EAIRCHILD [Fairchild HV MOSFET Trend f\)

SEMMICOMDUICTOR®

1995 2000 2004 2008 year
H Name of brand, UniFET ™
For general purposed market

(simply process & big die)
Ranged 500V to 1000V
A*Rps(on) = 50méxm? @ 500V

New challenge for ultra-
™
Ranged 600V to 650V SuperFET Low Rds in HV planar MOS

A*Rps on) = 32ms2cm? @ 600V tech. (complex process)

N

SupreMOS™

Ranged 600V to 800 V
A*Rps(on) = 19méxm? @ 600V

New challenge for extremely
Low Rpg(on In HV trench MOS
tech.

Ideal solution for PFC and PWM
Application.

Best in class :85mohm in TO220




FAIRCHILD Overview of UniFET™ e

SEMMICOMDUICTOR®

e Feature

- Lowest specific Rpgopn) in regular DMOS technology 40% Reduction

- Higher avalanche energy

- Total gate charge (Qg) reduces 25%

- Lower Miller capacitance (Cgd)

- Input gate capacitance(Ciss) is less in order to reduce gate drive power
- Lower turn-off energy without effecting EMI

- Increased power density




— =T = SuperFET VS Planar. MOSFET
e e, Comparison of Vertical Structure

Feature & Benefits

Planar MOSFET

Source

* Ultra low Rds(on) resulting in low conduction loss
and improved efficiently in end-applications

» Best-in-class di/dt and dv/dt rating that allows the
devices to operate at higher frequencies, ensures
ruggedness and reliability

» Lower switching losses due to lower effective outp
capacitance (Coss,eff) that allows high frequency
switching and better efficiency in resonant mode

topologies g %
g_ 30
- Ultra low gate charge that improves switching § 2o
performance. 5 1o
Applications O Planar MOSFET  SuperFET

* PFC for high efficiency SMPS
» Server/Telecom Power SMPS
« LCD/PDP TV SMPS

» Electronic Ballast - _
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SuperFET

Planar MOSFET SuperFET




FAIRCHILD SUPErFET ‘4
e Multi-Epi Technology

Boron ImpluPR masking + EtChiniu Boron Imp.
Boron'l Gate hron Imp.

Source | Source Source  Gate Source

EPI Laye

th EPI Layer
R masking

4t EP| Layer
PR masking

d EPI Lay
IgR mas |nq

24 EPI Layer
R maskKing

33mQcm?2 @660V

1st EPI Layer
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SEMMICOMDUICTOR®

SuperFETTM SupreMOS™
Conventional

Multi-Epi Technology souse cate  Source Gate Fairchild’s Deep Trench

| Technology
Cell Pitch: 20um Cell Pitch: 12.5um
32mQcm? @660V 19m99m? @660V

Drai
* Higher active Cell density
« Stable process parameter during fabrication thE

» Simple process step . o
» Special deep trench etching, fill-i Cess: 0( )Wer
regol ranc ise




menes oupreMOS -

semiconDUcTo= [rench-fi |||ng Tech n0|09y

PR #&’L% Etching
Gate i) GAtetching

Source Source G

Source
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» Feature & Benefits
. 600V Super-junction MOSFET using deep trench technology
. A"Rpgon), 19MQ*cm?
. Lower input capacitance, C,__
. Higher diode dv/dt capability, 15V/ns
. Good reverse recovery diode characteristics, trr & Qrr

=  Applications
.PDP & LCD TV PFC
. Server/Telecom Power
. Electronic ballast
. Solar Inverter




s Supre MQS_eIectrlcaI ~
SEMCONDCTOR characteristic \)

Ron"Qg Qrr (nC)
(£2*nC)
46% down 43% down
5 + .
SuperFET SupreMOS SuperFET SupreMOS

You can save switching loss ,conduction loss and internal diode |
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Super FET select guideline

SuperFET Line-up ( Running Products ) for Power Block

h

Product BVaze Roawn ID{E57T) Qgtyp Tmiyp Package Sample ComsReference
FSC vl 1] [a] InC] ns] | COMP. S COMP.

[FCP4NED 500 1.2 5.9 128 277 T0-220 Auailable SPPOAME0CS
FCOMMED 800 1.2 3.9 128 277 DPAK foailable SPDO3NEIC STDINMED
FCDSMED 500 095 4.5 16 295 DPAK Aailable SPDO4MEIC3 STDSHMED
FCUSNED HPAK Anailable
FCOTME0 500 0.6 7 73 360 D-PAK Auailabie SPDOTME0CS
FCUTNED PAK foailable
FCPTMED TO-220 Aoailable SPPOTHEIC STPENMED
FCPFTMNED TO-220F Anailable SPAODTNEDC STPENMEDFP
[FCE11MED B00 0.30 E 40 350 T0-220 Anailable SPP11MBOCS STPTINMED |
FCPF11M80 TO-220F Anailable SPATINEDC STP11NME0FE
FCI11MED 2PAK Anailable STB11MNMED
FCB11MED D2-PAK Anailable SPB11MNEIC3 STB11MMED-1
FCP11MBOF 800 0.38 11 40 120 TO220 Anailable SPP11MEOCFD STP11MNME0FD
FCB11MBOF D2-PAK Anailable
FCPF11ME0F TO-220F Anailable STP11NMBOFDFP
[FCE11MES B50 0.30 ] 40 350 T0-220 code £ SPP11MESCS
FCPF11MNES TO-220F code F SPATINESC
FCP16MED 800 0.26 15 55 435  TO-220 Aoailable SPP15NEDC3 STP20MMED
FCA16MED TO-3P Anailable SPW1SHEOC3 STW2ONMED
FCP20MB0 500 0.19 20 75 530 T0-220 Available SPP20MB0C STP20MMED |
FCPF20MS0 TO-220F Anailable SPAZONEIC STP2ONME0FE
FCB20MED D2-PAK Anailable SPN2OMNEIC STB20MMED
FCH20MED TO-247 Anailable SPW20MEDC3 STW2ONMED
FCB20ME0F 500 0.19 20 75 160 D2-PAK Anailable SPW20NEDCFD
FLA4TNED 500 0.07 47 210 E60  TO-3P Available SPW4TNEOCS
FCH4THED TO-247 Anailable SPW4THEDCS




I
FAIRCHILD
[

SEMMICOMDUICTOR®

SupreMOS Line-up Plan for Power Block

Supre MOS guideline

B00V44 0.9500 DPAK ECD4NE0N P0S'09 P09
TO220F FCPF4NBONT PO30d P03
B00VITA 0.5200 TO220F ECEETNEONT POS'03 P09
80094 0.3850 TO220 FCPONEON now P709
TO220 FCPOMBOMNF P10°03 P10°03
TO220F FCPFSNEONT now P709
DEAK FCDONED FOT0s P09
B00VI11A 0.2990 TO220 FCP11NEON now P709
TO220F FCPF11NBONT now P709
800V/13A 0.2600 TO220 FCP13MEON niow P709
TO220F FCPF13NBONT niow P709
B00VI1EA 0.1990 TO220 FCP18NEDN niow PE09
TO220F FCPF16NEONT now PE09
TOIPN FCA16MEON now PE09
TO220 FCP16NEBONF P10°03 P10°03
B00VIZ2A 0.1650 TO220 FCP22NEON niow Releasad
TO220F FCPF22NEONT now Released
D2PAK FCB22NE0N FOT0s A




SEMMICOMDUICTOR®

EAIRCHILD FRFET characteristics O

v Remove External FRD
v Ultra-FRFET with fastest reverse recovery characteristic

Conventional Ultra

MOSFET FRFET™
(Ultra fast trr) ‘

(trr > 200ns)
Driver

Driver |— —= 4 -




mmerce  Half bridge analysis

I ‘i
SEMICONDUETOS® PWM mode (duty30%-40%) turn on condition
Normal-FET FRFET Ultra-FRFET

FDPFTN30 FDPF/NS0F

Ipk = 6A

' Ipk =3.3A

\
L e it et

div : 200n, 1A, 100V div - 200n, 1A, 100V

N e iy e

div : 200n, 1A, 100V




Half bridge analysis 1
e |- UIl duty 48% solution Dimming

SEMMICOMDUICTOR®

start-condition

Ultra-FRFET

L.} - .

FDPF5N50UT .. ... .. ......
(UniFET[)  Current Peak : 1.73;:1

L.} - .

FDPFSNS0FT. .. ... ... .....
Current Peak : 3.74A

- - .

" FDPF5N50NZUT

fUnjFETﬂJ Current Peak : 2.89A

- - .

'FDPF5N50NZFT

(UniFET )  Current Peak - 3.73A

0



m— Rohm BD9897 Full Bridge

] vy
sEmcONDUETO= - [gnjtion mode peak current

v Ignition Mode

Normal FET FRFET Ultra-FRFET

# FDPF5N50 # FDPF5N50F # FDPF5N50U

5 i Sk =l -Ezliv_ué.";in1e:5;1;.'
Id - 0.5A

Onoss = 52.47ul

B e L
%

| S P —

div. = time : 200ns
Id : 0.5A
Vds : 100V




mem—— Rohm, BD9897
SemMiconoucTor - Steady state mode, Normal MOSFET

e
Confidentia

v’ Steady state mode

div. = time : 5us
Vgs - 10V / Vds - 100V
Id - 0.5A

"
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SEMMICOMDUICTOR®

UniFET1 Line-up ( Running Products ) for Power & Inverter Block

Part Number BVoss PKG b [A] | Rosion Max 4l Sample
Min. [V] [ohm] (ns]

FOPF5NG0 500 TO-220F = T4 300 available
FDPF5NGOF™ 500 TO-220F 15 155 65 available
FDPF5NS0U" 500 TO-220F 1 2 36 available
FDPF7NS0 500 TO-220F 7 09 275 available
FDPF7NGOF™ 500 TO-220F 5 115 85 vailable
FDPF7NS0U" 500 TO-220F = 5 10 vailable
FDPF 10N50U" 500 TO-220F 3 1.05 50 available
FDPF12N50 500 TO-220F M5 0.65 375 available
FDPF12N50F 500 TO-220F 103 0.7 134 available
FDPF12N50U" 500 TO-220F 10 0.8 50 available
FDPF 16N50 500 TO-220F 16 0.38 290 available
FDPF 16N50U" 500 TO-220F 15 0.45 55 available
FDPF 10NG0ZU" 500 TO-220F B 0.95 50 available
FDPFBN60ZL" 500 TO-220F 5 5 45 available
FDPFGNGOZL" 500 TO-220F 1 21 12 available

* guffix : U - Ultra FRFET
“* suffix : F — FRFET
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= 650V SupreMOS

SupreMOS

Line Up Plan (2)

h

Product ID BV_DSS I D R_DS(on) Packages Sample Date Re(lgizee I;?te
FCPFONB5NT 650V 9A 0.385Q TO220F P06.09 Q3.09
FCPF13NB5NT 650V 13A 0.260 9 TO220F P06 .09 Q3.09
FCPF16N65NT 650V 16A 0.199Q TO220F P06 .09 Q3.09

FCA76N65N 650V 76A 0.035Q TO3PN P08 .09 Q4.09

» Fast Recovery Type (FRFET) Line-up
Release Dete
Product ID BV DS | D R DS(on) Packages Sade Date
(GodeS)
FCPINGONF 600V 9A 0404 % TQ20 P11.09 P1209
FOP1GNGONF 600V 16A 0.200Q TQ20 F09.09 P1209
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Diodes

Hyperfast
Hyperfast Il
Stealth
Strealth Il
Ultrafast

Shottky

pbwer

franchise "




SEMMICOMDUICTOR®

FAIRSAILE Hyperfast Il Feature h)

- Hyperfast
*Features
eLlow VFf.............. 2.1V(max)
* Fast Recovery............... t. <35nS.

*Benfits & Applications
*Basically offers similar benefit as Stealth does
*More suitable for Discontinuous conduction mode PFC where Vf plays more
dominantly than reverse recovery does.




s Hyperfast Il vs Hyperfast (8A)

I
SEMICONDUCTOR | [ . Vf

f\

Tech |Productid IF(A) | IFSM(A) | VF(V) max Irr(UA) Trr(nS) max Qrr(nC) typ
HF Il |[FFPO8HB60S 8 60 2.1|@25C 100| @25TC |35 IF=1A, di/dt=100A/nS, Vcc=30V |@25C
1.7/@100°C | 500| @100°C | 45| IF=8A, di/dt=100A/nS, Vcc=390V 18.6
HF RHRP860 8 100 2.1|@25C 100 | @25C | 30 IF=1A, di/dt=200A/nS, Vcc=30V
1.7/@150C |500| @50C |35 IF=8A, di/dt=200A/nS, Vcc=390V @25C 56
10 10 ——
]—— IfRHRP860 1 RHRP860
9 1—— IfFFPO8HB0S 81 EFPGOHE0S
] ] —— RHRP860
]—IfRHRP860 125C RHRP
&1 —— IfFFFP08H60S T 6- — FFPO8H60S
7 125C 4
6 FFPOSH :
< 1 < 24
= 0] AN 25C RHRP &

&|FFPO8H

2.0

T T T
-100 0
Time [ns]

T
100

200
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SEMMICOMDUICTOR®

- Stealth™
*Features
Soft Recovery .............. t,/t,>1.2
‘Fast Recovery............... t, <25nS, Vf <2.4V
‘Benfits

*Decreasing EMI and voltage spike by NOT abrupt or snappy reverse recovery.
*Decreasing system cost and efficiency by eliminating or reducing snubber circuitry.
*Decreasing switching device’s turn-on losses.

*High efficiency and reliability

— FFP08SE0S
—I5L.9RB60P2

e Stealth II

* Features
*Faster than Stealth, Fast Recovery
............. t, <25nS, Vf < 2.6V




mmenes Stealth 1l vs Stealth (8A) o

I
semiconoucToR [rr, Vf

Tech Productid IF(A) | IFSM(A) VF(V) max Trr(nS) max Qrr(nC) typ IRRM(A)
Stealth Il |FFP08S60S | 8 80 || 2.6|@5%C]| [19(typ)| IF=8A, di/dt=200A/nS, Vcc=390V |@25C || 21 2.2 |@25C
1.6(typ)|@125°C |58(typ)| IF=8A, di/dt=200A/nS, Vcc=390V |@125C|L 125 4.3 |@125C

Stealth  |ISLOR86OP2 | 8 | 400 [ 2.4|@es5¢C | [28(typ)|  IF=8A, di/dt=200A/nS, Vcc=390V T 50 3.2 |@5cC
ol@125C | 77(yp)| IF=8A, di/di=200A/nS_¥ce=390V __ |@125C| 150 3.4 |@125C

. e . . .
Higher VF, However in CCM PFC=> Faster Trr is dominant factor.

10

15
14

12‘. 125C ISLORSGOP2 —>

—— FFP08S60S @ 25C

— ISLOR860P2 @ 25C
FFP08S60S @ 125C

— ISLOR860P2 @ 125C

1 125C FFPO8S60 _
104
J 4 N
— ] \ 25C FFP08S60
E j 1 —— FFP08s60S @ 25¢C E 24 \ 25C ISL9R860P2
1 ——ISL9R860P2 @ 25C S = : \
6] FFP08S60S @ 125C 25C ISL9R8E0P2 04 \ ——" PR %
5] ——ISLIR86OP2 @ 125C e FEPORg60 ] \ A -
4 9 -2 1
3] \ 125C FFP08S60
2 7 \A—125C ISLIR8E0P2
1 —- -6 _-
0 T T T T T T T T T
0.0 0.5 1.0 1.5 2.0 25 100 0 100 200

Time [ns]
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EAIRCHILD  |rm of Diode affect MOSFET Turn-on loss. ‘
SEMMICOMDUICTOR®
| L DUTs
L oA
+ VL' MOSFET Waveforms
1 e

ViN
90-230Vac

\:) s
4t

0

AY|

VAl

O<+
Pyl

- LOAD
MOSFET

Diode Waveforms

Diode reverse recovery
Spl ke + CDISCHARGE

MOSFET
Diode Current

Current

MOSFET Eon

totr t2
Diode reverse recovery current effects MOSFET drain current level at turn on transient
- MOSFET Turn on loss



e —— 600V FRD o
SEMIEENDHETES Selection Guide for PFC

g Classification Part Number V[RVR]'\A PKG IF[ (:}/) \[/\F/'\;I trr[ (:;a]X) E;?::;et
S RURP860 600 | TO220 8 1.5 70 Released
é-l FFPF10UP60S 600 | TO220F 10 2.2 90 Released
S RURP1560 600 | TO220 15 1.5 60 Released
o UltraFast
g FFPF20UP60DN 600 | TO220F 10%2 2.2 90 Released
§ RURP3060 600 | TO220 30 15 60 Released
® RURG3060CC 600 | TO247 30*2 1.5 60 Released
1 HyperFast FFP/PF04H60S 600 | TO220/F 4 21 35 Released
. RHRD660/S 600 I/D PAK 6 2.1 30 Released
FFP/PFO8H60S 600 | TO220/F 8 21 35 Released Fooctack
FFPF10H60S 600 | TO220F 10 25 35 Released
RHRP1560 600 | TO220 15 21 40 Released
v RHRG/A1560CC 600 | TO247/TO3P 15*2 1.5 60 Released
é-' RHRP3060 600 | TO220 30 21 45 Released
5 RHRG1560CC 600 | TO247 15*2 21 45 Released
Cir? Stealth /11 FFP/PF04S60S 600 TO220/F 4 2.6 25 Released
% FFP/PF08S60S 600 | TO220/F 8 2.6 30 Released
% FFP/PF08S60SN 600 | TO220/F 8 3.4 25 Released
% EFP’ PFIHISS60 | 600 | TO200/F/TO247 | 15 2.6 35 Released
< FFP/H30S60S 600 | TO220/TO247 40 Released

_—
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200/300V Rectifiers

f\

Products Package Configuration Ve e Vew i
[Vl (Al [Vl [ns]
FFP12UP20DN TO-220 Common Cathode 200 6 1.15 35
FFP20UP20DN TO-220 Common Cathode 200 10 1.15 45
FFP30UP20DN TO-220 Common Cathode 200 15 1.15 35
FFPFO6UP20S TO-220F Single 200 6 11 31
FFPF10UP20S TO-220F Single 200 10 11 32
FFPF12UP20DN TO-220F Common Cathode 200 6 1.15 35
FFPF15UP20S TO-220F Single 200 15 1.15 35
FFPF15UP20ST TO-220F Single 200 15 1.15 35
FFPF20UP20DN TO-220F Common Cathode 200 10 1.15 45
FFPF20UP20S TO-220F Single 200 20 1.15 35
FFPF30UP20DN TO-220F Common Cathode 200 15 1.15 35
FFPF30UP20S TO-220F Single 200 30 1.15 40
FFDOBUP20S TO-252(DPAK) Single 200 6 1.15 35
FFD10UP20S TO-252(DPAK) Single 200 10 1.15 35
FFB10UP20S TO-263(D2PAK) Single 200 10 1.15 45
FFB20UP20DN TO-263(D2PAK) Common Cathode 200 10 1.15 40
FFB20UP20S TO-263(D2PAK) Single 200 20 1.15 35
FFPF10UP30S TO-220F Single 300 10 14 45
FFPF20UP30DN TO-220F Common Cathode 300 10 13 45
FFB20UP30DN TO-263(D2PAK) Common Cathode 20




sAmemis  Shottky Diode ~

SEMMICOMDUICTOR®

Shottky Diode Selection Guide
Products Package Configuration Very o Ven (25€)
V] (Al M

MBR20200CT TO-220 Common Cathode 200 20 1.0
MBR20150CT TO-220 Common Cathode 150 20 0.95
FYP1010DN TO-220 Common Cathode 100 10 0.95
FYPF1010DN TO-220F Common Cathode 100 10 0.95
FYP2010DN TO-220 Common Cathode 100 20 0.75(1257C)
FYPF2010DN TO-220F Common Cathode 100 20 0.75(125C)
MBRP3010N TO-220 Common Cathode 100 30 1.05
FYP2006DN TO-220 Common Cathode 60 20 0.71
FYPF2006DN TO-220F Common Cathode 60 20 0.71
MBRP3060PT TO-247 Common Cathode 60 30 0.65(20A)
MBRP4060PT TO-247 Common Cathode 60 40 0.72(20A)
FYPF1545DN TO-220F Common Cathode 45 15 0.70
FYPF2045DN TO-220F Common Cathode 45 20 0.70
MBRP3045N TO-220 Common Cathode 45 30 0.80
MBRP3045PT TO-247 Common Cathode 45 30 0.76
MBRP4045PT TO-247 Common Cathode 45 40 0.80
FYPF1004DN TO-220F Common Cathode 40 10 0.67
FYPF2004DN TO-220F Common Cathode 40 20
MBRP3035PT TO-247 Common Cathode 35

MBRP4035PT TO-247 Common Cathode ‘ D(”wer'“
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