) B

G- BN A

"

A Super Junction -MOSFET
kHl FHP65R360A/FHD65R360A/FHF65R360A

FES ¥ MAIN CHARACTERISTICS

ID 13A
VDSS 650 V
Rdson-typ ( @Vgs=10V) 0.33Q
Qg-typ 23nC

FBi& APPLICATIONS

BT o< HL YR High efficiency switch mode
power supplies

D
./D S

FEHI, Package

¥ FEATURES

(S Low gate charge
fik Crss (#174(f 0.8pF) | Low Crss (typical 0.8pF )
TF ORI R Fast switching

100%42 3 55 AR A,

100% avalanche tested

EHL dv/dt fE S

Improved dv/dt capability

RoHS 7=/

ROHS product

EHWHBEE Equivalent Circuit
D

S ’
G S
a2 cD o 'y
TO-220 TO-252 TO-220F
FHP series FHD series FHF series g
° S
a3 B AFAEE ABSOLUTE RATINGS (Tc=25°C)
e HUE L
BH (RS Value HA
Parameter Symbol FHPB5R360A | FHD65R360A | FHF65R360A | UMt
S A — R LR Vos 650 y
Drain-Source Voltage
YR A R Ip (Tc=25C) 13 A
Drain Current -continuous * Ip (Tc=1007C) 8.2 A
S PN UREL N L)
. ID™m 52 A
Drain Current — pulse (note 1)
A e M FE
Gate-Source Voltage ves 30 v
Bk S e E G 2)
Single Pulsed Avalanche Energy (note 2) EAs 163 mJ
TR GF D
Avalanche Current (note 1) Ias 3.3 A
THRE IR E R R R (I 3)
Peak Diode Recovery dv/dt (note 3) dv/dt 15 Vins
T U5 R R
Drain Source voltage slope (Vds=480V) dvds/dt 50 Vins
Po (TC=25C) 105 31 w
ﬁﬁﬁﬂz L -Derate above 25C 0.89 0.24 YV/
Power Dissipation C
Bilﬁ /m&ﬁﬁ%/mf . o
Operating and Storage Temperature Range T3, Tste 557~+150 C
51 S e IR TR
Maximum Lead Temperature for Soldering TL 300 T

Purposes

*RA I R m SR PR ], R =SEE D=0.7

*Drain current limited by maximum junction temperature, Maximum duty cycle D=0.7
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B 4F1% ELECTRICAL CHARACTERISTICS

T H
Parameter

Vzan ™=

(S
Symbol

RS
Tests conditions

N
Min

TN

Max

AT
Units

KA Off =Characteristic

(2]

e — I Rk

Drain-Source Voltage

BVbDss

ID=250pA, VGes=0V

650

o 5 U T B
Breakdown Voltage
Temperature Coefficient

ABVDss/ATJ

ID=250pA, referenced to 25C

0.6

VI'C

FE M T AR U LA
Zero Gate Voltage Drain
Current

IDSS

VDs=650V,VGs=0V, Tc=25C

MA

VDs=480V, Tc=125TC

100

MA

MR A I FEL UL

Gate-body leakage current

IGSS (FIR)

VDs=0V, VGs =+30V

+100

nA

WEAHEHME On-Characteristics

EIRIERENAN
Gate Threshold Voltage

VGS(th)

Vbs = VGS, ID=250uA

2.0

3.0

4.0

FAS SR
Static Drain-Source
On-Resistance

RDs(ON)

VGs =10V, Ip=6.5A

0.33

0.36

HA%PE Dynamic Characteristics

YNGR
Input capacitance

Ciss

ot P AR

Output capacitance

Coss

S T L7

Reverse transfer capacitance

Crss

Vbs=100V,
VaGs =0V,
f=1.0MHz

810

30

pF

0.8

JF=H5 Switching Characteristics

L ERLE

Gate Resistance

Rg

f=1.0MHz,
Vbs OPEN

6.5

FEIR I} (]
Turn-On delay time

td(on)

T 1]

Turn-On rise time

tr

ZEFR I [A]
Turn-Off delay time

td(off)

T B 8]
Turn-Off Fall time

tf

VDs=400V,
ID=6.5A,
Rc=10Q

VGs =10V

(note 4, 5)

11.5

ns

23.5

ns

43

ns

21.5

ns

LR PSS
Total Gate Charge

Qg

A — 952 R Aoy

Gate-Source charge

Qgs

Al — I HEL ey

Gate-Drain charge

Qgd

Vbs =400V ,
Ip=13A,
VGs =10V

(note 4, 5)

23

nC

nC

nC

R — U5 A N B KA sE(E Drain-Source Diode Characteristics and Maxim

um Ratings

1E 7] e R S HL I
Maximum Continuous Drain
-Source Diode Forward
Current

Is

13

1E 7] f¢ KRk FL

Maximum Pulsed
Drain-Source Diode Forward
Current

Ism

52

1E 7] & B
Drain-Source Diode Forward
\oltage

VsD

VGs=0V, Is=13A

0.9

1.4

I [ S 1]
Reverse recovery time

trr

S T PR L

Reverse recovery charge

Qrr

S AN ARL P B2 LI
Peak reverse recovery
current

Irrm

VGs=0V, Is=6.5A ,Vbs=400V,
dIr/dt=100A/us (note 4)

250

ns

1.8

uC

14.9
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4514 THERMAL CHARACTERISTIC

JiH s FHP65R360A | FHD65R360A | FHF65R360A qﬁ{fi
Parameter Symbol Unit
2k B8 5T I AH . .
Thermal Resistance, Junction to Case Rth(-c) 1.2 1.2 4.0 ciw
45 B PR O BB . o
Thermal Resistance, Junction to Ambient Rth(-A) 62 62 80 Ciw

TR
o UK TR PR P e e 2 i R A

: 1as=3.3A, VDD=50V, Rc=25 Q,jtih4EiH Ti=25C

o KPP Bk s E<300us, b 2 Hh<2 %
: AL TARRE TR

Notes:

: Pulse width limited by maximum junction temperature

1
2
3: IsD <13A,di/dt <200A/us,VoD<BvDss,f2ih4k iR Ti=25C
4
5

: 1As=3.3A, VbD=50V, RG=25 Q,Starting T3=25C

: Pulse Test: Pulse Width <300us,Duty Cycle<2%
: Essentially independent of operating temperatur

1
2
3: Isb <13A,di/dt <200A/us,Vbb<BVbss, Starting Ti=25C
4
5
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SURUR 1k pH 2%

ELECTRICAL CHARACTERISTIC CURVE

Safe operating area TC=25 °C
TO-220, TO-252

N
Limit by Rdson* d N
< 10 o D
> = :
& S 1Jf 10us—
- A ba N
5 7 N
o ==
£ = I 1ms=—]
© N NI 11 =
& P 1oms-
1y 0.1} T pu=150°C DC—
I & L
SincI;Ie Pulse Bvdss Limit
oot L LIl | 1]
1 10 100 1000
V- Drain Source Voltage (V)
Typ. output characteristics 7=25 C
20
€ Lot L
- o5~ =V =70V
§ 16 W/
~
E />~
> V_=6.0V
o 12 .
3 V=5.5V
S 8 =
c 2
.§ V. =5.0V
Q 4
_D
¥
0 5 10 15 20

V,,-Drain-to-Source Voltage (V)

Typ. drain-source on-state resistance

0.5
@ 04 V=6.0V N
8 i
; b
® 03 S
&

% V=10V

¥ 0.2

01

0 3 6 9 12 15

|,-Drian to Source Current(A)

I,- Drain Current (A)

I,s -Drian to Source Current(A)

V_(V)

gs

- —_—€$€$€$€—€—_ € € _—l_  _— —— ——————————

Safe operating area TC=25 °C
TO-220F

y

1
| | 1 4

o St i D0 ', e e e e e o b p——
1 3
1 In| 4

T | SN S - 1= ;I S
L1l ) I - 1. ) I -

T
b |
I
|

- Limit by Rdson*

B i

|

f

10us ]

[}

1110

-

10ms—

T .. =150°C DC

J(MAX)
 T.=25°C
Single Pulse Bvdss Limit

L Ll

[l

0.01

20

15

10

10

10 100
V- Drain Source Voltage (V)

1000

Typ. transfer characteristics

] 1
|
[

T=150°C

'r\,\.\

T=25°C ‘

/

4/
2 4 6 8

V., -Gate to Source Voltage(V)

10

Typ. gate charge characteristics

P

v

/

V,,=400V,| =11A —]

5 10 15 20

Total gate charge Q (nC)

25
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C-Capacitance(pF)

RDSON-On-Resistance Normalized

Veross) [V]

Typ. capacitances

Vc,s=0
=iz | @
1000 —_—————— — ! ! =
‘\‘ iss E
| :
100 A\ =
“‘ ~ _8
\ ﬁa\——_ C 7]
10 o £
-
-
1 Cfss O
0.1
0 100 200 300 400

V_-Source to Source Voltage(V)

Normalized on resistance vs temperature

V=10V
1,=6.5A

2.5

2.0

15

I,,-Source to Drain Current (A)

-50 0 50 100
Junction Temperature (°C)

150

Drain-source breakdown voltage
760

740

P

A

720

A2

Pror(W)

:

:
X

-20 20 100 140 180

T, [°C]

Normalized Vasth) characteristics

1.4

[1,=250uA
1.2

\\

=
1.0
\\
0.8 ™
0.6 N
0.4
-50 0 50 100 150

Junction Temperature (°C)

Forward characteristics of reverse diode

/
" [1]
1]
2 /

T=150°C /
8 /
4
/ /, _T=25°C
4 i,
// /
0.2 04 06 08 1.0 1.2 14
VSD-Source to Drain Voltage (V)
Power dissipation
120
90 \
N
60 TO-252
N
\k
0

0 50 100
Tcase(°C)

150
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Normalized Effective Transient
Thermal Impedance

Max. transient thermal impedance Max. transient thermal impedance

TO-220, TO-252 TO-220F
10 v - 10
=
2
Z
I
1 — 1
—05 03  fos - &
. .2_. 8.
[ 02]] LT Z9P bt E 02 = =at
P | i | d T
z'} g 01 A
[ -o é | el /’ -
0.1 |00 i | gm 01 Eoos =
0?2:::,. .g E = .
Htloor. 1.Duty Cycle, D=t /t, £ s 7 1.Duty Cycle, D=t t,
1 | o = =% . 1 om . : st y
e 2.Per Unit Base=R__=1.25 Celcius/W 2 A lh oI 2Per Unit Base=R | =4 Celcius/W
3.TJ“’T‘=PW e // ”” l I | 3'T.M-Tc-PDMRch—c
OOI TS Tl Illlllw.lllnuu .A...w...“, 001 - - 4 ......“, A....m.t 4 ........° ETEUT .
° w0t w0t w0t 1w 10t w1t 0 107 10 10 10° 10 10 10
Square Wave Pulse Duration (s) Square Wave Pulse Duration (s)
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M3 BB & Test circuits

Switching times test circuit and waveform for inductive load

Switching times test circuit for inductive load Switching time waveform
° *
Vos
i 90¢
_ = = y\
109%, \
V554/
@ — B AN
\_/ - ton >
Unclamped inductive load test circuit and waveform
Unclamped inductive load test circuit Unclamped inductive waveform
ID_" VDS =l T S
| am—
—
I |
L | e Vs
)
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Test circuit and waveform for diode characteristics

Test circuit for diode characteristics

|
1™

|

|

Diode recovery waveform

~V

Ay
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EPi2@ Marking:

A PR AN

K4 LOGO R
FHHONGLOGO‘\\\\\\\\\\ N
& oo
P A A O
PRODUCT CODE
FHP65R360
P
PART.NO

UL LOGO o
FHHONGLOGO\\\\\\\\\\
~

]

PR o oo
PRODUCT CODE > A
aFHFGSRSGO |
e
PART.NO :
I LOGO
FHHONGLOGO'\\\\\\\\\\\l ;
- > e
77 AR R Ii 00X
PRODUCT CODE ;rhmuwm
Tl T

PART.NO O O %'

ASSEMMBLY
LOT CODE

AT
ASSEMMBLY
LOT CODE

PR AR
ASSEMMBLY
LOT CODE
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4ME R . Package Dimension:

TO-252
a £
,— | .1 Jf I=:*:‘J_
N/ ' ]
a—
)
(-
© |
cH W .
1
P
U
- = - - ___,T__.W_____

=]

V

DIM

=

MILLIMETERS

.3410.30

.00+0. 30

.05+0.30

.9510. 30

7610.15

.2810.15

.30+0.30

[ e T e o Y o 1 O 6

060.30

(4-10) °

0.51+0.15

=T S e B o s T e [ o ) L [ I

0.52+0.15

r

0.80=x0.30

=

60~

(0-10) °

0.05x0.05

6.600.30

f‘l_"_'l
20

(4-8.5) "

RO. 40

RO. 40

i e I T B = I - gy I s ) e

.05+0.05

-

.00x0.05

.90+0. 30

.800.30

. 7570.30

.8010.30

.300.30

T o o (oo |=

Lo O ol O P S e T | S (i e T e

.90£0.30

(Units: mm)

10
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4MERSF: Package Dimension:

== -1 DIM | MILLIMETERS

10. 00+0. 30

=

8.0040. 30

b g
-\
Y
— __/"I
—
=
H

5.00+£0. 30

e
| M
[
=
[

13.20+0. 40

|
|
|
|
|
|
we]

.50+0.20

|
O

.30%0.20

I|
N
L
]
—

.80+0. 20

.60£0. 20

.00+0. 30

.60£0. 40

O | (W[ | D ||k

.50+0. 20

28.88+0. 50

3.00+0.30

1.30£0. 30

Typical 2. 54

2.40+0. 40

9.2040. 40

0.2540.15

0.25%40.15

OR|lneoe|d| A= m— | T |e|™im o

2.80+£0. 30

% 1.50+0. 10

DIA .
A 0. 50 MAX

(Units: mm)
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ANINEE

Package Dimension:

Iy
rJ

|
I_.-"'-\.\.
) |
L
Lo 1
]
[
D1
'FI
L..H.._
L i

E

|

— W

TO-220F
- El
| B L

(!
Ml

)

f

DIM MILLIMETERS
A 10. 16+0. 30
Al 7.00%=0. 20
A2 3.12+0. 20
A3 9. 70%0. 30
B 15.90+0. 50
Bl 15. 60+0. 50
B2 4. 70+0. 30
B3 6. 70%0. 30
C 3.30%0. 25
Cl 3.25%0.30
C2 28. 7T010. 20
D Typical 2. 54
D1 1. 47 (MAXD
D2 0. 80+0. 20
E 2.295%0. 25
El 0. 70+0. 25
E2 1. 02X 457
E3 0.30+0. 20
E4 2. 75+0. 30
(Units: mm)

12

Ver-1.0



