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Features

<1.8 to 5.5 V Input Voltage Range
Controlled Turn-On

0.1 to 1.5 A Adjustable Current Limit
Under-Voltage Lockout

Thermal Shutdown

<2 YA Shutdown Current

Auto Restart

Fast Current Limit Response Time
5 us to Moderate Over Currents
30 ns to Hard Shorts

Fault Blanking

Reverse Current Blocking

Applications

PDAs

Cell Phones

Handheld GPS Devices

Portable Enterprise / Industrial Devices
Digital Cameras

Peripheral Ports and Accessories
Portable Medical Equipment

Hot Swap Supplies
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FPF2193 / FPF2194 / FPF2195
Full-Function Load Switch with Adjustable Current Limit

Description

The FPF2193, FPF2194, and FPF2195 form a series of
load switches that provides full protection to systems
and loads that may encounter large current conditions.
These devices contain a 55 mQ current-limited P-
channel MOSFET that can operate over an input
voltage range of 1.8 to 5.5V. Internally, current is
prevented from flowing when the MOSFET is off and the
output voltage is higher than the input voltage. Switch
control is by a logic input (ON) capable of interfacing
directly with low-voltage control signals. Each part
contains thermal shutdown protection that shuts off the
switch to prevent damage to the part when a continuous
over-current condition causes excessive heating.

When the switch current reaches the current limit, the
parts operate in a constant-current mode to prohibit
excessive currents from causing damage. For the
FPF2193 and FPF2194, if the constant current condition
still persists after 30 ms, the parts shut off the switch
and pull the fault signal pin (FLAGB) LOW. The
FPF2193 has an auto-restart feature that turns the
switch on again after 450 ms if the ON pin is still active.
The FPF2194 does not have this auto-restart feature, so
the switch remains off until the ON pin is cycled. The
FPF2195 does not turn off after a current limit fault, but
remains in the constant-current mode indefinitely. The
minimum current limit can be set as low as 45 mA.

These parts are available in a space-saving six ball
advanced 0.98 x 1.48 mm WLCSP package.

Ordering Information

Part Number Current Current Limit Blanking Auto-Restart ON Pin Tob Mark
Limit [mA] Time [ms] Time [ms] Activity P
FPF2193 15/30/60 225/450/900 S6
FPF2194 100-1500 15/30/60 NA . S7
Active HIGH
FPF2195 0 NA S9
FPF2195BUCX 45-1500 0 NA SY
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Pin Configuration

Pin Definitions

G6TZddd / ¥6TZ4ddd / €6TZ4dd

BOTTOM TOP

Figure 3. 1.0 x 1.5 mm Chip-Scale Package

Figure 4. Pin Configuration (Bottom View)
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Pin # Name Description
C1 IseT Current Limit Set Input. A resistor from Iset to ground sets the current limit for the switch.
B2 Vin Supply Input. Input to the power switch and the supply voltage for the IC.
B1 Vour Switch Output. Output of the power switch.
A1 FLAGB Fault Output. Active LOW, open-drain output that indicates an over-current supply, under-
voltage, or over-temperature state.
Cc2 GND Ground.
A2 ON ON control input, active HIGH.
© 2009 Fairchild Semiconductor Corporation www.fairchildsemi.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.

1. Package power dissipation on one-square inch pad, two-ounce copper board.

Recommended Operating Conditions

Symbol Parameter Min. Max. Unit
Vin, Vout, ON, FLAGB, ISET to GND -0.3 6.0 \Y,
Po Power Dissipation at Ta= 25°ct) 1.2 w
TJ Operating Temperature Range -40 +125 °C
Tste Storage Temperature -65 +150 °C
[ONN Thermal Resistance, Junction to Ambient 85 °C/IW
L - Human Body Model, JESD22-A114 8000
ESD Electrostatic Discharge Capability - \%
Machine Model, JESD22-A115 400
Notes:

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 Input Voltage 1.8 55 \%
Ta Ambient Operating Temperature -40 +85 °C

© 2009 Fairchild Semiconductor Corporation
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Electrical Characteristics

Vin=1.8105.5V, Ta =-40 to +85°C unless otherwise noted. Typical values are at Viy = 3.3 V and Ta = 25°C.

Symbol | Parameter Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Units
Basic Operation
Vin Operating Voltage 1.8 5.5 \Y,
V|N=1 8V 70
la Quiescent Current lout=0 MA, Von=Vin | VIN=3.3 V 75 MA
V|N=5.5 V 80
. Ta=25°C, lout=200 mA 55 80
Rov | On Resistance Ta=-40 to 85°C, lour=200 mA 135 | M
Vi On Input Logic High Voltage |Vin=1.8V 0.8 v
ON Vin=5.5V 1.4
. Vin=1.8V 0.5
Vi On Input Logic Low Voltage Vin=5.5 V 10 \%
Iin On Input Leakage Von=Vin or GND -1 0 1 MA
Vinso | Vin Shutdown Current xgz:gs\r/{o\r/tﬁ;%?\l\é, -2 2 WA
Ve, | FLAGB Output Logic Low Vin=5V, lsink=10 mA 0.05 0.20 Vv
r Voltage Vin=1.8 V, Isnk=10 mA 0.12 0.30
I A Egﬁggeogaﬁf;rhog'c High | \\=5V, Switch ON 1 uA
Reverse Block
lsor | Vour Shutdown Current xifsoh\cfrtxgijgl\fbs v, 2 2 pA
Vpreakdown | Reverse Breakdown Voltage |Vin=Von=0V, lout=200 pA 9 \Y
Protections
Current Limit Vin=3.3V, Vour=3.0 V, Rsgr=690 Q | 600 800 1000 mA
ILim Current Limit for Vin=4.5V, Vour=4.2 V,
FPF2195BUCX Regr=15.8 KO 35 % 60 A
luminy | Minimum Current Limit \é:l;ig;é\g)m:&o E 100 ma
Shutdown Threshold 140
Tsp Thermal Shutdown Return from Shutdown 130 °C
Hysteresis 10
Vuvio | Under-Voltage Lockout VN Increasing 1.55 1.65 1.75 Vv
Vivio Hvst g;gtzrr-e\}/sci)étage Lockout 50 mv
Dynamic
tdon Delay On Time R =500 Q, C,=0.1 yF 20 us
tr Vour Rise Time R.=500 Q, C,=0.1 uF 20 us
ton Turn-On Time R =500 Q, C,=0.1 yF 40 us
tdorr Delay Off Time R =500 Q, C,=0.1 yF 15 V&
te Vout Fall Time R|_=500 Q, C|_=0.1 UF 110 us
torr Turn-Off Time R =500 Q, C,=0.1 yF 125 us
tsank | Over-Current Blanking Time | FPF2193, FPF2194 15 30 60 ms
trsTRT | Auto-Restart FPF2193 Only 225 450 900 ms
V|N=V0UT=3.3'\./, Moderate Over- 5 us
tsc Short-Circuit Response Time | Current Condition
V|N=VOUT=3.3 V, Hard Short 30 ns
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Typical Performance Characteristics
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Typical Performance Characteristics (Continued)
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Typical Performance Characteristics (Continued)
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2. When the output voltage is below Vscri=1.1 V, the current limit value is set at 62.5% of the current limit value.
3. Vpry signal forces the device to go into over-current condition by loading.
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Functional Description

The FPF2193, FPF2194, and FPF2195 are current-
limited switches that protect systems and loads that can
be damaged or disrupted by the application of high
currents. The core of each device is a 55 mQ P-channel
MOSFET and a controller capable of functioning over the
wide input operating range of 1.8- 5.5V. The controller
protects against system malfunctions through current
limiting, under-voltage lockout, and thermal shutdown.
The current limit is adjustable from 100 mA (45 mA for
FPF2195BUCX) to 1.5 A through the selection of an
external resistor.

On/Off Control

The ON pin controls the state of the switch. When ON is
HIGH, the switch is in ON state. Activatihng 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 junction temperature in excess of 140°C overrides
the ON control to turn off the switch. In addition,
excessive currents cause the switch to turn off in the
FPF2193 and FPF2194. The FPF2193 has an auto-
restart feature that automatically turns the switch on again
after 450 ms. For the FPF2194, the ON pin must be
toggled to turn the switch on again. The FPF2195 does
not turn off in response to an over-current condition, but
remains operating in constant-current mode as long as
ON is active and the thermal shutdown or under-voltage
lockout have not activated.

Fault Reporting

Upon the detection of an over-current, input under-
voltage, or over-temperature condition, FLAGB signals
the fault mode by activating LOW. For the FPF2193 and
FPF2194, the FLAGB goes LOW at the end of the
blanking time, while FLAGB goes LOW immediately for
the FPF2195. FLAGB remains LOW through the auto-
restart time for the FPF2195. For the FPF2194, FLAGB is
latched LOW and ON must be toggled to release it. With
the FPF2195, FLAGB is LOW during the faults and
immediately returns HIGH at the end of the fault
condition. FLAGB is an open-drain MOSFET that requires
a pull-up resistor between Vv and FLAGB. During
shutdown, the pull-down on FLAGB is disabled to reduce
current draw from the supply.

Current Limiting

The current limit ensures that the current through the
switch doesn't exceed a maximum value, while not
limiting at less than a minimum value. The current at
which the parts limit is adjustable through the selection of
an external resistor connected to Isgr. Information for
selecting the resistor is found in the Application
Information section. The FPF2193 and FPF2194 have a
blanking time of 30 ms, nominally, during which the
switch acts as a constant current source. At the end of
the blanking time, the switch is turned off. The FPF2195
has no current limit blanking period, so it remains in a
constant current state until the ON pin is deactivated or
the thermal shutdown turns off the switch.

For preventing the switch from large power dissipation
during heavy load, a short-circuit detection feature is
introduced. Short-circuit condition is detected by,
observing the output voltage. The switch is put into short-
circuit current-limiting mode if the switch is loaded with a

heavy load. When the output voltage drops below Vscrh,
the short-circuit detection threshold voltage, the current
limit value is re-conditioned and the short-circuit current-
limit value is decreased to 62.5% of the current limit
value. This keeps the power dissipation of the part below
a certain limit even at dead-short conditions at 5.5 V input
voltage. The Vscrh value is set to be 1 V. At around 1.1V
of output voltage, the switch is removed from short-circuit
current-limiting mode and the current limit is set to the
current limit value.

Under-Voltage Lockout (UVLO)

The under-voltage lockout turns the switch off 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 causes a controlled turn-
on of the switch, which limits current over shoot.

Thermal Shutdown

The thermal shutdown protects the die from internally or
externally generated excessive temperatures. During an
over-temperature condition, 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.

Reverse-Current Blocking

The entire FPF2193/94/95 family has a reverse current
blocking feature that protects the input source against
current flow from output to input. For a standard USB
power design, this is an important feature to protect the
USB host from being damaged due to reverse current
flow on Vaus.

When the load switch is OFF, no current flows from the
output to the input. If the switch is turned on and the
output voltage is greater than input voltage, this feature is
activated and turns off the switch. This prevents any
current flow from output to input. The reverse-current
blocking feature is deactivated if the Vour - Vin is smaller
than a typically 50 mV threshold. During this time, some
current (50 mV/Ron) flows from the output to input until
input voltage becomes greater than output voltage.
FLAGB operation is independent of the reverse-current
blocking and does not report a fault condition if this
feature is activated.

0%
Von / \
IO"-‘
90% p 0%
Vaur 0% 10%
‘dUNI R tdger!
ton torF
Figure 27. Timing Diagram
where:

tdon = Delay On Time
tr = Vou'r Rise Time
ton = Turn-On Time
tdOFF = Delay Off Time
tr = Vour Fall Time
tore = Turn-Off Time
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Application Information

RPullup = 100KQ
LOAD
ViN Vour
FPF2193/4/5
FLAGB
?T;;t\t;erryrv JRE = 4990
BVEEV| | OFF|ON % ON seTf—1 I
= T~ GND < =0 2
- C1=0.1pF > T
Larger value of C1

is needed for long
supply traces.

Figure 28. Typical Application

Setting Current Limit

The FPF2193, FPF2194, and FPF2195 current limit is
set with an external resistor connected between Isgr and
GND. This resistor is selected using the following
equation:

551.6

IL|M
Rseris in Q and Ise is in Amps.

Rser = (1)

Table 1 can also be used to select Rser. A typical
application would be the 500 mA current required by a
single USB port. Using Table 1, an appropriate selection
for the Rser resistor would be 788 Q. This ensures that
the port load could draw 525 mA, but not more than
875 mA. Likewise for a dual-port system; an Rsgr of
368 Q always delivers at least 1125 mA and never more
than 1875 mA.

Table 1.  Current Limit Various Rser Values
Rser(Q) l\/ll_ln _Current Typ. _Current Ma_x. _Current
imit (mA) Limit (mA) Limit (mA)
368 1125 1500 1875
441 928 1250 1562
552 750 1000 1250
613 675 900 1125
690 600 800 1000
788 525 700 875
919 450 600 750
1103 375 500 625
1226 338 450 563
1379 300 400 500
1576 263 350 438
1839 225 300 375
2206 188 250 313
2758 150 200 250
3677 113 150 188
5516 75 100 125
15800 35 45 60
Note:

4. FPF2195BUCX only.

i Rger

Input Capacitor

To limit the voltage drop on the input supply caused by
transient inrush currents when the switch is turned on
into a discharged load capacitor or a short-circuit, a
capacitor needs to be placed between V\y and GND. A
0.1 uF ceramic capacitor, Cin, placed close to the pins is
usually sufficient. Higher values of Ciy can be used to
further reduce the voltage drop.

Output Capacitor

A 0.1 yF capacitor, Cour, should be placed between
Vour and GND. This capacitor prevents parasitic board
inductances from forcing Vour below GND when the
switch turns off. For the FPF2193 and FPF2194, the
total output capacitance needs to be kept below a
maximum value, Coyt(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:

I, (max)x tg ank(Min)
Vin

Cour(max)= (2)

Power Dissipation

During normal operation as a switch, the power
dissipated depends upon the level at which the current
limit is set. The maximum allowed setting for the current
limitis 1.5 A and results in a power dissipation of:

P = (I, m)? xRon = (1.5)% x0.055=123.75mW  (3)

If the part goes into current limit, the maximum power
dissipation occurs when the output is shorted to ground.
For the FPF2193, the power dissipation scales by the
auto-restart time, trstrt, and the over-current blanking
time, taLank, so that the maximum power dissipated is:

P(max) = teLank x Viy(max)x Iy (max)
taLank +trsTRT
30 (4)
=———x55x1.5=515.6mW
30+450
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This is more power than the package can dissipate, but
the thermal shutdown of the part activates to protect the
part from damage due to excessive heating. When
using the FPF2194, attention must be given to the
manual resetting of the part. The junction temperature is
only able to increase to the thermal shutdown threshold.
Once this temperature has been reached, toggling ON
does not turn the switch on until the junction
temperature drops. For the FPF2195, a short on the
output causes the part to operate in a constant-current
state, dissipating a worst-case power of:

P(max)= Vjy(max)x| (max)
=5.5x1.5=8.25W

This large amount of power activates the thermal
shutdown and the part cycles in and out of thermal
shutdown as 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 Vi, Vour, and GND help to minimize
parasitic electrical effects along with minimizing the
case-to-ambient thermal impedance.

© 2009 Fairchild Semiconductor Corporation
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SIDE VIEWS

NOTES:
A. NO JEDEC REGISTRATION APPLIES.
B. DIMENSIONS ARE IN MILLIMETERS.

C. DIMENSIONS AND TOLERANCE
PER ASMEY14.5M, 1994.

| [70.0050)[c|A[B]

20.315 +/- .025
6X
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|
* 1@' C DATUM C IS DEFINED BY THE SPHERICAL
oo Lo 518 vys00m CROWNS OF THE BALLS.
'$ D DA ﬁPACKAGE NOMINAL HEIGHT IS 582 MICRONS
1 ‘ } A 143 MICRONS (539-625 MICRONS).
o =~ (x)20.018 A FOR DIMENSIONS D, E, X, AND Y SEE
PRODUCT DATASHEET.
BOTTOM VIEW G. DRAWING FILNAME: MKT-UCO06AFrev2.
Figure 29. 6-Ball, Wafer-Level Chip-Scale Package (WLCSP)
Product D E X Y
FPF2193 1.480+0.030 980+0.030 0.240 0.240
FPF2194 1.480+0.030 980+0.030 0.240 0.240
FPF2195 1.480+0.030 980+0.030 0.240 0.240
FPF2195BUCX 1.480+0.030 980+0.030 0.240 0.240

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:

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.

http://fsce132/dwg/UC/UCO06AF.pdf.
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EFAIRCHILD
SEMICONDUCTOR"

TRADEMARKS

2Coo/™
AccuPower™
A CAP™
Bitsic™

Build it I ow™
CorePLUZT™
CorePCVWER™
CROSSYOLT™
CTLTM

Current Transfer Logic™
DEUXPEEC
Dual Cool™
EcoSPARK®
Efficienthd axT

ESBC™
=]

Fairchild®

Fairchild Semiconductor®
FACT Quiet Serigs™
FACT®

FAST®

FastvCare™

FETEBench™

FRzm™

F-FFz™

FRFET®

Global Power Rezource™

GreenBridge™

Green FPST™

Green FPS™ e-Serigs™

Grnax™

GTOm™

Intellifd T

|SOPLANARTH

Making Small Speakers Sound Louder
and Better™

MegaBuck™

MICROCOURPLER™

MicroFET™

MicroPak™

MicroPakZm™

MillerDrive™

M ationhd axm™

S aver™

OptoHIT™

OPTOLOGIC®

OPTOPLANAR®

The following includes registered and unregistered trademarks and serice marks, owned by Fairchild Semiconductor and/or its global subsidianes, and is not
intended to be an exhaustive listof all such tradermarks.

=]

PowerTrench®
Powerxs™
Prograrmmahle Active Droop™
CFE
i
CQuiet Serigs™
RapidConfigure™

TRTH

2
Saving our word, TmWAAKW at 3 time™
Signalise™
Smarth ax™
SMART START™
Solutions for Your Success™
SPM®
STEALTH™
SuperFET®
SuperSCOT™3
SuperSCT™-f
SupersaT™ g
SupreMOs®
SyncFET™

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

Sync-Lock™
SYSTEM
IGENERALT
TinyBoost™
TinyBuck™
TinyCalc™
TinyLogic®
TIMNYOFTO™
TinyPower™
Tiny Py ™
TiryWyire™
Tran3ic™
TriFault Detect™
TRUECURRENT™
wSerDes™
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Des’
UHC®
Ultra FRFET™
UniFET™
YEXTH
Wisualhlaxm™
VaoltagePlus™
}{STM

DISCLAIMER

FAIRCHILD SEMICCNDUCTOR RESERVES THERIGHT TO MAKE CHANGES WTHCUT FURTHER MOTICE TOANY FRODUCTS HEREIMN TO IMPRCVE
RELUABILTY, FUNCTICN, OR DESIGN. FAIRCHILD DOES MOT ASSUME ANY LIABILITY ARISING CUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIMN, MEITHER DOES IT CORVEY ANY LICENSE UNDERITS PATENT RIGHTS, MOR THERIGHTS OF OTHERS. THESE
SPECIFICATIONS DO NCT EXPAND THE TERM S OF FAIRCHILD'S WCRLDWDE TERMS AMD CONDITIONS, SPEQFICALLY THE WARRANTY THEREIN,
WHICH COWERS THESE PRODUCTS.

LIFE SUPPORT POLICY

As used herein:

1. Life suppott devices or systems are devices ar 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 he
reasonahbly expected to result in a significant injury of the user.

FAIRCHILD'S PFRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES COR SYSTEMSWITHOUT THE
EXPRESS WRITTEN AFPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

2. A critical component in 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.

under Sales Support.

ANTI-COUNTERFEITING POLICY
Fairchild Semiconductor Camoration's Anti-Counterfeiing Policy. Fairchild's Anti- Counterfeiing Policy is also stated on our extemnal website, v fairchildsemi.com,

Counterfeiting of sermiconductor parts is a growing problemn in the industry. Al manufacturers of sermiconductor products are experiencing counterfeitng 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 produdion and manufacturing delays. Fairchild is taking strong measures to protect ourselves and our custorrers from the
profiferation of counterfelt 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 custormers buy either from Fairchild directhy or from Authorized Fairchild Distibutors
are genuine parts, have full raceahility, meet Fairchild's quality standards for handling and storage and provide access to Fairchild's full range of up-to-date technical
and product information. Fairchild and our Authonized Distibutors will stand behind all warranties and will appropriately address any wananty issues that may arise.
Fairchild will not provide any warranty coverage or other assistance for parts bought from Unauthorized Sources. Fairchild is committed to cormbat this global
prablermn and encourage our custormersto do theirpart in stopping this practice by buying direct or from authorized distibutars.
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Definition of Terms

PRODUCT STATUS DEFINITIONS

Datasheet |dentification

Product Status

Definition

Advance Information

Farmative / In Design

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

Preliminary

First Production

Datasheet contains preliminary data; supplermentary data will be published at a later date. Fairchild
Semiconductar reserves the right to make changes at any time without notice to improve design.

Mo ldentification Needed

Full Production

Datasheet contains final specifications. Fairchild Semiconductor reserves the right to make
changes at any time without notice to improve the design.

Ohsolete

Mot In Production

Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductor
The datasheet is for reference information anly.

Rev. |64
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