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HE9115 Synchronous Boost

Converter with 1uA Ultra Low IQ

FEATURES

e 1uA Ultra-Low IQ into Vin Pin When No
switching

e Adjustable output voltage from 3.0V t0 5.1 V

® Selectable Fixed Output voltage

e Up to 94% Efficiency
e Output to Input Disconnect At Shutdown Mode
e Over Current Protection

Over Temperature Protection
1.2MHz Fixed Frequency Switch

® SO0T23-6 Package

GENERAL DESCRIPTION
The HE9115 device is a high

synchronous

efficiency

boost converter with ultra-low
quiescent current. It is designed for products
powered by multiple types of batteries, and only
consumes 1-uyA quiescent current under light load
condition, where high efficiency under light load

condition is critical to achieve long battery life

operation. It can achieve up to 75% efficiency at 20-pA

load. For 3.6V convert to 5.1V application it can also

achieve up to 94% efficiency at 200-mA load.

APPLICATIONS

MID,Tablet

e Smart Phone

Bluetooth Applications
Battery powered systems

It features a true-shutoff function that
disconnects the output from input, during
shutdown and output short-circuit
conditions.

The HE9115 has fixed output voltage
version with 5.1Voutput, and make sure that
the FB PIN is floating, it can not connect to
any devices. Over Current Protection,
Over Temperature Protection, Output

short Protection make the device operating

safe.
Order Information
HE91150@B@@®)
Designator | Symbol | Description
oy A Standard
@0 Integer | Output Voltage
(3.0~5.1) .9:3.0V=2: 3; ®: 0
@ M6 | Package:SOT23-6
6 R RoHS / Pb Free
G Halogen Free
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Selection Table

Part No. Output Voltage Package Marking
HE9115Axx 5.1V SOT23-6
HE9115Axx ADJ

Block Diagram

DRIVER

Pin Assignment

Table HE9115Axx series (SOT23-6 PKG)

TOP VIEW

PIN NO. PIN NAME FUNCTION
o :
VOUTII 5 lsw 1 VOUT Output voltage pin
‘ ‘ 2 GND GND pin
GND IZ 5 1es 3 EN Shutdown pin
‘ ‘ “H”: Normal operation
en] 3 2 VN “L”: Step-up stopped
4 VIN VIN
SOT23-6 5 FB FB
SW External inductor connection pin
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TYPICAL APPLICATION

Typical Application Circuitl
(Adjustable output voltage versions)
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Typical Application Circuit2
(Fixed output voltage versions)
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ABSOLUTE MAXIMUM RATINGS

Description Min Max Units

VOUT,EN,VIN,FB,SW Voltage -0.3 6.5 \Y,
SW to GND current Internally Limited A
Storage Temperature Range -65 +150 C
Junction Temperature -40 150 C
Lead Temperature 260 C
ESD Rating HBM ( Human Body Mode ) 2000 \Y

MM (Machine Mode ) 200 \Y

THERMAL INFORMATION

Description Units

Package Thermal Resistance ( 6,4 ) SOT23-6 180 °C/W

RECOMMENDED OPERATION CONDITIONS

Description Min Max Units
Operating Junction Temperature -40 125 C
Operating Ambient Temperature -40 85 C
Supply Input Voltage +0.9 +5.5 \%
Continuous Output Current 1 A

Note 1. Stresses beyond those listed as the above ABSOLUTED MAXIMUM RATINGS may cause
permanent damage to the device. These are for stress ratings only. Functional operation of the
device at these or any other conditions beyond those indicated in the RECOMMENDED
OPERATION CONDITIONS section of the specifications are not implied. Exposure to absolute
maximum rating conditions for extended periods may remain possibility to affect device reliability.

Note 2. Devices are ESD sensitive. Handling precaution recommended.

Note 3. 8,ais measured in the natural convection at TA=25°C on a low effective thermal conductivity test board
of JEDEC 51-3 thermal measurement standard.

Note 4. The device is not guaranteed to function outside its operating conditions.

Important information and disclaimer:

SHININGIC reserves the right to make any change in circuit design, specification or other related things if
necessary without notice at any time.
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ELECTRICAL CHARACTERISTICS
(ViINn = 3.6V, Vout =5.1V,Ta = 25°C, unless otherwise specified.)

Parameter Symbol Test Conditions Min Typ Max [ Units

Output Voltage at 5.1V Vour 5 5.1 5.2 Vv
Feedback Voltage VEB 1.15 \%
Supply Voltage VN After Start-up 0.6 5 \
Input UVLO VuvLo VIN rising 0.8 Vv
UVLO hysteresis VUuvLO-HYS 200 mV
Supply Current la VEN=VIN=3.6V, No load 1 uA
Supply Current(Shutdown) Isp VEN=0V, VIN=3.6V 0.3 uA
Switching Frequency Fea 960 1200 1440 | kHz
EN Input Low Voltage VEN-L 0.3 \Y
EN Input High Voltage VEN_H 1.2 \Y,
EN Input Current lEN VEN=5V -1 1 uA
Low-side Current Limit leLL 1 A
Star-up Current Limit lcL-s 1 A
High-side On Resistance Ron-H 160 mQ
Low-side On Resistance Ron-L 220 mQ
SW Leakage Current ILEAK-sW EN=0V 2 uA

TscHe-on ON 1.8 ms
Short Circuit Hiccup Time

TscHc-oFF OFF 45 ms
[Thermal Shutdown TEMPotp 165 &
Thermal Shutdown Hysteresis [TEMPotp-hys 35 C
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TYPICAL CHARACTERISTICS

TA =25°C, unless otherwise specified.

Tel fZ1l [  —
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290m#, 135 2002
J 17:15:44
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400ps
500V & 200mA Qs }{ 10M A5

112m# 13 2022
J 17:22:20

Load Transient
CHZZVOUT CH3ZVSW CH4I||_0AD
V|N=3.6V,VOUT=5.1V,||_0AD=1 0~300mA

Load Transient
CH2ZVOUT CH3ZVSW CH4Z||_0AD
V|N=3.6V,VOUT=5.1V,ILOAD=50~200mA

Tek {211

100ps 2506/ @ S
1004  Qf 10M A&

760mY

E.) 200% & 83H2022}
) 5.00v

09:24:34

400ps 25067 /R @ S
1004 Q% 10M 45

@ oy & 43 2022
5.00% 130V

17:07:24

Power On From EN With Heavy Load
CH1 ZVEN CHZZVOUT CH3Zsz CH4I||_0AD
V|N=3.6V,VOUT=5.1V,|LOAD=ZOQ

Power On From Vin With Heavy Load
CH1 ZV|N CHZZVOUT CH3ZVSW CH4Z||_0AD
V|N=3.6V,VOUT=5.1V,|LOAD=ZOQ

Efficiency VS lout @V,,=1.2V,Vo, =51V
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Efficiency VS lout
@Vin=1.2V,Vour=5.1V,L=2.2uH

Efficiency VS lout
@Vin=3.6V,Vour=5.1V,L=2.2uH
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FUNCTION DESCRIPTION

Overview

The HE9115 device is a high efficiency synchronous boost converter with ultra-low quiescent current. It is
designed for products powered by multiple types of batteries, and only consumes 1-pyA quiescent current
under light load condition to achieve long battery life operation. It can achieve up to 75% efficiency at 20-
MA load , For 3.6V to 5.1V application it can also achieve up to 94% efficiency at 200-mA load. It features a
true-shutoff function that disconnects the input and output during shutdown and output short-circuit

conditions so as to minimize the leakage current.

There are two ways to set the output voltage of HE9115. For the fixed output voltage version, it can output
3.0v/3.3v/3.6v/5.1v. For the adjustable output voltage version, the programmable output voltage is
provided by adjusting the external resistance voltage divider Ry and R, which can be calculated by the

following formula.

R1
R2

VOUT =115V x(1+ )

The adjustable version suggests using 1% or higher precision resistors to improve output voltage
accuracy, smaller Rz to improve noise resistance, and larger R, to reduce leakage current through the
feedback resistor, thereby improving the no-load efficiency of the device. In this case, R> recommends
using 1M resistance, which is more susceptible to noise if the resistance is too high. It is recommended to

use an external feed capacitor (C1) in parallel with R1 to improve device stability.

Controller Operation
The EN pin is pulled to high voltage, the HE9115 is enabled. When the EN pin is pulled to low voltage, it
goes into shutdown mode. In shutdown mode, the device stops switching and the rectifying PMOS fully

turns off, providing the completed disconnection between input and output.

The HE9115 boost converter is controlled by current mode and voltage mode. This controller regulates the
output voltage by keeping the inductor ripple current constant in the range, and adjusting the offset of this
inductor current depending on the output load. If the required average input current is lower than the
average inductor current defined by this constant ripple, the inductor current goes discontinuously to keep
the efficiency high under light load condition. If the load current is reduced further, the boost converter will
ramp up the output voltage, once the output voltage exceeds a setting threshold, the device stops
switching and goes into a sleep status. In sleep status, the device consumes less quiescent current. When
the output voltage is below the setting threshold it resumes switching. To achieve high efficiency, the
power stage is realized as a synchronous boost topology. The output voltage VOUT is monitored via an
external or internal feedback network which is connected to the voltage error amplifier. The voltage error

amplifier compares this feedback voltage to the internal voltage reference to regulate the output voltage.
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Soft-Start

After the EN pin is tied to high voltage, the HE9115 begins to startup. When the output voltage is charged
above approximately 2.0V, the device starts the current mode operation. After VOUT reaches the target
value, soft start stage ends and the peak current is now determined by the output of an internal error

amplifier which compares the feedback of the output voltage and the internal reference voltage.
Under-Voltage Lockout

An under-voltage lockout (UVLO) circuit stops the operation of the converter when the input voltage drops
below the typical UVLO threshold of 0.6 V. A hysteresis of 200 mV is added so that the device cannot be
enabled again until the input voltage goes up to 0.8 V. This function is implemented in order to prevent

malfunctioning of the device when the input voltage is between 0.6 V and 0.8 V.
Enable and Disable

When the input voltage is above UVLO rising threshold and the EN pin is pulled to high voltage, the
HE9115 is enabled. When the EN pin is pulled to low voltage, the HE9115 goes into shutdown mode. In
shutdown mode, the device stops switching and the rectifying PMOS fully turns off, providing the completed

disconnection between input and output. Less than 0.32-pA input current is consumed in shutdown mode.
Current Limit Operation

If the inductor peak current reaches the current limit threshold I-LIM , the main switch turns off so as to stop
further increase of the input current. In this case the output voltage will decrease until the power balance

between input and output is achieved.
Output Short-to-Ground Protection

The HE9115 starts to limit the switch current to 200 mA when the output voltage is below target voltage. If
short-to-ground condition occurs, switch current is limited at 200 mA. Once the short circuit is released, the

HE9115 goes back to soft start again and regulates the output voltage.
Thermal Shutdown

The HE9115 has a built-in temperature sensor which monitors the internal junction temperature in boost
mode operation. If the junction temperature exceeds the threshold 165°C, the device stops operating. As
soon as the junction temperature drops below the shutdown temperature minus the hysteresis, typically

130°C, it starts operating again.
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Package Description
6-pin SOT23-6 Outline Dimensions

o

|
A
\ | [ 4
Symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A 1.050 1.250 0.041 0.049
A1 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
D 2.820 3.020 0.111 0.119
E 1.500 1.700 0.059 0.067
E1 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
B 0° 8° 0° 8°
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