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SEMICONDUCTOR®

FAN5307

Features

® 2.5V to 5.5V Input Voltage Range
" Up to 300mA Output Current

" High-Efficiency, Power-Save Mode
" 100% Duty Cycle Low Dropout Ope
" Soft Start

"  15pA Quiescent Current

"  Excellent Load Transient Response
® 5-lLead SOT-23 Package

"  6-Lead MLP 3x3mm Package

Applications

" Pocket PCs, PDAs

=  Cell Phones

"  Battery-Powered Portable Devices
®= Digital Cameras

= |Low Power DSP Supplies

" 95% Efficiency, Synchronous Operation
"  Adjustable Output Voltage Option: 0.7V to 0.8Vin

®  Customized Fixed Output Voltage Options

"  Fixed Frequency 1MHz PWM Operation

ration

®  Dynamic Output Voltage Positioning

August 2009

High-Efficiency Step-Down DC-DC Converter

Description

The FAN5307, a high-efficiency, low-noise synchronous
PWM current mode and Pulse Skip (Power-Save) mode
DC-DC converter, is designed for battery-powered
applications. It provides up to 300mA of output current
over a wide input range from 2.5V to 5.5V. The output
voltage can be either internally fixed or externally
adjustable over a wide range of 0.7V to 0.8Viy by an
external voltage divider. Custom output voltages are
also available. Contact a Fairchild sales representative
for customized output voltage options.

At moderate and light loads, pulse skipping modulation
is used. Dynamic voltage positioning is applied, and the
output voltage is shifted 0.8% above nominal value, for
increased headroom during load transients. At higher
loads, the system automatically switches to current
mode PWM control, operating at 1 MHz. A current
mode control loop with fast transient response ensures
excellent line and load regulation. In Power-Save mode,
the quiescent current is reduced to 15uA to achieve
high efficiency and ensure long battery life. In shutdown
mode, the supply current drops below 1pA.

The device is available in 5-lead SOT-23 and 6-lead
MLP 3x3mm packages.

Ordering Information

Operating j
Part Number | Temperature Vour (V) Package (s’% Iico I;na;t"gg
Range atus

FAN5307S18X -40 to +85°C 1.8 5-Lead SOT-23 RoHS Tape and Reel
FAN5307MP18 o 6-lead 3x3mm Molded

X -40 to +85°C 1.8 Leadless Package (MLP) Green Tape and Reel

FAN5307S15X -40 to +85°C 1.5 5-Lead SOT-23 RoHS Tape and Reel
FAN5307MP15 o 6-lead 3x3mm Molded

X -40 to +85°C 1.5 Leadless Package (MLP) Green Tape and Reel

FAN5307SX -40 to +85°C Adjustable 5-Lead SOT-23 RoHS Tape and Reel
o . 6-lead 3x3mm Molded

FAN5307MPX -40 to +85°C Adjustable Leadless Package (MLP) Green Tape and Reel

@ For Fairchild’s definition of Eco Status, please visit: http.//www.fairchildsemi.com/company/green/rohs green.html.
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Typical Applications
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Figure 1. 6-Lead 3x3mm (MLP)
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Figure 2. 5-Lead SOT-23
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Pin Configuration

VinCJt 5[ Lx TENf i1 61 |FB
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~eENCJ3 4[dFB VIN[T 3 4Ly

Figure 4. 5-Lead SOT-23

Pin Definitions

5-Lead SOT-23

Figure 5. 6-Lead 3x3mm MLP

Pin# | Name | Description
1 ViN Supply Voltage Input.
2 GND Ground.
Enable Input. Logic HIGH enables the chip; logic LOW disables the chip and reduces supply
3 EN current to <1pA. Do not float this pin. If the EN pin is tied to Vin, Vin must be ramped up faster
than 5V/ms for Vour to enter regulation.
Feedback Input. In case of fixed-voltage options, connect this pin directly to the output. For an
4 FB h . P . S
adjustable voltage option, connect this pin to the resistor divider.
b Lx Inductor Pin. This pin is connected to the internal MOSFET switches.
6-Lead 3x3mm MLP
Pin# | Name | Description
Enable Input. Logic HIGH enables the chip; logic LOW disables the chip and reduces supply
1 EN current to <1uA. Do not float this pin. If the EN pin is tied to Vin, Vin must be ramped up faster
than 5V/ms for Vour to enter regulation.
2 GND Reference Ground.
3 Vin Supply Voltage Input.
4 Lx Inductor Pin. This pin is connected to the internal MOSFET switches
5 PGND Power Ground. The internal N-channel MOSFET is connected to this pin.
Feedback Input. In case of fixed-voltage options, connect this pin directly to the output. For an
6 FB . . P ! S
adjustable voltage option, connect this pin to the resistor divider.

© 2005 Fairchild Semiconductor Corporation
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Absolute Maximum Ratings

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. The absolute maximum ratings are stress ratings only.

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 Parameter Min. Max. Unit
Y Supply Voltage -0.3 6.5 \
" Input Voltage on PVIN and Any Other Pin GND-0.2 | Vn+0.3 v
. " Junction-to-Case, SOT-23 130
04c Thermal Resistance - °C/W
Junction-to-Tab, MLP 3x3 8
TL Lead Soldering Temperature, 10 Seconds +260 °C
Tsta Storage Temperature -65 +150 °C
@ Human Body Model, JESD22-A114 4
ESD - kV
Charged Device Model, JESD22-C101 1
Notes:

1. Junction-to-ambient thermal resistance, 6,4, is a strong function of PCB material, board thickness, thickness and
number of copper planes, number of via used, diameter of via used, available copper surface, and attached heat
sink characteristics.

2. Using Mil Std. 883E, method 3015.7 (Human Body Model) and EIA/JJESD22C101-A (Charged Device Model).

3. Refer to the Applications section for detalils.

Symbol Parameter Min. Typ. Max. Unit
Vin Supply Voltage Range 2.5 5.5 \"
Vour Output Voltage Range, Adjustable Version 0.7 0.8Vin Vv
lout Output Current 300 mA
L Inductor® 10 pH
CiN Input Capacitor® 4.7 uF
Cout Output Capacitor(3) 10 uF
Ta Operating Ambient Temperature Range -40 +85 °C
Ty Operating Junction Temperature Range -40 +125 °C
Note:

© 2005 Fairchild Semiconductor Corporation
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Electrical Characteristics

Vin=2.5V to 5.5V, loyt=200mA, EN=V\n, Cin=4.7pF, Cour=22uF, Lx=10pH, Ta=-40°C to +85°C, unless otherwise
noted. Typical values are at Ta=25°C.

Symbol Parameter Conditions Min. Typ. Max. | Units
Vin Input Voltage 25 5.5 \
. lour=0mA, Device is
la Quiescent Current not switching 15 30 pA
Isp Shutdown Supply Current EN=GND 0.1 1.0 pA
VENH Enable High Input Voltage 1.3 \
VENL Enable Low Input Voltage 0.5 \
lEn En Input Bias Current EN=V\y or GND 0.01 0.10 HA
) Vin=Ves=3.6V 530 690
PMOS On Resistance mQ
Vin=Vags=2.5V 670 850
Ros-on
. Vin=Ves=3.6V 430 540
NMOS On Resistance mQ
Vin=Vags=2.5V 530 660
ILim P-channel Current Limit 25V <Vn<5.5V 400 520 700 mA
likg_(N) N-channel Leakage Current Vps=5.5V 0.1 1.0 HA
likg_(P) P-channel Leakage Current Vps=5.5V 0.1 1.0 HA
Switching Frequency 800 1000 1200 kHz
. . Vin=2.510 5.5, o,
Rune Line Regulation lout=10mA 0.16 Yo I V
) 100mA < lout o
. Laed 6-Lead MLP <300mA 0.0014 Yo [ MA
LOAD ;
Regulation
5-Lead SOT-23 100mA < lour 0.0022 %/ mA
<300mA
Vin=2.51t0 5.5V,
6-Lead MLP 0mA < lour < 300mA 4 4
Output Voltage Vin=2.510 4.5V, i o
Vour Accuracy 0mA < lout < 300mA 4 4 %
5-Lead SOT-23
Vin=2.51t0 5.5V, 5 4
OmA < loyt < 300mA
: . Vin>Vour,
ILEAK Leakage Current into Pin SW OV < Vaw < Vin 0.1 1.0 A
lleak R | Reverse Leakage Current into Pin SW Vin=Open, EN=GND, 0.1 1.0 pA
Vsw=5.5
Electrical Characteristics for Adjustable Version
Vin=2.5V 10 5.5V, lout = 200mA, EN=V|N, Cin=4.7uF, Cout=22uF, Lx=10pH, Ta=25°C.
Symbol Parameter Min. Typ. Max. | Units
VeB Feedback Voltage 0.5 Vv
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Electrical Characteristics for Fixed Voyr=1.8 Version

Vin=2.5V to 5.5V, loyt=200mA, EN=V\n, Cin=4.7pF, Cour=22uF, Lx=10pH, Ta=-40°C to +85°C, unless otherwise
noted. Typical values are at Ta=25°C.

300mA (

PWM mode), respectively.

5. See Figure 6.
6. These limits also apply to any mode transition caused by any kind of load transition within specified output
current range.

t, =10us

tf = 2us

Symbol Parameter Conditions Min. | Typ. | Max. | Units

Vin=3.7V, Ta=25°C,
PFM to PWM Transition 0.1mA < lour < 300mA

Verm_pwm Voltage®™ Vit .2V, Ta=25°C, 72 mV
0.1mA < lout < 300mA

Vour Trans | Output Voltage During Mode Transition®®) 1.70 1.93 Vv
Includes Line, Load, Load

Vout cLamp | Over-Voltage Clamp Threshold Transients, and Temperature 1.878 | 1.930 \

Note:

4. Transition voltage is defined as the difference between the output voltage measured at 0.1mA (PFM mode) and

\
0.587 0.589

Figure 6. Load Transient Response Test Waveform

4'6

Time (ms)
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Typical Performance Characteristics
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Figure 7. Line Transient Response
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Ta=25°C, Cin=Cout=10pF, L=10uH, Vour=1.8V, unless otherwise noted.
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Block Diagram
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Detailed Operation Description

The FAN5307 is a step-down converter operating in a
current-mode PFM/PWM architecture with a typical
switching frequency of 1MHz. At moderate to heavy
loads, the converter operates in pulse-width-modulation
(PWM) mode. At light loads, the converter enters a
power-save mode (PFM pulse skipping) to keep the
efficiency high.

PWM Mode

In PWM mode, the device operates at a fixed frequency
of 1MHz. At the beginning of each clock cycle, the P-
channel transistor is turned on. The inductor current
ramps up and is monitored via an internal circuit. The P-
channel switch is turned off when the sensed current
causes the PWM comparator to trip when the output
voltage is in regulation or when the inductor current
reaches the current limit (set internally to typically
520mA). After a minimum dead time, the N-channel
transistor is turned on and the inductor current ramps
down. As the clock cycle is completed, the N-channel
switch is turned off and the next clock cycle starts.

FM (Power-Save) Mode

As the load current decreases and the peak inductor
current no longer reaches the typical threshold of
80mA, the converter enters pulse-frequency-modulation
(PFM) mode. In PFM mode, the device operates with a
variable frequency and constant peak current, reducing
the quiescent current to a minimum and maintaining
high efficiency at light loads. As soon as the output
voltage falls below a threshold, set at 0.8% above the
nominal value, the P-channel transistor is turned on and
the inductor current ramps up. The P-channel switch
turns off and the N-channel turns on as the peak
inductor current is reached (typical 140mA).

The N-channel transistor is turned off before the
inductor current becomes negative. At this time, the P-
channel is switched on again, starting the next pulse.
The converter continues these pulses until the high
threshold is reached (typically 1.6% above nominal
value). A higher output voltage in PFM mode gives
additional headroom for the voltage drop during a load
transient from light to full load. The voltage overshoot
during this load transient is minimized due to active
regulation during turning on the N-channel rectifier
switch. The device stays in sleep mode until the output
voltage falls below the low threshold. FAN5307 enters
PWM mode as soon as the output voltage can no
longer be regulated in PFM with constant peak current.

100% Duty Cycle Operation

As the input voltage approaches the output voltage and
the duty cycle exceeds the typical 90%, the converter
turns the P-channel transistor continuously on. In this
mode, the output voltage is equal to the input voltage
minus, the voltage drop across the P-channel transistor:

Vout = Vin = lLoap x (Roson + RL), where (1)

Rpson = P-channel switch on resistance
l.oap = Output current
RL = Inductor DC resistance

Soft Start

The FAN5307 has an internal soft-start circuit that limits
the inrush current during start-up. This prevents
possible voltage drops of the input voltage and
eliminates the output voltage overshoot. The soft-start
is implemented as a digital circuit, increasing the switch
current in four steps to the P-channel current limit
(520mA). Typical start-up time for a 10uF output
capacitor and a load current of 200mA is 500ps.

Short-Circuit Protection

Switch peak current is limited, cycle by cycle, to a
typical value of 520mA. In an output voltage short
circuit, the device operates at minimum duty cycle;
therefore, the average input current is typically 100maA.

© 2005 Fairchild Semiconductor Corporation
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Application Information

Adjustable Output Voltage Version

The output voltage for the adjustable version is set by
the external resistor divider, as shown below:

Ly = 10pH

FAN5307SX
o

1
L
|
o ™
>

Figure 16. External Resistor Divider

calculated as:

R
Vout = 0.5V x|1+—1 (2
Ro
To reduce noise sensitivity, R1 + R2 should not exceed
1MQ.

Inductor Selection

The inductor parameters directly related to device
performance are saturation current and DC resistance.
The FAN5307 operates with a typical inductor value of
10pH. The lower the DC resistance, the higher the
efficiency. For saturation current, the inductor should be
rated higher than the maximum load current, plus half of
the inductor ripple current, calculated as:

1-(Vout / Vin)

Lxf ©

Al = Vouyr *

where:

f = Switching frequency

L = Inductor value

Al = Inductor ripple current

Table 1. Recommended Inductors

Inductor | o dor | Part Number | Ferfor-
Value mance
CDRH5D28-100
CDRH4D28-100 | Efficiency
Murata LQH66SN100MO1L
6.8uH CDRH3D16-6R8
. CDRH4D18-100
Sumida
CR32-100
Smallest
10pH CR43-100 Solution
Murata LQH4C100K04
Cooper CTX01-17327
Bussmann

Input Capacitor Selection

For best performances, a low-ESR input capacitor is
required. A ceramic capacitor of at least 4.7pF, placed

as close to the input pin of the device, is recommended.

Output Capacitor Selection

The FAN5307’s switching frequency of 1MHz allows the
use of a low-ESR ceramic capacitor with a value of
10uF to 22uF. This provides low output voltage ripple.
In power-save mode, the output voltage ripple is
independent of the output capacitor value and the ripple
is determined by the internal comparator thresholds.
The typical output voltage ripple at light load is 1% of
the nominal output voltage.

Table 2. Recommended Capacitors

Capacitor Vendor Part Number
Value
4.7uF JMK212BY475MG
Taiyo Yuden JMK212BJ106MG
JMK316BJ106KL
10pF
C12012X5R0OJ106K
TDK
C3216X5R0OJ106M
22uF Murata GRM32DR60J226K

PCB Layout Recommendations

The inherently high peak currents and switching
frequency of the power supplies require careful PCB
layout design. Use wide traces for the high-current path
and place the input capacitor, the inductor, and the
output capacitor as close as possible to the integrated
circuit terminals. For the adjustable version, the resistor
divider should be routed away from the inductor to avoid
electromagnetic interference.

The 6-lead MLP version of the FAN5307 separates the
high-current ground from the reference ground;
therefore, it is more tolerant to the PCB layout design
and shows better performance.

EN
=1 6 |FB
g PGND
GND

128 °TL
Vin = . Vout
o _T_ 3 4 MTO

Ly = 10pH
X -
B= 4_7“F} ]_: Couyr = 100F

— 6-Lead 3x3mm MLP

Figure 17. Possible Layout
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Physical Dimensions
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NOTES:

A. CONFORMS TO JEDEC REGISTRATION MO—-229,
VARIATION WEEA, DATED 11/2001

B. DIMENSIONS ARE IN MILLIMETERS.
C. DIMENSIONS AND TOLERANCES PER

ASME Y14.5M, 1994

MLPOBDrevA

Figure 18. 3x3mm 6-Lead Molded Leadless Package (MLP)

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 warranty therein, which covers Fairchild products.

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:
htto//www.fairchildsemi.cormvpackaging/.
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Physical Dimensions
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Figure 19. 5-Lead SOT-23 Package

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 warranty therein, which covers Fairchild products.

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:
htto//www.fairchildsemi.cormvpackaging/.
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TRADEMARKS

The folowing indudes registered and unregistered traderank s and service marks, owned by Fairchild Semiconductor and/ar its global subsidiaries, and is nat
intended 10 be an exhaustve list of all such trademarks.

AccuPower™ FRsm™ PowerTrench® The Power Franchizse®
AUto-SPLT™ F-PFs™ FPawerss™ the
Build it Maw FRFET® Programmahble Active Droop™ fmnwls?r
CarePLUS™ Global Power Resource™ QFET® TinyBoost™
CorePCWER™ Green FPS™ Qsm™ TiryBuckm
CROSSVOLT™ Green FPS™ e-Series™ Cliiet Series™ TiryCalcm
Gl Grrgx™ RapidConfigure™ Tinylogic®
Current Transfer Logic™ GTom jm TINYOPTO™
EcoSPARK? InteliMAXT™ i . T &
Efficientias™ ISOPLAMART™ Saving our world, 1AV at & tirme™ inyFower
T TiryPWhT™

EZSWATCH™™ MegaBuck™ Sighalise [

i MICROCQUPLER™ Surite TInARes
MioroPE T SMART START™ TriFault Detect™

& Wizl SPM® TRUECURRENT™"

F MillerDriv e ™ STEALTH™ wSerDes™
Fairchild® Motionhax™ Pl "g
Fairchild Semiconductar™ Mation-SPh ™ SRR e ®Des'
FACT Cuiet Series™ OPTOLOG|C® SuperSOT™E UHC
EACT® OPTOPLANAR® Supers0OT™8 Ultra FRFET™
FAST® ® Suprelos™ LIniFET™
FastvCore™ SyncFET™ e
FETBench™ POP SPM™ &fncsbggé:: . Visualaxm
Flastiriter™ PowerSPM™ GENERAL R

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

DISCLAIMER

FAIRCHILD SEMICONCUCTCR FRESERVES THE RIGHT TO MAKE CHANGES WWITHOUT FURTHER NOTICE TOANY PRCOUCTS HEREIN TO IMPRCWVE
REUABILTY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING GUT OF THE APPLICATION OR USE OF ANY PRODOUCT OR
CIRCUIT CESCREBED HEREM; NEITHER DOES [T CORYEY ANY UCENSE UNDER T3 PATENT RIGHTS, MOR THE RIGHTS GF OTHERS. THESE
SPECIFICATIONS DO NGT EXPAND THE TERMS OF FAIRCHILD'SWORLDWIDE TERM S AND CONDITICNS, SPECIFICALLY THE WARRANTY THEREIN,
WWHICH COWVERS THESE PRODUCTS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRIMCAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE
EXPRESS WHRITTEN AFPPROVAL OF FAIRCHILD SEMICCNDUCTOR CORPCRATICN.

As uzed herein:

1. Life support devices or systemns are devices or systermns which, (a)are 2. A critical component in any component of a life support, device, or
intended far surgical implant inta the body or (b) support or sustain life, systemn whose failure to perform can he reasanably expected to
and (c) whose failure to perfarm when properly used in accordance cause the failure of the life support device ar system, or to affect its
with instructions for use provided in the |abeling, can be reasonahly safety or effectiveness,
expected to result in a significant injury of the user

ANTI-COUNTERFEITING POLICY

Fairchild Semiconductor Compoaration's Ant-Counterfeiing Policy. Fairchild's Anti-Counterfeiing Policy 1s also stated on our external websate, wiswe fairchildsemi.com,
under Sales Support

Counterfeiting of semicondudtor partsis a growing problemin the industry. All manufacturers of semiconductor products are experiencing counterfeiting of their parts
Customers wha inadvertenty purchase counterfeit parts experience mary problems such asloss of brand reputation, substandand performance, failed applications,
and increased cost of produdtion and manufaciuring delays. Fairchild is taking strong measures to protect ourselves and our custormers from the proliferation of
counterfeit parts. Fairchild strongly encourages customers to purchase Fairchild parts either directly from Fairchild or from A uthorzed Fairchild Digrbutors who are
listed by country on ourweh page cited above . Products customers buy either from Fairchild directiy or from Authorized Fairchild Distributors are genuine parts, have
full traceahility, meet Fairchild's guality standards for handling and storage and provide access to Fairchild's full range of up-to-date technical and product information.
Fairchild and our Authorized Distributors will stand behind all waranties andwill appropriately address any warranty issues that may arse. Fairchild will not provide
arty warranty coverage or otherassistance for parts hought frorm Unauthorized Sources. Fairchild is committed to combat this global probler and encourage our
customers to da their partin stopping this practice by buying direct or fram authorized distributors.

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datasheet Identification | Product Status Definition

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

Advance Infarmation : :
any manner without notice.

Formative / In Design

Diatasheet contains preliminary data; supplermentary data will be published at a later date. Fairchild

First Prodution 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 changes

Wg Jdentfisstion eeged: | HUL Emeudin at any time without notice to improve the design.

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

Uhsalets NakdnFinaucrion The datasheet is far reference information only,
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