ON Semiconductor®

FCHO41N65EF

N-Channel SuperFET® Il FRFET® MOSFET
650V, 76 A, 41 mQ

Features Description

« 700V@T,;=150°C SuperFET® II MOSFET is ON Semiconductor’s brand-new high
* Typ. Rpg(on) = 36 MQ voltage super-junction (SJ) MOSFET famlly that is .utlllzmg

charge balance technology for outstanding low on-resistance
* Ultra Low Gate Charge (Typ. Qq =229 nC) and lower gate charge performance. This technology is tailored
* Low Effective Output Capacitance (Typ. Cogg(efr) = 631 pF) to minimize conduction loss, provide superior switching perfor-
« 100% Avalanche Tested mance, dv/dt rate and higher avalanche energy. Consequently,
SuperFET Il MOSFET is very suitable for the switching power

* RoHS Compliant applications such as PFC, server/telecom power, FPD TV

App“cations power, ATX power and industrial power applications. SuperFET
Il FRFET® MOSFET'’s optimized body diode reverse recovery
- LCD/LED/PDPTV - Telecom / Server Power Supplies performance can remove additional component and improve
system reliability.
» Solar Inverter * AC - DC Power Supply
D
G
G p TO-247
long leads S
Absolute Maximum Ratings Tc = 25°C unless otherwise noted.
Symbol Parameter FCHO041N65EF-F155 Unit
Vbss Drain to Source Voltage 650 \
v Gate to Source Volt -be +20 v
ate to Source Voltage
Gss 9 _AC (f>1 Hz) +30
) - Continuous (T¢ = 25°C) 76
Ip Drain Current - 5 A
- Continuous (T = 100°C) 48.1
Iom Drain Current - Pulsed (Note 1) 228 A
Eas Single Pulsed Avalanche Energy (Note 2) 2025 mJ
AR Avalanche Current (Note 1) 15 A
Ear Repetitive Avalanche Energy (Note 1) 5.95 mJ
MOSFET dv/dt 100
dv/dt - Vins
Peak Diode Recovery dv/dt (Note 3) 50
P Power Dissipation (Te =25°C) 595 w
D P - Derate Above 25°C 476 W/°C
Ty, Tsta Operating and Storage Temperature Range -55 to +150 °Cc
T Maximum Lead Temperature for Soldering, 300 oc
L 1/8” from Case for 5 Seconds
Thermal Characteristics
Symbol Parameter FCHO041N65EF-F155 Unit
Reuc Thermal Resistance, Junction to Case, Max. 0.21 oc/W
Reua Thermal Resistance, Junction to Ambient, Max. 40
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Package Marking and Ordering Information

Part Number Top Mark Package Packing Method Reel Size Tape Width Quantity
FCHO041N65EF-F155 FCHO041N65EF TO-247 G03 Tube N/A N/A 30 units

Electrical Characteristics 1. = 25°C unless otherwise noted.

‘ Symbol | Parameter Test Conditions ‘ Min. ’ Typ. ’ Max. ’ Unit |
Off Characteristics
. Vgs=0V,Ip=10mA, T; =25°C 650 - -
BVpss Drain to Source Breakdown Voltage \Y
Vgs =0V, Ip=10mA, T, = 150°C 700 - -

ABVpss Breakdown Voltage Temperature Ip = 10 mA, Referenced to 25°C - 0.72 - VI°C
/AT, Coefficient

Ipss Zero Gate Voltage Drain Current xzz ; 228 x }r/cG:i]gS\:C : 14-15 1-0 HA
Igss Gate to Body Leakage Current Vgs =220V, Vpg=0V - - +100 nA
On Characteristics

Vas(th) Gate Threshold Voltage Ves = Vps, Ip=7.6 mA 3 - 5 \
Rps(on) Static Drain to Source On Resistance Ves=10V,Ip=38 A - 36 41 mQ
IFs Forward Transconductance Vps =20V, Ip=38A - 71.7 - S
Dynamic Characteristics

Ciss Input Capacitance - 9446 12560 pF
Coss Output Capacitance YES% =M1|_|OZO V:Ves =0V, - 366 490 pF
Crss Reverse Transfer Capacitance - 35 - pF
Coss Output Capacitance Vps =380V, Vgs=0V,f=1MHz - 197 - pF
Coss(eff.) Effective Output Capacitance Vps=0Vto400V,Vgg=0V - 631 - pF
Qg(tot) Total Gate Charge at 10V Vps =380V, Ip =38 A, - 229 298 nC
Qgs Gate to Source Gate Charge Vgs =10V - 50 - nC
Qgq Gate to Drain “Miller” Charge (Note 4) - 90 - nC
ESR Equivalent Series Resistance f=1MHz - 0.6 - Q
Switching Characteristics

ta(on) Turn-On Delay Time - 55 120 ns
t, Turn-On Rise Time Vpp =380V, Ip =38 A, - 65 140 ns
(o) Turn-Off Delay Time Ves =10V, Rg=4.70Q - 175 | 360 | ns
t Turn-Off Fall Time (Note 4) - 48 106 ns
Drain-Source Diode Characteristics

Is Maximum Continuous Drain to Source Diode Forward Current - - 76 A
Ism Maximum Pulsed Drain to Source Diode Forward Current - - 228 A
Vsp Drain to Source Diode Forward Voltage Ves=0V,Igp=38A - - 1.2 \
ter Reverse Recovery Time Vgs =0V, Igp=38 A, - 207 - ns
Qy Reverse Recovery Charge dlg/dt = 100 A/us - 15 - ucC

Notes:

1. Repetitive rating: pulse width limited by maximum junction temperature.
2.1as =15 A, Rg = 25 Q, starting T, = 25°C.

3. Isp <38 A, di/dt <200 Alus, Vpp < 380V, starting T, = 25°C.

4. Essentially independent of operating temperature typical characteristics.

www.onsemi.com
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Typical Performance Characteristics
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Figure 1. On-Region Characteristics
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Figure 3. On-Resistance Variation vs.
Drain Current and Gate Voltage
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Figure 5. Capacitance Characteristics
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Figure 2. Transfer Characteristics
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Figure 4. Body Diode Forward Voltage
Variation vs. Source Current
and Temperature
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Figure 6. Gate Charge Characteristics
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Typical Performance Characteristics (continued)

Figure 7. Breakdown Voltage Variation
vs. Temperature
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Figure 9. Maximum Safe Operating Area
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Figure 11. Eoss vs. Drain to Source Voltage
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Figure 8. On-Resistance Variation
vs. Temperature
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Figure 10. Maximum Drain Current
vs. Case Temperature
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Typical Performance Characteristics (continued)

Figure 12. Transient Thermal Response Curve
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Figure 15. Gate Charge Test Circuit & Waveform
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Figure 16. Resistive Switching Test Circuit & Waveforms

L
VDS>—'—’W
[ BVDSS
I -
Re
— =
o MN Ca = Voo
Ves J_I_ DUT Voo
o
(o,

Figure 17. Unclamped Inductive Switching Test Circuit & Waveforms
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Figure 18. Peak Diode Recovery dv/dt Test Circuit & Waveforms
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ON Semiconductor and J are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries.
ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of ON Semiconductor’s product/patent
coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. ON Semiconductor reserves the right to make changes without further notice to any products herein.
ON Semiconductor makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
Buyer is responsible for its products and applications using ON Semiconductor products, including compliance with all laws, regulations and safety requirements or standards,
regardless of any support or applications information provided by ON Semiconductor. “Typical” parameters which may be provided in ON Semiconductor data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer
application by customer’s technical experts. ON Semiconductor does not convey any license under its patent rights nor the rights of others. ON Semiconductor products are not
designed, intended, or authorized for use as a critical component in life support systems or any FDA Class 3 medical devices or medical devices with a same or similar classification
in a foreign jurisdiction or any devices intended for implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized
application, Buyer shall indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such
claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: N. American Technical Support: 800-282-9855 Toll Free  ON Semiconductor Website: www.onsemi.com
Literature Distribution Center for ON Semiconductor USA/Canada
19521 E. 32nd Pkwy, Aurora, Colorado 80011 USA Europe, Middle East and Africa Technical Support: Order Literature: http://www.onsemi.com/orderlit
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada Phone: 421 33 790 2910 " . .
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada Japan Customer Focus Center For additional information, please contact your local
Email: orderlit@onsemi.com Phone: 81-3-5817-1050 Sales Representative
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T B BT
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% LABYTERE (1% 52 8, “STB” i,

CLK LT O e o e ey O
DIO [ Commandi []  Command2 []  Command3 [] Datal [T Command4 [] Data2 [ o [ Commands |
st ] I M I 1 r
Commandl: &% HE BRI

©Titan Micro Electronics www.fitanmec.com

V2.0



7'- TITAN MICRO™
/15 ELECTRONICS  LED ZEzh#si 4 A s i TM1668

Command2: W& E 4
Command3: & Z k]
Datal: f&4 7~ 23 1 2 Command3 il P
Command4: %5 w2
Data2: &% i~ 2 42 Command4 ik A

Command5: & iEfHlar 4

(3) BHZEE
CLK LLCOEE i G e e e e P e e ey

DIO | Commandl | | Datal | | Data2 | | Data3 | | Data4 | | Data$ |
STB _| ,_

Commandl: ¥ B it
Datal~5: 5% S5

©Titan Micro Electronics www.titanmec.com

V2.0



7

® TITAN MICRO™

!t ELECTRONICS  LED B thl& i sk

TM1668

(4) KAtk 8 3n—AE 2 sk 75 X R P RTHRE R

K E S — RE P B K -

iR

\
46

L

WE RN
ix (03H)

‘

\
B 16
J: (0COH)

| s
3 mf
4
Em
Rt
=
o
b3
=

n

No——>>
\

1 3% 4o

14BYTEX! 7
ETE T

©Titan Micro Electronics

V2.0

% 52 SBYTE
ng 2

SOX.

RIS X &L
2

<
&

¥

U OB
g

No——>
\

&R

www.titanmec.com

S 11 -



7" TITAN MICRO™
/1) ELECTRONICS  LED |4 Fi i THi668

SR FH [ 58 ik AR P BT AR I -

It 45

\
#1454

\
WEERH
& (03H)

N

Fll KT
=

= 0

) 44 a4
HE (44H)

\

i 3k
( 0COH)

i

£ 3% 1BYTE

S

B R A
i C0CIH)

\

%1% 1BYTE
K

©Titan Micro Electronics

9{

\
ERERERGLRE
Jik w5 11/16 ( 8CH)

=
N

\

Bk H
A (42H)

fir

e
i

Mr———?

% IBTYEW
"/E\:

\

¥ 4wk E 7 A
MCUH % 17 2%

4 4
T ?

www.titanmec.com

V2.0



7" TITAN MICRO™
/1) ELECTRONICS  LED |4 Fi i THi668

+:\ J—‘SZH% %%:
TM16685X 23t B Hhd B i H B B (18D

SEGI SEGI SEGI | 4 SEGI
SEG2 SEG2 SEG2 | p _° SEG2
SEG3 SEG3 SEG3 | ¢ f b SEG3
SEG4 GRID7 SEG4 GRID6 SEG4 | ¢ | ¢ GRID5 SEG4 GRID4
SEG5 SEGS SEG5 | ¢ ¢ SEG5
SEG6 SEG6 SEG6 | ¢4/ SEG6
SEG7 SEG7 SEGT | ¢ L SEG7
SEG8 SEG8 SEGS | 4, SEG8
\ N\ N\ N\
SEGI SEGI | 4 SEG1 | a
SEG2 SEG2 | p _° SEG2 | b _°
SEG3 SEG3 | ¢ f] lb SEG3 | ¢ ¢ b
SEG4 GRID3 SEG4 | 4 I8 GRID2 SEG4 | 4 I_% GRIDI
SEGS5 SEG5 | e¢ c SEG5 eec
SEG6 SEG6 | £ 4 [, SEG6 | I 4.
SEG7 SEG7 | ¢ @ SEG7 | ¢ o
SEG8 SEG8 | 4 SEG8 | 4
p p /
/
vec
S 1
[ cDi?( DIO GRID] KGRIDI R
S 2 <T3 CLK GRID2 [GRID2 = =,
Ol 3 ¢ STB  TMI1668  GND . Y 47uF
K1
> 2 GRID4 GRIDS oTD
N GRIDS v
vee | VDD SEG14/GRID5
T00P JT00P ™ [100P SEGL | SEGl/KSl SEGI3/GRIDG [SRIDG GND
SEG2___| SEG/KS2 SEGI2/GRID7 FORIDT
GND EESi SEG3/KS3  SEG10/KS10 [SEGLO
SEOLSEG4KS4  SGE9KKS9 gEGg
SEGS I SEGSKSS  SEGE/KSS g
SEG6/KS6  SEG7/KS7 [SEG7
—O —O
7 ° SEGI
oy oy /
__i—l_ SEG2
—O —O
° 1 1 SEG3
—O —O
g B e S
+—O o—l_»—o
i 1 SEGS
—
—O —O
SEG6
o 1° i SEG7
Mo oqre ° SEGS
Mo oqre o SEG9
Lo Lo
7 > secwe
(18)
©Titan Micro Electronics www.titanmec.com

-13 -
V2.0



7" TITAN MICRO™
/J!t ELECTRONICS  LED B thl& i sk

TM1668

TM16685X 53 BHAAS B A4 FEL S P (19)

GRIDI[ , GRIDI[ , GRIDI GRIDI[ ,
GRIDZ 1, _° GRIDZ , _* GRID?| GRIDZ , _*®
GRID3 fb GRID3 fb GRID3 GRID3 fb
GRID4 4 SEG1 GRID4 4 SEG2 GRID4 SEG3 GRID4 4 SEG4
GRIDS ecc GRIDS ecc GRIDS GRIDS ecu
GRID6| ¢ GRIDG ¢ GRID§ GRID6| ¢
GRID] GRID] GRIDT GRID]
~, L L = -
GRIDI , GRIDI[ , GRIDI , GRIDI[
GRIDZ 1, GRID2| p _° GRIDY |, _° GRIDZ , _°
GRID3 fb GRID3| fb GRID3 f GRID3| fb
GRID4 4 SEG5 GRID4| ¢ SEG6 GRID4 4 SEG7 GRID4 SEG8
GRIDS eec GRIDS eec GRIDS ee GRIDS eec
GRIDG ¢ GRID6| ¢ GRIDG GRID ¢
GRID] , GRIDT , GRIDT GRIDT
~ - ~ S -
GRIDI[ , GRIDI[
GRIDY |, _® GRID2| ,, _®
GRID3 r GRID3 l‘b
GRID4 4 SEG9 GRID4 4 SEG10
GRIDS ee\ GRIDS ee c
GRIDG ¢ GRIDG ¢
GRID] , GRIDT
\ N
4
Vee
% 1 DIO DIO GRID1 |GRIDI 1
52 S CLK GRID2 (GRID2 = T4
B3 . STB  TMI668  GND 4TuF
= K1 GRID3 (IRIBS
= K2 GRID4 GND v
- = V& g VoP SEGI4/GRIDS (RIS GND
100P__]100P _|100P SEG| SEGIKS! SEGI3/GRIDG renisd
SEG5] SEG2/KS2 SEGI2/GRIDT o2
GND SEG3/KS3  SEG10/KS10
SEG4 | spGaks4  SGE9/KS 1SEGO
SeO3 SEGs/Kss  SEGy/Kkss SEGE
EG6| SEGo/KS6  SEG7/KS7SEGT
— e
o) O
% 9] skGl
— ——
O O
7 9] sEG2
—O —O
7 © sBG3
L O O
e O] sEG4
— ———
—O —O
| O] sEGs
e ——
O O
San| 9 sEGe
— ——
t O O
% O] 8EG7
— ——
O O
7 O] SsEGs
L O O
7 O sBGo
—© 0 =° 97 sGwo
SEQED)

AR 1. VDD. GNDZZ[8])JE HE 28 A PCBAR A 28 N R S FE T TM1 66805 F iU &, TN 5y v 2 3 o
2. FERAEDIO. CLK. STBIEIA I _E R H: =AN100pF HL 25 A] DA R 8 1 4
3. RIS Y EOE A 1 508 s B TR £ 3V, R TM1668 4L L v % FH 5V .

©Titan Micro Electronics

V2.0

www.titanmec.com

- 14 -



7" TITAN MICRO™
/J!t ELECTRONICS  LED B thl& i sk

TM1668
+=. BESH:
WIS (Ta = 25°C, Vss = OV)

24 5 BlEEE| LA

B HLE R VDD 0.5 ~+7.0 v

SR PN =N VIl -0.5 ~ VDD + 0.5 v

LED SEG 3Xzh%r i fiif 101 -50 mA
LED GRID 3Kzt HL 102 +200 mA
DIES b PD 400 mi

TARIR Topt -40 ~ +80 ‘C

il A7l 5 Tstg -65 ~+150 C

IE¥ TAEVERE (Ta = -20 ~ +80°C, Vss = OV)

ZH e /N i ISP BT MR
AR YR R VDD 3 5 6 vV -
o1 L P N L VIH 0.7 VDD - VDD Vv -
(R PNCEN VIL 0 - 0.3 VDD Vv -

©Titan Micro Electronics

V2.0

www.titanmec.com



7" TITAN MICRO™
!t ELECTRONICS  LED B thl& i sk

TM1668
B4R (Ta = —20 ~ +80°C, VDD = 5V, Vs = OV)
S s AN | A | R ;2R v MR 2%
e e L s SEG1~SEG10,
fe P LY Tohl 20 35 60 mA Vo = VDD -3V
GRID1~GRID7
SIZ EA Nras _
P A FRLIAL Tor 80 120 mA Vo0, 3V
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0. IC HERRE:
SOP24
D C
-
)
HHHHHHHAHHAAH 5
e
M
® /
HHEHHHEHBHHBHE FJ
B
=
Rt il
Symbol Dimenslons In Millimenters Dimenslons In Inches
Min MNixx Min Max
A 2.280 2.630 0.090 0.104
Al 0.100 0.300 0.004 0.012
A2 2.180 2.330 0.086 0.092
B 0.350 0.510 0.014 0.020
C 0.204 0.360 0.008 0.014
D 15.200 15.600 0.598 0.614
E 7.400 7.600 0.291 0299
E1 10.000 10.650 0.394 0.419
e 1.270CTYP> 0.050<¢TYP>
L 0.400 1.270 0.016 0.050
8 0° 8° 0° 8°
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SSOP24

) Symbol  [Min/mm |Nommm|Max/mm
2 T \ ! A |-—-11650 [-———-

2
I000DARND0T AT {0050 10750 1050
A | | A2 |1.400 [1.500 |1.600
@ ———— 0250 |——
b |0.270 |0.320 | 0.370
bl | 0250 |0.300 | 0.350
¢ |-——-[0152 |———-

D1 8.050 | 8.150 | 8.250
D2 | 8.100 +8.200 | 8.300

A TR N

”e E2 (15200 | 5300|5400

LR el m | ——2— 0650 | -———-

L |0.700 0.900 |1.100

" 11.250 | —--

01 R | -=—— 0120 | —-

Rl |——— | 0200 | ——-

6 |0 SN P—
‘ e s 110 — o
T nfo |—1u

D2 e 7 |-——— 0525 | —-

A3 l
(GAGE PLANE) -

o

|

E1

EE A

> ] E2
N

Al
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SDIP24
S r\
L
|
I
83 92 |
i
|
A
R1 /{‘\
//F // \\,//F_ b1
| 4 . — - -
\\\#///
[N I N N O I I A | T Bl e L [
i iTR Rl B /h (mm) & N oCmm) i ﬁR N b (mm) | & A (mm)
A 21.90 22.10 C4 0.8TYP
A1 0.36 0.56 C5 1.63TYP
A2 0.90 1.10 D 8.20 8.80
A3 1.778TYP D1 0.20 0.35
Ad 1.0TYP D2 7.62 7.87
A5 0.73TYP R1 1.0TYP
B 6.30 6.50 d 1
C1 3.40 3.60 01 10° TYP
C2 0.60 02 5° TYP
C3 2.80 3.20
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