
To learn more about ON Semiconductor, please visit our website at 
www.onsemi.com

Is Now Part of

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.com/site/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.



 

AN-7007

 

Simplifying Portable Power Management and 
Protection Circuit Design Using the FPF200X 
Integrated Switch Product Family

 

 

 

www.fairchildsemi.com

 

REV. A 12/13/04

 

Chris Winkler – Fairchild Semiconductor

 

Introduction 

 

The load management portion of power management for 
portable devices is becoming increasingly more important in 
the system designer’s drive for better end-unit performance. 
The FPF200X family of eight advanced load management 
products offers designers a new choice in simplifying power 
management designs requiring load protection, control, and 
fault management.  All of these features have been combined 
with a low-loss PMOS switch and enough options to rapidly 
expedite time-to-market in a high-volume, small SMD 
SC70-5 (Pb-Free Capable) package.  Features such as 
current limiting (with range options), under voltage lockout, 
inrush current limiting, fast short-circuit protection, and 
thermal shutdown provide protection while fault conditions 
are managed by the internal hardware with combinations of 
options for auto-restart, fault blanking, and fault status flag.  

With a small footprint SMD package, the FPF200X family 
of devices is targeted at the latest generation of portable 
battery-powered devices, such as, Cell Phone Handsets, MP3 
players, Digital Still Cameras, Video Cameras, Palm 

Computers, and Notebook computers where board space and 
power management performance are equally critical to 
power designs. 

These products extend Fairchild’s portfolio of power 
management solutions by integrating a PMOS switch with 
several critical protection and control features, reducing 
board space, parts count, time-to-market and complexity in 
power management designs for the latest generation of 
battery powered devices. 

These devices can operate over a wide input voltage range of 
1.8-5.5V, allowing for compatibility with a variety of 
portable battery technologies and also with low voltage bus 
applications.  This low-voltage operation also allows the 
devices to be easily interfaced with the latest generation of 
portable micro-processors and applications processors.

This application note focuses on selecting a device from the 
FPF200X product family based upon the system hardware 
and software design approach.  The device has options for 
current-limiting, fault handling (restart, blanking time, flag 
state), and for all of the fault conditions (current limit, 
thermal shutdown, UVLO).
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Features

 

• 1.8 to 5.5V Input Voltage Range
• Controlled Turn-On
• 50mA and 100mA Current Limit Options
• Under voltage Lockout
• Thermal Shutdown
• <1uA Shutdown Current

• Auto Restart
• Fast Current limit Response Time

– 3us to Moderate Over Currents
– 20ns to Hard Shorts

• Fault Blanking

 

Functional Block Diagram

 

Current Limiting

 

The current limit protection ensures that the current through 
the switch doesn’t exceed a maximum value while not 
limiting at less than a minimum value.  For the FPF2000-
FPF2003 the minimum current protection level is 50mA 
and the maximum current protection level is 100mA. The 
FPF2004-FPF2007 devices offer a minimum current 
protection of 100mA and the maximum current is 200mA.  
Therefore, the device should be chosen to ensure that 
maximum trip point for current handling is below the safe 
operating level in the design and also such that the minimum 
trip point is above the intended operating range in the design.

The FPF200X family also offers choices on the behavior of 
the device once an over-current condition occurs.  The 
FPF2000-FPF2002 and the FPF2004-FPF2006, have a 
blanking time of 10ms, nominally, during which the switch 
will act as a constant current source.  At the end of the 
blanking time, the switch will be turned-off and the FLAGB 
pin will activate to indicate that current limiting has 
occurred.  Alternatively, the FPF2003 and FPF2007 have no 
current limit blanking period so immediately upon a current 
limit condition FLAGB is activated.  These parts will remain 
in a constant current state until the ON pin is deactivated or 
the thermal shutdown turns-off the switch.

The devices were designed for typical fast current limit 
response time of 20ns for hard short conditions and 3µs for 
moderate over-current conditions.

 

Fault Reporting

 

In order to eliminate the need for additional supporting 
hardware to manage fault conditions, the FPF200X family of 
products includes options for the handling of fault conditions 
specifically: an over-current, an input under-voltage, or an 
over-temperature condition (resulting in thermal shutdown).

Upon the detection of the fault conditions above, the FLAGB 
signals the fault mode by activating LO.  For the FPF2000-
FPF2002 and FPF2004-FPF2006, the FLAGB goes LO at 
the end of the blanking time while FLAGB goes LO 
immediately for the FPF2003 and FPF2007.  Also, the 
FLAGB will remain LO through the Auto-Restart Time for 
the FPF2000, FPF2001 FPF2004 and FPF2005.  For the 
FPF2002 and FPF2006, FLAGB is latched LO and ON must 
be toggled to release it.  With the FPF2003 and FPF2007, 
FLAGB is LO during the faults and immediately returns HI 
at the end of the fault condition.  FLAGB is an open-drain 
MOSFET which requires a pull-up resistor between V

 

IN

 

 and 
FLAGB.  During shutdown, the pull-down on FLAGB is 
disabled to reduce current draw from the supply.
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These options allow the designer’s hardware/software 
interface to easily manage fault conditions at the product 
level without needing additional supporting circuitry or 
software/hardware modifications to the existing architecture.  
This can greatly improve time-to-market and reduction in 
component count, complexity.

 

On/Off Control

 

The ON pin controls the state of the switch.  Active HI and 
LO versions are available as reflected in the FPF200X family 
datasheet.  Activating ON continuously holds the switch in 
the on state so long as there is no fault.  For all versions, an 
under-voltage on VIN or a thermal shutdown condition 
overrides the ON control to turn off the switch.

In addition, excessive currents will cause the switch to turn 
off in FPF2000-FPF2002 and FPF2004-FPF2007.  The 
FPF2000, FPF2001, FPF2004 and FPF2005 have an Auto-
Restart feature which will automatically turn the switch on 
again after 80ms.  For the FPF2002 and FPF2006, the ON 
pin must be toggled to turn-on the switch again.  The 
FPF2003 and FPF2007 do not turn off in response to a over 
current condition but instead remain operating in a constant 
current mode so long as ON is active and the thermal 
shutdown or under-voltage lockout have not activated.

 

Under-Voltage Lockout

 

The under-voltage lockout turns-off the switch if the input 
voltage drops below the under-voltage lockout threshold.  
With the ON pin active the input voltage rising above the 
under-voltage lockout threshold will cause a controlled 
turn-on of the switch which limits current over-shoots.

 

Thermal Shutdown

 

The thermal shutdown protects the die from internally or 
externally generated excessive temperatures.  During an 
over-temperature condition the FLAGB is activated and the 
switch is turned-off.  The switch automatically turns-on 
again if temperature of the die drops below the threshold 
temperature.

 

Additional Application Info

Input Capacitor

 

To limit the voltage drop on the input supply caused by 
transient in-rush currents when the switch turns-on into a 
discharged load capacitor or a short-circuit, a capacitor needs 
to be placed between V

 

IN

 

 and GND.  A 0.1µF ceramic 
capacitor, C

 

IN

 

, placed close to the pins is usually sufficient.  
Higher values of C

 

IN

 

 can be used to further reduce the 
voltage drop.

 

Output Capacitor

 

A 0.1uF capacitor C

 

OUT

 

, should be placed between V

 

OUT

 

 
and GND.  This capacitor will prevent parasitic board 
inductances from forcing V

 

OUT

 

 below GND when the switch 

turns-off.  For the FPF2000-FPF2002 and the FPF2004-
FPF2006, the total output capacitance needs to be kept below 
a maximum value, C

 

OUT

 

(max), to prevent the part from 
registering an over-current condition and turning-off the 
switch.  The maximum output capacitance can be determined 
from the following formula,

Due to the integral body diode in the PMOS switch, a C

 

IN

 

 
greater than C

 

OUT

 

 is highly recommended.  A C

 

OUT

 

 greater 
than C

 

IN

 

 can cause V

 

OUT

 

 to exceed V

 

IN

 

 when the system 
supply is removed.  This could result in current flow through 
the body diode from V

 

OUT

 

 to V

 

IN

 

.

 

FLAGB Pull-Up Resistor

 

Fault reporting is performed through the FLAGB pin.  Since 
it is an open-drain collector, a resistor needs to be connected 
between this pin and the input supply.  The value of the 
resistor is non-critical, but should be in the 100-1000k

 

Ω

 

 
range.  Current will flow through this resistor only during a 
fault condition and selecting a large value will reduce the 
magnitude of this current to levels which would be 
insignificant to the total system draw.

 

Power Dissipation

 

During normal operation as a switch, the power dissipation is 
small and has little effect on the operating temperature of the 
part.  The parts with the higher current limits will dissipate 
the most power and that will only be,

If the part goes into current limit the maximum power 
dissipation will occur when the output is shorted to ground.  
For the FPF2000, FPF2001, FPF2004 and FPF2005, the 
power dissipation will scale by the Auto-Restart Time, 
t

 

RESTART

 

, and the Over Current Blanking Time, t

 

BLANK

 

, so 
that the maximum power dissipated is,

When using the FPF2002 and FPF2006 attention must be 
given to the manual resetting of the part.  Continuously 
resetting the part at a high duty cycle when a short on the 
output is present can cause the temperature of the part to 
increase.  The junction temperature will only be allowed to 
increase to the thermal shutdown threshold.  Once this 
temperature has been reached, toggling ON will not turn-on 
the switch until the junction temperature drops.  For the 
FPF2003 and FPF2007, a short on the output will cause the 
part to operate in a constant current state dissipating a worst 

COUT max( )
ILIM max( ) tBLANK min( )×

VIN
--------------------------------------------------------------------= (1)

P ILIM( )2
RDS× 0.2( )2

0.7× 28mW= = = (2)

P max( )
tBLANK

tRESTART tBLANK+
-------------------------------------------------- VIN max( ) ILIM max( )×× 10

80 +
-------------= =

10
80 10+
------------------ 5.5 0.2×× 122mW=

(3)
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case power as calculated in (3) until the thermal shutdown 
activates.  It will then cycle in and out of thermal shutdown 
so long as the ON pin is active and the short is present.

 

Board Layout

 

For best performance, all traces should be as short as 
possible.  To be most effective, the input and output 
capacitors should be placed close to the device to minimize 
the effects that parasitic trace inductances may have on 

normal and short-circuit operation.  Using wide traces for 
V

 

IN

 

, V

 

OUT

 

 and GND will help minimize parasitic electrical 
effects along with minimizing the case to ambient thermal 
impedance.  The mechanical dimensions and recommended 
land pattern for SC70-5 package are included on the 
following page.

A Full datasheet of the device is available at 
www.fairchildsemi.com/fp/fpf2000.pdf.
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DISCLAIMER 

 

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY 
PRODUCTS HEREIN TO IMPROVE 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.

 

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 THE PRESIDENT 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, or (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 significant injury to the user.

2. A critical component is any component of a life support 
device or system whose failure to perform can be 
reasonably expected to cause the failure of the life support 
device or system, or to affect its safety or effectiveness.
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Dimensional Outline and Pad Layout for SC70-5 Package
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

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, or (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 significant injury to the
user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status Definition

Advance Information

Preliminary

No Identification Needed

Obsolete

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

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.
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