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GW4235 

Low Power Energy Harvest with MPPT 

1 Description 

GW4235 is a microlight collection management 

charging chip that integrates power management, 

charge/discharge management, and energy 

storage device management. The GW4235 can 

achieve cold start with energy input as low as 

400mV and 15μW of power, and after startup, it 

can obtain DC power from light conversion 

devices such as solar panels, charge energy 

storage devices such as rechargeable batteries or 

supercapacitors, and provide stable operating 

voltage for different loads through two LDO 

regulators. 

 

2 Features 

 Ultra-low power start-up: cold start can be 

realized under 400mV input voltage and 15μW 

input power. 

 Boost regulator: MPPT can be configured 

through pins, which can be configured as 70%, 

75%, 85% or 90%; the MPPT open circuit 

voltage is detected every 5 seconds; the input 

voltage range is 150mV to 5V after startup. 

 Low-voltage LDO output: support a maximum 

load current of 20mA; output voltage 1.2V/1.8V 

optional; switch control through pins. 

 High-voltage LDO output supports a maximum 

load current of 80mA; the output voltage is 

optional/adjustable from 1.8V to 4.2V; it can be 

controlled by pins. 

 Battery management: configure overcharge and 

over discharge protection parameters for 

rechargeable batteries or supercapacitors; 

prompt when the battery is exhausted; prompt 

when LDO is available. 

 Battery switching: When the energy storage 

battery is exhausted, it will automatically 

switch to the primary battery; when the energy 

storage battery recovers, it will automatically 

switch to the energy storage battery. 

 

3 Physical Characteristics 

 Operating voltages 

 Input voltage: 

▪ Cold start: 0.4V to 5V 

▪ After cold start: 0.15V to 5V 

 Output voltage: 

▪ Boost converter: 2.2V to 4.5V 

▪ Buck converter: 2V to 2.5V 

 Energy storage device voltage: 

▪ Rechargeable Batt.: 2.2V to 4.5V 

▪ Capacitance: 0V to 4.5V 

 Operating junction temp.: -40°C to 125°C 

4 Typical Applications 

 Industrial Monitoring 

 Home Automation 

 Electronic Health Monitoring 

 Industrial Internet of Things 

 Wireless Sensor Nodes 

5 Basic Application Diagram 

 

6 Ordering Information 

Device name Package Remark 

GW4235IRTVT 5.0mmx5.0mm, 
0.5mm pitch 

QFN32,  
Tray 

GW4235IRTVR 5.0mmx5.0mm, 
0.5mm pitch 

QFN32, 
Tape&Reel 
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8 Pin Configuration and Function 

 
 

Pin Functions 

Pin Name No. Description 

HARV 1 The output of the boost converter 

SWBK 2 Switch Node of Buck Converter 

BK 3 The output of the buck converter 

VCF[2] 4 Used to configure the threshold voltage of the energy storage element and the output 
voltage of the LDO 

VCF[1] 5 Used to configure the threshold voltage of the energy storage element and the output 
voltage of the LDO 

VCF[0] 6 Used to configure the threshold voltage of the energy storage element and the output 
voltage of the LDO 

MPPT[1] 7 For MPPT ratio 

TEST1 8 Debug pins need to be left floating 

MPPT[0] 9 For MPPT ratio 

FBPD 10 Configuration for primary battery (optional), must be connected to GND if not used 

FBPU 11 Configuration for primary battery (optional), must be connected to GND if not used 

LOUT 12 Low-voltage LDO regulator 

HOUTEN 13 Enable pin for high voltage LDO 

FBHV 14 Used in custom mode for high voltage LDO configuration. Leave 
unconnected if not used 

HOUT 15 The high voltage LDO regulator 

TEST2 16 Debug pins need to be left floating 

SECBAL 17 Connect to the midpoint of the dual-battery supercapacitor (optional), must be 
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Pin Name No. Description 

connected if not used to GND 

SECBAT 18 Connect to energy storage elements, batteries or capacitors, not floating 

PRIMBAT 19 Connect to primary battery (optional), must be connected to GND if not used 

LOUTEN 20 Enable pin for low voltage LDO 

INT[2] 21 Logic output, asserted when the chip performs MPPT calculations 

INT[1] 22 Logic output, when the battery voltage is lower than VOD or the chip is getting energy 
from the primary battery time set 

INT[0] 23 Logic output, LDO can be enabled when asserted 

TEST3 24 Debug pins need to be left floating 

OCCFG 25 In custom mode (optional) used to configure the threshold voltage of the energy storage 
element, if not used, it must be left unconnected 

CRCFG 26 In custom mode (optional) used to configure the threshold voltage of the energy storage 
element, if not used, it must be left unconnected 

ODCFG 27 In custom mode (optional) used to configure the threshold voltage of the energy storage 
element, if not used, it must be left unconnected 

SPW 28 Connect to input energy source 

FBCD 29 Configuration for cold start (optional), if not used, must be connected to SPW 

CSPW 30 Connect to external capacitor buffered boost converter input 

SWBT 31 Switching Node of Boost Converter 

TEST4 32 Debug pins need to be left floating 

GND Bottom 
exposed 
solder 
plate 

Should be firmly connected to the PCB ground plane 

 

9 Specifications 

9.1 Absolute Maximum Ratings 

Parameter Rating Unit 

VSPW 5.5 V 

Operation Junction Temperature -40 to +125 oC 

Storage temperature -65 to +150 oC 

9.2 Recommended Operating Conditions 

Parameter Symbol MIN TYP MAX Unit 

Decoupling Capacitors for SPW Input Pins CSPW 8 10 150 µF 

HARV Converter capacitor CHARV 10 22 25 µF 

HARV Converter inductor LHARV 4 10 25 µH 

BK Converter capacitor CBK 8 10 22 µF 

BK Converter inductor LBK 4 10 25 µH 
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Parameter Symbol MIN TYP MAX Unit 

Decoupling Capacitors for Low Voltage 
LDOs 

CLVOL 8 10 14 µF 

Decoupling Capacitors for High Voltage 
LDOs 

CHOL 8 10 14 µF 

When the energy storage element is not 
connected, the SECBAT tube Capacitors 
configured at pins (optional) 

CSECBAT 150   µF 

Resistor for setting battery  
Threshold voltage in custom mode, 
RT=R1+R2+R3+R4 (optional) 

RT 1 10 100 MΩ 

Used to set high pressure in custom mode 
LDO voltage, RV=R5+R6 (optional) 

RV 1 10 40 MΩ 

Cold start configuration resistor, 
RC=R9+R10 (can be selected) 

RC 0.1  10 MΩ 

Primary battery configuration resistor, 
RP=R7+R8 (can be selected) 

RP 100  500 KΩ 

High voltage LDO enable pin 
HOUTEN 

Logic high (VOH) 
Logic low (VOL) 

 
1.75 
-0.01 

 
VBK 
0 

 
VBK 
0.01 

 
V 
V 

LDO enable pin 
LOUTEN 

Logic high (VOH) 
Logic low (VOL) 

 
1.75 
-0.01 

 
VBK 
0 

 
VBK 
0.01 

 
V 
V 

For MPPT Configuration pins 
MPPT[1:0] 

Logic high (VOH) 
Logic low (VOL) 

 
Connect to BK 

Connect to GND 

Configuration tubes for energy storage 
elements foot 

VCF{2:0} 
Logic high (VOH) 
Logic low (VOL) 

 
Connect to BK 

Connect to GND 

 

9.3 Typical Electrical Characteristics 

Parameter Symbol Condition MIN TYP MAX Unit 

Input power required for cold start PSPWCS During cold start 15 -  µW 

input voltage VSPW 
During cold start 0.4  5 V 

After cold start 0.15  5 V 

Input Current ISPW    100 mA 

Custom cold start voltage VCS During cold start 0.5  4 V 

Boost converter output voltage VBT 
During normal work 

2.2  4.5 V 

Buck converter output voltage VBK During normal work 2 2.2 2.5 V 

Energy storage device voltage VBAT 
Rechargeable battery 2.2  4.5 V 

Capacitor 0  4.5 V 

After INT[1] takes effect to shutdown 
time 

TDLY 
 

400 600 800 ms 

Primary battery voltage VPRIMBAT  0.6  5 V 

Primary battery output current IPRIMBAT   20  mA 

The minimum charge of primary 
battery feedback pressure level 

VFBPU 
 

0.15  1.1 V 
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Parameter Symbol Condition MIN TYP MAX Unit 

Before disabling the boost converter, 
the storage the maximum voltage 
acceptable on the element 

VOC 
 

2.3  4.5 V 

Enable the LDO after a cold boot 
before, the minimum voltage 
required on the energy storage 
element 

VCR 

 

2.25  4.45 V 

Before switching to the primary 
battery or entering the shutdown 
state, the minimum acceptable 
energy storage element voltage 

VOD 

 

2.2  4.4 V 

Low voltage LDO output voltage VL  1.2  1.8 V 

Load current of low voltage LDO IL  0  20 mA 

High voltage LDO output voltage VH 
 

1.8  
Min(VBAT 
-0.3,4.2) 

V 

Load current of high voltage LDO IH  0  80 mA 

Logic output status pin INT[2:0] 
Logic high (VOH) 1.98 VBAT  V 

Logic low (VOL) -0.1  0.1 V 

 

10 Functional Description 

10.1 Deep-sleep and Wake-up Modes 

In deep sleep mode, all nodes are deeply discharged, and no available energy is collected by the chip. When 

the SPW pin meets the 400mV cold-start voltage and 15μW power input, the chip is activated into wake-up 

mode and the voltages of VBT and VBK rise to 2.2V, and then the voltage of VBT alone rises to VOC. During the 

cold-start process both LDOs are internally deactivated with no outputs. In the case of an ultracapacitor 

acting as a storage element, the storage element may need to be charged from 0V.  

The boost converter will be fed by the input source. The boost converter will charge the SECBAT through 

the input source. During the charging of the SECBAT node, both LDOs are disabled. When VBAT reaches VCR, 

the circuit enters normal mode, and the user can activate or deactivate the outputs of the LDOs using the 

LOUTEN and HOUTEN pins controls. In the case where the battery is used as a storage element, if its voltage 

is below VCR, it is first necessary to charge the storage element until the voltage reaches VCR. When VBAT 

exceeds VCR, the circuit re-enters normal mode. 

10.2 Normal Mode 

When the chip enters the normal mode, the following three situations may occur: 

 

(1) The power provided by the input source is equivalent to the load power, VBAT is kept between 

VOD ~ VOC, and the circuit remains in normal mode. 
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(2) The power provided by the input source exceeds the power consumed by the load, VBAT gradually 

exceeds VOC, and the circuit enters the overvoltage mode. 

 

(3) The power provided by the input source is lower than the power consumed by the load, VBAT 

gradually drops below VOD, and the circuit will enter shutdown mode, if a primary battery is 

connected to the PRIMBAT, the circuit will enter primary battery charging mode 

10.3 Boost / Buck 

The boost converter raises the voltage available at the input source to a level suitable for charging the 

energy storage element, which is available at the HARV pin at a voltage VBT in the range of 2.2V to 4.5V. The 

matching components of this converter are the external inductor LHARV and the capacitor CHARV. VBT is 

available at the HARV pin, and the matching components for this converter are the external inductor LHARV 

and the capacitor CHARV. The energy storage element is connected to the SECBAT pin at voltage VBAT, and 

the battery is short-circuited to the HARV node in normal mode (VBAT = VBT). During light energy harvesting, 

the boost converter will provide a current that is shared between the battery and the load. At the same time, 

the GW4235 supports charging the energy storage element via a primary battery, charging VBAT to VCR. 

During this process, PRIMBAT is connected to CSPW and the SPW input pin is disconnected. 

A buck converter steps down the voltage from VBT to a constant VBK value of 2.2V, which is available through 

the BK pin. The supporting components for the buck converter are the external inductor LBK and capacitor 

CBK . 

10.4 LDO Output 

The chip has two LDOs to provide different operating voltages:  

A high-voltage LDO powers the load through HOUT. This regulator supplies a voltage (VH) on HOUT with a 

maximum current of 80mA . In built-in configuration mode, an output voltage of 1.8V , 2.5V , or 3.3V can be 

selected. It can be adjusted from 2.2 V to VBAT -0.3 V in custom configuration mode . The HOUT output can 

be dynamically enabled or disabled via logic control pin HOUTEN. 

A low-voltage LDO powers the load through LOUT. The regulator supplies 1.8 V or 1.2 V on LOUT (VL) with 

a maximum current of 20mA. The LOUT output can be dynamically enabled or disabled via logic control 

pin LOUTEN. 

Table 10-1 shows four possible configurations: 

LOUTEN HOUTEN LV Output HV Output 

1 1 Enabled Enabled 

1 0 Enabled Disabled 

0 1 Disabled Enabled 

0 0 Disabled Disabled 
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10.5 Overvoltage Mode 

When VBAT reaches VOC, the charging is completed, and the internal logic part keeps the VBAT voltage 

value near VOC with a hysteresis of several millivolts to prevent damage to the energy storage element 

and internal circuits. In this configuration, the boost converter is periodically activated to maintain VBAT 

and the output of the LDO is still available. 

10.6 Primary Battery Mode 

When VBAT drops below VOD, the circuit compares the voltage on PRIMBAT to the voltage on FBPU, to 

determine if a charged primary battery is connected to the PRIMBAT. The voltage on the FBPU is set by two 

optional resistors, if the voltage on the PRIMBAT divided by 4 is higher than the voltage on the FBPU, the 

circuit considers the primary battery available and the circuit enters primary power mode. In this mode, 

the primary battery is connected to CSPW, which becomes the input source of  the chip, and the chip 

remains in this mode until VBAT reaches VCR. When VBAT reaches VCR, the circuit enters normal mode. If 

primary batteries are not used in the application, PRIMBAT, FBPU, and FBPD must be connected to GND. 

When using primary battery mode, the CSPW capacitor should be 150μF 

10.7 Shutdown Mode 

When VBAT drops below VOD and the primary battery fails to supply power, the circuit will enter shutdown 

mode to prevent damage to the energy storage element and LDO instability caused by deep discharge. Both 

LDO regulators remain enabled. If the primary battery is not used, the load can be interrupted by a low-to-

high transition of INT[1] regardless of whether the load is powered by LOUT or HOUT . If energy from the 

input source is available and VBAT returns to VCR within TDLY (about 600ms ), the chip returns to normal 

mode. However, if VBAT does not reach VCR after TDLY, the circuit enters deep sleep mode, LDO is disabled, 

and SECBAT is disconnected from HARV to avoid battery damage due to over-discharge. After this, the chip 

will have to perform the wake-up procedure described in the Deep-sleep and wake-up modes section. 

10.8 Maximum Power Point Tracking (MPPT) 

MPPT (Maximum Power Point Tracking) block during transitions between normal mode, shutdown mode 

and wake-up mode. The MPPT module receives and maintains the information of VMPP, and the sampling is 

performed approximately every 5 seconds. The GW4235 supports any VMPP level in the range of 0.05V to 

5V. It provides selection of four values for VMPP /VOV (input source open circuit voltage) through 

configuration pin MPPT[1:0] 

 
Tabel 10-2 shows MPPT pin configuration 

MPPT[1] MPTT[0] VMPP / VOV 

1 1 70% 

1 0 75% 

0 1 85% 

0 0 90% 
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10.9 Balun Dual Cell Supercapacitor 

A balun circuit allows the user to balance the internal voltages in a two-cell supercapacitor to avoid damage 

to the supercapacitor due to excessive voltage on one cell. If SECBAL is connected to GND, the balun circuit 

is disabled and the balun circuit is disabled. This configuration must be used if a single-cell supercapacitor 

is connected across SECBAT. If the SECBAL is connected to the node between two cells of the supercapacitor, 

the balun circuit compensates for any mismatch between the two cells that may cause one of the cells to 

overcharge. 

The balun ensures that SECBAL remains close to VBAT /2 . This configuration must be used if the dual battery 

supercapacitor is connected on the SECBAT . 

 

11 Chip Configuration 

11.1 LDO Related Configuration 

11.1.1 Predefined Schemas 

The predefined mode, by configuring three pins (VCF[2:0]), the user can set a specified working mode, 

which can meet the requirements of most application scenarios. For related configurations, please refer to 

Table 11-1 . 

Table 11-1 Configuration application of VCF[2:0] 

Configuration Pins Energy Storage Device Voltage LDO Output Voltage VMPP / VOV 

VCF[2] VCF[1] VCF[0] VOC VCR VOD VH VL  

1 1 1 4.12V 3.67V 3.60V 3.3V 1.8V Li-ion battery 

1 1 0 4.12V 4.04V 3.60V 3.3V 1.8V 
Solid state 

Battery 

1 0 1 4.12V 3.67V 3.01V 2.5V 1.8V 
Li-ion/NiMH 

Battery 

1 0 0 2.70V 2.30V 2.20V 1.8V 1.2V 
Single core 
Super-Cap 

0 1 1 4.50V 3.67V 2.80V 2.5V 1.8V 
Dual core 
Super-Cap 

0 1 0 4.50V 3.92V 3.60V 3.3V 1.8V 
Dual core 
Super-Cap 

0 0 1 3.63V 3.10V 2.80V 2.5V 1.8V 
LiFePO4 
battery 

0 0 0 
Custom mode,  

configurable through R1~R6 
1.8V 

 

 

Three voltage threshold levels are defined as: 

⚫ VOC: the maximum acceptable voltage on the energy storage element. 

⚫ VCR: After a cold start, the minimum voltage required on the energy storage element before 

enabling the LDO. 
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⚫ VOD: The minimum voltage acceptable to the primary battery before switching to the primary 

battery or entering the shutdown state. 

 

After selecting a predefined configuration, the resistor pins dedicated to the custom configuration should 

be left floating (OCCFG, CRCFG, ODCFG, FBHV). Custom mode allows user to define VOC, VCR, VOD and VH 

threshold voltages. 

11.1.2 Custom Mode 

In the custom mode, configure VCF[2:0] to be grounded, and the 6 configurable resistors need to be 

connected according to Figure 11-1 . The configuration calculation formula is as follows: 

(1) VOC, VCR, VOD are configured by R1~R4, if RT=R1+R2+R3+R4, then R1~R4 can be calculated 

according to the following formula: 

• 1 MΩ ≤ RT ≤ 100 MΩ 

• R1=RT (1V/ VOC) 

• R2=RT(1V/ VCR - 1V/ VOC) 

• R3=RT(1V/ VOD - 1V/VCR) 

• R4=RT(1 - 1V/ VOD) 

(2) VH Configured by R5~R6, if RV=R5+R6, then R5 and R6 can be calculated according to the 

following formula: 

• 1 MΩ ≤ RV ≤ 40 MΩ 

• R5=RV(1V/ VH) 

• R6=RV(1 - 1V/ VH) 

(3) The resistance value should be selected as large as possible so that the excess power 

consumption is negligible. In addition, the configuration should comply with the following 

constraints to ensure the normal function of the chip. 

• VCR + 0.05V ≤ VOC ≤ 4.5V 

• VOD + 0.05V ≤ VCR ≤ VOC - 0.05V 

• 2.2V ≤ VOD 

• VH ≤ VOD -0.3V 
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Figure 11-1 Schematic diagram of custom configuration connection 

 

11.2 MPPT Configuration 

Two dedicated configuration pins, MPPT[1:0], allow selection of the MPP tracking ratio according to the 

characteristics of the input source , as shown in Table 10-2.  

11.3 Primary Battery Configuration 

When using a primary battery, you must determine VPRIMBAT_MIN, which is the voltage used to judge that 

the primary battery is exhausted. Currently, you need to connect FBPD to GND. When the primary battery 

is not used, FBPD is kept floating to avoid quiescent current on the resistor. If RP=R7+R8, then R7 and R8 

can be calculated according to the following formula: 

• 100kΩ _ ≤RP≤500kΩ _ _ _ _ 

• R7=(VPRIMBAT_MIN/4) RP (1/2.2V) 

• R8=RP-R7 

11.4 Cold Start Configuration 

Through the FBCD pin, the minimum cold crank voltage can be set above 400mV. Adding a resistor divider 

between SPW and GND sets the FBCD pin at the desired cold crank voltage. If RC=R9+R10, and define the 

new cold start voltage as VCS, then R9 and R10 can be calculated according to the following formula: 

• 100kΩ _ ≤ RC ≤ 10MΩ _ 

• R9=0.38V (RC/VCS) 

• R10=RC-R9 
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11.5 No Battery Configuration 

If light energy collected from the environment is permanently available and meets the needs of the 

application, or if no energy storage is required when no light energy can be collected, an external capacitor 

CSECBAT with a minimum of 150μF can be used instead of the energy storage element.  

11.6 Configuration of Energy Storage Components 

The GW4235 can be a rechargeable battery, a supercapacitor or a large capacitor (minimum 150μF), and 

the voltage should not drop below VOD even when the load current occasionally peaks. The leakage current 

of the capacitor should be as small as possible, because the leakage current directly affects the quiescent 

current of the subsystem. When selecting energy storage components, attention should be paid to: 

(1) The CSPW capacitor acts as an energy buffer at the input of the boost converter, it can prevent 

large voltage fluctuations when the boost converter switches, the recommended value is 

10μF+/- 20% 

 

(2) The CHARV capacitor is used as an energy buffer for the boost converter, which can reduce the 

voltage ripple caused by the current pulse inherent in the switch mode of the converter, and the 

recommended value is 22μF +/- 20% 

 
(3) The CHVOL and CLVOL capacitors ensure efficient load regulation for high-voltage and low-

voltage LDO regulators. Closed-loop stability requires this value to be in the range of 8μF to 14μF. 
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12 Typical Application 

 

Figure 12-1 Typical application circuit 

Typical application example, as shown in Figure 12-1, this application scenario is a typical wireless 

communication application scenario, the energy source is a photovoltaic cell, and the energy storage 

element can be a standard lithium battery or a super capacitor. The wireless communication module is 

powered by a 3.3V power supply, The microcontroller is powered by a 1.8V supply. 

The circuit uses a predefined working mode, the working mode pin is connected to VCF[2:0]=110, refer to 

Table 10-1. In this mode, the threshold voltages are VOC = 4.12V, VCR = 4.04V, VOD = 3.60V. At this point, the 

output voltage of the LDO is VH = 3.3V, VL = 1.8V. This solution uses the connection of a primary battery as 

a backup solution, and through the coordination of the resistance of R1 and R2 , the minimum level allowed 

by the battery is set to 3.5V. If you need to set the minimum level allowed by the battery to other voltage 

values, you can set it by modifying the resistance of R1 and R2, for example, R1=100KΩ, R2=300KΩ, then 

the minimum level allowed by the battery is set to 2.2V. 
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13 Package Information 

5.0mmx5.0mm 0.5mm pitch package 

 

 

 

Figure 13-1 Schematic diagram of chip packaging 
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Notice 

1. The descriptions of circuits, software, and other related information in this document are solely meant to demonstrate how 
semiconductor products operate and provide examples of their applications. You hold complete responsibility for incorporating 
or using the circuits, software, and information in designing your own product or system. 

2. Gwanak Analog takes no responsibility for any losses or damages suffered by you or third parties resulting from the utilization 
of these circuits, software, or information. 

3. Gwanak Analog explicitly disclaims any responsibility or liability for infringement or any other claims related to patents, 
copyrights, or other intellectual property rights of third parties, resulting from the use of Gwanak Analog products or technical 
information described in this document. This includes, but is not limited to, product data, drawings, charts, programs, 
algorithms, and application examples. 

4. This document does not grant any form of license, whether explicit, implicit, or otherwise, under any patents, copyrights, or 
other intellectual property rights owned by Gwanak Analog or any other party. 

5. It is your responsibility to identify and obtain any necessary licenses from third parties for the legal import, export, 
manufacturing, sales, use, distribution, or any other actions involving products that incorporate Gwanak Analog products, if 
such licenses are required. 

6. You are prohibited from making any changes, modifications, copies, or reverse engineering of Gwanak Analog products, 
whether partially or entirely. Gwanak Analog takes no responsibility for any losses or damages suffered by you or third parties 
resulting from such actions of alteration, modification, copying, or reverse engineering. 

7. No semiconductor product can guarantee absolute security. Despite any security measures or features incorporated into 
Gwanak Analog hardware or software products, Gwanak Analog holds no liability for any vulnerabilities or security breaches, 
including unauthorized access or usage of Gwanak Analog products or systems utilizing them. Gwanak Analog does not provide 
assurance or guarantee that Gwanak Analog products or systems created with them will be immune to issues like corruption, 
attacks, viruses, interference, hacking, data loss or theft, or other security intrusions. Gwanak Analog disclaims all responsibility 
and liability associated with vulnerability issues. Additionally, to the extent permitted by applicable law, Gwanak Analog 
disclaims all warranties, whether expressed or implied, regarding this document and any related software or hardware, 
including but not limited to warranties of merchantability or fitness for a particular purpose. 

8. While Gwanak Analog strives to enhance the quality and reliability of its products, semiconductor products possess inherent 
characteristics, such as a certain failure rate and potential malfunctions under specific usage conditions. Unless explicitly 
specified as high-reliability products or intended for harsh environments in Gwanak Analog data sheets or other official 
documents, Gwanak Analog products do not incorporate radiation-resistant design. It is your responsibility to implement safety 
precautions to mitigate the risk of bodily harm, injuries, damage, or public hazards resulting from failures or malfunctions of 
Gwanak Analog products. These safety measures may include hardware and software safety design, such as redundancy, fire 
control, malfunction prevention, appropriate measures to address aging degradation, or other suitable actions. Since evaluating 
microcomputer software independently is challenging and impractical, you are accountable for assessing the safety of the final 
products or systems manufactured by you. 

9. For specific information regarding environmental concerns related to Gwanak Analog products, kindly get in touch with a 
Gwanak Analog sales office. It is your responsibility to conduct a thorough investigation and ensure compliance with relevant 
laws and regulations pertaining to the usage or inclusion of controlled substances, including but not limited to the EU RoHS 
Directive. Gwanak Analog takes no responsibility for any damages or losses incurred due to your failure to comply with 
applicable laws and regulations. 

10. Gwanak Analog products and technologies must not be utilized or included in any products or systems that are prohibited by 
domestic or foreign laws or regulations. You are required to adhere to export control laws and regulations imposed by 
governments of countries that assert jurisdiction over the parties involved or the transactions taking place. 

11. The buyer, distributor, or any party involved in the distribution, sale, or transfer of Gwanak Analog products to a third party is 
responsible for informing the third party in advance about the contents and conditions specified in this document. 

12. The content of this document cannot be reproduced, copied, or duplicated, either fully or partially, without obtaining prior 
written consent from Gwanak Analog. 

13. If you have any inquiries about the information provided in this document or Gwanak Analog products, please reach out to a 
Gwanak Analog sales office for assistance. 
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