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Fairchild Discrete ranking in HK/China

Top 19 Companies' Vendor Revenue From Shipments of Total Discrete to China/Hong Kong (Millions of U.S. Dollars)

Rank Rank Revenue Revenue Growth Market Share
2000 2001 Company 2000 2001 2000-2001 2001
4 1 Fairchild Semiconductor 124 150 21.0% 12.1%
1 2 Toshiba 178 143 -19.8% 11.5%
5 3 Philips Semiconductor 123 110 -10.9% 8.9%
2 4 Rohm 137 109 -20.4% 8.8%
13 5 Infineon Technologies 43 106 143.8% 8.6%
6 6 STMicroelectronics 120 98 -18.5% 7.9%
3 7 Hitachi 126 89 -29.3% 7.2%
8 8 ON Semiconductor 103 80 -22.3% 6.5%
7 9 Sanyo 111 64 -42.3% 5.2%
15 10 Vishay 37 62 67.6% 5.0%
10 11 KEC 84 56 -33.3% 4.5%
12 12 International Rectifier 45 53 17.8% 4.3%
9 13 NEC 93 42 -55.3% 3.4%
16 14 Matsushita 25 23 -6.5% 1.9%
11 15 Motorola 50 23 -54.0% 1.9%
14 16 Mitsubishi 42 20 -52.4% 1.6%
18 17 Agilent Technologies 14 5 -64.3% 0.4%
19 18 Fujitsu 8 3 -54 5% 0.3%
20 19 Sony 4 3 -37.5% 0.2%
Included Companies' Total* 1,467 1,238 -15.6% 100.0%

*Includes only19 companies' shipments into China/Hong Kong. Total for the 19 companies is less than total China/Hong Kong market.
Source: Gartner Dataquest (April 2002)
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HV Products Portfolio Depth & Breadth

© : Excellent  O: Good
A > Reasonable X : Poor
Fairchild IR Hitachi ST Micro Infineon Toshiba

Power Supply © © © © © ©
Ballast © © O © © ©
Monitor @) O O © O ©
Charger © © © © © ©
Motor © O X O X O
PDP © O © O © ©
Car Amp. © O A O O ©
IH Appl. © A X A © O
DSC © X X X X ©
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HV MOSFET Portfolio

IRFxxxA (_PDD)
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IRFxxxA

Directions of FSC’s MOSFET
- Introduces new technology to gain the market leadership

- Meets industrial standard and FSC’s originality

K- Meets market’ requirement for performance and cost y
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MOSFET Design Technology Trend

AFET / BFET

8-Shape Cellular
Deep P+ Junction
No JFET implant / JFET implant
6-Mask / Perkin Elmer

Advanced Q-FET

Ladder-Shape Stripe
Flat Bottom Junction

JFET implant
JFET Drive-in

8-Mask / Mix & Match Photo
*IGBT Il : No Poly cut
7-Mask / Perkin Elmer

Active Design Comparison
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Design Technology and Feature

Design Technology Figures of merit Competitors FSC (PDD) FSC (DPP)
P+ self align implantation Higher ruggedness STM StripFET™ “NE” “NF” Advanced QFET KMOS
using a spacer sidewall Higher cell density Infineon SIPMOS™ IGBT Il SMPS2 IGBT
Reduced mask steps (etched spacer) (unetched spacer)
Reduced process variation
Flat bottom shallow active body Higher BV efficiency IR Benchmark Advanced QFET KMOS
junctions Higher cell density STM SuperMESH™ “NK” IGBT Il SMPS2 IGBT
~> Lower Rpg o) Infineon SFET, SIPMOS™, OptiMOS™
JFET implantation Lower JFET resistance IR Benchmark Advanced QFET KMOS
~> Lower Rpg(on) STM PowerMESH™ “NC” IGBT Il SMPS2 IGBT
Toshiba Pi-MOS V
JFET drive-in Lower drain resistance IR Benchmark Advanced QFET KMOS
~> Lower Rpgqon) STM SuperMESH™ “NK” IGBT Il SMPS2 IGBT
Reduced poly pitch Toshiba Pi-MOS V
~> Lower Qgp/Qg
~> Higher BV efficiency
~> Lower Rpg
Polycut Simple cutting the center of poly gate - - Advanced QFET
~> Lower Qgp/Qg
Split poly gate Center poly field plate disconnected - KMOS
from gate & SMPS2 IGBT
shorted to source
~> Lower Qgp/Qg
H I
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ew HV MOSFET Definition

* Can be changed by specific marketing targeting
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Performance Comparison

Advanced QFET

.................................................................................................................. e
Series QFET B-FET C-series V2-series SuperFET
FQP19N20 IRF640B FQP640C FQP18N20V2
200V | Rps(on) A*Rps(on) 11.8mQcm2 12.0mQcm?2 10.8mQcm?2 9mQcm2
RDS(on),typ 0.12Q 0.145Q 0.14Q 0.12Q
RDS(on),max 0.15Q 0.18Q 0.17Q 0.14Q
Qg Qg.typ 31.0 45.0 43.0 20.0
Qgd,typ 13.5 22 10
FOM 3.7 6.5 6.0 2.4
FQA16N50 IRFP450B FQA450C FQP18N50V2
500V | Rps(on) A*Rps(on) 80mQcm?2 78.7mQcm2 58.4mQcm2 57.5mQcm2
RDS(on),typ 0.25Q 0.31Q 0.31Q 0.2250
RDS(on),max 0.32Q 0.39Q 0.37Q 0.265Q
Qg Qg.typ 60.0 87.0 46.0 42.0
Qgd,typ 28 39 20.0 14.0
FOM 15.0 27.0 14.3 9.5
FQP12N60 SSP10N60B FQP10N60C FCP11N60
600V | Rps(on) A"Rps(on) 110mQcm2 113mQcm2 87mQcm2 34mQcm2
RDS(on),typ 0.55Q 0.65Q 0.63Q 0.38Q
RDS(on),max 0.7Q 0.8Q 0.75Q 0.32Q
Qg Qg.typ 42.0 54.0 49.0 45.0
Qgd,typ 21.0 21.0
FOM 231 35.1 30.9 17.1
FQP7N80 FQP7N80C FCP6N80
800V | Rpsn)| A"Rbpsion) 210mQcm2 197mQcm?2 53mQcm2
RDS(on),typ 1.2Q 1.44Q 0.77Q
RDS(on),max 1.5Q 1.7Q 0.9Q
Qg Qg.typ 40.0 355 27.0
Qgd,typ 20.0
FOM 48.0 51.1 20.8
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Product Cross-reference

C-FET g |Rds(on) |Rds(on) fe . hild g |Rdslon) Competitor PKG |la  |Rds(on)
Max Typ. Max Max

FQP3N80C 3.0 4.80 4.00 [FQP3N80 3.0 5.00 [STP3NASO _ |ST |TO-220 | 3.1 4.50
FQPBNS0C 5.0 2.50 2.10 [FQP5N80 4.8 2.60 [STB4NC80Z |ST |D2-PAK | 4.0 2.80
2SK2605 TSB |TO-220F| 5.0 2.20

2SK2397-01MR|FUJI |TO-220F| 5.0 2.30

FQP7N80C 7.0 1.90 1.57 [FQA6NS0 6.3 1.95 [2SK2765-01 |FUJI |TO-3P 7.0 2.00
FQASNS0C 8.0 1.55 1.30 [FQA7N80 7.2 1.50 [2SK2648-01 |FUJI |TO-3P 9.0 1.50
STP7NB80 ST |TO-220 | 65 1.50

FQASNS0 8.4 1.20 [25K2607 TSB |TO-3P 9.0 1.20

FQA1ONSOC | 10.0 1.10 0.91 [FQA10N80 9.8 1.05|[Fs10sM-16A |[MIT [TO-3P | 10.0 0.98
FQP4N90C 4.0 4.20 3.50 [FQP3N90 3.6 4.25 [2SK2608 TSB [TO-220 | 3.0 4.30
2SK1983-01 |FUJI |[TO-220 | 3.0 4.00

STP5NC90Z |ST |TO-220 | 46 2.50

FQPBN90C 6.0 2.30 1.92 [FQP5N90 5.4 2.30 [2SK2850-01 |FUJI [TO220 | 6.0 2.50
FQA6N90 6.4 1.90 [2SK2749 TSB |TO-3P 7.0 2.00

FQASN90C 7.0 1.90 1.60 |FQA7N9OM 7.0 1.80 [2SK2654-01  |FUJI |[TO-3P 8.0 2.00
FQA7N90 7.4 1.55[STWSNB90 |ST |TO-247 | 8.0 1.45

FQAIN90C 9.0 1.40 1.12 | FQA9Ng0 8.6 1.30 [25K2611 TSB |TO-3P 9.0 1.40
2SK2968 TSB |[TO-3P | 10.0 1.25

FQA11N90C | 11.0 1.10 0.91 |SSH10N90A | 10.0 1.20 [FS10SM-18A |[MIT |TO-3P | 10.0 1.20
STWONB90 ST [T0-247 | 97 1.00
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Product Schedule
(C-series in Advanced QFET)

Year 2002 2003
Function 4Q 1Q 2Q ‘ 3Q 4Q

|
200V FQP630C*, FQU210C, FQP620C, FQP650C
250V FQAGON25CPWD FQD214C, FQD224C, FQA254C

FQP640C,
Logic FQP634C, FQP644C, FQD220LC, FQP640LC, FQA250LC
400V FQP730C, FQP830C, FQu320C, FQP820C
I
500V FQPFI13N soc FQP740C, FQP840C, FQDGN50C FQA350C, FQA450C,
FQA24N50C, FQA40N50C

[ I

600V FQN1N60C, FQPF4N60C, FQPF6N60C, FQPF8N60C
ﬁ
700V FQPF12N60C
FQA11N90C
— ﬁ
800V FQABN9OC. FQAINIOC FQP3N80C, FQP6NS0C, FQP4N90C
’ I
200V FQP7N80C, FQPSNSOC,
FQA10NSOC, FQP6N90C

* Currently, red products are developing and blue products are complete to develop
* The package is shown only major package

Analog Discrete Interface & Logic

Optoelectronics
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Product Schedule
(V2-series in Advanced QFET & SuperFET)

Year 2002 2003
Function 4Q 1Q ‘ 2Q 3Q 4Q
100V FQP9ON10V2,
150V . FQP40N15V2, FQP62N10V2
400V FQP18N50V2
500V
600V FCP11N60
(SuperFET) FCP20N60
—
FCP7NG60 using SuperFET Il

* Currently, red products are developing and blue products are complete to develop e —
* The package is shown only major package Analog Discrete Interface & Logic ~ Optoelectronics i EAIRCHILD
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EOL Schedule

2000 2001 2002

2003 2004 line-up Target Application
-200V ~ General perpose
OIld FET * 900V monitor, ballast,
(N/P-ch) charger, smps, etc
AFET 800V ~ General perpose
B (N-ch) power supply, etc
AFET 200V ~ General perpose
PLIEEY, (N-ch) charger, smps, etc
AFET -400V ~-60V General perpose
(el (N/P-ch) power supply, etc
200V ~ General perpose
B-FET | | NSCEEN 500V monitor, ballast,
(N-ch) charger, smps, etc
Adv. QFET -500~-60V General perpose
- [ O I N 200v-1kV | great demand market
(C-series) (N/P-ch)
-500V ~ High perfomance
oreT | N N N N 00/ | PO pover sy
* Can be excluded some of 8/900V products (N/P-ch) UPS, DC/DC, etc
Adv. QFET 60V ~ High perfomance
) 500V PDP, power supply,
s SR, (N-ch.) UPS, DC/DC, etc
600V ~ High perfomance
SuperFET (N-ch.) power supply, ballast

, UPS
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Ordering System (1)

1. Device Type 4. Relative Die Size
IR 6 1 0 C F : Standard 1: 36W
- T T T T T L : Logic 2: 54W
3:100W
4 :180W
5:205W
2. Package Type 6 278W
M : SOT-223
Generation Suffix (6) R D-2PAK
W_' D*-PAK 5. Voltage
U : I-PAK . .
Voltage Designation (5) | : 12-PAK Designation
. . Empty : TO-220 0 :200V,400V,500V
Relative Die Size (4) S TO-220F & TO3PF 4. 250V
P:TO-3P
Voltage Rating (3)
Package Type (2) 3. Voltage Rating 6. Generation
_ 286200V Suffix
Device Type (1) 3&7:400V C :C-FET
4 & 8 : 500V B :B-FET

I ee—
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Ordering System (2)

FQP11N9 C
Series (4)
6ptiona| Suffix (3)
Voltage Rating Divided by 10
Channel Polarity (2)

:  Current Rating (Prime Part)
Package Type (1)

Base Technology

Fairchild Semiconductor

Analog

Discrete

(1) Package Type
T:S0T-223 D : D-PAK
B:D%PAK U: I-PAK
| : I2-PAK P:TO-220
PF : TO-220F A: TO-3P
AF : TO-3PF L :TO-264

(2) Channel Polarity
N : N-Channel
P : P-Channel

(3) Optional Suffix
Empty : Standard Product
L : Logic Level Product
F : Fast recovery MOSFET

(4) Series
C:C-FET
Empty : previous version of QFET
V2 : version 2 of QFET
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Performance Benchmarking and Evaluation

FQPF13N50C in 200W DCM PFC

FQP18N50V2 in 250W CCM PFC

FQPF12N60C in 60W Notebook-PC Adaptor

FQA8BN90C and FQA11N90C in 300W Desktop-PC Power Supply
FQA9N90C in 270W Desktop-PC Power Supply

FQD18N20V2 in 20W DC/DC Converter
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200W Power Factor Correction (DCM)

FQPF13N50C is applied in 200W discontinuous PFC block
( conditions : input 220V/60Hz AC and gate resistor 092 )
= DUT : FQPF13N50C of FSC, 2SK2842 of Toshiba

T+i

220 470

460uH
5 8 CM330060 core
820k * 2
MC34262P
820k*2
270k
3 7
6 2 14
103

334

-
(@]

5

0—~

A - O
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est Results in 200W PFC

FQPF13N50C
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250W PFC Application (CCM)

= Products
FQP18N50V2 18A/500V/240mQ(typ) V2-series of QFET
SPW20N60S5 20A/600V/?mQ(typ) CoolMOS of Infineon
IRFB18N50K 17A/500V/260mQ(typ) Benchmark Series of IR

= Conditions
Evaluated as Boost switch of 250W Continuous-mode PFC

O—w++ P YT »— o —— O

Input : 220VAC, 60Hz
° o DC Output Voltage : 400V
Output Power : 240W
Operating Frequency : 100kHz
Power Factor : 0.997

Sense | Controller Feedback — Boost FRD : ISL9R860P2
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Test Results in 250W PFC (CCM)

"1—"1'1‘-I::."‘I."‘T'I/II P PRI A ID RIS IR EErEir, SAFITIE W I S A NI I N

=

FQP18N50V2 IRF
X Ur\v =
VGS
Lo w{;j;'\::“,m }(‘h\ H
B _Wm%m%%rm o Vs

<]

(Vps:100V/div, 15:1A/div, Vg4:5V/div, Loss: 1kW/div, Time:50ns/div)
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60W Notebook-PC Adaptor

maker : Lite-on Technology =

End-set : Notebook-PC Adapter

Model : PA-1600-XXXX (Rev. F)
output 60W, operation

frequency 67kHz

DUT in Fly-back Topology
FQPF12N60C of FSC
2S5K2843 of Toshiba

Part# BV I RDS(on)* Qg,typ di,typ

* means typ. / max. values
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Test Results in 60W Adaptor

FQPF12N60C
A:Resampid)
—> ID 50 ns 90
LEI_EEI H—] 2 . e
—> Vps ?SEI hs
21 b
v - — 80
> es LEEIH'\S;' T 9
> 1y (B:M T e T o,
LEEI ns g ey ‘N‘\:: E
—’V [:I'U' +HH IIIITIIIIIIIIIIII-IIIIIIIIIIIIIIIIIIII B 70
DS - . =
e ? :
—> Vgs 13 E: g
s — T . A U Iq—’ 60
2SK2842 T WW
50
- 2SK2843
gt v oco FQPF12N60C
g o)
a.m 1 OC 532 ¥
418 v DG4 — [l STOPPED
FAIRGHILD

Analog Discrete Interface & Logic Optoelectronics e —
SEMICONDUCTOR



300W Desktop-PC Power Supply

maker : Delta Electronics
End-set : Desktop PC
Model : DPS-300KB-1

output 300W, operation

frequency 100kHz
DUT in Single-Switching
Forward Topology
- Output load 250W
FQABN90C of FSC (900V/8A, 1.9Q)
2SK2654 of Fuji (900V/8A, 2.022)
- Output load 300W
FQA11N90C of FSC (900V/11A, 1.1Q)
STWINB90 of STM (900V/9.7A, 1.02)
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Test Results in 300W Power Supply (1)

= DUT in Single-Switching Forward Topology
- Output load 250W
FQABN90C of FSC and 2SK2654 of Fuiji

A:Resampi3)
. 120
b P
Y} A ns
DS 21 . ks s I M
. Y 110
2SK2654 ‘ - o
B-Ml R E R e 2 100
=1E] ; ©
I [:1%%—4' de Ea_
\Y; éEI nsJ . E
DS Ll v oo e e R 90
Ves BRI RN B
FQA8BN90C
I I I
BA ns 80
g1 v oo FQA8BN90C 2SK2654
2 .5 v OC 5 2 G5/s
31my S ] 3 OC200V
4 1@ v OC % O STOPPED
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Test Results in 300W Power Supply (2)

= DUT in Single-Switching Forward Topology
- Output load 300W
; FQA11N90C of FSC and STWI9NB90 of STM

140
20 500 e 5
[rvsphtmbing, . 130 T
16 400 Vbﬁ‘\ PﬁfM 4
\ el 120

110

12 300 MW e}
AS —— FQA1T1NS0 E

' - FQA9NS0 3

=

8 200 f} \ FQA1INSOC| | 5

Voltage [V]

100

aroo| T, [ e 1

Temperature [°C]

80

FQA11N90 FQA11N90C STWONB90 FQA9N90

D —
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270W Desktop-PC Power Supply

maker : Samsung Electronics
End-set : Desktop PC
Model : PSD-300DHG1

output 270W, operation

frequency 64kHz
DUT in Single-Switching
Forward Topology
- Output load 270W
FQA9N90C of FSC (900V/9A, 1.4Q)
2SK2611 of Toshiba (900V/9A, 1.4Q
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Test Results in 270W Power Supply

= DUT in Single-Switching Forward Topology
- Output load 270W
; FQAIN9OC of FSC and 2SK2611 of Toshiba

A:Resamp(3) | T
I I 1
D 1%?SHJ mew\;\. T 00
L\_\«.
T R N Y

AN e gg
I
ra

o e I [ [TT 4 U
20 ns : H
5 Lipgv—~ LA

S

AZ

v LB51 K61 | I P i o
dns | 25K2611 i ] —
> Ezﬁg v — ,/} SHIHE FEREE I 2 80
Vaes | zp il =
M3 ;j‘ 1 L
| A o
b o M_m.j T g \‘\”“L i =
— T T W ()
FQA9IN9OC 60
| | T
268 ns T 50
1 2 Vv OC %
% 1é x EDBEQ p — FQA9N90C 2SK2611
m 1 DC ©.BBB kY
418 vV DC & - [ STOPPED
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20W DC/DC Converter

= Topology
- single-ended forward topology
- synchronous rectification in secondary side

= Conditions
Input voltage : 48 VDC
Output voltage : 3.3 VDC
Output voltage : 20W
Operating frequency : 330kHz

=  Products
FSC FQD18N20V2 QFETII
IR IRFR13N20D SMPS MOSFET

Analog Discrete

Interface & Logic  Optoelectronics
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Test Results in 20W DC/DC

s Switching in OFF-time
éE r‘15 1
FQD18N20V
Part # BV [V]  Rpgen [0hm] Qg [NC] Qgg 4y [NC] I
- | N B et 1 s W
FQD18N20V2 200V 0.147 19 5 i ﬁ\
IRFR13N20D 200V 0.235 25 12 T
IRFR13N20D AN
Switching in ON-time 100 v ool e
2;5n:1 ;; 90 STORPED
|RFR13N20D””””'?'”””” 80
W“’T\W"’%w\ ‘?L_J. 70
A:M3 [¢))
\\IE =
T = 60
FQD1 : _ i3 . 5
V % 50
T @
: [
ia,gs WoOC 40
? VED 4w e — IRFR13N20D
. - . 30 — FQD18N20V2
* Vpg[20V/div], I5[1A/div], Time[20ns/div]
20

Time

* Tcase in closed area during operating .
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Quality and Reliability

Reliability Test Condition
100% Eas Screen Test in Production Line Test

I
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Reliability Test Condition and Result

Test Item Test Item Criteria SIS Test Duration & Limit | Referenced standard
HTRB Ta=Tj(max), Vdd=0.8*BV C=0 77 ea 168/500/1000HRS JESD22-A108
HTOL Ta=Tj(max), Vopr(max) C=0 77 ea 168/500/1000HRS JESD22-A108
HTGB Ta=Tj(max), Vdd=VGS(max) C=0 77 ea 168/500/1000HRS JESD22-A108
THBT 85C/85%RH, Vdd=0.8*BV (max 100V) C=0 77 ea 168/500/1000HRS JESD22-A101
HTSL Ta=Tstorage(max) C=0 77 ea 168/500/1000HRS JESD22-A103
WHTS 85'C/85%RH C=0 77 ea 168/500/1000HRS JESD22-A103
ACLV 121°C/100%RH, 15PSIG C=0 77 ea 48/96HRS JESD22-A102
TMCL -65C ~ 150 C(AIR to AIR) C=0 77 ea 200/500Cycles JESD22-A104

TS -65°C ~ 150 C(Liquid to Liquid) C=0 77 ea 200/500Cycles JESD22-A104

* Minimum test duration and sample size are determined with the Qualification Class
and the reliability test purpose.
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> Single pulsed avalanche energy(E,s )

v" Energy level to endure without fail

L

VDS

Vary t, to obtain
required peak |,

Wpalt)

T ’
VWV N buT Voo d ?ﬁ
i)
10V ﬂ #‘F %ﬁg
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Static dv/dt

» dv/dt ratings

high dv/dt I Dﬂram |h1gh dv/dtI

[c, |c L

Sate

)

N
0

B
by

v

3

Source

Analog Discrete Interface & Logic Optoelectronics

v False turn on

Possible to control externally

dv
VGS — ngng a
v" Parasitic trasnsistor turn-on

Dependent on device design

dv
Vbe — Rdeb E
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Power Supply Block Diagram

FFPFO6U20DN
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