]
FAIRCHILD
]

SEMICONDUCTOR®

FANS358

March 2013

2MHz, 500mA, SC70 Synchronous Buck Regulator

Features

®  2MHz Nominal-Frequency Operation

25pA Typical Quiescent Current

500mA Output Current Capability
2.7V to 5.5V Input Voltage Range
1.0 to 1.8V Fixed Output Voltages

" Low Ripple, Light-Load PFM Mode

" Internal Soft-Start

®  Input Under-Voltage Lockout (UVLO)

®  Thermal Shutdown and Overload Protection
" 6-lead 2 x 2.2mm SC70

Applications

®  Cell Phones, Smart Phones
= 3G, 4G, WiFi®, WIMAX™, and WiBro® Data Cards
= Netbooks®, Ultra-Mobile PCs

Description

The FAN5358 is a step-down switching voltage regulator that
delivers a fixed output from an input voltage supply of 2.7V to
5.5V. Using a proprietary architecture with synchronous
rectification, the device is capable of delivering 500mA and
maintaining a very high efficiency of over 80% at load currents
as low as 1mA. The regulator operates at a nominal frequency
of 2MHz, which reduces the value of the external components
to as low as 2.2uH for the output inductor and 4.7uF for the
output capacitor.

At moderate and light loads, pulse frequency modulation is
used to operate the device in power-save mode with a typical
quiescent current of 25pA. Even with such a low quiescent
current, the part exhibits excellent transient response during
large load swings. In shutdown mode, the supply current
drops below 1pA, reducing power consumption.

FANS5358 is available in a 6-lead SC70 package.

Typical Application

L1 SW

Figure 1. FAN5358 Typical Application

Trademarks are the property of their respective owners.

Table 1. External Components for Figure 1

Ul fsw L1 Cin Cour

FAN5358 2MHz 2.2uH 2.2uF 4.7uF
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Ordering Information

Switching o) Temperature Packing
Part Number Frequency Output Voltage Range Package Method
FAN5358S710X 1.0v
FAN5358S712X 1.2v

2MHz —40 to +85°C SC70-6 Tape and Reel
FAN5358S713X 1.3V
FAN5358S718X 1.8V
Note:

1. Other voltage options are available on request. Contact a Fairchild representative.

Pin Configuration

Figure 2. Pin Assignments (Top View)

Pin Definitions

Pin # | Name Description
1 SW | Switching Node. Connect to output inductor.
2,5 GND |Ground. Power and IC ground. All signals are referenced to this pin.
3 VOUT |Vour / Feedback. Connect to output voltage.
4 EN Enable. The dgvicg isin §hutdown mode when the voltage to this pin is <0.4V and enabled when >1.2V.
Do not leave this pin floating.
6 VIN Input Voltage. Connect to input power source and Ci.
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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.

Symbol Parameter Min. Max. Units
v Input Voltage with Respect to GND -0.3 6.0 \Y,
" Voltage on Any Other Pin with Respect to GND -0.3 Vin+0.3V® \%
T, Junction Temperature -40 +150 °C
Tste Storage Temperature -65 +150 °C
To Lead Temperature (Soldering 10 Seconds) +260 °C
Human Body Model, 2
. ) JESD22-A114
ESD Electrostatic Discharge Protection Level - kv
Charged Device Model, 1
JESD22-C101
Note:

2. Lesser of 6.0V or V|y + 0.3V

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. Typ. Max. Units
Vee Supply Voltage Range 2.7 5.5 \
lout Output Current 0 500 mA

L Inductor 2.2 puH

CiN Input Capacitor 2.2 UF

Cour |Output Capacitor® 4.7 M=

Ta Operating Ambient Temperature -40 +85 °C

T; Operating Junction Temperature -40 +125 °C
Thermal Properties

Symbol Parameter Min. Typ. Max. Units
On Junction-to-Ambient Thermal Resistance'® 285 °CIW

Notes:

3. Refer to Operation Description section for guidance on maximum Coyr capabilities.

4. Junction-to-ambient thermal resistance is a function of application and board layout. This data is measured with four-layer

2s2p boards in accordance to JESD51- JEDEC standard. Special attention must be paid not to exceed junction

temperature Tymax) at a given ambient temperate Ta.
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Electrical Characteristics

Minimum and maximum values are at V\y = 2.7V to 5.5V, Ta = -40°C to +85°C, circuit of Figure 1 unless otherwise noted.
Typical values are at Ta = 25°C, V|y =3.6V.

lore|nbay 3ong snouoJyduis 020S ‘YWOOS ‘ZHINZ — 8SESNVH

Symbol Parameter Conditions Min. Typ. Max. | Units
Power Supplies
lo Quiescent Current No Load, EN=Vy 25 48 HA
Iisp) Shutdown Supply Current EN = GND 0.05 1.00 HA
Vuvio Under-Voltage Lockout Threshold | Rising Vin 2.4 2.6 \%
Vuvhyst | Under-Voltage Lockout Hysteresis 225 mV
V(ENH) Enable HIGH-Level Input Voltage 1.2 V
V(EnL) Enable LOW-Level Input Voltage 0.4 V
lEn) Enable Input Leakage Current EN = V,y or GND 0.01 1.00 HA
Oscillator
fosc Switching Frequency In PWM Mode ‘ ‘ 2 ‘ ‘ MHz
Regulation
1.0v ILoap = 0 to 500mA -4.5 +4.5
Ve Output Voltage [1-2V ILoap = 0 to 500mA -4.5 +4.5 %
Accuracy 1.3V ILoap = 0 to 500mA -4.5 +4.5
1.8V ILoap = 0 to 500mA -4.0 +4.0
tss Soft-Start From EN Rising Edge 70 us
Output Driver
PMOS On Resistance Vin = Vs = 3.6V 750 mQ
Rosen [ IMOS On Resistance Vin = Vs = 3.6V 650 mQ
I PMOS Peak Current Limit Open-Loop® 750 850 1150 mA
Ttsp Thermal Shutdown 150 °C
Thvs Thermal Shutdown Hysteresis 20 °C
Note:

5. The Electrical Characteristics table reflects open-loop data. Refer to Operation Description and Typical Characteristic for
closed-loop data.

Block Diagram
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Figure 3. IC Block Diagram
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Typical Characteristics
Unless otherwise noted, Viy = Ven = 3.6V, Vour = 1.8V, and Ta = 25°C.
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Typical Characteristics

Unless otherwise noted, V\y = Ven = 3.6V, Vour = 1.8V, and Ta = 25°C.
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Figure 10. Quiescent Current vs. Input Voltage and Temperature
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Figure 11. Line Transient 3.3V|y to 3.9V,
50mA Load, 10us/div.

Figure 12. Line Transient 3.3Viy to 3.9V,
250mA Load, 10us/div.
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Typical Characteristics

Unless otherwise noted, V\y = Ven = 3.6V, Vour = 1.8V, and Ta = 25°C.
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Figure 13. Load Transient 0 to 150mA, 3.6V, 5us/div.
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Figure 15. Load Transient 200 to 500mA, 3.6V, 5ps/div.
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Figure 16. Metallic Short Applied at Vour, 50ps/div.
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Typical Characteristics
Unless otherwise noted, Viy = Ven = 3.6V, Vour = 1.8V, and Ta = 25°C.
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Figure 17. Overload Recovery to Light Load, 100us/div. Figure 18. Soft-Start, RL.oap = 6Q, 20us/div.
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Operation Description

The FAN5358 is a step-down switching voltage regulator
that delivers a fixed output from an input voltage supply of
27V to 5.5V. Using a proprietary architecture with
synchronous rectification, the device is capable of delivering
500mA and maintaining a very high efficiency of over 80% at
load currents as low as 1mA. The regulator operates at a
nominal frequency of 2MHz, which reduces the value of the
external components to as low as 2.2uH for the output
inductor and 4.7uF for the output capacitor.

Control Scheme

The FAN5358 uses a proprietary, non-linear, quasi fixed-
frequency PWM modulator to deliver a fast load transient
response, while maintaining a nominal switching frequency
over a wide range of load conditions. The regulator
performance is independent of the output capacitor ESR,
allowing the use of ceramic output capacitors.

For very light loads, the device operates in discontinuous
current (DCM) single-pulse PFM mode, which produces low
output ripple compared with other PFM architectures.
Transition between PWM and PFM is near seamless,
exhibiting very little Vour glitch.

Combined with exceptional transient response
characteristics, the very low quiescent current of the
controller (251A) maintains high efficiency, even at very light
loads, while preserving fast transient response for
applications requiring very tight output regulation.

Enable and Soft Start

Maintaining the EN pin LOW keeps the FAN5358 in non-
switching mode in which all circuits are off and the part
draws ~50nA of current. Increasing EN above its threshold
voltage activates the part and starts the soft-start cycle.
During soft start, the output is ramped using a slow RC time
constant. This minimizes any large surge currents on the
input and prevents any overshoot of the output voltage.
Current limit is enforced in case the output cannot keep pace
with the reference or in case of a shorted output.

The current-limit fault response protects the IC in the event
of an over-current condition present during soft-start. This
protection can cause the IC to fail to start if heavy load is
applied during startup or if excessive Cour is used.

Table 2 shows combinations of Cour that allow the IC to start
successfully with the minimum R oap that can be supported.

Table 2. Minimum R oap Values for Soft-Start with
Various Court Values

Cout Minimum Rioap
4.7uF No restriction
10uF Vour / 0.40

Under-Voltage Lockout (UVLO)

When EN is HIGH, the under-voltage lockout keeps the part
from operating until the input supply voltage rises high
enough to properly operate. This ensures no misbehavior of
the regulator during startup or shutdown.

Current Limiting

A heavy load or short circuit on the output causes the current
in the inductor to increase until a maximum current threshold
is reached in the high-side switch. Upon reaching this point,
the high-side switch turns off, preventing current from
increasing further.

After 12 consecutive PWM cycles that terminate in current
limit, the IC shuts down. About 275us after shutting down,
the IC attempts to restart. If the fault has not cleared, the IC
continues to shut down, then attempts to restart as shown in
Figure 16.

Thermal Shutdown

When the die temperature increases, due to a heavy load
condition and/or high ambient temperature, output switching
is disabled until the die temperature falls sufficiently. The
junction temperature at which the thermal shutdown
activates is nominally 150°C with a 20°C hysteresis. Upon
cooling, the output is enabled and goes through the regular
soft start.
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Applications Information

Selecting the Inductor

The output inductor must meet both the required inductance
and the energy handling capability of the application.

The inductor value affects the average current limit, the
PWM-to-PFM transition point, the output voltage ripple, and
the efficiency.

The ripple current (Al) of the regulator is:

Al = Yout .[Vm _VOUT]

1

Vin Lefsw @
The maximum average load current, Iuaxwoap), is related to
the peak current limit, Iumek) by the ripple current:

Al
IMax(LoAD) = lLimpKk) — > 2

The transition between PFM and PWM operation is
determined by the point at which the inductor valley current
crosses zero. The regulator DC current when the inductor
current crosses zero, lpcw, IS:

Al
Ipcm = > 3
The FAN5358 is optimized for operation with L=2.2uH. The
inductor should be rated to maintain at least 70% of its value
at lumek)-

Efficiency is affected by the inductor DCR and inductance
value. Decreasing the inductor value for a given physical
size typically decreases the DCR; but since Al increases, the
RMS current increases, as do core and skin effect losses.

2 Al2

lourpe)” + =5 “)

| L
RMS 12

The increased RMS current produces higher losses through
the Rps(ony Of the IC MOSFETS as well as the inductor ESR.

Increasing the inductor value produces lower RMS currents,
but degrades transient response. For a given physical
inductor size, increased inductance usually results in an
inductor with lower saturation current. Table 3 shows the
effects of inductance higher or lower than the recommended
inductor on regulator performance.

Thermal Considerations

The FAN5358 is designed to supply a maximum of 500mA,
at the specified output voltage, with an operating junction
temperature of up to 125°C. Once the power dissipation and
thermal resistance is known, the maximum junction
temperature of the device can be calculated. The power
dissipation by the IC can be calculated from the power
efficiency diagram Figure 5 and subtracting the power
dissipated by the inductor due to its serial resistance (ESR).

The inductor ESR is dependent, not only upon the size and
type of inductor, but also upon the switching frequency,
which depends on the load and V. Some inductor
manufacturers provide full information regarding the variation
of the inductor ESR with the switching frequency. This
information can be used to show that, at high switching
frequency (~2 MHz) and maximum load, the power
dissipated by the inductor can exceed the power dissipated
by the IC package itself.

The actual thermal resistance depends upon the thermal
characteristics of the SC-70 surface-mount package and the
surrounding printed circuit board (PCB) copper to which it is
mounted. This can be improved by providing a heat sink of
surrounding copper ground on the PCB. Depending on the size
of the copper area, the resulting 6 Ja can be reduced below
280°C/W. The addition of backside copper with through holes,
stiffeners, and other enhancements can also help reduce
thermal resistance. The heat contributed by the dissipation of
other devices, particularly the inductor, located nearby, must be
included in the design considerations. Once the limiting
parameters are determined, the design can be modified to
ensure that the device remains within specified operating
conditions even if the maximum load is applied permanently.

In short circuit Vour-to-GND condition, the FAN5358 is fully
protected and the power dissipated is internally reduced
below 100mW. Overload conditions at minimum Vv should
be considered as worst case, when it is possible for the
device to enter a thermal cycling loop in which the circuit
enters a shutdown condition, cools, re-enables, and again
overheats and shuts down repeatedly due to an unmanaged
fault condition. The diagram in Figure 20 was determined
experimentally, using the recommended two-layer PCB in
still air, to be used as a thermal guide.

90
:G g5 Area Where Thermal Protection May Trigger
N —
(0]
5 80 e
©
Gé_ 75
o 70
E / Safe Operating Area
) 65 for 500mA|Load
£ 60
<

55

2.7 29 3.1 3.3 35

Input Voltage (V)

Figure 20. Maximum Ambient Temperature vs.
Input Voltage at 500mA
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PCB Layout Considerations

There are only three external components: the inductor and
the input and output capacitors. For any buck regulator IC,
including the FAN5358, it is important to place a low-ESR
input capacitor very close to the IC, as shown in Figure 21.
The input capacitor ensures good input decoupling, which
reduces noise appearing at the output terminals and ensures
that the control sections of the IC do not behave erratically
due to excessive noise. This reduces switching cycle jitter and
ensures good overall performance. It is important to place the
common GND of Ciy and Cour as close as possible to any of
the FAN5358 GND terminals. There is some flexibility in
moving the inductor further away from the IC; in that case,
Vout should be considered at the Coyt terminal.

SW

Figure 21. PCB Layout Guidance

Output Capacitor

Table 4 suggests 0402 capacitors. 0603 capacitors may
further improve performance in that the effective capacitance
is higher. This improves the transient response and output
ripple as shown in Table 3.

Increasing Cour has no effect on loop stability and can
therefore be increased to reduce output voltage ripple or to
improve transient response. Output voltage ripple, AVour, is:

1

+ESR 5
8eCoyr *fsw J ©

AVOUT =Ale [

Input Capacitor

The 2.2uF ceramic input capacitor should be placed as close
as possible between the VIN pin and GND to minimize the
parasitic inductance. If a long wire is used to bring power to
the IC, additional “bulk” capacitance (electrolytic or tantalum)
should be placed between C\y and the power source lead to
reduce ringing that can occur between the inductance of the
power source leads and Ci.

The effective capacitance value decreases as VIN increases
due to DC Bias effects. This has no significant impact on
regulator performance.

Table 3. Effects of Changes in Inductor Value (from Recommended Value) on Regulator Performance

Inductor Value IMAX(LOAD) [ AVour® Transient Response
Increase Increase Decrease Decrease Degraded
Decrease Decrease Increase Increase Improved
Table 4. Recommended Passive Components and Their Variation Due to DC Bias
Component Description Vendor Min. | Typ. | Max. Comment
2.2puH, 2520, 100mQ,1.3A FDK MIPF2520D
L1 Hitachi Metal:KSLI - 1.5uH | 2.2uH Minimum glue occurs
at maximum current
2.2uH, 2520, 80mQ,1.3A 252010AG-2R2
Ll ' e Murata: LQM31PN2RMOOL
TOKO: MDT2520CN2R2M
ST O EUVENE Decrease primarily due
Cour 4.7uF, X5R, 0402 GRM155R60G475M L6uF | 4.7pF | 5.2uF | ~op o bt v y )
GRM155R60E475ME760 out
Murata or Equivalent Decrease primarily due
Cin 2.2uF, X5R, 0402 GRM155R60J225ME15 1.0uF | 2.2uF | 2.4uF to DC bias (Vi) and
GRM188R60J225KE19D elevated temperature
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Physical Dimensions
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Figure 22. 6-Lead SC70

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:
http://Amww.fairchildsemi.com/packaging/.
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TRADEMARKS

The following includes registered and unregistered trademarks and service marks, owned by Fairchild Semiconductor and/for its global subsidiaries, and is not
intended to be an exhaustive list of all such trademarks.

2Coo[™ FPS™ PDP SPM™ The Power Franchise®
AccuPowerm™ F-PFS™ Power-SPM™ the o
Auto-SPM™ FRFET® PowerTrench® pmnch 35
AX-CAPT™™ Global Power Resource™ PowerxXS™ TinyBoost™
BitSiC® Green FPS™ Programmahle Active Droop™ TinvBuckm
Build it Now™ Green FPS™ e-Series™ QFET® TinyCaIcTM
CorePLUS™ Gmax™ Qs™ TingLugn:@
CorePOWER™ GTO™ Quiet Series™ TINYORTO™
CROSSVOLT™ Intellit AT RapidConfigure™ TinvPaower™
CTL™ ISOPLANAR™ ~y* Tin;iF'\/VM 55
ggﬁi{n;géaggfer Logic™ Makglr?dSBnew?tILrSTﬁeakers Souadbander Saving our world, 1WA at a time™  TinyWire™
Dual Cool™ MegaBuck™ SioralVsen Tr§n8|C®
EcoSPARK® MICROCOUPLERT™ Smarthax™ TriFault Detect™
EfficientMax™ MicroFET™ ggﬁg" FOTART™ Tg;%g;TRENT@*
ESBC™ MicroPakm =
® MicroPakam SIERETHY
fenini SuperFET® s

Fairchild® Skl SupersOT™-3 UHC®

o ; ® MotionMax™ 5 SOT™E -
Fairchild Semiconductar Motion-SPM™ uper. Ultra FRFET™
FACT Quiet Series™ SuperSOT™.8 UniFET™
FACT® ronWS:_Yli:TM SupreM0s® K™
FAST® OE‘?OILOGIC@ SyncFET™ VisualM axm™
FastvCaore™ OPTOPLANAR® Sync-Lock™ YoltageP lus™
FETBench™ A I HE
FlashWiter® g

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

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TOANY PRODUCTS HEREIN TO IMPROVE
REUABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING QUT 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 NGT EXPAND THE TERMS OF FAIRCHILD'S WORLDVWDE 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 LUFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE
EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

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

2. A critical component in any component of a life support, device, or
systern whose failure to perform can he 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 Corporation's Anti-Counterfeiing Policy. Fairchild's Anti-Counterfeiting Policy is also stated on our extemal website,

wiay fairchildserni.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 prablems such asloss 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 custormers from the
proliferation of counterfeit parts. Fairchild strongly encourages customers to purchase Fairchild parts either directly from Fairchild or from Authonized Fairchild
Distributors who are listed by country on our weh page cited above. Products customers buy either from Fairchild directly or from Authorized Fairchild Distributors
are genuine parts, have full raceability, meet Fairchild's quality standards for handling and storage and provide access ta Fairchild's full range of up-to-date
technical and product information. Fairchild and our Authorized Distributors will stand behind all warranties and will appropriately address any warranty issues that
may arise. Fairchild will not provide any warranty coverage or other assistance for parts bought from Unauthorized Sources. Fairchild is committed to combat this
global prohlem 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

Definition
Datasheet contains the design specifications for product development. Specifications may change
in any manner without notice.
Datasheet contains preliminary data; supplementary data will he published at a later date. Fairchild
Semiconductar reserves the right to make changes at any time without notice to improve design.
Datasheet contains final specifications. Fairchild Semiconductor reserves the right to make
changes at any time without natice to imprave the design.
Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductor.
The datasheet is for reference information anly.

Product Status

Advance Information Formative / In Design

Preliminary First Production

No |dentification Needed Full Production

Ohsolete Not In Production
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