Output sink curnent Vem =1V 1 25 1 25 g
Output sowrce cunment VTEEERY =05 =13 05 1.3
Output high voitege lopg 2 =—0.5mA 4 4.7 5 47 5 v
Owtput bow woltage lppa=1mA 0 0.5 1 ] 05 1
Unity gain bandwidih' 3 55 3 55 MHz
Shew ratel! & 12 (=] 12 Vi
PWM Comparator Seclion
Pin 7 biss cument Vorg 7= 0 W =1 -5 -1 -5 uA
Dty cyde range a B0 1] &5 Yo
Pin 3 2ero de threshold Vpw 70V 11 125 11 125 v
Delay o output ] B0 50 8D ns
Soft-Start Section
Charge current Ve e=05YV 3 a 20 3 a 20 Y
Cischarge cwrrent Veme=1V 1 1 ma
Current LimitShutdown Section
Pin 9 bias cument D= Vogg =4V 15 10 A

i

This parameter not 100% ested in production but guaranteed by design

4
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uc1824

Texas UC2824
INSTRUMENTS Ucis24

warar ticom
SLUSGA -MARCH 1957 - REVISED JULY 2007

ELECTRICAL CHARACTERISTICS (continued)

Unless othermise stated, these specifications apply for, By = 3,65k, Gy = 1 nF, Vo = 153V, —55°C = T = 125°C for the
LIC1824, 40°C < T, < 85°C for the UC2824, and 0°C < T, < 70PC for the UC3824, T, =T,

UCi8z4
uciaz4
PARAGMETER TEST CONDITIONS UCzazd NI
MIN  TYP MAaX | MM ™F M
Current imit threshold aa 1 11 BE-] 1 11 v
Shutdown threshold 125 1.40 1.85 125 140 1.55
Delay b output 50 B0 50 a0 ns
Output Section
. loyr = 20 mA 0.25 0.40 025 0.40
Output bowy bevel -
lewyr = 200 mA 12 22 12 22 v
Outonit Bl lovel lewyy = -20 mA 13 13.5 13 125
WO b
PRI lour = 200 mA 1z 13 1z 13
Collector leakage Ve=m30 W 100 500 10 sl pA
Rise/izi ime!? CL=1nF 30 &0 30 &0 ns
Under-Vallage Lockoul Section
Start threshokd BB 9.2 a6 BE 82 8.8 v
LD hysteress 04 05 12 04 LVE:] 12
Supply Current Section
Start up current Vee =8Y 11 25 11 25 mY
ICC Vo 1. Ve 7. Veme =0V, Vag s = 1Y ] 33 22 3

{2} This parameter not 100% tested in production but guaranteed by design

UC1824 Printed Circuit Board Layout Considerations
High speed circuits demand careful attention to layout and component placement. To assure proper
performance of the UC 1824 follow these ules;

1. Use a ground plana.

2. Damp or clamp parasitic inductive kick energy from the gate of driven MOSFETs. Do not allow the output
pins to nng below ground. A senes gate resistor or a shunt -4 Schottky diode at the output pin serves
this purpose

3. Bypass Voo Vo, and Vgzr Use 09-pF meonglithic ceramic capacitors with low equivalent series
inductance. Allow less than 1 cm of total lead length for each capacitor between the bypassed pin and the
ground plans.

4. Treatthe timing capaatar, Cr, like & bypass capacitor,

n
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uc1824

UC2824 * Texas
UC3824 INSTRUMENTS

SLLSS 25 A~ MARCH 1937 ~-REVISED JULY 2007

Error Amplifier Circuit

Simplified Schematic

| uctez4
L
| C.ﬂ‘

H [3] Brrar Amp
Output
Wy
T
wu _l
(l ),
| n - J‘E_' i, 4
Open Loop Frequency Responss Unity Gain Slew Rate
100 5
AN
-1
=] 4 ;
1] Vin ! y \
™ (v) 3f——
e LAY ' Aveur L
Av (dB) ‘\ 2 :f“ M
e ) P I
i e !
L 0 02 04 0.8 0.8 10
20 [ o 90
R TIME (us)
180
100 1K 10K 100K 1M 10M 100M
FREGQ (Hz)
Synchronized Operation
Two Units in Close Proximity Generalized Synchronization
|_I.IGII2 ucm-t
Clock. l!-lo:lt

| 'I'

v) |
| il Logcal \ |
|_|““ J_m_ﬂarnp J

aster | = Slave
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TEXAS
INSTRUMENTS

wearey _tLoom

uc1824
uC2824
uc3824

SLUSIGA -MARCH 1997 - REVESED JULY 2007

Oscillator Circuit

Ar {Onms)

18k

i1

Timing Resistance vs Frequency

]

".
b

B

X

DN

w

R

<

N\

AN VA%

L

I,
m\ ‘\\‘\m \}ﬂ\

Primary Output Deadtime vs C; (3k = R4 < 100k)

&
] /
o
2 ]
T
k) /
00 =]
QT
[T P 2 47 g 2 7 100
Cr (nF)
Primary Output Deadtime vs Frequency
160
=~ _'__-F'-/-l
40 1.0nF —
E 1o
o
100
avopE | 1 e
L AR
Wl 00k 1
FREQ (Hz)

Typical Moen-Overlap Time (Tho) Over Temperature

Rl

=]

[~

25 =0 ™ 100 125
TG

Mon-Overlap Time (THo)
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TEXAS
INSTRUMENTS

wearay oo

uc1824
uc2824
uc3g24

SLUSI2GA -MARCH 1857 -REVISED JULY 2007

Open-Loop Laboratory Test Fixture

Ucie24
o—— & | clook 15V
AT3.85k |
5 RT qullnmr
& eTioaF 16V
i gler }| 10uF
= = i
7 | Ramp
503 |
j_ 47k 3 E/A Out!
|| 22« | Error
Men 1 Amp
L |
11wy )
s
{8 Boft Start
ok HE
glLm I
2.3k T L | | Bhutdown |
L] e L
This test fture is useful for exercising many of the As with any wideband circuit, careful grounding and by-

UG 1824's funclions and measuring their specificalions.

pass procedures should be followed. The use

ol a

ground pane is highly recommended,
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TOSHIBA

TLP250

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGEBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated photode tector,
This unit is B—lead DIP package.

TLPZ50 is suitable for gate driving cirewit of IGBET or power MOS FET,

+ Input thresholl current: IF=imAlmax.)
o Supply current {loc) 11mAimax.)

= Supply voltage (Voo 10-35Y

= Output current (10): £1,56A (max.)

o Switching time (L HtpHLY 1.6psimax.)
Wemalmin,)

17, file No EG

o Jsolation volias::

o UL revogmized: UL15

«  Option (D4) type
VDE approved: DIN VDEOSE406 92 certificate BNo 76823
Maximum opera ting insuls ton voltage: 630VPK
Highest permissible over voltage: 4000VPR
(Mote) When a VDED B84 approved type is needed,
please designate the "option (D4)"

=  Creepage distance: 6.4dmmimin)

Clearance: 6. 4mmimin.)

GaAlas Ired & Photo-IC

Unt in_mm

H] o
Rl

Hl o

(]

101054

TOEHIBA

11-10C4

Weight: 0.54 g

Schmatic Pin Configuration (top view)
loe
Vee 1[4 —* s
3 L i\ || Jf
2 Vo
Ve :t { 3 [ ] &
> Vo
4 I: & :l =1
ol 3
GND 1 HNC
A 0 WF bypass capoitar must be & 2 Anoda
connected betwean pin 8 and 5 (S22 Naote 5) 3 Cathode
4:NC
5. GND
G Vg (Output)
T Vo
8: Ve
Truth Table
T m— Tr Tr2
Input On On Off
LED off off on
1 2002-09-25
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TOSHIBA

TLP250

Absolute Maximum Ratings (Ta = 25°C)

Characteristic Symbol Rating Uit
Farward currant Ig 20 mA
Farward currant darating (Ta 2 TOPC) Alp I ATa -0.36 i fEC
[} A
0] Peak trangient forwand curent {Mote 1) IFpT 1 A
Revense voltage Vi 5 W
Junction temperature Ti 125 'C
‘Hpeak output currant (FPyy = 2 5us. f £ 15kHz) {Mate 20 loPH o A
“Lpeak oulput ourrent {Pyy = 2 58 T = 15kHz2) {Note 2) lapL +15 A
(Tas T0°C) 35
Cutput voltage Vo W
i {Ta=85C) 24
B ]
E (Ta = T0C) 35
I | Supply witage Voo W
{Ta=B5"C) 24
Output vollags derating (Ta 2 7T0°C) MV FATa 073 VI*C
Supply volfage derating (Taz TOFC) SVeoc (ATa 073 ViC
Junction temper ature 125 "z
Qperating frequency {Maote 3) I 23 kHz
Cparating temper ature range Tagpe —20-85 *C
Starage femparature range Tatg 55125 "z
Lead soldering temperaturs (10 5) Taai 260 'C
alation voltage (AC, 1 min, B.H .= 80%) (Mate 4) Evyg 2500 Vi

(Mote 1) Pulse width Py = 1ps, 300pps

(Mote 2)  Exporenential wavefom

(Mote 3)

(Mote 4)

(Mote 5)

togathar,

Exporenential wavafomn, lops S —1.04( £ 2.5u8), lopL = +1.04( < 2 .5u8)

Device considerd a twa terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5 6, 7 and 8 shorted

A ceramic capacitor(d.1pF) should be connected from pin 8 to pin 5 to stabilize the operation of the high

gain linear ampilifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1em

Recommended Operating Conditions

Characternstic Symbal Nin Typ Nz Linit
Input current, on IErci) & 10 il
Input volage, off VEOFF) - 08 W
Supply voltage Ve 1 — i | 20 W
Peak oulput curent lapHiopt —_ #0.5 A
Operating temperature Topr -20 25 70 | &5 "C

102
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TOSHIBA TLP250

Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)

Tast
Characternstic Symbaol Cir- Test Condition Ntin Typ"* Max Uit
cuit
Input forwand voltage VF — lg=10ma  Ta=25"C 18 18 W
Temperature coefficiant of AVE! AT .- IF =10 mA e 20 ol e
farward voltage
Input reverse current Ir — Vg =5V Ta=25C — 10 T
Input capacitance Cr — V=0,f=1MHz , Ta =25°C — 45 250 pF
H level loPH 3 Ip ol 05 | -15 pes
Vec=30v | Ves=4V
Quitput ourrent ..a"l' A
L level o 7 | IF =0 0.5 2 =
s J Ves=25V
R Ll i Viepy =+158V, Vg =-15V . -
st Vo 4 Ry =2000, I =5mA i =
Ouiput valtage W
i i e Viory =+15V, VEgy =15V
B VoL 5 |my=z000, ve=08Y = AL [ =R
= 0m &
IF = 10mA _ 7 _
o evel |;'_;'_,. ==
Voo =30V, g = 10mA — Lg 11
Supply current jin' mA
Ve = 30, g = 0mA - T E i
L level lecL § Ta=25C
Voo = 3, |g = Oma = - ik
Thraghald input “Outpt lELH | Meet =415V, Veg=-15V = 19 g mA
current L—H Ry =2000, Vg = OV
Threshold input " Output fd | Mect SIS, Vggq = -15V as e - .
valtage H—L" ' R =2000, Vo<V i
Supply voltage Voo - 10 —_ 35 W
Capacitance Ce | Vg=0 1=1MHz 10 20 oF
{input—output) L Ta=25C
TR T R Wt r Vs =500V, Ta=258C w2 14
Rreststan calinput-output) Rg R H < B0 1=10 10 — L¥

* All typical values are at Ta = 25°C  (*1}): Duration of I time s 50ps

3 2002-09-25

103



TOSHIBA

TLP250

Test Circuit 1

S O N |

1
@

Test Ciroult 31 1OPH

1 [

o[

Sikiis

| S [
—a

Test Circuit 5 Vo

N
L

«[]

I_l_ll__ll_l

Test Circuit 2 - IOPL

Test Cirouit 4 - VOH

104
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TOSHIBA TLP250
Test Gircult 5 oy m, tpHe. trly
[ - g Jt—l—
Lk 01uF Ve . i
L.‘—| ] T Va S % Von 80%
1 T i £l GND
= : i+ = Vo 80%
100 ¥ [ :l—u tolH
,J7 1 VEE " ~
Test Circut 7: CpgH, ChaL
8
1[] 1_17
aw IF 0.1yF
e 4 LT
A o B
I w-—[ }—O Vo
4[] 1H
=y Ve i
L ?
Frrd
a0ay
Vicwm
i Gy - 4800V
= £y v U— 26V = A s
CL

SW BlIF=0)

ChL{Cw) 15 the maximum rate of rise (fall) of the common mode wvoltage that can be sustained with the output

voltage in the low (high) state
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TOSHIBA TLP250

=V AVel ATa=-If
A0, 5
TasI5"C
=2
5 Fa
- 0 24
= / mE
; ]
E u : oz
5 4= 2z
=% ]
A 3| ,," E i [t
] =
= ‘,‘ W e
g 1 2 20
5 o 3 8=
] o5 i ]
7 E
'§ 03 T -
i =
1]
z
& ] @ i
8- ]
[1E=n] 7
om "If 14
10 1.2 14 15 18 o a 02 48 1 3 -1 id 30
Forward wiatage VE V) Forward curmant F o mA
Ig-Ta Vee—-Ta
40 40
=
‘5 k] G W \
=
2 Y
= o
& 2 i
s E ,
5 m \ S 2o
WL L =
H =3
- ]
= ]
o U] = ]
) g
£y
1] @
=} mn 40 &0 &0 100 =] mn 40 (=) &0 100
Ambient fermperaiuwe Ta ("0} lenperature. Ta ("C)
lopd, lopL—Ta
N AT T
PV S 26 s F 515 Bz
E i
5
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Data Sheet

154, 1200V Hyperfast Diode

The RHREP15120is a hyperfast diode with soft recovery
characteristics {tr = 65n3). 1 has half the recovery time of
ultrafaet diodes and iz of silicon nitide paesivatd
ion-implanted epitaxial planar construction.

This device is intended for use as a freawhesaling/damping
diode and rectifier in a variety of switching power supplies
ard other power switching applications. Its low stored charge
and hy parfast soft recovery minimize ringing and electrical
noise in many power switching circuits, thus reducing power
loss in the switching transistors.

Fomarly developmental type TA49008,

Ordering Information

PART NUMBER PACKAGE BRAND

RHRP151 20 TO-220A05 RHR15120

MOTE: Whan ordering, usa the entire part num bar.

Symbol

RHRP15120

January 2002

Features

* Hyperfastwith Soft Becosery. ... .....ooaa . 65ns
« Operating Temparaturg . ..o ii it 176°C
* RaversaVoltage . .. ... ... . ... ... 1200V

* Avalanche Energy Rated
= Planar Construction

Applicatfions
+ Switching Power Supplies
= Power Switching Circuits
+ General Pumposs

Packaging
JEDEC TO-220AC
AMCDE
CATHODE
CATHODE
(FLAMGE )

Absolute Maximum Ratings T.=25%, Unkss Ctherwiss Specified

Paak Repatitive Ravarsa Voltage . ..o cooe i v
Working Peak Reverse Violtage . ... 0 coiiociii i
G BleckingVeollage .. .. ..o & UASmA L eln B adnh i e
Avarage Rectified Forward Current .. ..o 00 ooooi i ni oo

(To = 1400C)

Repstitive Peak Surge Curmant . ... i iiiii i

(Squara Wewe, 20kHz)

Monrepstitive Paak Surge Curment . ... .00 oo ceiie i

{Halfwawe, 1 Phass, &0Hz)

Maxirnurmn Power Dissipation ... ..o 0 e i i o iigaa i
Avalanche Ensrgy (SesFigurss 10and 14) .. .o i
Opsrating and Storags Tempsraturs ..o o i i i

RAHAP45120 UNITS

............................ VERM 1200 v
........................... R =Y 1200 v
.............................. Ve 1200 v
............................ IFpay 15 A
............................ IFERA a0 A
............................. ] 200 A
.............................. Pp 100 W
............................ ER‘JL 20 m.
......................... Tete, Ty -B510175 R

22002 Farchld Samicomudor Copomlln

RHAP151 30 Rav. B
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RHRP15120

Electrical Specifications T =25%, Unlsss Ctharwise Specifisd

SYMBOL TEST CONDITION MIN TYP MAX UNITS
Ve I =15A : : 8.2 W
Ig= 154, T o = 150°C g s 26 v
™ Vg = 1200V . . 100 LA
Vg = 1200V, To = 150°C: - - 500 LA
t;; Ie= 14, digidt = 1004s s - €5 ra
IF=15A, d lrdt = 1004/ < i 75 na
W Ip =154, dig/dt = 100A/ps N 96 - na
1y Ip= 154, digidt = 100Ajs : o : re
CpR IF = 15A, d lrdt = 1004/ : 150 g nG
Gy Vi = 10V, Ip = 0A . 15 . pF
Raye - - 1.5 oW
DEFINITIENS

VE = Instantanscus foreard voltags (pw = 300ps, D = 24).
lg= IreBrtanscus everss current.
= Aeverse recovery time (Se= Figure 9), summation of ty+ 1y,
5= Time to resch peak reverse current (See Figure 8).
= Time fram paak |gpy to projected zero crossing of Igyy basadon a atraight line from peak | gy through 258% of |gy (Ses Figure 9).
Opg = A&varse recovery ¢harga.
C = Junction capactance.
Ry = Thamal resistance jundion to cass,
i = pulss width.
O = duty eyele.

Typical Performance Curves

100 —= — 100 —
e —— :
- I,
3 e T
E i P E I T T mlo T T il
e m% I/'EEPIS T 10 1w
£ £
2 - i i : i i !
=] [Te]
g g ! %
= w
g oo i i i i ——=
" M =
L = : i i : :
=~ | | | | | |
s i g 4 0 20 4w 6w @0 1m0 1200
Vi, FORWARD VOLTASE (V) Vg, FEVERSE VOLTAGE (V)
FGURE 1. FORWARD CURREMNT ve FORWARD VOLTAGE FIGURE 2. REVERSE CURRENT vs REV ERSEVOLTAGE
*B2002 Farchld Samkomdudor Copomila RHAF15130 Rav. B
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RHRP15120

Typical Performance CUrves (continued)

=
o
=]

5
Te= 25°C, dipidt = 100475 T = 100°C, dipkit - 100A418
- 128 __,.—""
= B0 - o feet*]
E |t E L1
W ty o] @ 100
i "] w —
E 2z l'_.,...---""'-'......-_ E _..--"""'.'—'- trr
= 75 e
E - _....--,..--"" . __'___,,_.---' & I ; -.__,,...--"""".
8 | T L 8 s =t ]
| bttt - W I
w | I T e
- 18 = - Iy
I — b 25
o o
0s 1 5 0 15 0.5 1 5 1w 15
IF, FORWARD CURRENT (i) IF, FORWARD CURRENT (&)
FIGURE 3. tyy, t3 AND t,; CURVE S ve FORWARD CURRENT FIGURE 4. t ., t3 AND t;, CURVE & ve FORWARD CURRENT
s A
200 T T E \ \
Te=175%, digdt = 1 00Aus / = N \DC
2 Lt i1z
g 1m0 L= o sq.w.a.:?\
E tee _,_.-"‘" o \
= __,....--"""‘ g °® Y
E 100  — — g \
w ey L & M
g 1g | =]
o =1 | g
T = I oy
- =
-
=
=
[ Eoa
05 1 5 10 15 100 115 120 145 180 7s
IF. FORMARD CURRENT (&) Tg. CASE TEMPERATURE ()
FAGURE 5. tppt; AND t, CURVES va FORWARD CURRENT FIGURE 6. CURRENT DERATING CURVE
178
£ 1w
9
T
£
I 1w
=T
L]
z T
AR
E 50
=
o B
0
a 50 100 150 200

VR, REVE RS E VOLTAGE (V)

FIGURE 7. JUNCTION CAPACITANCE vs REVERSE VOLTAGE

E2002 Farchld Samkondudor Comomiion AHAF1513 Rav. B
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RHRP15120

Test Clrcults and Waveforms

VigE AMPLITUDE AND
R CONTROL dipidt
1y AND 12 CONTROL Ip

DUT CURRENT
SENSE

Rg

| | | I A Al
ViGE sl — Voo

ey i

! |

L e 1
FIGURE B. t;,; TEST CIRCUIT FIGURE §. t;; WAVEFORMS AMD DEFINITIONS
Ippay = 1A
L =40mH
R <36
E L = V2L ¥Ry L VR WL ) - Voo VL
Oy = IGET (BVcgs = DUT VRjma ) L "
i J’ N
CURRENT +]= T T W L R
SENSE Voo ke L
[+ v e Y
VDD ; r Y
JL o—]|-. & ? b
l"kl ouT -9 s e
tg ty ty t—=
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT AGURE 11. AVALANCHE CURRENT ANDVOLTAGE
WAVEFORMS
22002 Farchid Samiomudor Copomlla AHAP15130 Rav. B
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h PD-93022B
International

1oR Rectifier SMPsmosreT  |[RFPS43NS0K

HEXFET® Power MOSFET

Applications

¢ Switch Mode Power Supply (SMPS) Vbss Rosion) typ- Ip

o Uninterruptible Power Supply 500V 0.0780) 47A

« High Speed Power Switching

« Hard Switched and High Frequency
Circuits

Benefits

+« Low Gate Charge Qg results in Simple
Drive Requirement

e« Improved Gate, Avalanche and Dynamic
dv/dt Ruggedness

« Fully Characterized Capacitance and Super-247 ™
Avalanche Voltage and Current

« Low RDS[CI‘I}

Absolute Maximum Ratings

Parameter Iax. Units
p @ Tg =25°C Comtinuous Drain Current, Wes @ 10V 47
In @ T =100°C | Continuous Drain Current, Vee @@ 10V 28 A
loaa Pulsed Drain Current o 180
Pp @Te = 25°C Power Dissipation 540 w
Linear Derating Factor 4.3 wreC
Ve Gate-to-Source Vollage + 30 W
dwidiPeak Dinde Recovery duidt o 9.0 Wins
T, Operaling Junclion and <55 lo+ 150
Tara Storage Temperature Range
Sokering Tempermture, for 10 seconds 300 .
(1.6mm from case §

Avalanche Characteristics

Symbol Parameter Typ. Max. Units
Eas Single Pulse Avalanche Energy™ — 910 md
lam Avalanche Cumenti - 47 A
Ear Repetitive Avalanche Energyi 54 m.J

Thermal Resistance

Symbol Parameter Typ. Max. Units

Rac Junction-to-Case v 0.23

Racs Case-to-Sink, Flal, Greasad Surface 024 e OO

Reua, Junction-to-Ambient -— 40

www.irf.com 1
040301
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IRFPS43N50K

Infernationa

IR Rectitier
Static @ T, = 25°C (unless otherwise specified)
Symbal Parameter Min. | Typ. [Max. [Units Conditions
Visrnses Drain-to-Source Breakdown Vallage 50 | — | — V| Ves =0V, Ip = 250pA
AVpayes! AT, | Breakdown Voltage Temp, Coefficiert | — | 060 | — [ W°C | Reference 1o 25°C, |p = 1mAD
Rpsga) Slatic Draindo-Source On-Resistance | — (007810090 | & | Vs = 10V, Ip = 28A
Wasim Gate Threshald Valtage 30 | = | 5.0 V| Vps = Vs, Ip = 250pA
T T (o — | 50 pA | Vos = 500V, Vgs = W
lgss Drain-o-Source Leakage Cument I A I T UA | Vps =400V, Vas =0V, T, = 125°C
Gate-lo-Source Forwand Leakage — | — | 100 Vias =30V
ess Gate-lo-Source Reverse Leakage r ey T T Vgs = -30V
Dynamic @ T, = 25°C (unless otherwise specified)
Sy bl Parameter Min. | Typ. | Max. | Units Conditions
a5 Forward Transconduclance A | —— | 8§ | Vps=50V, [p=28A
Qy Total Gale Charge —_— | — | 350 Ip=4TA
Qs Gate-to-Source Charge — BS5 n | Vos =400V
Cga Gate-to-Drain ("Millar™y Charge e 180 Vas = 100, See Fig, 6 and 13 &
Najomy Tum-0On Delay Time — | 25 | — Voo = 250V
1 Rise Time — | 140 — ne Ip=47A
Lagen Tum-0Off Delay Time - | 55 Rg=1.00
1 Fall Time . T4 Vas = 10V, 5ee Fig. 10
Cika Input Capacitance — | 8310 — Ve =0V
O Cutput Capacitance —_— | 880 | — Vs = 25V
Crus Reverse Transfer Capacitance — | 120 | — | pF | f=1.0MHz, See Fig. 5
Cions Cutpul Capacilance — 10Ty — Vgs =0V, Vps= 1.0V, f=1.0MHz
Coss Output Capacitance — | 240 | = Vs =0V, Vpg = 400V, f=1.0MHz
Cogs eff. Effective Output Capacitance 440 | — Vas = OV, Vps = 0V to 400V &
Diode Characteristics
Sym bol Parameter Mir | Typ | Max. [ Units Conditions
I ljlnnﬁnm':us Source Current = 47 MDEFFT symibeal /H_H\D
(Body Diode) A showing the |- :I;.)
u Pulsed Source Cument integral reverse 2}
: {Body Dinde) i ~SRW Y n—n?unminn dinde W s
Van Diode Fomward Vollage — | —| 15 WO Ty=25°C, le=4TA, Ves =0V
|- Reverse Recovary Tima — | 620 | 840 ng | Ty=25°C F=47A
Qyy Reverse RecoveryChamge — | 14 | 21 pe | dildt = 100A/us
lrrma Reverse Recovery Cument —| 3 | — A
[ Forward Turn-Cn Time Indrinsic tum- an fime is negligible fum-on is dominated by Le+lg)
Motes:

L Repelitve rating; pulse width imited by

méax. juncton temperatune. (See Fig. 11)
Starting T,= 25°C, L = 0.82mH, Rz = 254,
lag = 474 (See Figure 12a)

3 lgp =47A, difdt = 230478, Vop = Vigr)pas,
Ty =150°C

2

@ Pulse width <400ps; duty cycle <2%

5 Caag 0l 15 a fized capacitance that gives the same charging tima

85 Cpue while Vips 5 rising from 040 B0% Vs,

112
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International

IwR Rectifier
1000
WGE

TR 15
e e
b 700 =
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Vps , Drain-to-Source Voltage (V)

Fig 1. Typical Output Characteristics

1000
x
= [
L1oo 150° C=
E =
o I il
B 7 A
2 1o LY
P—" Fi ET
£ 7 Ty=25°C
5 Y
=] 1
= '
7
I Viog= S0V
i 20ue PULSE WIDTH
4 =] -] [ -] a 10 1 12

\,-'33 , Gate-to-Source Voltage (V)

Fig 3. Typical Transfer Characteristics

wiww, Irf.com

g, Drain-to-Source Current (A)

, Drain-to-Source On Resistance
(Mormalized)

1000 =
T 150
10
a.0v
& v
-y ..‘. L
100 By £
BOTTOME, 5V
10 ég
H4 5V
P
‘ J".r
- 20p= PULSE WDTH
. Ti=150°C
0.1 1 10 100
Vpg . Drain-to-Source Voltage (V)
Fig 2. Typical Output Characteristics
v Ip = 48A
T E .
= o
/]
=0 A
>
N ]
7]
.r-"-".
Wag= 10V
00
60 -40 200 O-.20 40 &0 80 100 120 140 160
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Ty, Junction Temperature "Cy

Fig 4. Mormalized On-Resistance

Vs, Temperature



IRFPS43N50K nlemational

IR Reclifier
100000 - p— 20
Vgs =0V, 1=1MHZ Ip = 484 J | *lm!
Cigs = Cgg * Cgg: Gy SHORTED = ;%_ 250V
100000 i Ve 1nw\§\\
i q 15 ;‘?;
a T I =
§ 10000 s > /..{;
. i g v
] 1| é 10 /
(=3
T 1000 ﬁ :
o 55 H E .aé/
o = " -
100 _ 1 = il
 f— H w /
il 2
10 [T
1 10 100 1000 a
0 50 100 150 200 250 30 350
Qg , Total Gate Charge (nC)
Ve, Drain-lo-Source Voltage (V) Lt o U
Fig 5. Typical Capacitance Vs, Fig 6. Typical Gate Charge Vs.
Drain-lo-Source Voltage Gate-to-Source Voltage
1000 oo s s s
= PEW‘-TIVN |NTHI "-F?E.f'- LIMITEDTH
— DS{on)
" E | I
3 = I
5 Fr=isc & = 0 B = = N
S J /,»‘ r E . = = == -;: 5 H
= r__—l — L . I
g 10 "J "Ilr (:,'l = = I"’ 1
o =i E P ~ ~100us
B = g ~ 19 i
T i T,= 25°C o) - 1L ~d |1
k) . -, = _H
Vs |f ]f 2 aims
L & | |
== SR
- H—T Te=25"C T _'..,‘.-2-.rna
T 1)=150C T
E| Vag=0V Sngle Pukse !
0.1 1 L
0.2 07 12 7 . 100 1000
V-:;D Source-to-Drain Voltage (W) Vog Drin-te-Source Voltage (V)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area
Forward \Voltage
4 www.irf.com
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Parameter

Core factor Cl mm™! 0.474
Effective core volume Ve mm® 1103300
Effective cross — sectional area Ae mm? 723
Minimun cross — sectional center pole area ACW mm? 1526
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