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FAIRCHILD.

FAN48611

Regulator

Features

" Input Voltage Range: 2.7 Vto 4.8V

®  Qutput Voltage: 5.25 V

® 350 mA Maximum Output Current

" Internal Synchronous Rectification

"  True Load Disconnect

®  Short-Circuit Protection

" 9-Bump, 1.215 mm x 1.215 mm, 0.4 mm Pitch,

September 2014

2.5 MHz, Fixed-Output, Synchronous Tiny Boost®

Description

The FAN48611 is a low-power boost regulator designed
to provide a minimum voltage regulated rail from a
standard single-cell Li-lon battery and advanced battery
chemistries. Even below the minimum system battery
voltage, the device maintains output voltage regulation.
The combination of built-in  power transistors,
synchronous rectification, and low supply current suit
the FAN48611 for battery-powered applications.

The FAN48611 is available in a 9-bump, 0.4 mm pitch,
Wafer-Level Chip-Scale Package (WLCSP).

WLCSP
®  Three External Components: 2012 1 uH Inductor, VIN VOUT
0402 Case Size Input / Output Capacitors + L
T muFI FAN48611
Appllcatlons i 1IyH — =— (10pF x3)
®  Class-D Audio Amplifier and USB OTG Supply - sw PGND
®  Boost for Low-Voltage Li-lon Batteries
— AGND
" Smart Phones, Tablets, Portable Devices, and EN
Wearables =
Figure 1. Typical Application
Ordering Information
Operating Device
Part Number | Vour | Temperature Package Packing Method Marki
arking
Range
9-Bump, 0.4 mm Pitch, Wafer-
FAN48611UC53X |5.25V | -40°C to 85°C |Level Chip-Scale Package Tape and Reel® KH
(WLCSP)

Note:

1. Tape and reel specifications are available on www.fairchildsemi.com.
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Block Diagram
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Figure 2. IC Block Diagram
Table 1. Recommended Components
Component Description Vendor Parameter | Typ. |Unit
_ L 1 | pH
L1 2012, 1.9 A, 0.6 mm Max. Height PIXC20120F1ROMDR -

DCR (SeriesR) | 175 | mQ

Cin 20%, 6.3 V, X5R, 0402 C1005X5R0J106M050BC TDK C 10 MF

Cour 20%, 6.3 V, X5R, 0402 C1005X5R0J106M050BC TDK C 10 MF

Pin Configuration

VOUT VIN
(A1} (A2} | (A3}
SW EN
B1} {B2} | {B3}
PGND  |AGND
{c1y  {c2} | {c3)

Figure 3. Top View

Pin Definitions

©@ 6 6

Figure 4. Bottom View

Pin # | Name Description
Al, A2 | VOUT |Output Voltage. This pin is the output voltage terminal; connect directly to Cour.
A3 VIN Input Voltage. Connect to the Li-lon battery input power source and the bias supply for the gate
drivers.
B1, B2 SW Switching Node. Connect to inductor.
B3 EN Enable. When this pin is HIGH, the circuit is enabled. Connection to a logic voltage of 1.8 V and
delivery voltage after UVLO typical voltage of 2.2 V is recommended.
Power Ground. This is the power return for the IC. Cour capacitor should be returned with the
C1,C2| PGND . .
shortest path possible to these pins.
c3 AGND Analog Ground. This is the signal ground reference for the IC. All voltage levels are measured
with respect to this pin. Connect to PGND at a single point.

© 2013 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.

Symbol Parameter Min. | Max. | Unit
Vin Voltage on VIN Pin -0.3 6.0 \Y,
Vour |Voltage on VOUT Pin 6.0 \%
DC -0.3 6.0
Vsw Voltage on SW Node - \%
Transient: 10 ns, 3 MHz -1.0 8.0
Vec | Voltage on Other Pins 03 | 609 | Vv

Human Body Model,

o , ANSI/ESDA/JEDEC JS-001-2012
ESD Electrostatic Discharge Protection Level - kv
Charged Device Model per

JESD22-C101 2
T; Junction Temperature -40 +150 °C
Tste Storage Temperature -65 +150 °C
TL Lead Soldering Temperature, 10 Seconds +260 °C

Note:
2. Lesserof 6.0VorV,+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. | Max. | Unit
Vin Supply Voltage 2.7 4.8 \%
lout Maximum Output Current 350 mA
Ta Ambient Temperature -40 +85 °C
T; Junction Temperature -40 +125 °C

Thermal Properties

Junction-to-ambient thermal resistance is a function of application and board layout. This data is measured with four-
layer 2s2p boards with vias in accordance to JEDEC standard JESD51. Special attention must be paid not to exceed
junction temperature, Tymax), at a given ambient temperature, Ta.

Symbol Parameter Typical Unit
SIN Junction-to-Ambient Thermal Resistance 50 °C/IW
© 2013 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Electrical Specifications

Recommended operating conditions, unless otherwise noted, circuit per Figure 1, Vour=5.25V, Vy=2.7V to 4.8V,
and Ta = -40°C to 85°C. Typical values are given Viy=3.7 V and Ta= 25°C.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Power Supply
V|N=3.7 V, |OUT:0, EN:V|N 90 140
lo Vin Quiescent Current Shutdown: EN=0, Vix=3.7 V HA
Vour=0 V ’ ’ 2.7 | 10.0
Vuvio | Under-Voltage Lockout Vin Rising 2.2 23 \Y,
VuvLo_nys | Under-Voltage Lockout Hysteresis 150 mV
Inputs
ViH Enable HIGH Voltage 1.2 \%
Vi Enable LOW Voltage 0.4 \%
lpp Current Sink Pull-Down EN Pin, Logic HIGH 100 nA
Riow |Low-State Active Pull-Down EN Pin, Logic LOW 200 | 300 | 400 kQ
Outputs
Vree | Output Voltage Accuracy pc® Referred to Vour -2 4 %
Ik out |VIN-to-VOUT Leakage Current Vour=0, EN=0, ViNn=2.7 V pA
I \é(u)rlrJ;tto-VlN Reverse Leakage Vour=5.3 V, EN=0, Vi=2.7 V. 35 uA
VripeLe | Output Ripple® 0 mA to 300 mA 30 mv
) lLoap=0 MA <--> 120 mA, tr=tr=1 ps +30
Vtrioap |Load Transient mV
ILoap=0 MA <--> 285 mA, tr=tg=8 ps +90
Vrrune | Line Transient® :;'2;3;72 L\J./S<“> 3.9V, lLoap=120 mA +50 mv
Vin=3V, lLoap=5 mA 85
N Efficiency® Vin=3 V, lLoap=200 mA 90 %
Vin=3.6 V, IL.0ap=200 mA 91
Vin=3.6 V, ILoap=300 mA 92
Timing
fsw | Switching Frequency X:;?;'go\(/)' %/XUT:S'ZS v, 20 | 25 | 3.0 | MHz
tss  |Soft-Start EN HIGH to Regulation ¢ \é'g';?’:g ;/‘1\(;0;;:5'25 Vs loao=0 mA, 1000 s
Iss Input Peak Current 90 200 | mA
trst | FAULT Restart Timer® 20 ms
Power Stage
Rosonn | N-Channel Boost Switch Rps(on) Vin=3.6 V, Vour=5.25 V 80 130 mQ
Rosonpe | P-Channel Sync. Rectifier Rps(ony Vin=3.6 V, Vour=5.25 V 65 115 | mQ
Iv um | Boost Valley Current Limit Vour=5.25V 750 mA
Iv_um_ss | Boost Soft-Start Valley Current Limit | Vin<Vout < Vout_taRGET 375 A
Tisor | Over-Temperature Protection (OTP) 150 °C
Tison | OTP Hysteresis 20 °C
Notes:

3. DC loap from 0 to 0.35 A. Vour measured from mid-point of output voltage ripple. Effective capacitance of Cour
>6 uF.
4. Guaranteed by design and characterization; not tested in production.

© 2013 Fairchild Semiconductor Corporation
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Typical Performance Characteristics
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Figure 5. Quiescent Current vs. Input Voltage
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Figure 9. Output Regulation vs. Load Current
and Input Voltage
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Unless otherwise specified; Vin = 3.6 V, Vout = 5.25 V, Ta = 25°C, and circuit and components according to Figure 1.
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Typical Performance Characteristics
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Figure 11. Output Ripple vs. Load Current
and Input Voltage

Unless otherwise specified; Vin = 3.6 V, Vour = 5.25 V, Ta = 25°C, and circuit and components according to Figure 1
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Figure 12. Switching Frequency vs. Load Current
and Temperature
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Figure 13. Startup, No Load
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Figure 14. Overload Protection
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Figure 15. Load Transient, 0 <-->120 mA, 1 ys Edge
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Figure 16. Load Transient, 0 <--> 285 mA, 8 us Edge
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Typical Characteristics

Unless otherwise specified; ViN=3.6 V, Vout=5.25 V, Ta=25°C, and circuit and components according to Figure 1
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Figure 17. Line Transient, 3.2 <--> 3.9 V|y, 7 us Edge,
120 mA Load
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Functional Description

FAN48611 is a synchronous boost regulator, typically
operating at 2.5 MHz in Continuous Conduction Mode
(CCM), which occurs at moderate to heavy load current
and low Vy voltage.

Table 2. Operating Modes

Mode| Description Invoked When:

LIN Linear Startup Vin > Vour

SS Boost Soft-Start Vin < Vout < VouT(TARGET)

BST Boost Mode

Vout= VouT(TARGET)

Boost Mode Regulation

The current-mode modulator achieves excellent
transient response and smooth transitions between
CCM and DCM operation. During CCM operation, the
device maintains a switching frequency of about
2.5MHz. In light-load operation (DCM), frequency is
naturally reduced to maintain high efficiency.

Startup and Shutdown

When EN is LOW, all bias circuits are off and the
regulator enters Shutdown Mode. During shutdown,
current flow is prevented from VIN to VOUT, as well as
reverse flow from VOUT to VIN. It is recommended to
keep load current draw below 50 mA until the device
successfully executes startup. Table 3 describes the
startup sequence.

Table 3. Boost Startup Sequence

Start o Exit End | Timeout
Mode y Mode |  (ps)
Vour> Vin-
LINL VINE>NV=U]\-/|-OI 300 mV SS
TIMEOUT | LIN2 512
Vout > Vin- ss
LIN2 | LINLExit | 300mV
TIMEOUT |FAULT| 1024
Vour= BST
LIN1 or VoUT(TARGET)
SS LIN2 Exit | OVERLOAD
Timeout | FAULT o4
LIN Mode

When EN is HIGH and Vi > Vuvo, the regulator
attempts to bring Vour within 300 mV of V|y using the
internal fixed-current source from VIN (Q2). The current
is limited to the Iss set point, which is typically 90 mA.

The linear charging current is limited to a maximum of
200 mA to prevent any “brownout” situations where the
system voltage drops too low.

During LIN1 Mode, if Vour reaches Viy-300 mV, SS
Mode is initiated. Otherwise, LIN1 Mode expires after
512 us and LIN2 Mode is entered.

In LIN2 Mode, the current source is equal to LIN1
current source lss, typically 90 mA. If Vour fails to reach
ViN-300 mV after 1024 s, a fault condition is declared
and the device waits 20 ms (trst) to attempt an
automatic restart.

Soft-Start (SS) Mode

Upon the successful completion of LIN Mode (Vour>Vin-
300 mV), the regulator begins switching with boost
pulses current limited to 50% of nominal level.

During SS Mode, if Vour fails to reach regulation during
the SS ramp sequence for more than 64 ps, a fault is
declared. If a large Cour is used, the reference is
automatically stepped slower to avoid excessive input
current draw.

Boost (BST) Mode
This is a normal operating mode of the regulator.

Fault State
The regulator enters Fault State under any of the
following conditions:

" Vour fails to achieve the voltage required to
advance from LIN Mode to SS Mode.

" Vour fails to achieve the voltage required to
advance from SS Mode to BST Mode.

®  Boost current limit triggers for 2 ms during BST
Mode.

" Vin— Vour > 300 mV; this fault can occur only after
successful completion of the soft-start sequence.

" Vi< Vuwo.

Once a fault is triggered, the regulator stops switching
and presents a high-impedance path between VIN and
VOUT. After 20 ms, automatic restart is attempted.

Over-Temperature

The regulator shuts down if the die temperature
exceeds 150°C. Restart occurs when the IC has cooled
by approximately 20°C.

© 2013 Fairchild Semiconductor Corporation
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Application Information

Output Capacitance (Cour)

The effective capacitance (CEFF(S)) of small, high-value
ceramic capacitors decreases as the bias voltage
increases, as illustrated in Figure 18.

12 T

@
Vi

Capacitance (uF)
B o

o] 1 2 3 4 5 6

DC Bias Voltage (V)

Figure 18. Cere for 10 pF, 0402, X5R, 6.3 V-Rated
Capacitor (TDK C1005X5R0J106MO050BC)

FAN48611 is guaranteed for stable operation with the
minimum value of Cerr (Cerrvivy) Outlined in Table 4

Table 4. Minimum Cgrr Required for Stability

Operating Conditions ey
Vour (V) Vin (V) lLoap (MA) (1F)
5.25 2.7t04.8 0 to 350 6.0
Note:

5. Cere varies by manufacturer, capacitor material,
and case size.

Inductor Selection
Recommended nominal inductance value is 1 uH.

The FAN48611 employs valley-current limiting, so peak
inductor current can reach 1.2 A for a short duration
during overload conditions. Saturation causes the
inductor current ripple to increase under high loading, as
only the valley of the inductor current ripple is controlled.

Startup

Input current limiting is active during soft-start, which
limits the current available to charge Cour and any
additional capacitance on the Vour line. If the output
fails to achieve regulation within the limits described in
the Soft-Start section above, a fault occurs, causing the
circuit to shut down. It waits about 20 ms before
attempting a restart. If the total combined output
capacitance is very high, the circuit may not start on the
first attempt, but eventually achieves regulation if no
load is present. If a high current load and high
capacitance are both present during soft-start, the circuit
may fail to achieve regulation and continually attempt
soft-start, only to have the output capacitance
discharged by the load when in Fault State.

Output Voltage Ripple

Output voltage ripple is inversely proportional to Cour.
During ton, when the boost switch is on, all load current
is supplied by Cour.

I LOAD

VRIPPLE(P*P) = tON ¢ Cour (1)
and
= = VIN
therefore:
\/ |

i =t {1l )2

1
M (4)

The maximum VgippLe OCcurs when Vi is minimum and
lLoap is maximum. For better ripple performance, more
output capacitance can be added.

Layout Recommendations

The layout recommendations below highlight various
top-copper pours by using different colors.

To minimize spikes at VOUT, Cour must be placed as
close as possible to PGND and VOUT, as shown below.

For best thermal performance, maximize the pour area
for all planes other than SW. The ground pour,
especially, should fill all available PCB surface area and
be tied to internal layers with a cluster of thermal vias.

Figure 19.

Layout Recommendation
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Physical Dimensions
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http://www.fairchildsemi.com/dwg/UC/UC009AK.pdf

http://fairchildsemi/packing_dwg/PKG-UC009AK.pdf.

Product-Specific Dimensions

Figure 20. 9-Bump, 0.4 mm Pitch, Wafer-Level Chip-Scale Package (WLCSP)

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:

For current packing container specifications, visit Fairchild Semiconductor’s online packaging area:
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NOTES

A. NO JEDEC REGISTRATION APPLIES,

B. DIMENSIONS ARE IN MILLIMETERS.

C. DIMENSIONS AND TOLERANCE PER

A ASME Y14,5M, 2009.

/DA\DATUM C IS DEFINED BY THE
SPHERICAL CROWNS OF THE BALLS.

E. PACKAGE NOMINAL HEIGHT IS

A 586 + 39 MICRONS (547-625 MICRONS).

PRODUCT DATASHEET.
G. DRAWING FILNAME; MKT-UCO009Ak rev1

D E

X Y

1.215 +0.030 mm 1.215 +0.030 mm

0.02075 mm 0.02075 mm
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FAIRCHILD.

TRADEMARKS

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

AccuPower™ F-PFS™ SYSTEM
AX-CAP®* FRFET® ® GENERAL™
Bitsic™ Global Power Resource™ PowerTrench® TinyBoosI'!'
Build it Now™ GreenBridge™ PowerXsm TinyBucko
CorePLUS™ Green FPS™ Programmable Active Droop™ TinyCalc™
CorePOWER™ Green FPS™ e-Series™ QFET® TinyLogic”
CROSSVOLT™ Gmax™ Qs™ TINYOPTO™
cTL™ GTO™ Quiet Series™ TinyPower™
Current Transfer Logic™ IntelliMAX™ RapidConfigure™ TinyPWM™
DEUXPEED" ISOPLANAR™ f:)“ﬂ TinyWire™
Dual Cool™ Making Small Speakers Sound Louder d . TranSiC™
EcoSPARK” and Better™ Saving our world, TmWWWEW at a time™ TriFault Detect™
EfficientMax ™ MegaBuck™ SignalWise™ TRUECURRENT®
ESBC™ MICROCOUPLER™ SmartMax™ uSerDes™
MicroFET™ SMART START™
o MicroPak™ Solul;uns for Your Success™ -
Fairchild” \ " ™ SPM™ ®
Fairchild Semiconductor” M!croPa_kzm STEALTH™ UHC
N _ MillerDrive Ultra FRFET™
FACT Quiet Series™ ; - SuperFET® . )
MotionMax UniFET™
FACT, mWSaver” SuperSOT™-3
B VCXTM
FAST T SuperSOT™-6 ,
, OptoHiT" VisualMax™
FastvCore™ ® SuperSQT™-8
FETBench™ i & & VoltagePlus™
OPTOPLANAR' SupreMOS XS™
FPS™ SyncFET™ =
Sync-Lock™ ™

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

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS HEREIN TO IMPRCVE
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 CF FAIRCHILD'S WORLDVWIDE 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 SUPPORT 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 expecled 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-Counterfeiting Policy. Fairchild's Anti-Counterfeiting Policy is also stated on our external website, wwwifairchildsemi.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 r ifacturing delays. Fairchild is taking strong r 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 Authorized 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 parls, have full traceabilty, meet Fairchild's quality standards for handling and slorage and provide access to Fairchild's full range of up-lo-date lechnical
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
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

Definition

Datasheet contains the design specifications for product development. Specifications may change
in any manner without notice.

Datasheet contains preliminary data; supplementary data will be published at a later date. Fairchild
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 at any time without notice to improve the design.

Product Status

Advance Information Formative / In Design

Preliminary First Production

No Identification Needed Full Production

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

Not In Production The datasheet is for reference information only.

Obsolete
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