]
FAIRCHILD
]

SEMICONDUCTOR®

FPF3003

Features

®  Thermal Shutdown

and Battery B

®  ESD Protected:

Applications
®=  Dual-Battery Cell phone

® 2.3V to 5.5V Input Voltage Operating Range

®  Low Ron between Battery and Load
Maximum 50mQ at Viy = 4.2V

®  Low Ron between Charger and Battery
Maximum 125mQ at Viy = 4.2V

®  Maximum DC Current for Load Switch: 2.5A

®  Maximum DC Current for Charge Switch: 1.5A

®  Slew Rate Controlled to 30us Nominal Rise Time
®  Seamless Break-Before-Make Transition

®  Quiescent Current: 30pA Typical

®  Reverse Current Blocking (RCB) between Battery A

® RESET Timer Delay: 7s Typical

- Human Body Model: >2.5kV

- Charged Device Model: >1.5kV

- |EC 61000-4-2 Air Discharge: >15kV

- IEC 61000-4-2 Contact Discharge: >8kV

" 1.6mm X 1.6mm, 16-Bump, 0.4mm Pitch, WLCSP

®  Dual-Battery Portable Equipment

July 2012

IntelliMAX™ Full Functional Input Power Path
Management Switch for Dual-Battery Portable System

Description

The FPF3003 is a single-chip solution for dual-battery
power-path switching, including integrated P-channel
switches and analog control features. The input voltage
range operates from 2.3V to 5.5V. The device selects
one of two batteries to provide power to the system,
enabling one battery to be charged by the external
battery charger.

The FPF3003 has battery voltage monitoring to
determine if the battery is under voltage. Special driver
and digital circuitry allows the device to switch quickly
between battery A and battery B, which allows hot
swapping of battery packs. Maximum current from
battery to load per channel is limited to a constant 2.5A
and internal thermal shutdown circuits protect the part
during fault conditions.

The FPF3003 is available in a 1.6mm x 1.6mm,
16-bump, Wafer-Level Chip-Scale Package (WLCSP).

Ordering Information

Part Number | Top Mark

(Charger-Battery)
Max. Roy at 4.2V|N

Max. Roy at 4.2V|N tr

(Battery-Load) | Typical Package

FPF3003UCX Qw

125mQ

16-Bump, 0.4mm Pitch,

50mQ 30ps 1.6mm x 1.6mm WLCSP

© 2011 Fairchild Semiconductor Corporation
FPF3003 « Rev. 1.0.0

www.fairchildsemi.com

swoaysAg ajqeliod Aieyeg-lenq 10} yoyms Juawabeuep yyed 1amod induj [euonaung |Ind ,, XVINNISIU| — £00€4dd



Typical Application Diagram
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Figure 1. Typical Application
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Pin Configuration

Figure 3. Pin Assignments (Top View) Figure 4. Pin Assignments (Bottom View)

Pin Description

Pin # Name |Description

Low Battery A Voltage Input. Connect to the resistive divider to set the trip level for chip-on
moment. If LOBAT is less than 0.8V, Vour is connected to BATB.

A2 CHGIN | Charging Input. Charging path input.
A3, Ad BATA Supply Input. Battery A voltage input.

Battery Selector Status. Open-drain output. HIGH (Hi-Z) means battery A connects to
VOUT. LOW means battery B connects to VOUT.

Battery B Indicator. Connect this pin with the ID pin at the battery pack of BATB. HIGH
means battery B absent; LOW means battery B present.

B3,B4 VOUT Switch Output. Connect to system load.
C1 ADPIN | Adapter Input. 5V input for battery charger.

Battery A Indicator. Connect this pin with the ID pin at the battery pack of BATA. HIGH
means battery A absent; LOW means battery A present.

C3,C4 BATB Supply Input. Battery B voltage input.
D1 GND Ground
D2 RESETB |Reset Input. Active LOW. Both system path switches are disconnected from system load.

A1 LOBAT

B1 STAT

B2 BATBID

C2 BATAID

Battery Selection Input. HIGH means to switch battery B to VOUT; LOW means to switch
battery A to VOUT.

D4 CHGSEL | Charge Selection Input. HIGH means to charge battery B: LOW means to charge battery A.

D3 BATSEL
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Absolute Maximum Ratings

The absolute maximum ratings are stress ratings only.

Stresses exceeding the Absolute Maximum Ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not recommended.
In addition, extended exposure to stresses above the recommended operating conditions may affect device reliability.

Symbol Parameters Min. Max. Unit
Vin All Pins To GND -0.3 6.0 \Y
- Maximum Continuous Switch Current to Load 25 A

Maximum Continuous Switch Current to Charger 15 A
Ppb Power Dissipation at Ta = 25°C 1.7 w
Tstc Operating and Storage Junction Temperature -65 150 °C
o | herma Resstance uncion o mben | o
Human Body Model, JESD22-A114 2.5
Charged Device Model, JESD22-C101 1.5
ESD Electrqstatic Discharge | Air Discharge (BATA BATB, ADPIN to 15.0 KV
apability GND), IEC61000-4-2 System Level
Contact Discharge (BATA, BATB, ADPIN 8.0
to GND), IEC61000-4-2 System Level

Note:
1. Measured using 2S2P JEDEC std. PCB.

Recommended Operating Conditions

The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended
operating conditions are specified to ensure optimal performance to the datasheet specifications. Fairchild does not
recommend exceeding them or designing to Absolute Maximum Ratings.

Symbol Parameters Min. Max. Unit
Vin ADPIN 4.6 5.5 Y,
BATA, BATB 2.3 5.5 \Y,
Ta Ambient Operating Temperature -40 85 °C
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Electrical Characteristics
ADPIN=4.6 to 5.5V, Vgata=Veat=2.3 to 5.5V, Ta=-40 to 85°C unless otherwise noted. Typical values are at
ADPIN=5V, CHGIN=Vgata=VBeate=4.2V, RESETB=HIGH, and Ta=25°C.
Symbol Parameters Condition Min. | Typ. | Max. Unit
Static Characteristics
Adapter Input
VAN | oltage 46 5.5 Y,
ADPIN Rising 4.5
VADPIN TH ADPIN Threshold - \Vi
- ADPIN Falling 4.2
VBaTa,
Vaats Battery Input Voltage 2.3 55 \%
la Quiescent Current lout=0mA 30 WA
VBata=VeaT8=5.5V, lour=300mA,Ta=25°C® 34
On Resistance to Veara=Veate=4.2V, lour=300mA, Ta=25°C 38 50
Load Switch, BATA
or BATB to VOUT VBATA=VBATB=3-7V, |0UT=300mA,TA=25°C 43 55
Veata=Veare=2.3V, lour=300mA, Ta=25°C*? 62
Veata=Veate=5.5V, lche=200mA, Ta=25°C? 66
On Resistance to Veata=Veats=4.2V, lcne=200mA, Ta=25°C 73 90
Ron Charger Switch, mQ
CHGIN to BATA VBATA=VBATB=3-7V, ICHG=2OOmA, TA=25°C 80 95
Veata=Veate=2.3V, lche=200mA, Ta=25°C? 101
Veata=Veate=5.5V, lche=200mA, Ta=25°C? 92
On Resistance to Veara=Veats=4.2V, lcne=200mA, Ta=25°C 9 | 125
Charger Switch,
CHGIN to BATB VBATA=VBATB=3-7V. ICHG=200mA, TA=25°C 105 130
Veata=Veate=2.3V, IcHe=200mA, Ta=25°C? 128
Veata=Vears=2.3V — 5.5V, CHGSEL,
0.90
. BATSEL
Vv Input Logic HIGH Vv
" |Voltage Vgata=Veate=2.3V — 5.5V, RESETB 1.15
Veata=Veats=2.3V — 5.5V, BATAID, BATBID 1.70
VBATA=VBATB=2-3V - 55V, CHGSEL, 0.6
Vv Input Logic LOW BATSEL v
L Voltage Veata=Veate=2.3V — 5.5V, RESETB 0.8
VBATA=VBATB=2-3V - 55V, BATA'D, BATBID 0.9
STAT Logic LOW
VsTAT LO Voltageoglc Isink=1mA 0.3 V
VLOBAT LOBAT Threshold VBATA=VBATB=2-3V - 55V 0.8 V
tLOBAT .Il__OBAT De-Glitch VBATA=VBATB=2-3V - 5.5V 1.3 ms
ime
Shutdown Threshold 150
Tsp Thermal Shutdown Return from Shutdown 140 °C
Hysteresis 10
Output Voltage _ _ .
Vbroor_out | Droop while Battery xBATA‘;'%/V’ VBAQB;%ZO\g SCWItCZTg flr:om 100 mV
Switching BATA BATB, N\L , Lout M
Continued on the following page...
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Electrical Characteristics

ADPIN=4.6 to 5.5V, Vgata=Veat=2.3 to 5.5V, Ta=-40 to 85°C unless otherwise noted. Typical values are at
ADPIN=5V, CHGIN=Vgata=VBaT8=4.2V, RESETB=HIGH, and Ta=25°C.

ton=tr +

aokrowbd

toon.

torr=tr + toorr.

This parameter is guaranteed by design and characterization; not production tested.
tDON/tDOFF/tR/tF is defined in Figure 5.

Symbol Parameters Condition Min. | Typ. | Max. | Unit
Reverse Current Blocking between Vgata and Vgars
V1_rcB RC:B Protection Trip Vout — VeataOr Veats 20 mvV
- Point
RCB Protection
VRRCB | Release Trip Point Veata OF Veats -Vourt 30 mV
Hysteresis 50 mV
Dynamic Characteristics: See Definitions Below
. . (2,3,4)

R |VourRise Time Veata=Veats=4.2V, R =100Q, Tx=25°C, 30 ks
toon Turn-On Delay®** | C_=10uF, BATAID=HIGH to LOW, 5 us
fon Turn-On Time®34 BATBID=HIGH 35

. (2,35)

te Vour Fall Time Veara=Vears=4.2V, R=100Q, Ta=25°C, 2.5 ms
toore | Turn-Off Delay®®*® | C_=10uf, BATAID=LOW to HIGH, 0.1 ms
torr | Tum-Off Time®®® | BATBID=HIGH 2.6 ms

VBATA=VBATB=4-2V, R|_=1OOQ, TA=25°C,
tosee | Selection Delay®® | CL=10uF, CHGSEL or BATSEL=LOW to 1 ms
HIGH
t RESET Timer VBATA=VBATB=4-2V, R.=1 OOQ,TA=25°C, 7 s
ORST | Delay®? C.=10uF, RESETB=Floating to LOW
Notes:
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Timing Diagram
4.2V
BATA
2.8V
BATAID o §
GND o0%
| 42V | PN
vouT foon
10% |
GND
Figure 5. ON/OFF Behavior (Vgata=4.2V)
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4.2
BATB
i tDSEL HIGH tDSEL
BATSEL
ow 5%
4.2
VOuT 90% 90%
HI-Z
S STAT_LO
Figure 6. Battery-to-System Path Selection Behavior by BATSEL (Veara=Veats=4.2V)
4.2V
CHGIN
tDSEL HIGH tDSEL
CHGSEL ;
50% |
4.2V 90%
BATB LOW 10%
4.2V 90%
BATA
LOW 10%
Figure 7. Charging Path Selection Behavior by CHGSEL
(ADPIN=5V, CHGIN=4.2V, Vgata=Veate=Floating with 1uF)
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Timing Diagrams (Continued)

10%
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BATB
0.8V tLosat
LOBAT \
0.8V
i tLosat
<0.8V
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VOuT 90% 90%
HI-Z
STAT STAT_LO
Figure 8. Transition from Vgara to Vears Behavior by LOBAT (Veata=Vears=4.2V)
4.2V
BATA
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BATB
HIGH torsT
RESETB
LOW
42V L
90%
VOouT
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Figure 9. System Reset Behavior by RESETB (Veara=Vears=4.2V)
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Typical Characteristics
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Typical Characteristics
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Typical Characteristics
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Typical Characteristics

4

BATAID [2V/div]

BATA [2V/div]

VOUT [1Vidiv]

STAT [5V/div] |

."-mm

VOUT [1Vidiv]

LBATSEL [\Vidiv]

[200us/div] |

Figure 30. Battery Selection by BATSEL = LOW >
HIGH (VBATA=4V, VBATB=4.2V, CoUT=10|JF, R|_=100Q)

CHGSEL [2V/div]

re———

BATA [2V/div] BATB [2V/div]

M

i, " s -

| 'II_l-': h

[400us/div]

Figure 32. Charge Path Selection by CHGSEL = HIGH
> LOW (Vcuein=4V, BATA=BATB=Floating with 1uF)

% Sy
JE _g' I0UT [0.2A/div]
O e 20 i ' S - =
= 10UT [0.5A/div] [Mms/div] — [200us/div]
Figure 28. Turn-Off Response Figure 29. Battery Selection by BATSEL = HIGH >
(VBATA=4-2V, COUT=10|JF, R|_=1OOQ) LOW (VBATA=4V, VBATB=4.2V, CQUT=100|JF, R|_=1OOQ)
STAT [5V/div] b -
—E‘. G . { CHGSEL [2Vidiv] .
K ™ VOUT [1V/div] —g—“ : o e
' BATSEL [1V/div] 5 L
H i ki l BATA [2Vidiv]
__I:In_-mnm | -, }\
™ gy IOUT [0.2A/div] Il o g -
—E_ e E ! 2 ™ —E_ -
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Figure 31. Charge Path Selection by CHGSEL = HIGH
- LOW (VCHG|N=4V, VBATA=VBATB=FIoating with 1|JF)

]

VOUT [1Widiv] |

STAT [5V/div]

|||.‘L

| | LOBAT [Vidiv]

|
1
I0UT [0.2A/div] ‘

EUT

[200us/div]

Figure 33. Battery Selection by LOBAT=HIGH >
LOW (VBATA=3.8V, VBATB=4.2V, CoUT=100|.IF, R|_=100Q)
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Typical Characteristics

RESETB [2V/div]

"
!

VOUT [1V/div]

— v
BATA [2V/div]

IOUT [0.1A/div]
= [2s/div]

Figure 34. System Reset by RESETB: HIGH > LOW (Vgata=Veate=4.2V, Cour=100pF, R.=100Q)
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Operation and Application Information

The FPF3003 is a low-Ron, P-channel-based, input-
source-selection power management switch for dual-
battery systems. The FPF3003 input operating range is
from 2.3V to 5.5V on BATA and BATB, while ADPIN has
arange of 4.6V to 5.5V.

The FPF3003 controls the charging path from the
charger to the battery with up to 1.5A and the
discharging path from the battery to system load with up
to 2.5A. The system or PMIC selects one of two
batteries to provide power and enables one of the
batteries to be charged by the external battery charger.

The FPF3003 has 30us slew-rate control to reduce
inrush current when engaged and thermal shutdown
protection for reliable system operation.

The internal circuit is powered from the highest voltage
source among BATA, BATB, and ADPIN.

Battery Presence Detection

The FPF3003 monitors whether or not a battery is
present via the BATAID and BATBID pins. If any of
these pins are LOW; FPF3003 recognizes the battery is
present. Each pin is connected with an internal LDO
output, so no pull-up resistor is required.

Output Capacitor

During battery source transition, voltage droop depends
on output capacitance and load current condition.
Advanced break-before-make operation minimizes the
droop with minimum capacitance. At least 10uF is a
good starting value in design.

Primary Battery Under-Voltage Set

FPF3003 monitors the primary battery of BATA for
under-voltage condition. Once under-voltage condition
is confirmed, the system power source changes from
BATA to valid BATB automatically.

The under-voltage threshold level can be programmed
with 0.8V of LOBAT and R divider (R1 and R2) as:

R1 A BATA_LO 1
RZ~ 08 (1)
where BATA LO = Low BATA threshold to set.

If 3.4V of BATA is desired, R1/R2=3.25. If R2 is chosen
1MQ, R1 is 3.25MQ. Higher R2 is recommended to
reduce leakage current from BATA.

LOBAT
R2 g R1
[ P BATA

' 1 BATA
Primary
Battery

Y

Figure 35. BATA Under-Voltage Level Setting

LOBAT has a 1.3ms of deglitch time to ensure BATA is
in true under-voltage rather than transient battery
voltage drop during GSM transmission operation.

Battery Selection

The load path can be controlled by the BATSEL pin.
When BATSEL is LOW, the system is powered from
BATA. When BATSEL is HIGH, BATB powers the system.

Figure 36 is state diagram showing how the power path
from battery to system is determined.
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from ADPIN, BATA, or BATB
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Y
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BATSEL = LOW

Y
Switch to BATA

Figure 36. Power Path from Battery to System

The open-drain STAT pin is used to determine which
battery powers the system. STAT becomes LOW if
BATB is connected to the system. STAT is HIGH (HI-2)
if BATA is connected.
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Battery Charging Path Selection

The charging path can be controlled by the CHGSEL
pin. When CHGSEL is LOW, BATA can be charged
from the charger. When CHGSEL is HIGH, BATB can
be charged from the charger.

Power On
from ADPIN, BATA, or BATB

ADPIN > UVLO

BATAID = LOW

Vour Floating

BATBID = LOW

Y
Y
Switch Charging Path Switch Charging Path
to BATA to BATB
Figure 37. Battery Charging Path

System RESET

The RESETB pin allows the system to be turned off
without detaching the battery pack. It has typical 7s
delay to avoid transient abnormal signal.

Board Layout

For best performance, all power traces (BATA, BATB,
CHGIN, ADPIN, and VOUT) should be as short as
possible to minimize the parasitic electrical effects and
the case-to-ambient thermal impedance. The output
capacitor should be placed close to the device to
minimize parasitic trace inductance.
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Packaging Information
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Figure 38. 1.6mmx1.6mm WLCSP, 16-Bumps 0.4mm Pitch

Product-Specific Dimensions

Product D E X Y

FPF3003UCX
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1560pm +30um

180um

180um

warranty therein, which covers Fairchild products.

http:/Aww.fairchildsemi.com/packaging/.

Package drawings are provided as a service to customers considering Fairchild components. Drawings may change in any manner
without notice. Please note the revision and/or date on the drawing and contact a Fairchild Semiconductor representative to verify or
obtain the most recent revision. Package specifications do not expand the terms of Fairchild’'s worldwide terms and conditions, specifically the

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:
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TRADEMARKS

The fdlowing includes registered and unregistered trademarks and service marks, owned by Fairchild Semiconductor and/er its global subsidiaries, and is not

intended to be an exhaustive list of all such trademarks.

2Cool™ F-PFS™ PowerTrench® The Power Franchise”
AccuPower™ FRFET” ] PowerXsm™ the
AX-CAP™* Global Power Resource™ Programmable Active Droop™ mnwer
BitSic™ GreenBridge™ QFETY Tiny Boosl Btem
Build it Now™ Green FPS™ Qs TinyBuck™
CorePLUS™ Green FPS™ e-Series™ Quiet Series™ TinyCalc™
CorePOWER™ Gmax™ RapidConfigure™ Tiny chic:“
CROSSVOLT™ GTo™ &) i TINYOPTO™
cTL™ IntelliMAx Saving our world, 1mWAVAW at a time™  TinyPower™
Current Transfer Logic™ ISOPLANAR™ . it i
E ] SignalWise TinyPWM
DEUXPEED” Making Small Speakers Sound Louder SmartMax™ TinyWire™
™
Dual Cool ™ angRessr SMART START™ TranSiC™
EcoSPARK MegaBuck Soluti - ‘ -
- " ™ utions for Your Success TriFault Detect
EfficientMax” MICROCOUPLER ) -
X SPM' TRUECURRENT®
ESBC™ MicroFET™
o ; STEALTH™ nSerDes™
® MicroPak™ SuperFET®
MicroPak2™
Fairchild” MillerDrive™ S g fives:
Fairchild Semiconductor” MetionMax™ SuperSOT™-6 UHC"®
FACT Quiet Series™ WS - SuperSOT’:-S Ultra FRFET™
FACTY L a_vei SupreMOS UniFET™
FAST@ OPtOHI-F ) SyncFET”‘ VO™
QPTOLOGIC ™
FastvCore™ ® Sync-Lock VisualMax™
OPTOPLANAR SYSTEM
FETBench™ GENERALE VoltagePlus™
FlashWriter™* . XS™
FPs™ °

* Trademarks of System General Corporation, used under license by Fairchild Semiconductor.

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERWVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE
RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE
SPECIFICATIONS DO NOT EXPAND THE TERMS OF FAIRCHILD'S WORLDWIDE TERMS AND CONDITIONS, SPECIFICALLY THE WARRANTY THEREIN,
WHICH COVERS THESE PRODUCTS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPFORT DEVICES OR SYSTEMS WITHOUT THE
EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems which, (a) are
intended for surgical implant into the body or (b) support or sustain
life, and (c) whose failure to perform when properly used in
accordance with instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the user.

2. A critical component in any component of a life support, device, or
system whose failure to perform can be reasonably expected to
cause the failure of the life support device or system, or to affect its
safety or effectiveness.

ANTI-COUNTERFEITING POLICY

Fairchild Semiconductor Corperation's Anti-Counterfeiting Policy. Fairchild's Anti-Counterfeting Pdlicy is also stated on our extemal website, www fairchildsemi.com,
under Sales Support.

Counterfeiting of semiconductor parts is a growing problem in the industry. All manufacturers of semiconductor products are experiencing counterfeiting of their
parts. Customers who inadvertently purchase counterfeit parts experience many problems such as loss of brand reputation, substandard performance, failed
applications, and increased cost of production and manufacturing delays. Fairchild is taking strong measures to protect ourselves and our customers from the
proliferation of counterfeit parts. Fairchild strongly encourages customers to purchase Fairchild parts either directly from Fairchild or from Autherized Fairchild
Distributors who are listed by country on our web page cited above. Products customers buy either from Fairchild directly or from Authorized Fairchild Distributors
are genuine parts, have full traceability, meet Fairchild's quality standards for handling and storage and provide access to Fairchild's full range of up-to-date technical
and product information. Fairchild and cur Authorized Distributors will stand behind all warranties and will appropriately address any warranty issues that may arise.
Fairchild will nct provide any warranty coverage or ather assistance for parts bought from Unauthorized Sources. Fairchild is committed to combat this global
problem and encourage our customers to do their part in stopping this practice by buying direct or from authorized distributors.

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datasheet Identification Product Status Definition

Datasheet contains the design specifications for product development. Specifications may change

Advance Information h . "
in any manner without notice.

Formative / In Design

Datasheet contains preliminary data; supplementary data will be published at a later date. Fairchild

First Production Semiconductor reserves the right to make changes at any time without notice to improve design.

Preliminary

Datasheet contains final specifications. Fairchild Semiconductor reserves the right to make

No Identification Needed changes at any time without notice to improve the design.

Full Production

Datasheet contains specifications on a product that is discontinued by Fairchild Semiconducter.

Obsolete The datasheet is for reference information only.

Mot In Preduction
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