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3V-40V Vin, 500mA, Ultra-Low Quiescent Current LDO with Power-Good

FEATURES

e Wide Input Range: 3V-40V
e With up to 45V Transient Input Voltage
e Maximum Output Current: 500mA
e Output Voltage:
3.3V and 5V (Fixed Output)
1.25V~25V (Adjustable Output Version)
e Output Voltage Accuracy:
T:=25 £ 1%
Ti=-40 ~125 :+ 2%
e Ultra-Low Quiescent Current: 2.6pA
e Low Dropout Voltage
149mV at 150mA load current(EMSOP-8

package)
165mV at 150mA load current(TO252-4
package)
e S
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REVISION HISTORY

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Revision 1.0: Release to production(EMSOP-8 package).

Revision 1.1: Update the ELECTRICAL CHARACTERISTICS.

DEVICE ORDER INFORMATION

SCT71405A00STER Adjustable ESOP-8 5A00 Tape & Reel, 4000
SCT71405F50BSTER Fixed 5.0V ESOP-8 F50B Tape & Reel, 4000
SCT71405F33BSTER Fixed 3.3V ESOP-8 F33B Tape & Reel, 4000
SCT71405F500WCR Fixed 5.0V TO252-4 S5F50 Tape & Reel, 2500
SCT71405F330WCR Fixed 3.3V TO252-4 S5F33 Tape & Reel, 2500
SCT71405F50A0OWCR Fixed 5.0V TO252-4 FS0A Tape & Reel, 2500
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PIN CONFIGURATION

voutC{r ————— sfTIF8
| |
NC ]2 lThermaI: 7.1 PGDL
| PAD |
GND[CI]3 1 9 :GZElPG
|
|
vines © 777 spmen

ESOP-8 Package

GND

:,7 Thermal < :
! PAD !

TO252-4 Package

PIN FUNCTIONS

ESOP-8 Package

GND

:,7 Thermal :
! PAD !

TO252-4 Package

VOUT 1 1 Regulated output voltage pin
NC 2 2,8 No connection
GND 3 3 Ground reference pin.
VIN 4 4 Input voltage pin
EN 5 5 Enable input pin
PG 6 6 Power-good pin
PGDL 7 7 Programmable Power-Good Delay Time.
Feedback Input for Output Adjustable
FB 8 — .
Version
Thermal Connect the thermal pad to a large area
Pad 9 9 GND plane for improved thermal
performance.
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VOUT 4 4 Regulated output voltage pin.

NC 3 — No connection.
VIN 1 1 Input voltage pin.
EN 2 3 Enable input pin.
PG — 2 Power-good pin.

Thermal Connect the thermal pad to a large area
Pad 5 5 GND plane for improved thermal

performance.

RECOMMENDED OPERATING CONDITIONS

Over operating free-air temperature range unless otherwise noted

ViN Input voltage range 3 40 \
Fixed Output voltage(TO252-4 package) 1.215 5 V
Vour Fixed Output voltage(EMSOP-8 package) 1.25 5 V
Adjustable Output Version 1.25 25 V
VEN Enable input voltage 0 ViN \%
Vec Power-good pin voltage 0 5
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ELECTRICAL CHARACTERISTICS

Vin=Vout+1V, Coutr=10uF, Ts= -40°C~125°C, typical value is tested under 25°C.

VIN Operating input voltage 3 40 \%
Vin UVLO Threshold VN rising 2.49 2.81 \%
Vuvio Hysteresis(EMSOP-8 package) 60 mV
Hysteresis(TO252-4 package) 30 mV
EN=0, Vour=3.3V, Vin=4.3V 0.29 MA
IsHDN Shutdown current from VIN pin EN=0, Vout=5V, Vin=6V 0.43 MA
EN=0, Vour=3.3V/5V, Vin=12V 0.7 MA
El\rllchItoia:lt(,:lztc)j;oli(Bj, Vin=Vout+1V 26 UA
EN flo_at, no load, Vin=12V 29 UA
lo Quiescent current from GND pin not include Ire —
EN _float, no load, Vin=Vout+1V 42 UA
Fixed Output voltage
et g 2
Vour Output voltage accuracy 1= 257C 1% 1%
Ty=-40°C~125°C -2% 2%
) OTioa\./év ! 10 mv
OmA OUT=3.3V 10 20 mV
1.238 1.25 1.262 \%
°C 1.225 1.25 1.275 \%
JJout =100mA 98 mV
JJout =150mA 149 mV
,Jout =500mA 663 mV
,Jout =100mA 108 mV
,Jout =150mA 165 mV
,Jout =500mA 730 mV
lout Output current Vourt in regulation 0 500 mA
Isc_vinLow Short current limit Vout=0V, VIN<30V 520 700 850
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TYPICAL CHARACTERISTICS
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Figure 1. Quiescent Current vs Output Current
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Figure 3. Quiescent Current vs Ambient Temperature
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Figure 2. Quiescent Current vs Input Voltage, No load
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Figure 4. Dropout Voltage vs Output Current
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Figure 5. Output Voltage vs Ambient Temperature at Figure 6. Output Voltage vs Input Voltage
VOUT=5V
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TYPICAL CHARACTERISTICS (continued)
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Figure 7. Output Voltage vs Output Current Figure 8. Shutdown Current vs Ambient Temperature
Figure 9. Output Current Limi* vs Arnbient Temperature at Figure 10. Output Current Limit vs Ambient Temperature at
VIN<30V VIN=30V
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TYPICAL CHARACTERISTICS (continued)
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Figure 11. PSRR vs Frequency at lout=10mA, Cour=4.7uF
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Figure 12. PSRR vs Frequency at lout=100mA, Cout=4.7uF
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Figure 13. PSRR vs Frequency at lout=10mA, Cout=10uF
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Figure 14. PSRR vs Frequency at lout=100mA, Cout=10uF
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Figure 15. PSRR vs Frequency at lout=10mA, Cout=22uF
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Figure 16. PSRR vs Frequency at lout=100mA, Cout=22uF
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FUNCTIONAL BLOCK DIAGRAM
VIN

VIN Thermal Shutdown
& Current Limit

Figure 17. Functional Block Diagram
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OPERATION

The SCT71405 series products are 500mA wide input voltage range linear regulators with very low quiescent current.
These voltage regulators operate from 3V to 40V DC input voltage with supporting 45V transient input voltage and
consume 2.6pA quiescent current at no load.

The SCT71405 series products is stable with 3.3uF~220uF output capacitors, and 10uF ceramic capacitor is
recommended. An internal 1.5ms soft-start time avoids large inrush current and output voltage overshoot during
startup.

The SCT71405 series products also provide enable control, Power-Good feature and programmable Power-Good
delay time which is very suitable for the applications needing sequence configuration. Other protection features
include the VIN input under-voltage lockout, over current protection, output hard short protection and thermal
shutdown protection.

The SCT71405 series products are available in fixed voltage versions of 3.3V and 5V with 1% output voltage
accuracy at room temp and
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He

option.

The SCT71405 series products has an internal current limit circuit that protects the regulator during transient high-
load current faults or shorting events. The current limit is 700mA when VIN<30V, but SCT71405 supplies a fold-
back current limit 430mA when VIN>30V.

The output voltage is not regulated when the device is in current limit. When a current limit event occurs, the
regulator begins to heat up because of the increase in power dissipation. If thermal shutdown is triggered, the device
turns off. After the device cools down, the internal thermal shutdown circuit turns the device back on. If the output
current fault condition persists, the device cycles between current limit and thermal shutdown.

With the over current VIN_HIGH Control feature, the SCT71405 series products would be more robust and safer
when over current faults and shorting events occur. But it also requires the maximum loading current should be
smaller than Isc during startup. The characteristic is shown in the following figure.

lout A

Isc_vinLow

I VINHIGH | = e o o e o E—

I I
I I

OmA I i » VIN
0 0

ov 30v 40v

Figure 19. Current Limit with Foldback Feature

The SCT71405 series products integrates an internal soft-start circuit that ramps the reference voltage from zero
volts to 0.6V reference voltage in 1.5ms. If the EN pin is pulled below 1.27V, LDO will be shut off and the internal
soft-start resets. The soft-start also resets during shutdown due to thermal overloading.

Below figure shows the startup waveform at small output capacitor and large output capacitor. When output
capacitor is small, for example 10uF, the slope of VOUT is limit by soft-start. When output capacitor is large, for
example 100uF, the slope of VOUT is limited by current limit (Isc vinow) at VIN<30V, and the slope of VOUT is
limited by current limit (Isc_vinnign), when VIN> 30V.

In SCT71405 series products, typical Tss is 1.5ms, and typical Isc_vincow is 700mA and typical Isgoving
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Figure 20. Soft-start Waveform vs Output Capacitor

The power-good (PG) pin is an open-drain output and can be connected to any 5V or lower rail through an external
pull-up resistor. The PG output is high-impedance when VOUT is greater than the PG trip threshold (he following
text takes EMSOP-8 package as an example, Ve r=92% X Voutnowm)). If VOUT drops below Vee_F=86% X VouTnowm),
the open-drain output turns on and pulls the PG output low. If output voltage monitoring is not needed, the PG pin
can be left floating or connected to GND.

The power-good delay time (Td_rcr) is defined as the time period from when Vour exceeds the PG trip threshold
voltage (Vrc_r) to when the PG output is high. This power-good delay time is set by an internal time, which is 220us
typical. The power-good deglitch time (Td_rcF) is defined as the time period from when Vour fall below the PG trip
threshold voltage (Vrc_r) to when the PG output is low. This power-good deglitch time is set by an internal time,
which is 6.6us typical. This delay time can be programmed by adding a capacitor on PGDL.To select a capacitor for
PGDL, use the equation 4:

=— ()
where:

. is the desired delay time for PG rising.

. is the PGDL charging current.

. =177V

To ensure proper operation of the power-good feature, maintain Vin= 3V (Vin_min). It allows connections of PG pin
to circuit with the same or different power supply voltage to the LDO’s VOUT level. Below are the connections
examples.

ot VN vouT lVOUT VN o VN VOUT e ———
ON " =—Cy ==Cor$R1 Application ON Cour
I o— EN PG d PGIN EN
OFF OFF
| CAN/MCU etc.
il o0 PeDl H—1 i+ — GND PGDL
b~ L
Figure 21. PG Connected to LDO’s Ouput Figure 22. PG Connected to the other Power Supply

Below figure shows the startup and shutdown situation when slow power up and power down.
At the point 0, the input voltage starts to rise from 0 to 6 V, LDO is in shutdown (because VIN is below its UVLO
threshold) and output voltage is OV.
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At the point 1, the VIN voltage reaches UVLO threshold level and LDO starts charging of output capacitor. VOUT
rising speed is defined by internal soft-start function.

At the point 2, the VOUT voltage reaches almost the VIN voltage as it rises faster and LDO gets into dropout region.
The difference between VIN and VOUT is the dropout voltage.
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APPLICATION INFORMATION

r— 1 J_ [

C1 T
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T
Figure 24. SCT71405
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Input Voltage 12V Normal, 3V~40V

Output Voltage 5V Normal, 1.25V~25V

Maximum Output Current 500mA

Output Capacitor Range (Cour) 3.3uF~220uF , recommends 10uF
Input Capacitor Range (Cin) _>2.2uF , recommends 10uF
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For adjustable output version the output voltage is set by an external resistor divider R1 and R2 in typical
application schematic. Recommended R2 resistance is 100KQ. Use equation 4 to calculate R1.

1=y~ D 2 (%)
Vout/V COUT/uF Cf/pF R1/KQ R2/KQ COUT1/uF ESR/Q
(optional)
1.8 33 68 48.7 100 220 1
2.5 33 33 105 100 220 1
3.3 15 22 174 100 220 1
5 15 10 309 100 220 1
12 15 3.3 887 100 220 1

SCT recommends adding a 2.2uF or greater capacitor with a 0.1uF bypass capacitor in parallel at VIN pin to keep
the input voltage stable. Aluminum electrolytic capacitor or other capacitor with high capacitance is suggested for
the system power with large voltage spike. The voltage rating of the capacitors must be greater than the maximum
input voltage

To ensure loop stability, the SCT71405 series products requires an output capacitor with a minimum effective
capacitance value of 3.3uF. And the series products could support output capacitor range from 3.3uF to 220uF and
with an ESR range between 0.001Q and 5Q. SCT recommends selecting a X5R- or X7R-type 4.7uF~10uF ceramic
capacitor with low ESR over temperature range to improve the load transient response.

When using large output capacitor with higher ESR resistor, for example 100uF output electrolytic capacitor with
1Q ESR resistor in the application, SCT recommends adding extra 10uF low ESR output capacitor parallel
connection with the large electrolytic capacitor, this will eliminate the undershoot/overshoot voltage caused by the
large ESR resistor and get better load transient performance.
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Figure 27. SCT71405 Stability VS Output Capacitor
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THERMAL CHARACTERISTICS
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ESOP-8 & VOUT=5V

ESOP-8 & VOUT=3.3V
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Figure 34. Maximum Output Current vs Input Voltage,
ESOP-8,TJ < 125°C(4-layer EVM)

Figure 36. Maximum Output Current vs Input Voltage,
TO252-4,TJ < 125°C(4-layer EVM)
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Figure 35. Maximum Allowed Power Dissipation vs Ambient
Temperature, ESOP-8,TJ < 125°C(4-layer EVM)

Figure 37. Maximum Allowed Power Dissipation vs Ambient
Temperature, TO252-4,TJ < 125°C(4-layer EVM)
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Vin=Vout +1V, unless otherwise noted

Figure 38. Power up (lload=10mA) Figure 39. Power down (lload=10mA)

Figure 40. Slow Power up (lload=10mA) Figure 41
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Vin=Vout +1V, unless otherwise noted

Tek 21+ : T — | Tek 21+ I |
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e BT T e R cenq p 00 R : & v . 1L00A & 10M £ 3.00%
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& 20V N Sogmé % E30.00%

Figure 46. Enter Over Current Protection (lload=1A)

Figure 45. Disable (lload=10mA)

Figure 47. Exit Over Current Protection (lload=1A)

Tek Fi 45 _ I I Te?d%ﬂ: I * |
il I I
] ‘ ;
|
BDVin : [ 1]
| !
Bb[Vout B i
B s B i
E»I0 B
100V & 2.00ms S00M{T /D A - [2 %
200V & 500mA & 10M S5 2.52v I 500mA &

Figure 48. Enter Over Temperature Protection(Vin=24V)

Figure 49. Exit Over Temperature

Protection(Vin=24V)
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Proper PCB layout is a critical for SCT71405’s stability, transient performance and good regulation characteristics.
For better results, follow these guidelines as below:

1. Both input capacitors and output capacitors must be placed as close to the device pins as possible.
2. Itis recommended to bypass the input pin to ground with a 0.1pF bypass capacitor. The loop area formed by
the bypass capacitor connection, Vin pin and the GND pin of the system must be as small as possible.
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PACKAGE INFORMATION
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ESOP-8 Package Outline Dimensions

Drawing proposed to be made a JEDEC package outline MO-220 variation.

Drawing not to scale.

All linear dimensions are in millimeters.

Thermal pad shall be soldered on the board.

Dimensions of exposed pad on bottom of package do not include mold flash.

Contact PCB board fabrication for minimum solder mask web tolerances between the pins.
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PACKAGE INFORMATION

PACKAGE OUTLINE DRAWING FOR TO252-4L
POD-0040 Revision 0.0

B OTMOMIVIEW

TO252-4 Package Outline Dimensions

Drawing proposed to be made a JEDEC package outline MO-220 variation.

Drawing not to scale.

9. Alllinear dimensions are in millimeters.

10. Thermal pad shall be soldered on the board.

11. Dimensions of exposed pad on bottom of package do not include mold flash.

Contact PCB board fabrication for minimum solder mask web tolerances between the pins.
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TAPE AND REEL INFORMATION

Orderable Device Package Type Pins SPQ
SCT71405 Series ESOP-8 8 4000
[ - 114!'5&

1

17.6743 [
$1.50 4%
2,000, 05 - /o \l 4.00£0. 10 .1 EA e W 0,25+0.03
b . /7 _ 111
k’ 1 V N0 AST U A i

L 230036
-

NOTICE: The information in this document is subject to change without notice. Users should warrant and guarantee the third
party Intellectual Property rights are not infringed upon when integrating Silicon Content Technology (SCT) products into any
application. SCT will not assume any legal responsibility for any said applications.
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TAPE AND REEL INFORMATION

Orderable Device Package Type Pins SPQ
SCT71405 Series TO252-4 4 2500

NOTICE: The information in this document is subject to change without notice. Users should warrant and guarantee the third
party Intellectual Property rights are not infringed upon when integrating Silicon Content Technology (SCT) products into any
application. SCT will not assume any legal responsibility for any said applications.
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