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Features

B Charge 2/3/5 cell Li-ion battery packs with wide input operation voltage up to 32V

B Charging features
- Full charge cycle: pre-charge, constant current and constant voltage
- Switching charging up to 5A
- Charging current programmable with sensing resistor
- Support variety of battery chemistries, 4.1/4.2/4.3/4.35V @1%

B Protection features
- Cycle-by-Cycle Over Current Protection
- Battery Over/Under temperature protection
- Ower wltage (OV) during charge
- Under woltage (UV) when charge/discharge
- Thermal Shutdown
B Additional features
- High charging efficiency up to 95%
- Fixed switching frequency 500KHz
- Charging status indicator
- Internal charging timing
- Low external component count
- 12C communication protocol

Applications

Notebook

Clean robots

Aeromodelling, Drones

Chargers for 2/3/5 series cell Li-ion battery
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General description

The GD30BC2502x is a highly integrated low quiescent current switching battery charger
control IC for 2/3/5 series cell Li-ion battery packs. It drives an external N-MOSFET that can
output a charge current up to 5A through a sensing resistor and has a very high efficiency up
to 90%. The battery woltage is regulated to very high precision (less than +/- 1%). The device
operates with wide input range up to 32V. It has peak-current-mode control for fast loop
response and easy compensation.

Two control loops, constant current (CC) and constant wltage (CV) are implemented in the
GD30BC2502x. The constant current is programmable up to 5A and regulated using a sense
resistor. The constant wiltage is precisely regulated internally.

The device includes multiple protection features such as cycle-by-cycle currentlimiting, under
wltage lockout and thermal shutdown. Other protection features include battery temperature
monitoring and protection, charge status indication and internal timer to stop the charging
cycle.

The GD30BC2502x has a small footprint of QFN16 (4mmx4mm) and requires a minimal
number of external components allowing for it to best used in clean robots, drones or any
2/3/5 cell Li-ion battery chargers.
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4.1

4.2

Device overview

Deviceinformation

Table 4-1 Device information for GD30BC2502x

Part Number

Package

Function

Description

GD30BC2502x

QFN16(4X4)

With BC Interface

Cooperate with MCU solution,

2/3/5 cells

Block diagram

Figure 4-1 Block diagram for GD30BC2502x
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4.3 Pinout and pin assignment
Figure 4-2 GD30BC2502x QFN16 pinouts
g b & =
> o0 a )
VIN [0 1( 6 : _ ] 12{ "} GND
| Gggoasggéco(;x
NTC [ 32 | QFN16 | 11 csp
st 753 | powerpan 1007 eaT
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STAT2 | . 14 Lo | 9 ] CMPI
28 L&
4.4 Pin definitions
Table 4-2 GD30BC2502x pin definitions
Pin Name Pins Pin Type [Functions description
VIN 1 P Input voltage, bypass to ground witha 4.7uF capacitor.
NTC 2 | Thermistor terminal voltage for battery.
STAT1 3 oD Open drain charging status indication 1.
STAT2 4 oD Open drain charging status indication 2.
VDD3 5 (0] 3.3V LDO output, connect a 1uF capacitor to ground.
SCL 6 Vo SCL for I2C communication.
SDA 7 Vo SDA for I2C communication.
CMPV 8 @) Compensation for constant voltage charge control.
CMPI 9 (0] Compensation for constant current charge control.
BAT 10 I Connect to positive battery node for voltage/current sensing.
CspP 11 Vo Connect to sensor resistor as current sense positive input.
GND 12 G Ground.
SW 13 o Switching node, connecting to CSP by an inductor.
DRV 14 P Drive the gate of the external N-MOSFET.
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Pin Name Pins Pin Type |Functions description
BST 15 P Bootstrap voltage, connect to SW witha 0.1uF capacitor.
Supply voltage, connect a capacitor to ground; could connect to
VCC 16 P PPy g P g
VIN w ith diode.
PGND EPAD G Device pow er ground.
Notes:

1. Type: | =input, O = output, /O = input or output, P = power, G = Ground, OD = Open

Drain.

10
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5.1

5.2

5.2.1

Functional description

Operation

When power is ready (Vcc/ Vin above the UVLO threshold and Vcc-Vear > 0.3V), the
GD30BC2502x pulls the DRV high to turn on the external N-MOSFET, connecting SW and
inductor to power supply and begins the charging process. If Vcc/ Vin is above UVLO, but
Vee-Vear is less than 0.3V, the IC enters sleep mode.

As the inductor current increases and reaches the current limit, the RS flip-flop resets the
driver and DRV is pulled low and the external N-MOSFET is turned off. An external Schottky
diode then conducts the inductor current.

Depending on the BAT wltage, the IC enters different charging status respectively: pre-
charge, constant current charge and constant wltage charge. Pre-charge and constant
current charge share one current control loop which is compensated with an external RC
network at CMPI. A constant wltage charge control takes over when the battery wltage is
charged up to the reference woltage. It also requires a compensation circuit at CMPV. The
normal charge process will be stopped if the charge current falls below an internally-set
current level (lrer) during constant wltage charge.

The charging process will be terminated if a fault condition is triggered. The fault conditions
include: battery under/over temperature; supply under wltage lockout; battery over charge;
thermal shutdown; charging timer out.

Charging Control

Charge cycle

The GD30BC2502x is a switching charger that allows the battery to be charged with a
programmable charge current up to 5A. The regulation woltage can be programmedto 8.4V (2-
cell)/12.6V (3-cell) /21V (5-cell) through 12C interface. A complete charge cycle shown in
Figure 5-1 is implemented in the device.

When Vear is lower than Vech, charge starts from pre-charge. Pre-charge current lec is set
to the 1/10 of the current lcccn which is determined by the sense resistor Rsen. After Vear is
chargedto be above Vech, a constant current control loop takes over and the charging current
is set to lccch. Constant current charge lasts until Vear reaches the regulated woltage Vcvcr.
By then a constant wltage control takes over and the charge current gradually decreases
while the output woltage is fixed at Vcven. The charge process stops when the charge curment
is reduced to a termination current lrer, which is set to equal to IecH in the device. When the
battery wltage drops to VrcH, the whole charge process will resume.

11
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Figure 5-1 Battery charge cycle
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A A
[ [ [ [ [
Veved >——————:——————————-I- ---------- I I : Lo
VReH ¢ — — — — — - — — — — — — — -y’
———————————————— T lecen
[[T19
Vech $=— — =g —
—————————————— — — — —@ lpre=10%*lec
[
|
52.2 Charge state diagram
The normal charge state diagram is shown in Figure 5-2. The fault conditions besides timer
out include thermal shutdown, battery temperature through NTC monitoring, and supply under
wltage lockout. All fault conditions are always monitored in the charging process. Any fault
will halt the charging process and can only be reset by power-on.
Figure 5-2 Battery charge state diagram
Constant Current
T Charge
N
Power On Time>
N CC Charge Safe Y- @
Power Reset/ Timer?
System Reset
N
v
Vo ar<Vs - N Constant Voltage
BATSVVPCH ¢ o Charge
4’\/ |
Y Y
v
N Pre-Charge
Y
v
_ Time> Set Fault N Charge Complete
Pre (_:rrl]:_lgi Safe Y Stop Charge |
Time>
v Charge ISn;:fae Time?
5.2.3 Charge parameters

The maximum charge current through the external N-MOSFET is programmed by a sense
resistor connected from the CSP to BAT. The resistor value and the maximum current are
related by:

Regn X Iecey = 200 mV

Where lcccn is the targeted maximum charge current in A and Rsen is the sense resistor. And

the pre-charge current and termination charge current is determined internally by:
12
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5.3

5.4

5.5

5.6

1
Ipey = Irpr = 1_OICCCH

LDO 3.3V

The GD30BC2502x has aninternal 3.3V LDO VDD3 to power the internal circuitry. VDD3 can
also provide up to 3.3V/ 25mA current for external circuitry. Connect a 1uF bypass capacitor
from VDD3 to GND to ensure stability.

NTC battery temperature

A built-in NTC resistance window comparator that allows the GD30BC2502x to sense the
battery temperature through the thermistor included in the battery pack. Connect a resistor
with an appropriate value from VDD3 to NTC and connect the thermistor from NTC to GND.
A resistor divider determines the wltage on NTC as a function of the battery temperature.
Charging will stop or resume when the wltage is within or out of the NTC window.

STAT1/STAT2

STAT1/STATZ2 are two open-drain status output which are used to indicate the charging
status. Table 5-1 shows the charging status indications.

Table 5-1 LED state for GD30BC2502x

STAT1 STAT2 Charging Indication

LOW LOwW In Charging

LOW HIGH End of Charge, or NTC Fault, or Timer Out, or Thermal Shutdow n

HIGH HIGH VCC-VBAT < 0.3V, or VIN < UVLO, or VBAT < 4.8V

Thermal shutdown

If the die temperature exceeds the trip point of the thermal shutdown limit (Tsp), the charge
process will be terminated and the external N-MOSFET are disabled. The fault condition wil
be shown in STAT1/STAT2. The charging cycle will be resumed when the die temperature is
reduced below the thermal shutdown limit (with a hysteresis).

13
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5.7 Recommended device selection
5.7.1 Inductor selection
During normal operation, the transient inductor current changes periodically. During the tum-
on period of the N-MOS field effect transistor, the input wltage charges the inductor and the
inductor current increases; during the turn-off period of the N-MOS field effect transistor, the
inductor discharges to the battery and the inductor current decreases. The ripple current of
the inductor increases with the decrease of the inductance value and increases with the
increase of the input woltage. Larger inductor ripple current will cause larger ripple charging
current and magnetic loss. Therefore, the ripple current ofthe inductor should be limited within
areasonable range. The inductor value can be calculated:
L= VBAT «| 1= VBAT
fsw x IPP \/IN(MAX)
Where
® fsw is the switching frequency, fixed value fsw = 500kHz, unit KHz.
® Iep is the maximumripple current, unit A.
® Vy is the maximum input woltage, unit V.
® Vgar is the battery wltage, unit V.
When selecting the inductor value, the inductor ripple current can be limited to 40 percent of
charging current. For the selection of inductor value when VIN = 24V, VBAT = 12V, refer to
Table 5-2.
Table 5-2 Inductor recommended selection
Charging Current Inductor value
1A 36uH
2A 27uH
3A 20uH
4A 15uH
5A 12uH
5.7.2 Input VCC capacitor selection

With the increase of charging current, the input current fluctuation of power supply is also
increasing. In order to ensure the stability of VCC power supply, the capacitance of VCC filter
capacitor also needs to be increased. For the selection of capacitor value when VIN = 24V,
VBAT = 12V, refer to Table 5-3.

Table 5-3 VCC capacitor recommended selection

Charging Current Capacitor selection
1A 4.7uF
2A 10uF

14
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3A 22uF
4A 33uF
5A 47uF
5.8 I2C interface
I2C interface is included only in GD30BC2502x.
The 12C (inter-integrated circuit) module provides an 12C interface which is an industry
standard two-line serial interface for MCU to communicate with external I2C interface.12C bus
uses two serial lines: a serial data line, SDA, and a serial clock line, SCL.
The 12C interface implements standard 12C protocol with standard-mode (up to 100 kHz) and
fast-mode (up to 400 kHz). The 12C interface only supports Slave-mode. The 12C interface
receive data on rising SCL and transmit data on falling SCL.
Figure 5-312C communication flow
Start Slave address byte W(0) [ ACK ?{g{gfg g’.ﬁ ACK D(Q;Aa[l;%g%l ACK | Stop
1 0 1 x x x X
- 7 it
register address wnte
From master to slave From slave to master
Start Slave address byte R(1) | ACK I(ch[:[fg t;:]? ACK D('s‘;':[%;;l ACK | Stop
1 0 1 x x X X
- 7 d
register address rea
From master to slave From slave to master
The data format is fixed:
8bit function (3'b101 + 4bit(register address), +1bit(1'b0-write, 1'bl-read))
+ 8bit data[15:8]
+8bit data[7:0].
5.9 Register Map
59.1 Fault Register

Address: 0b 0000

Bits RIW fields

default

Description

15:7 R Reserved

0b0

Must be kept at reset value.

15
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5.9.2

Bits

fields

default

Description

VBAT OV _FAULT

0b0

VBAT overvoltage fault event indicator.
0: normal

1: VBAT over voltage fault is detected

TO_FAULT

0b0

Full charge TIME_OUT fault event indicator. (Can be
Cleared by writing control register ENB_REG = 0).
0: normal

1: Time out fault is detected

TO_PCH_FAULT

0b0

Pre-charge TIME OUT. (Can be Cleared by writing
control register ENB_REG = 0).
0: normal

1: Pre-charge time out fault is detected

Reserved

0b0

Must be kept at reset value.

NTC_HOT_FAULT

0Ob0

NTC high temperature fault event indicator.
0: normal

1: NTC high temperature fault is detected

NTC_COLD_FAULT

0b0

NTC low temperature fault event indicator.

0: normal

1: NTC low temperature fault is detected

TEMP_FAULT

0b0

Battery over temperature fault event indicator.
0: normal

1: Over temperature fault is detected

Control Register

Address: 0b 0001

Bits

RIW

fields

default

Description

15:14

RwW

CELLSEL_CF

0b0

Battery cell count selection configuration.
10: 2 Cell Li-ion Batteries

00: 3 Cell Li-ion Batteries(Default)

01: 5 Cell Li-ion Batteries

1x: Reserved

13:12

RwW

ACOKSEL

0b0

The minimum difference betweenVCC and VBAT
during charging.

00: 300mV

01: 600mV

10: 1.2V

11: 2.4V

11:8

Reserved

0b0

Must be kept at reset value.

RW

ENB_REG

Obl

IC enable configuration register.
0: Sleep mode

1: Normal w orking mode

RW

RST ALL

0b0

Reset all registers to default values.

16
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Bits R/W fields default Description

0: No effect
1: Reset all chip

Reset registers to default values except I2C.
5 RW RST_OTHS 0b0O 0: No effect
1: Reset all chip but 12C itself

4 R Reserved 0b0 Must be kept at reset value.

Charge status timeout time select.

00: 30min(Pre-charge)/ 180min(All time)
3:2 RW TIMEOUT_SEL 0b0 01: 20min(Pre-charge)/ 120min(All time)
10: 40min(Pre-charge)/ 240min(All time)
11: 30min(Pre-charge)/ 180min(All time)

Constant current charge terminate voltage configuration.
00: 4.2V
1:0 RW VBATREG_CF 0b0 01: 4.1V
10: 4.3V
11: 4.35V

5.9.3 User configure Register

Address: 0b 0011

Bits R/W fields default Description

VBATREG calibration signal enable.

15 RW VBATREG_EN 0b0 0: VBATREG_CF disable
1: VBATREG_CF enable

Cellsel enable.
14 RW CELLSEL_EN 0b0 0: CELLSEL_CF disable
1. CELLSEL CF enable

13:0 R Reserved 0b0 Must be kept at reset value.

17
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6 Electrical characteristics
6.1 Absolute maximum ratings

The maximum ratings are the limits to which the device can be subjected without permanently
damaging the device. Note that the device is not guaranteed to operate properly at the
maximum ratings. Exposure to the absolute maximum rating conditions for extended periods
may affect device reliability.

Table 6-1 Absolute maximum ratings

Symbol Parameter Min Max Unit
VN Pow er supply fromadaptor (VIN, VCC) -0.3 40 \%
Vear Battery voltage (BAT) 0.3 40 \%
Vcsp Current sense voltage -0.3 40 \%
VDRv Drive node to external N-MOSFET gate -0.3 40 \%

VvbD3 LDO output voltage -0.3 5 \%
VBsT Bootstrap voltage 0.3 40 \%
Vsw Sw itching node voltage (SW) -1 40 \%
Vio VO pin voltage (NTC, SCL, SDA, CMPI, CMPV) -0.3 7 v
Vstar Open drain output STAT1, STAT2 -0.3 40 \%
Thermal characteristics
Ty Operating junction temperature -40 125 °C
Tstg Storage temperature -65 150 °C
6.2 Recommended operation conditions

Table 6-2 Recommended operation conditions

Symbol Parameter Min Max Unit

VIN Pow er supply from adaptor (VIN, VCC) 9 32 \%

VAT Battery voltage (BAT) 5 — \%

Vio /O pin voltage (NTC, SCL, SDA, CMPI, CMPV) -0.3 55 \Y

V sTAT Open drain output STAT1, STAT2 0.3 32 \

Thermal characteristics
Ta | Operating ambient temperature | -40 | 85 | °C
6.3 Electrical sensitivity

The device is strained in order to determine its performance in terms of electrical sensitivity.
Electrostatic discharges (ESD) are applied directly to the pins of the sample.

18
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Table 6-3 Electrostatic Discharge characteristics
Symbol Parameter Conditions Value Unit
Ta=25°C,
VESD(HBM) human body model +1000 \
JS-001-2017
Ta=25°C,
VEsp(com charge device model +1000 \Y
JS-002-2018
6.4 Power suppliesvoltage and current

Table 6-4 Power supplies voltages and currents

Symbol Parameter Conditions Min [ Typ | Max | Unit
lo Sleep mode quiescent current Ta = 25°C — — | 100 | pA
lcc Operation current Ta = 25°C — 2 — | mA

twaAkE Turn-on time Vuse> Vuvioto outputs ready | 1 — — | ms
VvbD3 LDO regulator voltage \opz = 0to 30 mA 3 3.3 3.6 Y,
VuvLo Under voltage lockout Ta = 25°C — | 325 — \%
Vce-Vear — VCC rise, ACOKSEL = 00 — 0.3 — \%
Vce-Vear hysteresis VCC fall — (015 | — Y,
6.5 Logic input and opendrain output characteristics

Table 6-5 Logic input and open drain output characteristics

Symbol Parameter Conditions Min | Typ | Max [ Unit
Vi Input logic low voltage — 0 — 0.8 \%
ViH Input logic high voltage — 15 — 55 \%
VHys Input logic hysteresis — 100 | — — | mVv
e Input logic low current Vio=0V -5 — 5 HA
liH Input logic high current Vio=33V — — 5 HA
Rep Pull dow nresistance To GND — 1 — | MQ
Vobp Output logic low voltage lop =10 mA — — 0.1 \%

ILk_spa SDA leakage Vspa=3.3V — — 2 PA
ILk_sTaAT STAT1/2 leakage Vsmar=32 V — — 2 HA
6.6 Switching control characteristics

Table 6-6 Linear charger characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
Per cell (2-cell, x2;3-Cell,x3;5- | 4.16 | 4.20 | 4.24
VcvcH Regulated battery voltage \%
Cell,x5)
VpcH |Pre-Charge to charge transition| Per cell (2-cell, x2;3-Cell,x3;5- — 3.0 — \%

19
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Cell,x5)
Per cell (2-cell, x2;3-Cell,x3;5- — 4.0 —
Vecn Re-Charge threshold Cellxs) \Y,
Re-Charge hysteresis — — 2% — | VrecH
Vem Current sense Vose-Vesr CC-CV charge 180 | 200 | 220 mv
Pre-charge 18 20 22 mv
lcccH Charge current Rsen=100mQ 1.80 | 2.00 [ 2.20 A
lrcH [Pre-Charge/Termination current — — 10% — | leccH
ILk_sw SW leakage current Vsw=32V — — 2 MA
fsw Sw itching frequency — 450 | 500 | 550 | KHz
Dmax Maximum duty cycle — — 95 — %
Vpu Pull up voltage Vprv-Vsw 5.4 6 6.6 \Y,
TR Pull up rise time CL = 2nF, Vprvfrom10% to 90%| — 40 — ns
Tr Pull dow nfall time CL = 2nF, Vprvfrom90% to 10% | — 40 — ns
6.7 NTC characteristics and thermal protection

Table 6-7 NTC characteristics and thermal protection

Symbol Parameter Conditions Min | Typ | Max | Unit
V1L | NTC low -temp rising threshold As percentage of VDD3 64 65 66 %
V1 [NTC high-temp falling threshold As percentage of VDD3 34 35 36 %
Tsp |Thermal shutdow n temperature — — 150 — T
TspHys| Thermal shutdow n hysteresis — — 25 — T
6.8 |I2C characteristics

Table 6-8 12C characteristics

Symbol Parameter Conditions Star.ldard mode F?St mode Unit
Min Max Min Max
tscL(H) SCL clock high time — 4.0 — 0.6 — ys
tscuw) SCL clock low time — 4.7 — 1.3 — us
tsu(spA) SDA setup time — 250 — 100 — ns
th(spA) SDA data hold time — 0 3450 0 900 ns
tr(spaiscL) SDA and SCL rise time — — 1000 — 300 ns
tspa/scL) SDA and SCL fall time — — 300 3 300 ns
th(sTa) Start condition hold time — 4.0 — 0.6 — ys
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Figure 6-1. 12C bustiming diagram
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7 Typical application circuit

Figure 7-1 Typical GD30BC2502x application circuit
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Notes:

1. The values of C2, L1 and Rsen Will change according to the change of constant current
charging current. Please refer to section 5.7 for specific calculation method. Figure 7-1
shows a typical application circuit with 2/3/5 batteries.

2. Resistor R4 and capacitor C1 should be close to VIN pin.

22



©

GigaDevice GD30BC2502x Datasheet

8 Layout guideline

Figure 8-1 Typical GD30BC2502x layout guideline
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Notes:

1. In buck regulator, the loop area should be minimized as far as possible, which can
reduce stray inductance and minimize noise.

2. The MOSFET should be close to the chip as far as possible to reduce the routing length
of the driver and SW, so as to reduce the noise.

3. Rsen should be close to the chip to ensure the accuracy of charging current. Rsen
suggests that multiple resistors should be connected in parallel to reduce the heat loss
of a single resistor.

4. The capacitor C3 should be placed on the top layer to reduce parasitic parameters.
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9 Package information
9.1 QFN16 package outline and dimensions

Figure 9-1 QFN16 package outline
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Table 9-1 QFN16 package dimensions
Symbol Min Typ Max
A 0.70 0.75 0.80
Al — 0.02 0.05
b 0.25 0.30 0.35
c 0.18 0.20 0.25
D 3.90 4.00 4.10
D2 2.10 2.20 2.30
E 3.90 4.00 4.10
2.10 2.20 2.30
e — 0.65 —
h 0.30 0.35 0.40
L 0.45 0.55 0.65
Nd — 1.95 —
Ne — 1.95 —

(Criginal dimensions are in millimeters)
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Figure 9-2 QFN16 recommend footprint
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9.2

Thermal characteristics

Thermal resistance is used to characterize the thermal performance of the package device,
which is represented by the Greek letter “©”. For semiconductor devices, thermal resistance
represents the steady-state temperature rise of the chip junction due to the heat dissipated
on the chip surface.
O;a: Thermal resistance, junction-to-ambient.
©;s: Thermal resistance, junction-to-board.
O,c: Thermal resistance, junction-to-case.
We: Thermal characterization parameter, junction-to-board.
Y;r: Thermal characterization parameter, junction-to-top center.
O = (Ty - Ta)/Pp
O = (T; = Te)/Pp
Osc = (Ty = Tc)/Po
Where, T, = Junction temperature.
Ta = Ambient temperature
Ts = Board temperature
Tc = Case temperature which is monitoring on package surface
P = Total power dissipation
O;a represents the resistance of the heat flows from the heating junction to ambient air. t is
an indicator of package heat dissipation capability. Lower @;a can be considerate as better
owerall thermal performance. ©;a is generally used to estimate junction temperature.
O;s is used to measure the heat flow resistance between the chip surface and the PCB
board.
O,c represents the thermal resistance between the chip surface and the package top case.
O;c is mainly used to estimate the heat dissipation of the system (using heat sink or other
heat dissipation methods outside the device package).

Table 9-2 Package thermal characteristics®

Symbol Condition Package Value Unit
QA Natural convection, 2S2P PCB QFN16 51.23 °CIW
OB Cold plate, 2S2P PCB QFN16 17.44 °CIW
Ouc Cold plate, 2S2P PCB QFN16 23.22 °C/wW
Yis Natural convection, 2S2P PCB QFN16 17.61 °CIW
Wi Natural convection, 2S2P PCB QFN16 1.17 °CIW

(1) Thermal characteristicsare based on simulation, and meet JEDEC specification.
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10 Ordering information
Table 10-1 Part order code for GD30BC2502x
Temperature
Ordering Code Package Package Type Packing Type | MOQ Operating
Range
Industrial
GD30BC2502LRTR | QFN16(4X4) Green Tape&Reel 3000

-40°C to +85°C
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11 Revision history
Table 11-1 Revision history
Revision No. Description Date

1.0

Initial Release

Aug.25, 2022
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Important Notice

Thisdocumentisthe property of GigaDevice Semiconductor Inc. and itssubsidiaries(the "Company"). Thisdocument, including any
product of the Company described inthisdocument (the “Product”), isowned by the Company under the intellectual property lawsand
treaties of the People’s Republic of China and other jurisdictions worldwide. The Company reserves all rights under such laws and
treatiesand doesnot grant any license underitspatents, copyrights, trademarks, or otherintellectual property rights. The namesand

brandsof third party referred thereto (if any) are the property of their respective owner and referredto foridentification purposesonly:.

The Company makes no warranty of any kind, express or implied, with regard to this document or any Product, including, but not
limited to, the implied warrantiesof merchantability and fitnessfor a particular purpose. The Company doesnot assume any liability
arising out of the application or use of any Product described in thisdocument. Any information providedin thisdocument isprovided
only forreference purposes. Itis the responsibility of the user of this documentto properly design, program, and test the functionality
and safety of any application made of thisinformation and any resulting product. Except for customized products which has been
expressly identified in the applicable agreement, the Productsare designed, developed, and/or manufactured for ordinary business
industrial, personal, and/or household applicationsonly. The Productsare not designed, intended, or authorized for use ascomponents
in systems designed or intended for the operation of weapons, weapons systems, nuclear installations, atomic energy control
instruments, combustion controlinstruments, airplane or spaceship instruments, transportation instruments, traffic signalinstruments
life-support devicesor systems, other medical devicesor systems (including resuscitation equipment and surgical implants), pollution
control orhazardoussubstances management, or otheruses where the failure of the device or Product could cause personal injury,
death, property orenvironmental damage ("Unintended Uses"). Customers shall take any and all actionsto ensure using and selling
the Productsin accordance with the applicable laws and regulations. The Company is not liable, in whole or in part, and customers
shall and hereby do release the Company aswell asit's suppliersand/or distributorsfrom any claim, damage, or other liability arisng
from or related to all Unintended Uses of the Products. Customers shall indemnify and hold the Company aswell asit’s suppliers
and/or distributors harmless from and against all claims, costs, damages, and other liabilities, including claims for personal injury or

death, arising from orrelated to any Unintended Usesof the Products.

Information in this document is provided solely in connection with the Products. The Company reserves the right to make changes

corrections, modificaionsorimprovementsto thisdocument and Productsand servicesdescribed herein at any time, withoutnotice.

© 2022 GigaDevice — Allrightsreserved
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