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Features

m Low-Noise, Constant-Frequency Operation at Heavy Load
m High-Efficiency, Pulse-Skip (PFM) Operation at Light Load
B Switch Configurations (1:3, 1:2, 2:3, 1:1, 3:2, 2:1, 3:1)
W 92% Peak Efficiency

mInput Voltage Range: 2.7V to 5.5V

m Output Current: 4.5V, 100mA at V| = 3.6V

m+3% Output Voltage Accuracy

Mlcc < 1pAin Shutdown Mode

m 1MHz Operating Frequency

W Shutdown Isolates Output from Input

m Soft-Start Limits Inrush Current at Startup

m Short-Circuit and Over-Temperature Protection
EMinimum External Component Count

mNo Inductors

Applications

m Cell Phones

mHandheld Computers

W Portable RF Communication Equipment
W Core Supply to Low-Power Processors
mLow-Voltage DC Bus

mDSP Supplies

Description

The FAN5602 is a universal switched capacitor DC/DC
converter capable of step-up or step-down operation.
Due to its unique adaptive fractional switching topology,
the device achieves high efficiency over a wider input/
output voltage range than any of its predecessors. The
FANS5602 utilizes resistance-modulated loop control,
which produces lower switching noise than other topolo-
gies. Depending upon actual load conditions, the device
automatically switches between constant-frequency and
pulse-skipping modes of operation to extend battery life.

The FAN5602 produces a fixed regulated output within
the range of 2.7V to 5.5V from any type of voltage
source. High efficiency is achieved under various input/
output voltage conditions because an internal logic circuit
automatically reconfigures the system to the best possi-
ble topology. Only two 1uF bucket capacitors and one
10uF output capacitor are needed. During power on,
soft-start circuitry prevents excessive current drawn from
the supply. The device is protected against short-circuit
and over-temperature conditions.

The FAN5602 is available with 4.5V and 5.0V output volt-
ages in a 3x3mm 8-lead MLP package.

Ordering Information

Part Number Package @ Eco Status Output Voltage, Nyowm
FAM6502MP45X 3x3mm 8-Lead MLP Green 4.5V
FAN5602MP5X 3x3mm 8-Lead MLP Green 5.0V
Note:

1. Reference MLP08D Option B ONLY.

2. @ For Fairchild’s definition of “green” Eco Status, please visit: http://www.fairchildsemi.com/company/green/rohs_green.html.

Application Diagram
Input 2.7V to 5.5V

\(/)'N‘ p ENABLE
1 8
CIN C2+ V.
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Figure 1. Typical Application Diagram
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FAN5602 — Universal (Step-Up/Step-Down) Charge Pump Regulated DC/DC Converter
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Pin Assignments

Pin Descriptions

ENABLE
C1+

Vour
C1-

3x3mm 8-Lead MLP

Figure 3. Pin Assignments

Pin # Name Description
1 VN Supply Voltage Input.
2 C2+ Bucket Capacitor2. Positive Connection.
3 C2- Bucket Capacitor2. Negative Connection.
4 GND Ground
) C1- Bucket Capacitor1. Negative Connection.
6 Vourt Regulated Output Voltage. Bypass this pin with 10uF ceramic low-ESR capacitor.
7 C1+ Bucket Capacitor1. Positive Connection.
8 ENABLE Enable Input. Logic high enables the chip and ngig low disables the chip, reducing the
supply current to less than 1pA. Do not float this pin.
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be opera-
ble above the recommended operating conditions and stressing the parts to these levels is not recommended. In addi-
tion, 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
ViN VN, VouT, ENABLE, Voltage to GND -3.0 6.0 \Y
Voltage at C1+,C1-,C2+, and C2-to GND -3.0 V|y +0.3 \Y
Pp Power Dissipation Internally Limited
T Lead Soldering Temperature (10 seconds) 300 c°
T, Junction Temperature 150 c°
Tstg Storage Temperature -55 150 c°
o Human Body Model (HBM) 2 kV
Charged Device Model (CDM) 2 kV
Note:
2. Using Mil Std. 883E, method 3015.7 (Human Body Model) and EIAJ/JESD22C101-A (Charged Device Model).

3. Refer to Figure 9 in Typical Performance Characteristics.

Symbol Parameter Condition Min. Typ. Max. Unit
VN Input Voltage 1.8 5.5 \
ViN <2V 30
I Load Current mA
45&5.5V)N=3.6V 100
Ta Ambient Temperature -40 +85 c°
Note:
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DC Electrical Characteristics

ViN=2.7V t0 5.5V, Cq = C, = 1yF, Cy = Coyt = 10uF, ENABLE = V|, Ta = -40°C to +85°C unless otherwise noted.
Typical values are at Ty = 25°C.

Symbol Parameter Condition Min. Typ. Max. Unit
Input Under-Voltage
Vuvo | | eout 9 15 1.7 2.2 v
VIN >0.75x VNOM’
VOUT OUtpUt Voltage OmA < ||_OAD <100mA 0.97 x VNOM VNOM 1.03 x VNOM V
. V|N >1.1x VNOM’
la Quiescent Current lLoa = OMA 170 300 pA
Off Mode Supply Current | ENABLE = GND 0.1 1.0 MA
Output Short-Circuit Vout < 150mV 200 mA
VIN =0.85 x VNOM,
N lLoap = 30mA 4.5,5.0V 80
Efficiency Y . %
IN=T.T X VNom,
lLoap = 30mA 4.5,5.0V 92
fosc | Oscillator Frequency Ta=25°C 0.7 1.0 1.3 MHz
Thermal Shutdown .
Tso | Threshold 145 c
Thermal Shutdown R
TSDHYS | Threshold Hysteresis & .
Vig ENABLE Logic Input High 15 Vv
Voltage
Vi ENABLE Logic Input Low 05 Vv
Voltage
ENABLE Logic Input Bias _
IEN Current ENABLE =V, or GND -1 1 MA
) ViN=0.9xV N =
ton | Vout Turn-On Time Orl’r,;lA 10% to 88% Lok 0.5 ms
VOUT Rlpple VIN =25V, lLOAD =200mA 10 mVpp
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Typical Performance Characteristics

Ta = 25°C, Voyt = 4.5V unless otherwise noted.
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Figure 4. Quiescent Current vs. Input Voltage

Load Currrent (mA)
Figure 8. Load Regulation

4.55
/__—_//—\
4.50
ILoap = 100mA
S Vout = 4.5V
2 445 il
[}
j=2)
E /
5
2 440
=
[=%
3
4.35
4.30
20 25 30 35 40 45 50 55 60
Input Voltage (V)
Figure 6. Line Regulation
4.6
45
— VN = 3.6V
2 44 \
(0]
[}
§ \
g 4.3 \
5
2 42
>
O \
4.1
4.0
1 50 100 150 200 250 300 350

80

70

60

50

40

30

20

pd

Shutdown Current (nA)

>

3 4
Input Voltage (V)

Figure 5. Shutdown Current vs. Input Voltage
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Typical Performance Characteristics (Continued)

Ta = 25°C and Vg1 = 4.5V unless otherwise noted.

Load Current = 10mA
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Figure 11. Output Voltage vs. Ambient Temperature
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Figure 13. Enable Threshold vs. Input Voltage

Figure 14. Mode Change Threshold and Hysteresis
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Typical Performance Characteristics (Continued)

Ta =25°C, C\ = Coyrt = 10uF, Cg = 1uF, Vgoyt = 4.5V unless otherwise noted.

Tek Run: 500kS/ss Sample
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Functional Description

FAN5602 is a high-efficiency, low-noise switched capaci-
tor DC/DC converter capable of step-up and step-down
operations. It has seven built-in switch configurations.
Based on the ratio of the input voltage to the output volt-
age, the FAN5602 automatically reconfigures the switch
to achieve the highest efficiency. The regulation of the
output is achieved by a linear regulation loop, which
modulates the on-resistance of the power transistors so
that the amount of charge transferred from the input to
the flying capacitor at each clock cycle is controlled and
is equal to the charge needed by the load. The current
spike is reduced to minimum. At light load, the FAN5602
automatically switches to Pulse Frequency Modulation
(PFM) mode to save power. The regulation at PFM mode
is achieved by skipping pulses.

Linear Regulation Loop

The FAN5602 operates at constant frequency at load
higher than 10mA. The linear regulation loop consisting
of power transistors, feedback (resistor divider), and
error amplifier is used to realize the regulation of the out-
put voltage and to reduce the current spike. The error
amplifier takes feedback and reference as inputs and
generates the error voltage signal. The error voltage sig-
nal is then used as the gate voltage of the power transis-
tor and modulates the on-resistance of the power
transistor and, therefore, the charge transferred from the
input to the output is controlled and the regulation of the
output is realized. Since the charge transfer is controlled,
the FAN5602 has a small ESR spike.

Switch Array

Switch Configurations

The FAN5602 has seven built-in switch configurations,
including 1:1, 3:2, 2:1 and 3:1 for step-down and 2:3, 1:2
and 1:3 for step-up.

When 1.5 x Vout > VN > Vour the 1:1 mode shown in
Figure 21 is used. In this mode, the internal oscillator is
turned off. The power transistors connecting the input
and the output become pass transistors and their gate
voltages are controlled by the linear regulation loop, the
rest of power transistors are turned off. In this mode, the
FAN5602 operates exactly like a low dropout (LDO) regu-
lator and the ripple of the output is in the micro-volt range.

When 1.5 x V|y > Vout > V)N, the 2:3 mode (step-up)
shown in Figure 22 is used. In the charging phase, two
flying capacitors are placed in series and each capacitor
is charged to a half of the input voltage. In pumping
phase, the flying capacitors are placed in parallel. The

input is connected to the bottom the capacitors so that
the top of the capacitors is boosted to a voltage that
equals V|\/2 + V|, i.e., 3/2 x V|y. By connecting the top
of the capacitors to the output, one can ideally charge
the output to 3/2 x V. If 3/2 x V|y is higher than the
needed VqyT, the linear regulation loop adjusts the on-
resistance to drop some voltage. Boosting the voltage of
the top of the capacitors to 3/2 x V|y by connecting V|y
the bottom of the capacitors, boosts the power efficiency
3/2 times. In 2:3 mode, the ideal power efficiency is
VOUTM 5x V|N' For example, if V|N = 2V, VOUT =2X V|N
= 4V, the ideal power efficiency is 100%.

When 2 x V|y > Vout > 1.5 x V), the 1:2 mode (step-up)
shown in Figure 23 is used. Both in the charging phase
and in pumping phase, two flying capacitors are placed
in parallel. In charging phase, the capacitors are charged
to the input voltage. In the pumping phase, the input volt-
age is placed to the bottom of the capacitors. The top of
the capacitors is boosted to 2 x V,y. By connecting the
top of the capacitors to the output, one can ideally
charge the output to 2 x V,y. Boosting the voltage on the
top of the capacitors to 2V,\ boosts the power efficiency
2 times. In 1:2 mode, the ideal power efficiency is Voyt/2
x V|n. For example, V| = 2V, Voyt = 2 x V)y = 4V, the
ideal power efficiency is 100%.

When 3 x V|5 > VouTt > 2 X VN, the 1:3 mode (step-up)
shown in Figure 24 is used. In charging phase, two flying
capacitors are placed in parallel and each is charged to
V|N- In the pumping phase, the two flying capacitors are
placed in series and the input is connected to the bottom
of the series connected capacitors. The top of the series
connected capacitors is boosted to 3 x V,y. The ideal
power efficiency is boosted 3 times and is equal to V1/
3V|n. For example, Vi = 1V, Vout = 3 x V|y = 3V, the
ideal power efficiency is 100%. By connecting the output
to the top of the series connected capacitors, one can
charge the output to 3 x V).

The internal logic in the FAN5602 monitors the input and
the output compares them, and automatically selects the
switch configuration to achieve the highest efficiency.

The step-down modes 3:2, 2:1, and 3:1 can be under-
stood by reversing the function of V|y and Vgyt in the
above discussion.

The built-in modes improve power efficiency and extend
the battery life. For example, if Voyt = 5V, mode 1:2
needs a minimum V,y = 2.5V. By built-in 1:3 mode, the
minimum battery voltage is extended to 1.7V.
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Switch Array Modes

TOP
S1A C1+
S2A C1
MID
C1-
GND

Figure 21. I\70de 1(1:1)

TOP

Figure 23. Mode 3 (1:2 or 2:1) All Switches Set for
Phase 1 and Reverse State for Phase 2

Light-Load Operation

The power transistors used in the charge pump are very
large in size. The dynamic loss from the switching the
power transistors is not small and increases its propor-
tion of the total power consumption as the load gets light.
To save power, the FAN5602 switches, when the load is
less than 10mA, from constant frequency to pulse-skip-
ping mode (PFM) for modes 2:3(3:2), 1:2(2:1) and
1:3(3:1), except mode 1:1. In PFM mode, the linear loop
is disabled and the error amplifier is turned off. A PFM
comparator is used to setup an upper threshold and a
lower threshold for the output. When the output is lower
than the lower threshold, the oscillator is turned on and
the charge pump starts working and keeps delivering
charges from the input to the output until the output is
higher than the upper threshold. The oscillator shuts off
power transistors and delivers the charge to the output
from the output capacitor. PFM operation is not used for
Mode 1:1, even if at light load. Mode 1:1 is designed as
an LDO with the oscillator off. The power transistors at
LDO mode are not switching and therefore do not have
the dynamic loss.

Switching from linear operation to PFM mode
(lLoap<10mA) and from PFM to linear mode
(ILoap>10mA) is automatic, based on the load current,
which is monitored all the time.

TOP|
c1+ S1A S1A C1+
b I
L
S2A MID
Cl1== C2—
S3Ak ssak
B 1
c1 85 S48 ci-
GND

Figure 22. Mode 2 (2:3 or 3:2) All Switches Set for
Phase 1 and Reverse State for Phase 2

TOP
C1+ S1A\ C2+
7 I
S2A MID S2B
C1 = C2
S3B,
o {}
c1 S4A S5 S4B C2-
GND

Figure 24. Mode 4 (1:3 or 3:1) All Switches Set for
Phase 1 and Reverse State for Phase 2

Short Circuit

When the output voltage is lower than 150mV, the
FANS5602 enters short-circuit condition. In this condition,
all power transistors are turned off. A small transistor
shorting the input and the output turns on and charges
the output. This transistor stays on as long as the Voyt
<150mV. Since this transistor is very small, the current
from the input to the output is limited. Once the short at
the output is eliminated, this transistor is large enough to
charge the output higher than 150mV and the FAN5602
enters soft-start period.

Soft Start

The FAN5602 uses a constant current, charging a low-
pass filter to generate a ramp. The ramp is used as refer-
ence voltage during the startup. Since the ramp starts at
zero and goes up slowly, the output follows the ramp and
inrush current is restricted. When the ramp is higher than
bandgap voltage, the bandgap voltage supersedes ramp
as reference and the soft start is over. The soft start
takes about 500us.

Thermal Shutdown

The FAN5602 goes to thermal shutdown if the junction
temperature is over 150°C with 15°C hysteresis.

¢09GNV4

1a118Au0) DA/OA palenbay dwnd abieyd (umog-dais/dn-dais) resianiun

© 2005 Fairchild Semiconductor Corporation www.fairchildsemi.com

FAN5602 Rev. 1.5.3 10



Application Information

Using the FAN5602 to Drive LCD Backlighting

The FAN5602 4.5V option is ideal for driving the back-
lighting and flash LEDs for portable devices. One
FAN5602 device can supply the roughly 150mA needed
to power both the backlight and the flash LEDs. Even
though drawing this much current from the FAN5602
drives the part out of the 3% output regulation, it is not a

problem. The backlight and flash LEDs still produce opti-
mal brightness at the reduced regulation. When building
this circuit, use ceramic capacitors with low ESR. All
capacitors should be placed as close as possible to the
FAN5602 in the PCB layout.

FOL216CIW FOL625CIW
Vi Vour ' ,
BATTERY L
3.2t04.2V — ——10pF | FANS602 | TOMF —— % % % % ey ¥
] 1
T T 50 <500 <500 < 500 200
TuF 1uF A
J_— BACKLIGHT— FLASH—||:‘

Figure 25. Circuit for Backlighting / Flash Application
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Package Dimensions
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TOP VIEW (2 ]osc] 065 TYP J«»‘» - 042TYP
0.8 MAX — 2X
010[c
i (0.20) RECOMMENDED LAND PATTERN
| Ry
T O ey IO By
~Too8[c
[S]oos]c] o5 SIDE VIEW *
SEATING
PLANE
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|
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Pl | |
!
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|
|
ninlinln
BT R oo
0057~ &[0.100)[C[A[B]
195 & 0050 C
NOTES: BOTTOM VIEW

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

B. DIMENSIONS ARE IN MILLIMETERS.
C. DIMENSIONS AND TOLERANCES PER
ASME Y14.5M, 1994
D. FILENAME: MKT-MLPO8Drev2 MLPO8Drev2

Figure 26. 8-Lead, 3x3mm, Molded Leadless Package (MLP), .8mm Thick

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://www.fairchildsemi.com/packaging/.
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TRADEMARKS

The folowing indudes registered and unregistered tradermark s and service marks, owned by Fairchild Semiconductor andior its global subsidianes, and is not

intended to he an exhaustve lig of all such tradermarks.

AccuPower™ FPs™ PowerTrench® The Power Franchise®
Auto-SPpM™ F-PFS™ Power{s™ tha
Build it Mo FRFET® Programmable Active Droop™ 'fnlnwls?r
CorePLUs™ Global Power Resource® QFET® TinyBoost™
CorePOWER™ Green FPS™ Qsm™ TinyBuck™
CROSSYOLT™ Green FPS™ e Seriesm™ CQuiiet Serigs™ TinyCalcm
AT Groax™ RapidCanfigure™ TiRvLogiE®
Current Transfer Logic™ Grom Om TINYORTO™
EcoSPARK® IritelliMAXT ] ; Ti ™
Efficianttd ax™ |SOPLANAR™ Saving ourworld, iAKW at a time™ !”VF'UWEF

™ TimyPWihg
EZ Sy TCH T MegaBuckT"" SlgnalWlse ! i

e MICROCOUPLER™ naatiiaslt TInAMe
Micm FET™ SMART START™ TriFault Detect™
@ FHicroPia SPM® TRUECURRENT™

+ MillerDrive™ Chize Al LetEs
Fairchild® Motionhd 2™ SuperFET™
Fairchild Semiconductar® M ation- SPM T SupersOT™3 @DES
FACT Cuiet Serigs™ OPTOLOGIC® SupersOT™6 UHC
FACT® OPTOPLANAR® SuperSOT™8 Ultra FRFET™
EaST® ® SupreM Os™ UniFET™
FastvCore™ SyncFET™ VK™
FETBench™ BOP SEp ™ Synce‘:l;g'crix% Wisualhdax™
Flaghiiter™ P -SPh™ GENERAL A

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

DISCLAIMER

FAIRCHILD SEMICONDUCT OR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS HEREN TO IMPRCVE
REUABILTY, FUNCTION, OR DESIGN . FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODOUCT OR
CIRCUIT DESCREED HEREIN, NEITHER DOES T CONYEY ANY LICEMNSE UNDER TS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE
SPECIFICATIONS DO NAT EXPAND THE TERMS OF FAIRCHILD'S WORLDWDE TERM S AND CONDITIONS, SPECIFICALLY THE WARRANTY THEREIN,
WWHICH COVERS THESE PRODUCTS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCT S ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE
EAPRESSWRITTEN APPRCOVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein
1. Life support devices or systems are devices or systems which, (@) are 2. A critical compaonent in any component of a life support, device, or
intended for surgical implant into the body or (b} support or sustain life, systern whose faillure to perform can be reasonably expected to
and (c) whose failure to perform when properly used in accordance cause the failure of the life support device or system, or to affect its
with instructions for use provided in the |abeling, can he reasonably safety or effectiveness.
expected to result in a significant injury of the user.

ANTI-COUNTERFEITING POLICY

Fairchid Semiconductor Corporation's Anti-Courterfeitng Policy. Fairchild's Anti-Counterfeiing Policy is also stated on our external web site, wise fairchildsemi com,
under Sales Support.

Counterfeting of semiconductor parts is a growing problernin the industry. All manufacturers of semiconductor products are experiendng counterfeiting of their parts.
Custarmers who inadvertently purchase counterfeit parts expenence mary problems such asloss of brand reputation, substandard perfanmance, failed applications,
and increased cost of production and manufacturing delays. Fairchild istaking strong measures to protect ourselves and our custormers from the proliferation of
counterfeit parts. Fairchild strongly encourages custarmers to purchase Fairchild parts either directly from Fairchild or from Authonzed Fairchild Digrbutors who are
listed v 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 pravide access to Fairchild's full range of up-to-date technical and product information.
Fairchid and our Authorized Distributors will stand behind all warranties and will appropriately address any wamanty issues that may anse. Fairchild will not provide
any wamanty caverage or ather assistance for parts bought from Unauthorized Sources. Fairchild is committed to cormbat this global problem and encourage aur
customers to do their part in stopping this practice by buying direct ar from authorized distributors.

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datasheet ldentification | Product Status Definition

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

Formatved inHesign any mannerwithout notice

Advance Information

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

RAEInaL FIEREIEUELDD Semiconductor 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

N Jeentitatanecded: | Rl Frddchan at any time without notice to imprave the design.

Diatasheet contains specifications on a product that is discontinued by Fairchild Semiconductor

QReglers NOEI Prnductiof The datasheet is for reference information anly
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Authorized Distributor

Click to View Pricing, Inventory, Delivery & Lifecycle Information:

Fairchild Semiconductor:
FAN5602MP5X



http://www.mouser.com/Fairchild-Semiconductor
http://www.mouser.com/access/?pn=FAN5602MP5X

