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ON Semiconductor®

FAN5350
3MHz, 600mA Step-Down DC-DC Converter in
Chip-Scale and MLP Packaging

Features

3MHz Fixed-Frequency Operation
16pA Typical Quiescent Current
600mA Qutput Current Capability
2.7V to 5.5V Input Voltage Range
1.82V Fixed Output Voltage
Synchronous Operation

Pow er-Save Mode

Soft-Start Capability

Input Under-Voltage Lockout (UVLO)
Thermal Shutdow n and Overload Protection
6-Lead 3 x 3mm MLP

5-Bump 1 x 1.37mm WLCSP

Applications

Cell Phones, Smart-Phones
Pocket PCs

WLAN DC-DC Converter Modules
PDA, DSC, PMP, and MP3 Players
Portable Hard Disk Drives

Description

The FANS350 is a step-dow n switching voltage regulator
that delivers a fixed 1.82V from an input voltage supply of
2.7V to 5.5V. Using a proprietary architecture with
synchronous rectification, the FAN5350 is capable of
delivering 600mA at over 90% efficiency, while
maintaining a very high efficiency of over 80% at load
currents as low as 1mA. The regulator operates at a
nominal fixed frequency of 3MHz at full load, which
reduces the value of the external components to 1uH 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 pow er-save mode with a
typical quiescent current of 16uA. Even with such a low
quiescent current, the part exhibits excellent transient
response during large load swings. At higher loads, the
system automatically switches to fixed-frequency control,
operating at 3MHz. In shutdow n mode, the supply current
drops below 1pA, reducing pow er consumption.

The FAN5350 is available in a 6-lead Molded Leadless
Package (MLP) and a 5-bump Wafer Level Chip Scale
Package (WLCSP).

Ordering Information

Operating @ Eco
Part Number Temperature Package Packing Method
R Status
ange
FAN5350UCX -40°C to 85°C 5-Ball, Type-1 WL-CSP, 1x1.37mm, Green Tape and Reel
.5mm Pitch
6-Lead, Molded Leadless Package
FAN5350MPX -40°C to 85°C (MLP), Dual, JEDEC MO-229, 3mm Green Tape and Reel
Square, Extended DAP

© 2007 Semiconductor Components Industries, LLC.
October-2017, Rev. 2

Publication Order Number:
FAN5350/D
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Typical Applications
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Figure 1. WLCSP, Bumps Facing Down

Block Diagram

Figure 2. MLP, Leads Facing Down
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Pin Configurations
VIN [ {AT: [{A3 [GND GND VIN
B2 |sw sw
EN|C1: €3 |FB FB[€d € |EN
Figure 4. WLCSP - Bumps Facing Down Figure 5. WLCSP - Bumps Facing Up
PGND 1 5l vIN
P1 ..

Pin Definitions

AGND 3% ayp) § i SW

FB 33 ¢ STAEN

Figure 6. 3x3mm MLP - Leads Facing Down

WLCSP
Pin # | Name [Description
A1 Vin Power Supply Input.
A3 GND Ground Pin. Signal and pow er ground for the part.
Enable Pin. The device is in shutdow n mode w hen voltage to this pin is <0.4V and enabled w hen
C1 EN o .
>1.2V. Do not leave this pin floating.
C3 FB Feedback Analog Input. Connect directly to the output capacitor.
B2 SW Switching Node. Connection to the internal PFET switch and NFET synchronous rectifier.
MLP
Pin # | Name |Description
1 PGND Power Ground Pin. Pow er stage ground. Connect PGND and AGND together via the board
ground plane.
2 AGND | Analog Ground Pin. Signal ground for the part.
3 FB Feedback Analog Input. Connect directly to the output capacitor.
Enable Pin. The device is in shutdow n mode w hen voltage to this pin is <0.4V and enabled w hen
4 EN o .
>1.2V. Do not leave this pin floating.
5 SW Switching Node. Connection to the internal PFET switch and NFET synchronous rectifier.
6 Vin Power Supply Input.

WWw.onsemi.com
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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

Vig Input Voltage w ith respect to GND -0.3 6.0 V

Voltage on any other pin with respect to GND -0.3 Vin V

T, Junction Temperature -40 +150 °C

Tsta Storage Temperature -65 +150 °C

T, Lead Temperature (Soldering 10 Seconds) +260 °C
Human Body Model 4.5

Sl B e R )

Machine Model 200 \

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. ON Semiconductor
does not recommend exceeding them or designing to Absolute Maximum Ratings.

Symbol Parameter Min. Typ. Max. Unit
Vee Supply Voltage Range 2.7 5.5 \
lour Output Current 0 600 mA

L Inductor 0.7 1.0 3.0 puH
Cin Input Capacitor 3.3 4.7 12.0 uF
Cour Output Capacitor 3.3 4.7 12.0 pF
Ta Operating Ambient Temperature -40 +85 °C
T, Operating Junction Temperature -40 +125 °C
Thermal Properties
Symbol | Parameter Min. Typ. Max. Units
Oy wicse | Junction-to-Ambient Thermal Resistance!” 180 °C/W
Oua mp Junction-to-Ambient Thermal Resistance!" 49 °C/W
Note:

1. Junction-to-ambient thermal resistance is a function of application and board layout. This data is measured w ith four-
layer 1s2p boards in accordance to JESD51- JEDEC standard. Special attention must be paid not to exceed junction
temperature T,may at a given ambient temperate Ta.
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Electrical Characteristics

Minimum and maximum values are at V= 2.7V t0 5.5V, T, =-40°C to +85°C, Cy = Coyr = 4.7uF, L = 1uH, unless
otherw ise noted. Typical values are at Ty = 25°C, V |y =3.6V.

Symbol Parameter Conditions Min. | Typ. | Max. | Units
Power Supplies
Device is not switching, EN=V 16 HA
ly Quiescent Current
Device is switching, EN=V 18 25 HA
lso) Shutdow n Supply Current Viy=3.6V, EN=GND 0.05 1.00 HA
Rising Edge 1.8 2.1
Vuvio Under-Voltage Lockout Threshold V
Falling Edge 1.75 1.95
V Enn) Enable HIGH-Level Input Voltage 1.2 V
Veny Enable LOW-Level Input Voltage 0.4 \
len) Enable Input Leakage Current EN=V,y or GND 0.01 1.00 A
Oscillator
fosc Oscillator Frequency 2.5 3.0 3.5 MHz
Regulation
Vo Output Voltage Accuracy
CCM 1.784 1.820 | 1.856 \
tss Soft-Start EN=0->1 300 Us
Output Driver
PMOS On Resistance Vin=Vgs =3.6V 180 mQ
RDS(on)
NMOS On Resistance Vin=Vgs =3.6V 170 mQ
v PMOS Peak Current Limit Open-Loop® 650 800 900 mA
Trsp Thermal Shutdow n CCM Only 150 °C
Thys Thermal Shutdow n Hysteresis 20 °C
Note:

2. The Hectrical Characteristics table reflects open-loop data. Refer to Operation Description and Typical Characteristic

for closed-loop data.
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Operation Description

The FAN5350 is a step-dow n sw itching voltage regulator
that delivers a fixed 1.82V from an input voltage supply of
2.7V to 5.5V. Using a proprietary architecture with
synchronous rectification, the FAN5350 is capable of
delivering 600mA at over 90% efficiency, while
maintaining a light load efficiency of over 80% at load
currents as low as 1mA. The regulator operates at a
nominal frequency of 3MHz at full load, w hich reduces the
value of the external components to 1uH for the output
inductor and 4.7uF for the output capacitor.

Control Scheme

The FAN5350 uses a proprietary non-linear, fixed-
frequency PWM modulator to deliver a fast load transient
response, while maintaining a constant switching
frequency over a wide range of operating conditions. The
regulator performance is independent of the output
capacitor ESR, allowing for the use of ceramic output
capacitors. Although this type of operation normally
results in a switching frequency that varies with input
voltage and load current, an internal frequency loop holds
the switching frequency constant over a large range of
input voltages and load currents.

For very light loads, the FAN5350 operates in
discontinuous current (DCM) single-pulse PFM mode,
w hich produces low output ripple compared with other
PFM architectures. Transition betw een PWM and PFM is
seamless, with a glitch of less than 14mV at V oyt during
the transition betw een DCM and CCM modes.

Combined with  exceptional transient response
characteristics, the very low quiescent current of the
controller (<16pA) maintains high efficiency, even at very
light loads, w hile preserving fast transient response for
applications requiring very tight output regulation.

Enable and Soft Start

Maintaining the EN pin LOW keeps the FAN5350 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 current limit is increased
in discrete steps so that the inductor current is increased
in a controlled manner. This minimizes any large surge
currents on the input and prevents any overshoot of the
output voltage.

Under-Voltage Lockout

When EN is high, the under-voltage lock-out keeps the
part from operating until the input supply voltage rises high
enough to properly operate. This ensures no misbehavior
of the regulator during start-up or shutdow n.

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 high currents from causing damage.

The peak current limit show n in Figure 16, ek, is slightly
higher than the open-loop tested current limit, | yq), in the
Blectrical Characteristics table. This is primarily due to the
effect of propagation delays of the IC current limit
comparator.

Thermal Shutdown

When the die temperature increases, due to a high load
condition and/or a high ambient temperature, the output
switching is disabled until the temperature on the die has
fallen sufficiently. The junction temperature at w hich the
thermal shutdown activates is nominally 150°C with a
20°C hysteresis.

WWw.onsemi.com
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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 [ Vin—Vour )
ViN LeFsw

The maximum average load current, huxeoap) is related to
the peak current limit, | wpek) (see figure 17) by the ripple
current:

Al
Imax(LOAD) = lLiM(PK) Y (@)

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

Al

loom == @)

The FAN5350 is optimized for operation with L=1uH, but is
stable with inductances ranging from 700nH to 3.0uH. The
inductor should be rated to maintain at least 80% of its
value at I jypx)-

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 Alincreases,
the RMS current increases, as do the core and skin effect
losses.

2 AIZ (4)
lrms =1/ louT(Dc) STy

The increased RMS current produces higher losses
through the Rpgon) 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 w ith low er saturation current.

Table 1 show s the effects of inductance higher or low er
than the recommended 1uH on regulator performance.

Output Capacitor

Table 2 suggests 0603 capacitors. 0805 capacitors may
further improve performance in that the effective
capacitance is higher and ESL is lower than 0603. This
improves the transient response and output ripple.

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

1

+ESR (5)
8eCouyr *Fsw ]

AVOUT =Ale [

Input Capacitor

The 4.7uF ceramic input capacitor should be placed as
close as possible between the VIN pin and GND to
minimize the parasitic inductance. If along wire is used to
bring power to the IC, additional “bulk” capacitance
(electrolytic or tantalum) should be placed between Cy
and the power source lead to reduce ringing that can
occur betw een the inductance of the pow er source leads
and Cy.

Table 1. Effects of changes in inductor value (from 1yHrecommended value) on regulator performance

Inductor Value Imax(Loap) EQ. 2 lumeek) AVoutEQ. 5 Transient Response
Increase Increase Decrease Decrease Degraded
Decrease Decrease Increase Increase Improved

WWw.onsemi.com
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PCB Layout Guidelines

For the bill of materials of the FAN5350 evaluation board,
see Table 1. There are only three external components:
the inductor and the input and output capacitors. For any
buck switcher IC, including the FAN5350, it is always
important to place a low -ESR input capacitor very close to
the IC, as shown in Figure 7. That ensures good input
decoupling, which helps reduce the 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 not considered critical to place
either the inductor or the output capacitor very close to
the IC. There is some flexibility in moving these two
components further aw ay fromthe IC.

Table 2. FAN5350 Evaluation Board Bill of Materials (optional parts are installed by request only)

Description Qty. Ref. Vendor Part Number
1.2uH, 1.8A, 55mQ TOKO 1117AS-1R2M
Inductor 1.3uH, 1.2A, 90mQ 1 L1 FDK MIPSA2520D1R0
1.5uH, 1.3A Taiyo Yuden CBC3225T15MR
Capacitor 4.7uF, +10%, 6.3V, X5R, 0603 2 Cin:Cour MURATA GRM39 X5R 475K 6.3
IC DC/DC Regulator in CSP, 5 bumps 1 U1 ) ON FAN5350UCX
Semiconductor
Load Resistor (Optional) 1 RLoap Any

e
Uin GN
N GND
IN @ “p
“ 5
=
oif{B| 77 e Vout|MES

ST
Rload
‘,

_— -

B 1
Figure 7. The FAN5350 Evaluation Board PCB (CSP)

inch

Feedback Loop

One key advantage of the non-linear architecture is that
there is no traditional feedback loop. The loop response to
changes in Vgyr is essentially instantaneous, w hich
explains its extraordinary transient response. The
absence of a ftraditional, high-gain compensated linear
loop means that the FAN5350 is inherently stable over a
w ide range of Loyt and Coyr.

Lour can be reduced further for a given application,
provided it is confirmed that the calculated peak current
for the required maximum load current is less than the
minimum of the closed-loop current limit. The advantage is
that this generally leads to improved transient response,
since a small inductance allows for a much faster
increase in current to cope w ith any sudden load demand.

The inductor can be increased to 2.2uH; but, for the same
reason, the transient response gets slightly degraded. In
that case, increasing the output capacitor to 10uF helps
significantly.

WWw.onsemi.com
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Typical Performance Characteristics

Vin= 3.6V, Ty =25°C, Vegy = Vi, according to the circuit in Figure 1 or Figure 2, unless otherw ise specified.
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Typical Performance Characteristics (Continued)

Vin= 3.6V, Ty =25°C, Vegy = Vi, according to the circuit in Figure 1 or Figure 2, unless otherw ise specified.
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Figure 14. Power Efficiency vs. Load Current
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Figure 16. PMOS Current Limit in Closed Loop
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Figure 15. Power Efficiency Over Temperature
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Figure 17. Shutdown Supply Current vs.
Battery Voltage
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Figure 18. Power Supply Rejection Ratio in CCM

Figure 19. Switching Frequency in CCM
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Typical Performance Characteristics (Continued)

Vin= 3.6V, Ty =25°C, Vegy = Vi, according to the circuit in Figure 1 or Figure 2, unless otherw ise specified.

I, 0.5A / div. I, 0.5A / div.
- LN AL AL LA L )
,_—t_w_,ﬂ
e VOUT’ 0.5V / div. / VOUT’ 0.5V / div.
_,—4/
| T
EN, 5.0V / div. EN, 5.0V / div.
——
H scale: 20us / div. H scale: 10ps / div.
Figure 20. Startup, Full Load Figure 21. Startup, No Load
VOU?I'(ac)s 20mV / div. VOUT(ac)! 20mV / div.
Loaps 0-5A / div. \ lLoaps 0.5A/ div.

H scale: 1ps / div.

Figure 22. Fast Load Transient, No Load to Full Load

H scale: 1us / div.

Figure 23. Fast Load Transient, Full Load to No Load

Vs 5V / div. -
VouTac), 20mV / div. |
et # A N VOUT(ac)s 20mV / div.
e
ILOA = 600mA |L( . 50mA
Ao =3 — i
ILoap = 300mA| hors=TmA

H scale: 20pus / div.

Figure 24. Fast Load Transient in CCM

H scale: 20ps / div.

Figure 25. Fast Load Transient in DCM
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Typical Performance Characteristics (Continued)

Vin= 8.6V, Ty =25°C, Vg = V), according to the circuit in Figure 1 or Figure 2, unlegs otherw ise specified.

Vsw,.5V. /. div. Vsw, 2V / div.
+
Vour, 20mV / div.
|\\.. Ir\'\ . PR v—J )
i s
Dcm ccM Dcm MNMWMWWWH
ILoap = 300mA i e sem Voyr, 20mV / div.
—— l.oap-=20mA - / M%M%W
ILOAD 0.5A / div.

H scale: 20ps / div.

Figure 26. Fast Load Transient DCM — CCM — DCM

H scale: 2ms / div.

Figure 27. Slow Load Transient DCM — CCM — DCM

—

VOUT(Iac), 20mV / div.

NN Vourtac) 20mV/ div.
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HIY
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Z
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Viy = 3.0V
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H scale: 10us / div.

Figure 28. Line Transient, 600mV, 50mA Load

H scale: 10pus / div.

Figure 29. Line Transient, 600mV, 50mA Load
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MWM%WMWMWW»

Iy oap & TOOMA:=
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Figure 30. Combined Line (600mV) and Load (100m A to 350mA) Transient Response

Vaws 2V / div. Vew, 2V / div.
o +
N SR I
AR AN AYRA AN VAR
R s v v 1 = 01A div.
r VOl T(ac)s 20mV / div. A Vo UT(ac)> 20mV / div.

H scale: 1ps / div.
Figure 31. Typical Waveforms in DCM, 50mA Load

H scale: 200ns / div.
Figure 32. Typical Waveforms in CCM, 150m A Load
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Physical Dimensions
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NOTES:

A. CONFORMS TO JEDEC REGISTRATION MO-229,
VARIATION WEEA, DATED 11/2001
EXCEPT FOR DAP EXTENSION TABS

B. DIMENSIONS ARE IN MILLIMETERS.

C. DIMENSIONS AND TOLERANCES PER
ASME Y14.5M, 1994

MLPOG6FrevA

Figure 32. 6-Lead Molded Leadless Package (MLP)

Package drawings are provided as a service to customers considering ON Semiconductor conponents. Drawings may change
in any manner without notice. Please note the revision and/or date on the drawing and contact an ON Semiconductor
representative to verify or obtain the most recent revision. Package specifications do not expand the terms of ON
Semiconductor’'s worldwide terms and conditions, specifically the warranty therein, which covers ON Semiconductor
products.
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Physical Dimensions (Continued)
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Product Specific Dimensions
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Figure 33. 5-Bump Wafer-Level Chip-Scale Package (WLCSP)

Package drawings are provided as a service to customers considering ON Semiconductor conponents. Drawings may change
in any manner without notice. Please note the revision and/or date on the drawing and contact a ON Semiconductor
representative to verify or obtain the most recent revision. Package specifications do not expand the terms of ON
Semiconductor’'s worldwide terms and conditions, specifically the warranty therein, which covers ON Semiconductor
products.
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ON Semiconductor and the ON Semiconductor logo are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the
United States and/or other countries. ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A
listing of ON Semiconductor’s product/patent coverage may be accessed at www.onsemi.convsite/pdf/Patent-Marking .pdf. ON Semiconductor reserves the right to make
changes without further notice to any products herein. ON Semiconductor makes no warranty, representation or guarantee regarding the suitability of its products for any
particular purpose, nor does ON Semiconductor assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all
liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products and applications using ON Semiconductor
products, including compliance with all laws, regulations and safety requirements or standards, regardless of any support or applications information provided by
ON Semiconductor. “Typical” parameters which may be provided in ON Semiconductor data sheets and/or specifications can and do vary in different applications and
actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts.
ON Semiconductor does not convey any license under its patent rights nor the rights of others. ON Semiconductor products are not designed, intended, or authorized for
use as a critical component in life support systems or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction
or any devices intended for implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized
application, Buyer shall indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs,
damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or
unauthorized use, even if such claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.
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