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70mQ, 3A Smart Universal Power Switch with Flag

B General Description B Features
The LN9703 is a low voltage, high performance single ®  Adjustable Current Limiting up to 3.5A
N-MOSFET power switch, designed for power rail on/off ®  Built-In (Typically 70mQ) N-MOSFET
control with low Rpsony=70mQ and full protection functions. ® Reverse Current Flow Blocking (no body diode)
The LN9703 equipped with a charge pump circuitry to drive ® Output Can Be Forced Higher than Input (Off or On
the internal MOSFET switch and a flag output is available State)
to indicate fault conditions against large di/dt which may ®  Low Supply Current :
cause the supply to fall out of regulation. In order to fit = - 40pA Typical at Switch on State
different application, an ISET pin is offered for current limit ~ -———- Less than 1pA Typical at Switch Off State
point setting, a resistor from ISET to ground sets the ® Guaranteed Continuous Load Current
current limit for the switch. s LN9703MR (SOT23-5L) : 3A
Additional features include soft-start to limit inrush ~ ---mmm- LN9703SR (SOP8) : 3.5A
current during plug-in, thermal shutdown to prevent ® Wide Input Voltage Ranges : 2V to 5.5V
catastrophic switch failure from high-current loads, Output ®  Open-Drain Fault Flag Output
anti back irrigation Protection whether CE pin is connected ®  Hot Plug-In Application (Soft-Start)
GND or VIN,under-voltage lockout (UVLO) to ensure that ® 1.7V Typical Under-Voltage Lockout (UVLO)
the device remains off unless there is a valid input voltage ® Reverse-Voltage Protection
present, a precision resistor-programmable output current ®  Thermal Shutdown Protection
limit up to 3.5A. Besides, the lower quiescent current as ® Smallest SOT23-5 and SOP-8 Package
40pA making this device ideal for portable battery-operated ® RoHS Compliant and 100% Lead (Pb)-Free
equipment. B Pin and Markling
The LN9703 is available in SOT23-5L or SOP8
package requiring minimum board space and smallest LN9703MR
components. fTOOTpSI?;Vi)L
B Applications HARING
® USB 3G/4G/5G Datacard
® USB Dongle o O3AC
®  MiniPCI Accessories e | it e
®  LCD Monitor, LCD-TV coda e
® USB Power Module for ADSL LN9703SR
® Information Appliance and Set-Top Box (Tgs\zsw)
®  Battery-Powered Equipment MARKING
®  Hot-Plug Power Supplies FLAGa]] @ o] ser
®  ACPI Power Distribution ouTE]l T L B
®  PCI Bus Power Switching outfz[} [Te] A
®  Motherboard & Notebook PCs oro[] OB tprocess code
® PC Card Hot Swap Application .
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B Typical Application Circuit

VIN
o—

Ci

Pull-up Resistor(10K to 100K)

Fault
IN ouT VourT VIN FLAG . Flag
© 1IN
LN9703MR ouT VOﬂO
CE ISET —_
GND Cour LN9703SR
RseT| — —
—_ %ﬁ CE ISET -
T Cin =l GND Cour
L 1
. — N Rser]
Basic Application Circuit
O é O
2.7x10°
Note: Current limit: |LIMSET(A)=
Reer (Q )
B Functional Pin Description
Pin Name Pin Function
IN Power Input Voltage.
ouT Output Voltage.
GND Ground.
CE Chip Enable (Active High).
ISET Current Limit Programming Input.
FLAG Open-Drain Fault Flag Output.(Active Low)
B Absolute Maximum Ratings
Supply Voltage 5.5V
Chip Enable Input Voltage -0.3Vto 5.5V
Flag Voltage 5V
Power Dissipation, PD @ TA = 25°C
SOT23-5L 0.6W
SOP8 0.95W
Package Thermal Resistance
SOT23-5L,8,5c 60°C/W
SOT23-5L,8;a 200°C/W
SOPS8, 6;a 104°C/W
Junction Temperature 125°C
Lead Temperature (Soldering, 10 sec.) 260°C

Storage Temperature Range

ESD Susceptibility (Note 2)
HBM (Human Body Mode)
MM (Machine Mode)

—-65°C to 150°C

5KV

500V
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B Electrical Characteristics

Typical values are referenced to Viy = 5V and Ta = +25°C (Others be noted).

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
POWER SWITCH
Vin Input Power range 45 C<TA<+125C 2 5.5 \%
Roson)y | Switch On Resistance Vin=5V,loutr = 1A - 70 75 mQ
Tr Output Rise time ViN=5V,Cin=10uA, C =1uF, R.=33Q - 0.2 2 ms
Tk Output Fall time (See Figure 1) - 0.1 0.5 ms
CURRENT LIMIT
Vin=5V, Rser=270kQ - 1 - A
locp Current-limit Threshold. (Maximum DC V=5V, Reer=430kQ - 06 - A
output current lout Delivered to Load)
ViN=5V, Rser=68kQ 35 3.8 4 A
Alymser | Current Limit Setting Accuracy lLimser = 0.5A to 3A -20 - +20 %
Tocp Overcurrent Protection Time Vin=5V 20 35 40 ms
Toer Response Time to Short Circuit 20 35 40 ms
Trec Regulation Time 1.8 3 4 ms
ENABLE INPUT CE
Vcen CE Threshold Logic-High Voltage Switch On with no load - 075 - Y
Switch On with lou=10mA - 1.15 - v
VeeL CE Threshold Logic-Low Voltage Switch Off no load - 07 - Y
Switch Off  lou=10mA - 11 - v
Ice CE Input Current Vce =0V to 5.5V - 10 - pA
Ton Turn on time Vin=5V,Cin=10uA, C =1uF, R.=33Q - - 3 ms
Toft Turn off time (See Figure 1) - - 3 ms
REVERSE-VOLTAGE PROTECTION
VRev Vout — Vi 80 135 175 mv
Teey Time from reverse-voltage condition to VIN=5.0V, 4 6 9 s
MOSFET turn off
TrREV Re-arming Time 7 10 15 ms
SUPPLY CURRENT
IiN_off Supply current, low-level output Vin=5V,Vce=0V, No load on OUT - 0.1 1 MA
IiN_on Supply current, high-level output Vin=Vce=5V No load on OUT - 45 80 MA
IReV Reverse leakage current Vour =5V, Vin=Vce =0V - 0.5 1 MA
FLAG PIN
VoL FLAG Output Low Voltage lFLac = 1 mA - - 400 mV
ILeak Off-state Leakage Velac =5V - 10 nA
Rrie FLAG Output Resistance Isink = IMA - 14 400 Q
FLAG De-assertion Time due to
Tre FLAG Deglitch Overcurrent or Reverse Voltage 1 2.3 5 ms

Condition

. _________________________________________________________________________________________________________________________________________________________________________________]
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THERMAL SHUTDOWN
Tsp Thermal Shutdown Threshold - 140 - T
Tspocp Thermal Regulation Threshold - 125
Trsp Thermal Shutdown Rearming Threshold - 115 -
UNDERVOLTAGE LOCKOUT
Vuvio IN Pin Low-level Input Voltage VN Rising,Vce=5.0V 1.75 1.8 2.0 \%
VhysT IN Pin Hysteresis - 100 - mV
TruvLo Re-arming Time 20 35 40 ms
PARAMETER MEASUREMENT INFORMATION
out
L - e
RL CL Vour : 90% 90% :
10% 10%
TEST CIRCUIT
\ 50% 50% z" Ven 50% 50%
' ' taff

Vv 90% . 90%
ouT 107 Vour 10%

Figure 1. Test Circuit and Voltage Waveforms

B Typical Performance Characteristics

1. On-State Supply Current VS Input Voltage 2. Off-State Supply Current VS Temperature
50 20
Vin =5V
451 15 |Vee = OV
Cwn = 10uF
40 - 1.0 -|Cour = 33uF
Rt = Open
2 35 ’<‘ 05 I|Rser = 100kQ)
3 30t S 0o
" T
w0 st » o5t
20 Vee = 5V 4.0
Cwn = 10uF
15 | RL = Open 15 1
Rser = 100kQ
101 5 20 25 3.0 3.5 4.0 45 5.0 55 -2.0-40 -20 0 20 40 60 80 100 120
Vin(V) Temperature(°C)
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3. Current Limit VS Input Voltage 4. R_on(mQ) VS Temperature
%0 — VIN=5V.IOUT=1A
25 .’\
—_— 20 —_
< (]
E 15} %
| 10f
Cwn = 10uF x
05 Cour = 33uF
Ru.=0.50
Rser = 100kQ)
0-02.0 25 3.0 35 4.0 45 5.0 55 -40 0 40 80 120
Vin(V) Temperature(°C)
5. Output Current Limit VS Temperature 6. On-Resistance VS Input Voltage
80
24l —— Rset=120k|
22k 75

(A)
Ron(mQ)

= 65
E 16 |
_ 60
14 lour = 0.5A
551 Rser = 50kQ
12 Cn = 10uF
Cour = 33uF
10 I I I I 50 I I I I I .
-40 0 40 80 120 20 25 3.0 35 4.0 45 5.0 55
Temperature(°C) Vin(V)
7. CE Threshold Voltage VS Input Voltage 8. CE Threshold Voltage VS Temperature
20 20
——ON
1.8 H OFF 1.8 |
16 LICn = 10uF 16k
Cour = 33uF
4 HIL = 100mA 14t
12 L|Rser = 100kQ S N e e S S R N

Vee(V)
V_ceg(V)

08 08 ——ON
06 - 06 L OFF
Vin = 5V
04 0.4 I = 100mV
02l 02l Cwn=10uF
Cour = 33uF|
00 L L L L L L 00 L L L L L L N
20 25 30 35 40 45 5.0 55 40 20 0 20 40 60 8 100 120
Vin(V) Temperature(°C)
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9. Short Circuit Current Response

10. Inrush Current Response

VIN = 5V, CIN = 10uF, COUT = 0.1uF
RSET = 150kQ
Vout
VIN = 5V, .CIN = 10uF RL = 0.5Q),
RSET = 150kQ)
+
Jout :
@ soov 10.0ms 100MyT/As 36H 2 ( JO0A O )(400ps 25060/ @B S 36H 21
LO0A Qb 10M A 1.40Y 10;02:24 10M f5 260 13:52:22
11. Turn-On Response 12. Turn-Off Response
VIN = 5V CIN = 1‘)\1F,COUT:1UF.
CE RL = 300, RSET = 200k0)
1]
. « L «
Vout : "
VIN =5V CIN = 104F, COUT = TuF RL L
=330, RSET = 200k
Vout [
[
(@ sov J[100ps 2,506/ s 36H 2 5.00 Y 10045 2.50670/%h N 36H 2
10M 5 290 10:32:37 € 10mk % 10M 5 290 ¥ 10:36:31

13. UVLO at Rising

14. UVLO at Falling

VingCE VIN = VCE = 5V CIN = 1000uF
COUT = 1uF RL = 30Q). RSET = 200k()
Vout
/ ) )
e ™%
VIN = VCE =5V CIN = 1000uF.
VinkCE COUT = 1uF RL =300, RSET = 200k(}
Vout
@ 1wy 2,00 R 1 368 20 1.00Y 20,01 50.0M 5/ 6 R 36K 2
© ][ it 10M1ﬁ:}k\ - 2,90y ][ 10:39:18 @ )[ i 10M ;{.—%A v .Z%O\/ ]{ 10:4515[
15. Current Limit with Thermal Shutdown 16. Short- Circuit with Thermal Shutdown
VINZSVCIN:]O'\;F o o
COUT = 33uF RL=0.5Q VIN =5V, CIN = 10uF,
RSET = 100kQ) COUT = 33uF RSET:= 100kQ .
B ERLEALN

F) 1.00 V

so.omyk/Ah @ 368 2
10M 5

20.0ms
L1004 D 920m' 10:49:18

F) 1.00 V

X 36H &
10M 5

20.0rms
1004 O 920mYy 10:51:18
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17. Soft-Start Response

e

._CE___________J ‘
Vout - /
; ;

Tout /

VIN = 5V, RL = 0.5Q, CIN = 10uF
COUT = luF

F) 5 uo.v J[Aouus 250650/% @B S ][ 368 2
S00mA O 10M 4 900mY 13:02:37
19. FLAG Response at Chip Enable
CE J 4+
FLAG
o 1
Veur |
{ x.
L | VIN=5V. CE-S5ViE#. Cin-10uF.
Cout=30uF, RL=108. Fset=330kD
|'I-l 1 , 10 0rres [ 156H 2
@ [ 4] J 1004 2 Loow | s

B Applications Information

The LN9703 is a high-side, N-Channel, power switch
available with active-high enable input. Low Rpgony=70mS
and full protection functions make it optimized to replace

complex discrete on/off control circuitry.
® Chip Enable Input
The switch will be disabled when the CE pin is in a logic

low condition. During this condition, the internal circuitry and
MOSFET are turned off, reducing the supply current to 0.1pA
typically. The maximum guaranteed voltage for a logic low at
the CE pin is 0.8V. A minimum guaranteed voltage of 2V at
the CE pin will turn the LN9703 back on. Floating the input
may cause unpredictable operation. CE should not be
allowed to go negative with respect to GND. The CE pin may
be directly tied to VIN to keep the part on.
®  Soft-Start for Hot Plug-In Applications

In order to eliminate the upstream voltage droop caused
by the large inrush current during hot-plug events, the
“soft-start” feature effectively isolates the power source from
extremely large capacitive loads.
® Fault Flag

The LN9703SR provides a FLAG signal pin which is an

18. FLAG Response (Enable into Current Limit)

CE | H

wﬂf&ﬂr\.ﬁmﬁ VI \ ﬁ\li CE= g\g

I
8. Cin=10uF. Cout=30uFFL=0.50.
b Feet=130k0 .
|Il 5 |m s L . 156)H 2
£y i )L 0k 110 J 081757

N-Channel open drain MOSFET output. This open drain
output goes low when VOUT < VIN -1V, current limit or the
die temperature exceeds 150°C approximately. The FLAG
output is capable of sinking a 10mA load to typically 150mV
above ground. The FLAG pin requires a pull-up resistor, this
resistor should be large in value to reduce energy drain. A
10kQ to 100kQ pull-up resistor works well for most
applications. In the case of an over-current condition, FLAG
will be asserted only after the flag response delay time, tp,
has elapsed. This ensures that FLAG is asserted only upon
valid over-current conditions and that erroneous error
reporting is eliminated.

For example, false over-current conditions may occur during
hot-plug events when a highly large capacitive load is
connected and causes a high transient inrush current that
exceeds the current limit threshold. The FLAG response
delay time tp is typically 2.3ms.
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® Reverse-Voltage Protection

The reverse-voltage protection feature turns off the
N-channel MOSFET whenever the output voltage exceeds
the input voltage by 140 mV . A reverse current of
(Vout-Vin)/Rpseny Will be present when this occurs. This
prevents damage to devices on the input side of the LN9703
by preventing significant current from sinking into the input
capacitance. The LN9703 devices allow the N-channel
MOSFET to turn on once the output voltage goes below the
input voltage for the same 2.3ms deglitch time. The
reverse-voltage comparator also asserts the FLAG after

2.3ms.
® Under-Voltage Lockout

Under-Voltage lockout (UVLO) prevents the MOSFET
switch from turning on until input voltage exceeds
approximately 1.7V. If input voltage below
approximately 1.3V, UVLO turns off the MOSFET switch,

FLAG will be asserted accordingly. Under- Voltage detection

drops

functions only when the chip enable input is enabled.
® Current Limiting
The current limit circuitry prevents damage to the

MOSFET switch and external load. It is user adjust- able with
an external set resistor, RSET, ILIMIT = 270k/RSET in the
range of 500mA to 3.5A. The accuracy of current limit set
point may vary with operating temperature and supply
voltage. See “Typical Performance Characteristics” graph for

further details.
® Thermal Shutdown
Thermal shutdown is employed to protect the device

from damage if the die temperature exceeds approxi- mately
150°C. If enabled, the switch automatically restarts when the
die temperature falls 30°C. The output and FLAG signal will
continue to cycle on and off until the device is disabled or the

fault is remove.
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B Package Information

® SOT23-5L

r Y

L

Al

AZ
A

Dimensions In Millimeters

Dimensions In Inches

Symbol Min Max Min Max
A 1.050 1.250 0.041 0.049
Al 0.000 0.100 0.000 0.004
A2 1.050 1.150 0.041 0.045
b 0.300 0.500 0.012 0.020
c 0.100 0.200 0.004 0.008
2.820 3.020 0.111 0.119
E 1.500 1.700 0.059 0.067
E1l 2.650 2.950 0.104 0.116
e 0.950(BSC) 0.037(BSC)
el 1.800 2.000 0.071 0.079
L 0.300 0.600 0.012 0.024
0 0° 8° 0° 8°
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® SOP8
le £ o
| | r”_h""""'x
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o 1
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|
- 1 | T y [T
| 1
(T | T
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|
T | 1 -
! &1 -.-'_H_'J
1
I —_—
- 3 - AZ
A
L
| K]
|
[\t
\ | /
|
Dimensions In Millimeters Dimensions In Inches
Symbol - -
Min Max Min Max
A 1.350 1.750 0.053 0.069
Al 0.100 0.250 0.004 0.010
A2 1.350 1.550 0.053 0.061
b 0.330 0.510 0.013 0.020
c 0.170 0.250 0.007 0.010
4.700 5.100 0.185 0.200
E 3.800 4.000 0.150 0.157
El 5.800 6.200 0.228 0.244
e 1.270(BSC) 0.050(BSC)
L 0.400 1.270 0.016 0.050
0 0° 8° 0° 8°
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