AXP223

Datasheet

Revision 1.0

2015.05.25

© 2015 X-Powers Limited .All Rights Reserved



®
@ AXP223

Enhanced Single Cell Li-Battery and Power System Management IC
XPowers

Version History

Version Modify Time Author Description

V1.0 2015.05.25 Initial version

AXP223 Datasheet(Revision1.0) Copyright © 2015 X-Powers Limited. All Rights Reserved PAGE 2/54




®
AXP223
Enhanced Single Cell Li-Battery and Power System Management IC

XPowers

Declaration

X-Powers cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in an X-Powers
product. No circuit patent licenses, copyrights, or other intellectual property rights are implied. X-Powers reserves the

right to make changes to the specifications and products at any time without notice.

AXP223 Datasheet(Revision1.0) Copyright © 2015 X-Powers Limited. All Rights Reserved PAGE 3/54



®
@ AXP223

XPowers

Enhanced Single Cell Li-Battery and Power System Management IC

Catalog

L. OVEIVIBW ..ttt ettt ettt e et e st e e e s e e et e e s e e e e e ms et e e e n b et e s e st et e e b et e e e R E e et e e R R e e e s e r e e e e e raeeeenrneens 7
B =T | U PP PSP T PP OTPRO 8
10 T 1Y/ T o 10
L0 Yo o= 1 I o o] Lo o o ISR UUPRRNS 11
TN o o1 (U1 (<IN =N [ g T4 RSP 12
6. El@CTriCal CharaCeriStiCs ......coouuiiiiieiiee ettt ettt ettt et ht e e st e e st e e s bt e e be e e st e e smbeesabeesaneeennneesnreenas 13
/28 =4 L2 T ) ST PP SP PP PP OPPRRRPPPRT 18
I =) (ool QDI = - o 4 PP o SRR 20
(I @oT o d o] BT o Te MO o 1T =Yl o IFS U o SRR 21
9.1. POWET ON/OT & RESEL....uveiiieieieeiieeie e ectteeeeeteeeesetveeeestreeesssteesesssssessssssesssssssesssdinessastineeeesessetioenseeeesseeees 21

9.2. Power Path Management (IPS™ ) et eeee s s e e e e B 23

9.3. Adaptive FIash Charger ......uei i iiieieee et tee e estre e s see e e s snane e esneee e s s dbne e e e e mab s dhae s enveeeeesntenessnnsenens 24

9.4, MUILI-POWET OULPULS ..eeeeeiieeieiiieeeetieeeectieesssieeeesseeeeeesneaeeessnseeeessesaatonseesessnssesnsthineesesnsseseessnesessnseesensssnees 27

9.5. E—GaugeTM LY (=] 1 OO ST PPP P PPPPP 29

9.6. MUIti-FUNCLION PiN DESCIIPLION ..viiieieeecciierieciieeeccieeeesiteeeese foreee e saa i e aeeaes et aeeenntneeesnteseesnsaeeeennsenessnssnnens 30

LS R T4 = PP ST TSP PPURRPPI 30

1o IR T [ a1 =T U] o | ST E o e P PP PPPP P PPTPPPTO 30

B0 = o =T O T o O PP PP PP PPPPPPPTO 32
0 I B @ T o] I Y=Y o 1 =T ol I S SR 32
10.2. GPIO St REGISTEI LiSt..uuiiiiiieeiiiiireeieeiriiisefinieeeeeeessit e e et e eeeeiiiree e e e e e s ssserereeeesessssbrtreeeeeesssssssereeeeesssnssssnees 33
10.3. INTErrUPt REZISTEI LISt .uvieeieeee sfliheiiiet i iaebee s eeee bubeeeeeeessautttneeeessssasusseeaeeessssssssssneeeesessssssssreeseessssnnsssneees 33
10.4. ADC Data REGISTEI LiSt..uueiiieesiatie et ee it ieeeessesieettteeeeeeessittraeeeesessssasteraeeesessssssrtaeeeesssssssreseeeesessssnsseneees 33
O T U= < (T g D T=TY ol ] o) [ ] o O PP PPPPTSPPP 34

REG OOH: POWET INPUL STalS i it s s 34

REG 01H: Power Working Mode‘and Charge Status INdication .........cccceevvveeeiiiiii e 35

REG 04-0FH: Data BUffer . oot ettt ettt ettt ettt e et e et e e sae e e sate e s bt e e sbeeesneeesaneesabeeas 35

REG 10H: DCDC1/2/3/4/5&ALDO1/2&DC5LDO ENADIE SEL......ccvervieeeeieieieseeieierie et 35

REG 12H:PoWer QULPUL CONTIOL......oii e ettt st e e e e e e st e e e st e e e e aeeeeesneeeeesnneeeessnsenesanns 35
REG/13H:Power OUEPUL CONTIOL......cii et s ee e et e e e e e st e e e s e e e e ateeeesnnteeeesnneeeeesnseneeanns 36

REG 15H:DLDO1 OUtPUL VOIABE SEL.....eiiiieeiieeeeee ettt et s e e s e e et ee e e snee e e esnneeeeennseneeanns 36

REG 16H:DEDO2 OUtPUL VOItAZE SET.....eiiiieeiieeceee ettt e e s e e e see e e et e e e snt e e e esnneeeeennseeeeanns 36

REG 17H:DLDO3 OULPUL VOILAZE SEL.....eiiiieeiiii ettt ee et e s e e e s e e e e ate e e e snteeeesnneeesennseneeanns 36

REG 18H:DLDO4 OULPUL VOItAZE SEL......eiieeeiieieeiie e ectee ettt et e e ste e e e e e stte e e et a e e e ente e e e snneeeeennsaneeanns 37

REG 19H:ELDOL OULPUL VOIAZE SOt ....ueiiiieeiiee ettt e s e e e st e e et ee e e e et e e e e snnaeeeennsaeeeenns 37

REG 1AH:ELDO2 OULPUL VOItAZE ST ... .eiiieeiiee ettt e e e st e e et re e e e nt e e e e saneeesennraeeeanns 37

REG 1BH:ELDO3 OULPUL VOIABE SEL.....oiiieeeiiii e etee et ee et e e e e e stte e e et e e e snte e e e snneeesennseeeeanns 37

REG 1CH:DC5LDO OULPUL VOILAZE ST ...eei ettt ettt e rtee e et e e et ae e e e et e e e e snnaeesenntaeeeanns 38

REG 21H:DC-DC1 OULPUL VOItAZE ST ...eeiieeiiee ettt e st e e st e e et e e e e nt e e e e snneeesenntaeeeanns 38

REG 22H:DC-DC2 OULPUL VOItAZE ST ...eiiieeiiee ettt e s e e et e e et ae e e e nt e e e e snneeesenntaeeeanns 38

REG 23H:DC-DC3 OULPUL VOItAZE ST ...eeiieeiieeeeee ettt e e e e st e e et ee e e s nt e e e e snnaeesenntaeeeenns 39

REG 24H:DC-DCA OULPUL VOItAZE ST ...evii ettt s e e et e e et e e e s e e e e e snnaeeeenntaeeennns 39

REG 25H:DC-DC5 OULPUL VOItAZE ST ...eviieiiieeecee ettt e s e e et e e et ee e e st e e e e snaeesenntaeeeanns 39

AXP223 Datasheet(Revision1.0) Copyright © 2015 X-Powers Limited. All Rights Reserved PAGE 4/54



®
@ AXP223

Enhanced Single Cell Li-Battery and Power System Management IC
XPowers

REG 27H:DC-DC2/3 Dynamic Voltage Scaling Parameter SEt.........covviiveeeeeeeeeeeeeeeereeereeeereeeeeeeeveeereeens 39
REG 28H:ALDO1 OULPUL VOIAEZE SEt.....uuiiiieeeieeeciieeee ettt e e e e e et e e e e e e e e s b re e e e e e e e e s nnreaeeas 40
REG 29H:ALDO2 OULPUL VOIAEE St .....uuiiiieeii ettt eec e e e e e e e e trre e e e e e e e s nbreae e e e e e e s nnraaeeas 40
REG 2AH:ALDO3 OULPUL VOItAZE ST ...ueuiiiieee ettt e e e e et e e e e e e e arre e e e e e e e e e nnnreaeeas 40
REG 30H:VBUS-IPSOUT Path SET ...cuiiiiieiieiieiieiteitesitesite sttt st sttt st st st st st st ebe e besbe e 41
REG 31H: Wakeup Control and VOff VOITagE SEt.......cccviiiiiieiieeiree et et eetree et e e eetree e e stre e e e ebaee e e 41
REG 32H: Power off Set. Battery detection and CHGLED CONEIOl.........ccovveeeeiiiveeeeiiiree e cnreeeeeveee e 41
Y O] o @l o= LI @] o i o] 1 SRR 42
YO o B @l o= LI @] o i o o] 17U 42
YOI o] o B @l o= LI o] o i o] 1 SRR 43
REG 36H:PEK Parameter SEt .....comiiiiiiiieiiieeeeeeeeeec ettt saa B e esemnee e e e 43
REG 37H:DC-DC WOTK frEQUENCY ST .....vveiieciieeieeitieeeeiiteeeeeeteeeeeetveeeesreeeeesveseesesseseesseesssatbaeeessseseessseneennns 43
REG 38H:VLTF-charge Battery Charge under temperature Set.......ccccvevevvieeeeeesdfon B 44
REG 39H:VHTF-charge Battery Charge over temperature Set ...t e e, 44
REG 3CH:VLTF-discharge Battery under temperature Set ........cccvveeiiiereesiiediee e esbarasdane e e esireeeesieee e 44
REG 3DH:VHTF-discharge Battery over temperature Set.........o it e e 44
REG 80H:DC-DC WOIK MOGE ...ceiiiiiiiieiieeeiie ettt esieesieeesieeesveeesseee s tathae et e e seeeesneeesmseesbeeenneeesnneesaneens 45
REG 82H:ADC EN@DIE «..onviiiieieeiieieeiteieesieesiteneesieesee e e fore s eesaaBhn st e e se e satesnteenteentesntesnbeenbesntesnteenes 45
REG 84H:ADC Sample rate Set ; TS Pin CONLIOl....ccccuveeiee st e e e e rtre e s e e e snee e s e saeaeeeenes 45
REG 85H:TS ADC Sample rate SEL....uiiiiiieiieieee e s i e ettt e e et e e e seee e e e tee e e sneeeeesnnneeeesnsaeeeanns 46
REG 8AH:TIMErControl .......cocveiiieeeiieeee e ittt ettt ettt e sane e s re e 46
REG 8CH:PWREN CONrol St 1 .....coiuiiiiieeiiie ittt eaffon ettt ettt e st e s b e e snee e saneesaneeeas 46
REG 8DH:PWRENCONLIOI SEE 2.ttt ettt ettt s e s b e s sneeesaneesaneeas 46
REG 8FH:IC over temperature Power off fURELION SBt..........coeeiiieiieee e 47
REG 90H:GPIO0 fUNCLION ST, it ettt ettt ettt et e e bt e e bee e saee e sabeesabeeebeeeaseeesaneesaneanas 47
REG 91H:GPIO0 work as LDO mode.and Output VOItage Set........ccoevveiiiiiieeeiee e ee e 47
REG 92H:GPIOT FUNCHION SEE ...ttt ettt ettt et e e s st e e s en e e e e s mreeessanreeessnneeesanreeessnns 48
REG 93H:GPIO1 work asiLDO mode and Output vOItage Set........ccevveriviiiei e 48
REG 94H:GPIO[1:0] INPUL SEALUS ...vveeeeieieeeeieiieeesiiereesiteeeesseteeeesereseessteesessnseesesseesesssssesssnssesessssseeesssssnesanns 48
REG 97H:GPIO[1:0] pUll dOWN FESISTET ST ....ccvviiiiieecieecee e erte et e e tee e saae e ste e s te e e steeesraeesateesareeans 49
REG 40H:TRQ ENGDIE L. ittt ettt et e st e e bt e e bee e saeeesmbeesabeeebeeeaseeesaneesabeens 49
REGALH:IRQ ENabDI@ 2. ettt ettt ettt et e st e et e e e bee e saee e sabeesabe e e beeeaseeesabeesabeens 49
REG 42H:IRQUENGDIE 3.ttt et ettt et e st e et e e e bee e saee e sabeeeabe e e beeeaseeesabeesabeaans 49
REG 43HIIRQUENGDIE 4.ttt ettt ettt et et e et e et e e sate e sabeesabe e e beeeaseeesabeesabeaans 50
REG 44H:IRQUENGDIE 5.ttt ettt ettt e et e e e be e e sate e sabeesabe e e beeeeseeesabeesabeaaas 50
e R ] o (O ] 7 1 U130 R 50
REG A9H:IRQ STAUS 2...eeuvieiieiieieenieenteenitesteesstesseesteesseesseesssesseesssesssesssesssesssesssesnsesssesnseensesnsesnsesnsessesnsesnes 50
REG AAH:IRQ STAtUS 3 ..eiiieiieiieiiesitesieesieesteeste et esteesteestaesseesseesseesstesseesssesssesssesnsesnsesnseensesnsesnseensesnsesnsennes 51
REG ABH:IRQUSTATUS 4 ..eeuveeieeieeieesitesteesieesieestt e st esteesseessaesaeesseesstesssesseesssesssesstesnsesnsesnsesnsesnsesnseensesnsesnsesnes 51
REG ACH:IRQUSTATUS 5 ..eeuvieiieieeiienttenttesttesteesteesseesteesseessaesssesseesssesssesssesssesssesssesnsesnsesnsesnsesnseensesnsessesnsesnes 51
REG B8H:E-GAUZE CONEIOL......iiiiiieiieeeeiiie et e tee et e et ee e e et e e e e st e e e e snteeeesasteeeesnteeeesnnseeeeaseeeesanseneennns 51
REG BOH: Battery GAUZE FESUIL ......oeeieeiieeeeiiieeeeiee e et e e etee e et e e e e sate e e e e ate e e esasteeeesnsaeeeanneeeeesnseeesesnsenesanns 52
REG EOH: Battery full design capacity St 1......cccuiiieiiiee et e e e et e e et e e e s nee e s e sneaeeeenes 52
REG E1H: Battery full design capacity SEt 2 .....cccuiii it e e s e e e s e e e sbaeeeenes 52
REG E6H: Battery low power Warning l@VEl St .......ccuvii e sree e 52

AXP223 Datasheet(Revision1.0) Copyright © 2015 X-Powers Limited. All Rights Reserved PAGE 5/54



®
@ AXP223

Enhanced Single Cell Li-Battery and Power System Management IC
XPowers

REG E8H: Gauge percentage timer interval update Set.......coveeiiiiiiiiiiie e 53
REG E9H: Gauge checking timer internal SEt...... ... e e 53
REG ECH: Coulomb percentage checking point Set .......ccciiiieeii e 53

AXP223 Datasheet(Revision1.0) Copyright © 2015 X-Powers Limited. All Rights Reserved PAGE 6/54



®
@ AXP223

Enhanced Single Cell Li-Battery and Power System Management IC
XPowers

1. Overview

AXP223 is a highly integrated power management IC(PMIC) targeted at single cell Li-battery(Li-ion or Li-polymer)
applications that require multi-channel power conversion outputs. It provides an easy and flexible power
management solution for multi-core processors to meet the complex and accurate requirements of power control.

AXP223 integrates an USB3.0-Compatible Flash Charger that supports up to 94% efficiency and 2.1A charge
current. Besides, it supports 21 channel power outputs which include 5 channel DC-DC with efficiency up to 95%,
and multi-channel 12-Bit ADC which include voltage/current/temperature monitoring. To ensure the security and
stability of the power system, AXP223 provides protection circuits such as over-voltage protection(OVP)-
under-voltage protection(UVP). over-current protection(OCP) and over-temperature/protection(OTP). Moreover,
an unique E-Gauge™ system promises high-accuracy measure and simplifies battery power measturement.

AXP223 provides a fast interface for system to dynamically adjust output voltages and coordinate application
processor to enable multiple work-mode conversion to optimize the battery. life.

The Intelligent Power Select(IPS™) circuit of AXP223 could transparently select power path among USB, external
adaptor, Li-battery and system load, it also allows application system to work normally when only running at the
external input voltage and not the battery.

AXP223 is available in 8mm x 8mm x 0.75mm 68-pin QFN package.

Applications

e Tablet, Smartphone, Smart TV, DVR
e UMPC-like, Student Computer
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2. Feature

Ips™

. Input voltage range:2.9~6.3V

. Configurable Ips™ System

. Adaptive USB or AC adaptor voltage/current
limit(4.4V/900mA/500mA)

Flash Charger

. Integrated MOSFET charger current up to 2.1A

. Support battery temperature monitoring

. Fully Support USB charger

. High charger accuracy : +5%

. Support multiple battery such as 4.1V,4.2V,4.22V and
4.24V,etc

. Automatic charge control

. Support LED to indicate charge status

. Automatic charge current adjustment based on system
load

. Switch

. DC1SW:internal resister 160mQ,power source from
DCDC1

. CHGLED: internal integrated NMOS up to 100mA buffer
strength, drive the motor and charging LED

LDO

. RTC_VCC:30mA, always valid;

. ALDO1: Low noise LDO,0.7~3.3V adjustable,100mV/step,
load capacity up to 300mA;

. ALDO2: Low noise LDO,0.7~3.3V adjustable,100mV/step,
load capacity up to 300mA;

. ALDO3: Low noise LDO,0.7-3.3V adjustable,100mV/step,
load capacity up:to 200maA,;

. LDO1100: Low noise LDO,0.7~3.3V  adjustable,
100mV/step, load capacity up to 100mA;

. LDO1101: Low noise LDO,0.7~3.3V  adjustable,
100mV/step, load capacity up to 100mA;

. DLDO1: 0.7~3.3V adjustable,100mV/step, load capacity
up to 400mA;

. DLDO2: 0.7~3.3V adjustable,100mV/step, load capacity
up to 200mA;

. DLDO3: 0.7~3.3V adjustable,100mV/step, load capacity
up to 200mA;

. DLDO4: 0.7~3.3V adjustable,100mV/step, load capacity
up to 100mA;

ELDO1: 0.7~3.3V adjustable,100mV/step, load capacity
up to 400mA;

ELDO2: 0.7~3.3V adjustable,100mV/step, load capacity
up to 200mA;

ELDO3: 0.7~3.3V adjustable,100mV/step, load capacity
up to 200mA;

DC5LDO: 0.7~1.4V  adjustable,100mV/step, load
capacity up to 200maA,;

DCDC

DCDC1:1.6~3.4V adjustable, 100mV/step, load capacity
up to 1.4A;

DCDC2:0.6™1.54V adjustable, 20mV/step, load capacity
up to2A,;support Voltage Ramp Control(VRC);

DCDC3: 0.6~1:86V adjustable, 20mV/step, load capacity
up to 2A;

DCDC4: 0.6~1.54V adjustable, 20mV/step, load capacity
up to 0.6A;

DCDC5: 1.0~2.55V adjustable, 50mV/step, load capacity
up to 2A;

E-GaugeT“’|

Integrated dual-mode high accuracy coulomb counter
and Fuelgauge system

Easy mode: high adaptive for the different batteries
Exact mode: high accuracy gauge for the special
batteries(2%)

Provide the rich power management information
including instantaneous power consumption(mA or
mW),remaining power(% or mA),charge
status(%),remaining battery life and charge time, etc.
Low power warning and protection

Provide die temperature information

Host Interface

Push-Pull Two Wire Interface(P2WI) for communication
between the processor and PMIC

Configurable interrupt management

Flexible pin function configuration:2 GPIOs can set as 10
or LDO function, etc

Integrated timer

12 groups registers for the data storage when system

shutdown
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System Management High Integration
. Soft reset or hard reset . High accuracy reference voltage (5%)
. Support soft shutdown or hard shutdown . Integrated MOSFET

. Support the external wakeup power on

. Support PWROK for system reset or shutdown
indication

. External power detection(insert/remove/drive strength
deficiency)

. All output voltages support soft boot

. Self-protection: OVP,UVP,0CP,OTP
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3. Pin Map
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4. Typical Application
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5. Absolute Ratings

SYMBOL DESCRIPTION VALUE UNITS
ACIN Input Voltage -0.3~11 Vv
VBUS Input Voltage -0.3~11 Vv

Ta Operating Temperature Range -20~80 C

T, Junction Temperature Range -20 ~130 C

Ts Storage Temperature Range -40 ~150 T
Tierd Maximum Soldering Temperature (at leads, 10sec) 300 T
Vesd Maximum ESD stress voltage, Human Body Model >4000 \Y

Pp Internal Power Dissipation 2700 mwW

Table 5-1. Absolute ratings
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6. Electrical Characteristics

Vin=5V, BAT=3.8V, T,=25TC
SYMBOL DESCRIPTION CONDITIONS MIN TYP MAX UNITS
ACIN
Vin ACIN Input Voltage 3.8 6.3 Vv
louT Vout Current Available Before 500mV Voltage Drop 3000 mA
Loading BAT
Vuvio ACIN Under Voltage Lockout 3.8 \"
Vourt IPS Output Voltage 2.9 5.0 \Y
Racin Internal Ideal Resistance PIN to PIN, ACIN to 120 mQ
IPSOUT
VBUS
Vin VBUS Input Voltage 3.8 6.3 \
lout Vout Current Available Before 500 900 mA
Loading BAT
Vuvio VBUS Under Voltage Lockout 3.8 \Y
Vour IPS Output Voltage 2.9 5.0 \
Rvsus Internal Ideal Resistance PIN.to PIN, VBUS'to 170 mQ
IPSOUT
Battery Charger
VirGT BAT Charge Target Voltage -0.5% | 4.2 +0.5% |V
IcHra Charge Current 1200 | 2100 mA
IRt Trickle Charge Current 10% IcHRG
mA
V1reL Trickle Charge Threshold,Voltage 3.0 \Y
AViechg Recharge Battery Threshold Threshold Voltage -100 mV
Voltage Relative to Vyarger
TriMERL Charger Safety Timer Trickle Mode 50 Min
Terminatioh Time
Trimer2 Charger Safety Timer CC Mode 480 Min
Termination Time
len End of Charge Indication Current | CV Mode 10% 15% IcHRa
Ratio mA
NTC
Vr Cold Temperature Fault Charge 0 2.112 3264 Vv
Threshold Voltage Discharge 3.226
V1h Hot Temperature Fault Threshold | Charge 0 0.397 3.264 \
Voltage Discharge 0.5
V1e NTC Disable Threshold Voltage Falling Threshold 0.2 \
Hysteresis
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SYMBOL | DESCRIPTION | conpITIONS [min [T [ mAX | uniTs

Off Mode Current

lowore | OFF Mode Current | BAT=3.8V | 35 | | A

Logic

Vi Logic Low Input Voltage 0.3 \Y

\ Logic High Input Voltage 1.5 Vv

P2WI

Ve Input Supply Voltage VCC- Vv

RTC

fsck Clock Operating Frequency 2000 kHZ

ts Clock Data Fall Time 2.2Kohm Pull High 60 ns

t, Clock Data Rise Time 2.2Kohm Pull High 100 ns

DCDC

fosc Oscillator Frequency Default | 3 | | MHz

DCDC1

lvint Input Current PFM Mode 50 MA
Ipciour =0

lum1 PMOS Switch Current Limit PWM Mode 2000 mA

Ipciout Available Output Current PWM Mode 1400 mA

VbciouT Output Voltage Default 1.6 3.0 3.4 \Y

DCDC2

lvinz Input Current PFM.Mode 50 MA
Ipcoout =0

lum2 PMOQS Switch Current Limit PWM Mode 2800 mA

Ipc2out Available Output Current PWM Mode 2000 mA

VbeoouT Output Voltage Range 0.6 11 1.54 \

DCDC3

lvinz Input.Current PFM Mode 50 uA
Incaout =0

lums PMOS Switch.Current Limit PWM Mode 2800 mA

Ipczout Available Qutput Current PWM Mode 2000 mA

Vocsout Output Voltage Range 0.6 1.1 1.86 \'%

DCDC4

lvina Input Current PFM Mode 45 uA
Incsout =0

luma PMOS Switch Current Limit PWM Mode 1200 mA

Ipcaout Available Output Current PWM Mode 600 mA

Vocaout Output Voltage Range 0.6 1.1 1.54 Vv

DCDC5

lvins Input Current PFM Mode 45 uA
Incsout =0
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lums PMOQOS Switch Current Limit PWM Mode 2500 mA

Ipcsout Available Output Current PWM Mode 2000 mA

Vbesout Output Voltage Range 1.0 1.5 2.55 Vv

SYMBOL DESCRIPTION CONDITIONS MIN TYP MAX UNITS

RTC_VCC

Vrrc_vee Output Voltage lrrc_vec=1mA -1% 3.0 1% \Y

lrrc_vee Output Current 30 mA

ALDO1

Valpo1 Output Voltage | apo1=1mMA -1% 3.0 1% \Y

| ALDO1 Output Current 300 mA

lq Quiescent Current 60 pA

PSRR Power Supply Rejection Ratio | ALpo1=60mA, 1KHz TBD dB

en Output Noise,20-80KHz Vo=3.3V, lo=20mA 31 KVRrwms

ALDO2

VaLpo2 Output Voltage | alpoz=1mA -1% 2.5 1% \Y

| ALDO2 Output Current 300 mA

lq Quiescent Current 62 KA

PSRR Power Supply Rejection Ratio | ALoo2=10mA,1KHz TBD dB

en Output Noise,20-80KHz Vo=3.3V, lo=20mA 31 UVRrms

ALDO3

V ALpo3 Output Voltage | Alpoz=1mA -1% 3.0 1% \"

| ALDO3 Output Current 200 mA

lq Quiescent Current 60 pA

PSRR Power Supply Rejection Ratio | Apo3=10mA, 1KHz TBD dB

en Output Noise,20-80KHz Vo=3.3V, 1o0=20mA 43 UVRrwms

DLDO1

V bioo1 Output Voltage | pipo1=1mA -1% OFF 1% \Y

| bLbo1 Output Current 400 mA

lq Quiescent Current 56 MA

PSRR Power Supply Rejection Ratio I pipo1=10mA, 1KHz TBD dB

en Output Noise,20-80KHz Vo=3.3V, lo=20mA 100 KVRrms

DLDO2

V bLoo2 Output Voltage I pLpo2=1mMA -1% OFF 1% \"

| bLoo2 Output Current 200 mA

lq Quiescent Current 60 pHA

PSRR Power Supply Rejection Ratio I pipo2=10mA, 1KHz TBD dB

en Output Noise,20-80KHz Vo=3.3V, lo=20mA 100 KVRrwms

DLDO3

V bioos Output Voltage | bipoz=1mA -1% OFF 1% Y

I bLpo3 Output Current 200 mA

lq Quiescent Current 60 pA

PSRR Power Supply Rejection Ratio I bipo3=10mA, 1KHz TBD dB
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ex | Output Noise,20-80KHz Vo=33V, 10=20mA | 100 | | WVaws
DLDO4
V bLpoa Output Voltage | pLpos=1mMA -1% OFF 1% \"
I bLpo4 Output Current 100 mA
lq Quiescent Current 60 HA
PSRR Power Supply Rejection Ratio I ipoa=10mA, 1KHz TBD dB
en Output Noise,20-80KHz Vo=3.3V, lo=20mA 100 KVrwms
ELDO1
V elbo1 Output Voltage l elpoi=1mA -1% OFF 1% \Y
| ELoot Output Current 400 mA
lq Quiescent Current 55 A
PSRR Power Supply Rejection Ratio lepo1=10mA, 1KHz TBD dB
en Output Noise,20-80KHz Vo=3.3V, lo=20mA 100 UVRrms
ELDO2
V £L0o2 Output Voltage l eipoz=1mA -1% OFF 1% \Y
leLbo2 Output Current 200 mA
lq Quiescent Current 55 KA
PSRR Power Supply Rejection Ratio | e1002=10mA, 1KHz TBD dB
en Output Noise,20-80KHz Vo=3.3V, 10=20mA 100 KVRrwms
ELDO3
V Eoo3 Output Voltage | elpoz=1mA -1% OFF 1% \"
| elpo3 Output Current 200 mA
lq Quiescent Current 55 A
PSRR Power Supply Rejection Ratio lepo3=10mA, 1KHz TBD dB
ey Output Noise,20-80KHz Vo=3.3V, lo=20mA 100 UVrwms
DC5LDO
Vbesioo Output Voltage | pcsipo=1mA -1% 1.1 1% \Y
| besipo Output Current 200 mA
lq Quiescent/Current 40 HA
PSRR Power Supply Rejection Ratio Ipcsipo=10mA, 1KHz TBD dB
en Output Noise,20-80KHz Vo=3.3V, 1o0=20mA 100 UVRrwms
LDOio0
V 1b0io0 Output Voltage I poico=1MA -1% OFF 1% Vv
| .poioo Output Current 100 mA
lq Quiescent Current 35 pHA
PSRR Power Supply Rejection Ratio I poico=10mA, 1KHz TBD dB
en Output Noise,20-80KHz Vo=3.3V, lo=20mA 40 UVrwms
LDOiol
V boio1 Output Voltage | lpoio1=1MA -1% OFF 1% \Y
I poio1 Output Current 100 mA
lq Quiescent Current 35 pA
PSRR Power Supply Rejection Ratio I poio1=10mA, 1KHz TBD dB
en Output Noise,20-80KHz Vo=3.3V, lo=20mA 40 KVRrwms
DC1SW
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Rocisw Internal Ideal Resistance PIN to PIN,DCDC1, 160 mQ
DC1SW
CHGLED
Rocisw Internal Ideal Resistance Vin =0.3V ‘ ‘ 2000 ‘ ‘ mQ
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7. Pin List

Num Name Type Condition Description
1 ELDOIN PI ELDO Input source
2 ELDO2 0 Output Pin of ELDO2
3 ELDO3 0] Output Pin of ELDO3
4 DC5LDO (0] Output Pin of DC5LDO
5 DCDC5 I DC-DC5 feedback pin
6 PGND5 G NMOS Ground for DCDC5
7,8 LX5 10 Inductor Pin for DCDC5
9 VIN5 Pl DCDCS input source
10 DC5SET I Setting DCDC5 Output Voltage
VBUS to IPSOUT Selection
Input GND: IPSOUT selects VBUS
1 N VBUSEN o High: IPSOUT does not select VBUS
- VBUS to IPSOUT Selection
Output IPSOUT selects VBUS : GND
IPSOUT does not select VBUS: High
1 PWRON | Power On-Off key input, Internal 100k pull high to
VINT
13 VIN1 Pl DCDC1 Input Source
14 LX1 10 Inductor Pin for DCDC1
15 PGND1 G NMOS GND for DCDC1
16 DLDO3 (0] Output Pin of DLDO3
17 DLDO2 0] Output Pin of DLDO2
18 DLDOIN PI DLDO Input Source
19 DLDO1 0 Output Pin of DLDO1
20 DLDO4 (o) Output Pin of DLDO4
21 DCDC1 I DC-DC1 feedback pin
22 DC1SW 0] DCDC1 Switch Output Pin
23 VIN2 Pl DCDC2 Input Source
24,25 LX2 10 Inductor Pin for DCDC2
26, 27 | PGND2 G NMOS Ground for DCDC2
28 DCDC2 I DC-DC2 Feedback Pin
29 IRQ/WAKEUP 10 IRQ Output or Wakeup
30 IS | Battery Temperature Sensor Input or an External
ADC Input
GPIO1
31 GPIO1 [e] REG 92H[2:0]
Low noise LDO
32 ALDO1 0] Output Pin of ALDO1
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Num Name Type Condition Description
33 ALDOIN Pl ALDO Input Source
34 ALDO2 0] Output Pin of ALDO2
35 VREF (0] Internal reference voltage
36 ALDO3 0] Output pin of ALDO3
GPIOO
37 GPIOO 10 REG 90H[2:0]
Low noise LDO
38 DCDC3 I DC-D(C3 feedback pin
39 VIN3 Pl DCDC3 Input Source
40, 41 | LX3 10 Inductor Pin for DCDC3
42 PGND3 G NMOS Ground for DCDC3
43 PWROK 0] Power Good Indication Output
Clock pin for serial'interface./Normally, it connects a
44 SCK I )
2.2K resistor to 3.3V |/QOpower
Data pin for seriahinterface..Normally, it connects a
45 SDA 10 )
2.2K resistorto 3.3V I/O/power
46 VCC_RTC 0] Output,Pin of VCC_RTC
47 VINT PO Internal logic power, 1.8V
48 VBUS Pl VBUS input
PWM Charger Current Sense Resistance Positive
49 BATSENSE I
Input
PWM Charger Current Sense Resistance Negative
50 LOADSENSE I
Input
51 N_BATDRV (0] BAT to PS extern PMOS driver
52 CHGLED 0] charger status indication
53,54 IPSOUT PO System power source
55, 56 | ACIN Pl Adapter input
PWM Charger Current Limite Sense Resistance
57 CHSENSEP [ .
Positive Input
PWM Charger Current Limite Sense Resistance
58 CHSENSEN I )
Negative Input
59 PGND_CHG G NMOS Ground for PWM Charger
60,61 LX_CHG 10 Inductor Pin for PWM Charger
62,63 VIN_CHG | Charger Input source
64 VIN4 | DCDC4 input source
65 LX4 10 Inductor Pin for DCDC4
66 PGND4 G NMOS Ground for DCDC4
67 DCDC4 I Feed back to DCDC4
68 ELDO1 0] Output Pin of ELDO1
Exposed Pad, need to be connected to system
69 EP G

ground
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8. Block Diagram

VBUS "LJ] IPSOUT
ACIN
N_VBUSEN
BAT IPS [] RTC_LDO
N_BATDRV
BATSENSE
LOADSENSE
ALDOIN
Flash
CHSENSEN charger ALDO ALDO1
CHSENSEP ALDO2
> ALDO3
CHGLED
LX_CHG DC1SW
DCBC1
LX_CHG DC-DC1 LX1
VINL
VIN_CHG PGND1
VIN_CHG
DCDC2
LX2
PWRON DC-DC2 LX2
VIN2
PGND2
PGND2
DCDC3
—»{1 LX3
IRQ LX3
SSSK Serial Interface |« » DC-DC3 VING
Control Legic PGND3
Bat DCDC4
TS [+—>» Temperature .| LX4
Monitor DC-DC4 VIN4
PGND4
VREF g:: Reference DC5LDO
Voltage ol DCDC5
VINT g X5
» DC-DC5 LX5
VINS
Output voltage PGND5
PWROK [ Je&——— monitor DC5SET
DLDOIN
GPIOO, bLDO1
DLDO
GPIO DLDO2
GPIO1 DLDO3
——[1 DLDO4
Register
ELDOIN
T ELDO ELDO1
12 bit ADC > ELDO2
Current Monitor ELDO3
Voltage Monitor
Temperature Monitor

Figure 8-1. Block Diagram
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9. Control and Operation

Once AXP223 is powered on, SCK/SDA pin of P2WI will be pulled up to 10 Power and then Host can adjust and
monitor AXP223 with rich feedback information.

Remarks: “Host” here refers to system processor.
Remarks: “External Power” below includes ACIN and VBUS input.

9.1. Power On/Off & Reset

Power Enable Key (PEK)
The Power Key (PEK) can be connected between PWRON pin and GND_of AXP223. AXP223 can automatically
identify the four status(Long-press ,Short-press ,Key Down ,Key Up) and then correspondrespectively.

Power on

Power on sources include:
(1).ACIN. VBUS Insert
(2).PEK

(3).IRQ Lower-level

AXP223 can be powered on by pressing and¢holding,PEK/for a period of time that longer than “ONLEVEL". In
practice, the alarm output signal can be connected to IRQ for AXP223 power on: when the alarm signal is valid
(low level), AXP223 will power on.

After power on, DC-DC and LDO will'be soft booted in preset timing sequence, and then either Host or PWREN pin

can enable/disable corresponding power.

Power Off
When you push-and-hold PEK longer than IRQLEVEL, HOST can write “1” into“REG32H [7]” to inform AXP223 to
shutdown, which can disable all' power output except VCC-RTC.

System power-off isiinitiated whenever the following conditions occur:

1. inputvoltage is too low( Low-Power Protection)

2. Power output voltage(DCDC) is too low due to overload( Overload Protection)

3. Input voltage is too high( Overvoltage Protection)( See more details in chapter “ Intelligent Power Select”

4. Push PEK longer more than OFFLEVEL( Default 6s), and system will cut off all power output except VCC-RTC
( there is no need for an extra RESET key)

Remarks: With the automatic protection mechanism, AXP223 can protect the whole system by preventing

components from non-reversible damage due to system abnormality.

Sleep and wakeup
When the running system needs to enter Sleep mode, Maybe one or several power outputs should be disabled or
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changed to other voltage. Wakeup can be initiated by the following sources:

(1).ACIN insert/remove (REG40H[6:5] is set to 1)

(2).VBUS insert/remove (REG40H[3:2] is set to 1)

(3).PEK press-and-hold (REG42H[0] is set to 1)

(4).PEK falling edge (REG44H[5] is set to 1)

(5).Battery low power warning level2 (REG43H[1:0] is set to 1)

(6).Detection of rising/falling edge when GPIO[1:0] functions input (REG4CH[1:0],REG90H[7:6] and REG92H][7:6]
are setto 1)

(7).Software wakeup (REG31H[5] is set to 1)

(8).IRQ wakeup (REG8FH[7] is set to 1)

These sources will make the all PMU power outputs resume to the default voltage, and all shutdown powers will
resume by the power up sequence.

See the control process under sleep and wakeup modes as below:

Write “1” to REG31H[3] to start
the Wakeup, and PMU will

record the configuration of
REG10H, REG12H,REG13H J

Swwal to be Wakeup

Wakeup
sources

Y

All power resume to the
default voltage value

System Reset and Output Monitoring (PWROK)
The PWROK pin can be used as the reset signal of application system. During AXP223 startup, PWROK outputs low
level, which will be pulled high to startup the system after output voltage reaches the regulated value.

When application system works normally, AXP223 will be always monitoring the voltage and load status. If

overload or under-voltage occurs, the PWROK will instantly output low level to reset the system and prevent
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malfunction or data errors.

9.2. Power Path Management (IPSTM)

The input sources of AXP223 include Li- Battery, external power ACIN (such as AC adapter or USB VBUS input). IPS
can select the proper power allotting method according to external power and Li-Battery status.

o If only Li- Battery is available, and no external power input, Li- Battery is used for power input;

o If external power is available (VBUS or ACIN), it is preferred in power supply;

o If Li- Battery is available, it will “Seamlessly” switch to Li- Battery once external power is removed;

o When both VBUS and ACIN are available, ACIN will be applied to supply power in priority, and Li- Battery
will be charged;

o If the current of ACIN path is not enough, VBUS will be enabled to achieve /ACIN/VBUS common power
supply;

o If the current is still insufficient, charge current will be reduced o _zero, and Battery is used for one of

power sources,;

Host can set IPS parameters and read the feedback by visiting internal registersiin AXP223 via P2WI.

Voltage-Limit/ Current-Limit Mode and Direct Mode

In order not to affect the USB communication, VBUS is always working under VBUS Voltage-Limit mode by default.
In this mode, AXP223 ensures that VBUS voltage remains above a configurable reference voltage VHOLD which can
meet the USB specification. The default VHOLD is 4.4V, and is adjustable by Reg30H [5:3] register.

If the system need to limit the current obtained from USB VBUS, a current-limit mode is provided (See REG30H [1]
register), the current value can be set.in REG30H[1:0] as 900mA,500mA, or unlimited.

If the system just utilizes the USB for power supply rather than communication, or the USB power adapter is
utilized, AXP223 can be set to “VBUS Direct Mode” by modifying register REG30H[6], and then AXP223 will give
priority to the application power demand. When the drive ability of USB Host is insufficient or system power
consumption is large so that the VBUS voltage is lower than VHOLD, AXP223 will release IRQ to indicate the weak
power supply ability of Host,VBUS, which may affect USB communication, and then Host software will follow up.

AXP223’s Reaction to External Power Supply Plug-in
AXP223 can automatically detect the plug-in of external powers and judge whether the power is usable or not.

The result will be set in the corresponding registers, and IRQ will be released to inform the Host at the same time.

The following table has listed the status bits and meanings of external power registers.

Register Status Bits Description

REGOOH([7] Indicating the presence of external ACIN

REGOOH[6] Indicating whether the external ACIN is usable or not
REGOOH([5] Indicating the presence of external VBUS

REGOOH[4] Indicating whether the external VBUS is usable or not
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REGOOH(3] Indicating whether the VBUS voltage is above Vo p Wwhen used
REGOOH([1] Indicating whether ACIN/VBUS short circuits on PCB or not
REGOOH[O0] Indicating whether the system is triggered to startup by ACIN/VBUS or not

The status bit of “indicating whether the VBUS voltage is above Vo p or not when used” enables the Host to judge
when it receives IRQ7(indicating weak supply ability)whether VBUS is pulled low by system load input or the
external power itself is below Vo, Which may facilitate Host software to decide either to keep on working in
Voltage-Limit mode or switch to Direct mode.

When to Select VBUS as Input Power
N_VBUSEN and register REG30H[7]. REG30H[2]. REG8F[4] is used to determined whether VBUS be used as power

supply.

REG30_[7] REGSF_[4] N_VBUSEN REG30H[2] Selected or not
0 0 High 0 No
0 0 Low 1 Yes
0 1 High X No
0 1 Low X Yes
1 X X X Yes

Note:”X"” indicates the arbitrary status and the arbitrary value.

Low-Power Protection (Automatic Power off)

A XP223 can set the automatic shutdown voltage Vorr and compare Vo with ALDOIN. if Vo is lower than
ALDOIN,AXP223 will automatically shutdown, and.cut allpower outputs except VCC-RTC.

The default value of Vo can be set in REG31H Bit[2:0].

Over-Voltage Protection
If the external power voltage exceeds 6.3V, AXP223 will release IRQ1/4 for indication. If the external power voltage

exceeds 7V, AXP223 will automatically shutdown the system.

9.3. Adaptive Flash Charger

AXP223 integrates an adaptive current/voltage PWM charger to automatically control the charge cycle, with a
built-in safety clock capable of automatic charge termination without processor intervention. This charger features
automatic charge current scaling in accordance with the system power consumption, as well as Battery detection,
trickle charge and activation. In addition, the built-in temperature detection circuit can automatically stop the

charge current when the temperature is too high or too low.

Adaptive Charge Startup

The default state of the charger is “Enable”. (It can be programmed via registers. Refer to register REG33H.) When
external power is plugged in, AXP223 will automatically start the charge, and send IRQ to Host for indication. At
the same time, CHGLED pin will output low level to drive external LED to indicate the charging state.
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Two Symbolic Voltages
Vrrgr=charge target voltage. The Virgr is 4.2V by default, which can be_set by register (Refer to“REG33H[6:5]”) . At
the same time, AXP223 will automatically adjust the charge target voltage when external power voltage is low.

Vren=automatic recharge voltage. Vrcy=Virer-0.1V.

Charge Current
The charge current is 450mA or 1200mA by default, which can be set by REG33H[3:0].

Charge Process

If the Battery voltage is lower than 3.0V, the charger will automatically enter the pre-charge mode, with charge
current be 1/100f the preset value. If the Battery voltage is still below 3.0V 40 minutes later (adjustable, see
“REG34H"), charger will automatically enter the Battery activate mode. Refer to “ Battery Activate Mode” section
for details.

Once the Battery voltage exceeds 3.0V, the charger enters constant current mode. If the charge current is below
65% of the preset value, the system will release IRQ17 to indicate that “drive ability of external power is
insufficient, as a result, the charge current is lower than the preset value, which may lead to longer charge time, so
stronger power is preferred, or the power-consuming functions should be disabled to shorten the charge time.”

When the Battery voltage reaches the Vrzgr the charger will switch from the constant current mode to constant
voltage mode, and the charge current will fall.

When the charge current is lower than 10% or 15% (adjustable, see register “REG33H”) of the preset value, a
charge cycle ends, and AXP223 will release IRQ13 while the CHGLED pin will stop indicating the charging state.
When the Battery voltage is below Vycy again, the automatic charge will restart, and IRQ12 will be released.
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At the entering the Battery activate mode from either pre-charge mode or constant current mode (the timer

expires), AXP223 will release IRQ10 in both cases to indicate that the Battery may be damaged.

In Battery activate mode, the charger always inputs relatively low current to batteries. AXP223 will exit activate

mode and release IRQ11 only if the Battery voltage has reached Vgcn.

AXP223 will indicate whether the charger is in Battery activate mode or not in register REGO1H.

CHGLED

CHGLED pin is used to indicate charge state and warning. There are four states, namely, charging, not charging,

Battery abnormal warning, and external power over-voltage warning. CHGLED is NMQOS Open Drain output, so a

LED can be directly driven by a current-limit resistor to show the four states. The following table has displayed its

two operation modes.

Type A
Status Reaction Description
Charging Low level
Not Charging High resistance

Battery abnormality

25% duty 1Hz flicker

The Charger enter Battery activation mode, or Battery
temperature is:too’high/low

Over voltage

25% duty 4Hz flicker

The external.input voltage source is too high

Type B
Status Reaction Description
Charging 25% duty 1Hz flicker

Not Charging

High resistance

Battery abnormality

25% duty 1Hz flicker

The Charger enter Battery activation mode, or Battery
temperature is too high/low, or the output voltage is too high

Non Battery

Lowlevel

Non Battery access

Battery Temperature Detection

AXP223 can connect a temperature-sensitive resistor via the TS pin to monitor the Battery temperature when the

Battery is charging or discharging. The diagram is shown below.
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REG39/3DHe————
VTH

H
[

If be low, suspend

REG38/3CHe Charger or
VTL Warning with IRQ
VTE

In the diagram above, VTH/VTL refer to the high temperature threshold and low temperature threshold, which is
programmable via registers REG38H/39H/3CH/3DH respectively. VTE=0.2V. The temperature-sensitive resistor is
suggested to choose the NTC temperature-sensitive resistor which,is 10Kohm and 1% accuracy at 25°C. AXP223
will send constant current via TS pin, and the current.can be set‘as 20uA. 40uA. 60uA. and 80uA (see register
REG84H) to adapt to different NTC resistors. When the current goes‘through the temperature-sensitive resistor, a
test voltage is generated, which will be measured by ‘ADC, and compared with regulated value to release

corresponding IRQ or suspend the charge:

If the resistance value of temperature-sensitive resistor is too high or too low, the extra resistors can be serial or

parallel to expand the detect ranges:

If the Battery is free from temperature-sensitive resistor, TS pin can be linked to the ground, and in that case,
AXP223 will automatically'disable the Battery temperature monitoring function.

Battery Detection
AXP223 will automatically detect the Battery presence, record the result in registers (refer to REGO1H) and release

IRQS, IRQS.

The Battery detection can be enabled and disabled by Host. (Refer to register REG32H.)

9.4. Multi-Power Outputs

The following table has listed the multi-power outputs and their functions of AXP223.

Startup L. Load
Output Path Type Default Voltage Application .
Sequence Capacity(Max)
DCDC1 BUCK 3.0v 1 3.0vI/0 1400 mA
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DCDC2 BUCK 1.1V 1 1.1V CPU 2000 mA
DCDC3 BUCK 1.1V 1 1.1V GPU 2000 mA
DCDC4 BUCK 1.1V 1 1.1V Core 600mA
DCDC5 BUCK 1.5/DC5SET 1 1.5V DDR3 2000mA
RTC-LDO LDO 3.0V 1 RTC 30 mA
ALDO1 LDO 3.0V 1 N/A 300 mA
ALDO2 LDO 2.5V 1 N/A 300 mA
ALDO3 LDO 3.0V 1 N/A 200mA
LDOy0o LDO OFF OFF N/A 100 mA
LDOyo1 LDO OFF OFF N/A 100 mA
DLDO1 LDO OFF OFF N/A 400 mA
DLDO2 LDO OFF OFF N/A 200 mA
DLDO3 LDO OFF OFF N/A 200mA
DLDO4 LDO OFF OFF N/A 100 mA
ELDO1 LDO OFF OFF N/A 400 mA
ELDO2 LDO OFF OFF N/A 200 mA
ELDO3 LDO OFF OFF N/A 200mA
DC5LDO LDO 1.1V 1 N/A 200mA
DC1SW Switch OFF OFF N/A 400mA

AXP223 includes five synchronous step-down DC-DCs, fourteen LDOs/ two switches, as well as multiple timing and
controlling configuration. The work frequency of DC-DC is 3MHz by default, which is adjustable via registers.
External small inductors and capacitors can‘be connected as well. In addition, 5-ch DC-DCs can be set in fixed PWM

mode or auto mode (automatically switchable accordingto'the load). See register REG80H.

DC-DC1/2/3/4f5

DCDC1 output voltage range is from 1.6 V. to 3.4V, DCDC2/4 output voltage range is range from 0.6V to 1.54V,
DCDC3 output voltage range is range from 0.6V to 1.86V, and DCDC5 output voltage range is range from 1.0V to
2.55V which also can be programmed via registers.DCDC5 voltage configuration is depended on the DC5SET pin:

DC5SET Status Low Floating High

DCDCS5 Voltage 1.5V 1.2v 1.35V

Small ESR ceramic capacitors above 10uF X7R are recommended to be the DCDC output capacitors; 1.5uH inductor
is recommended. The saturation current of inductors used must be larger than 50% of the largest demanded

current in the circuit.

VCC-RTC
VCC-RTC is always on to provide constant power for the RTC applications, the maximum value of load current is
30mA.

ALDO1/2/3

Low noise LDO, load current is 300mA/300mA/200mA, it can provide power for the analog circuit.
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LDO)0o/LDOo;
Low noise LDO, load current is 100mA.

DLDO1/DLDO2/DLDO3/DLDO4
DLDO1/DLDO2/DLDO3/DLDO4 are general LDOs, the load currents are respectively 400mA/200mA/200mA/100mA.

ELDO1/ELDO2/ELDO3
ELDO1/ELDO2/ELDO3 are general LDOs, the load currents are respectively 400mA/200mA/200mA.

DC5LDO
The power supply of DC5LDO is DCDCS5, the load current is 200mA.

DC1SW
The power supply of DC1SW is DCDC1,its equivalent resistor is 160mQOhm.

Soft Start
All DC-DCs and LDOs support soft start to avoid the impact of dramatic current.change on the input path during

system boot stage.

All DC-DCs do not require external Schottky diodes and resisteradivider.feedback circuits. If a certain DC-DC is

unnecessary in application, just float the corresponding LX pins.

9.5. E-GaugeT“’I system

The multiple 12-bit ADCs in AXP223 can measure Battery voltage, as well as Battery current. AXP223 integrates
dual-mode power gauge system. In simplexmode, it delivers relatively high compatibility with various batteries; in
the high accuracy mode, it is capable of parameter optimization for the certain battery and provides up to 2%
accuracy power gauge.

The Enable state controlling andsampling rate of each ADC can be set via register 84H. The sampling results will
be saved in correspondingregisters, register REGOOH[2] is used to indicate the Battery charge/discharge current

directions.
Channel 000H STEP FFFH
Battery Voltage omvV 1.1mV 4.5045V
Bat discharge current OmA 1mA 4.095A
Bat charge current OmA 1mA 4.095A
Internal temperature -267.7C 0.1C 165.8C
TS pin input OomVv 0.8mV 3.276V
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9.6. Multi-Function Pin Description

GPIO[1:0]
Can be defined as GPIO[1:0], or LDO, etc. Please refer to REG90H-92H Instruction for details

CHGLED

Features charge state indication, over-temperature/over-voltage warning, and motor-drive functions. When
REG32H[2] is 0, the maximum load current of this pin is 100mA, and it can drive motors directly when a small
motor is connected to 3.3V power with current-limiting resistors connected. When REG32H([2] is 1,the pin is used
to indicate the charging status and warning including over-voltage, over-temperature, etc.

9.7. Timer

AXP223 features an internal timer, whose values can be modified via register REG8AH[6:0]. The minimum unit of
timer is one minute, and REG8AH[7] will be set after timer timeout.

9.8. Interrupt

Host can communication with AXP223 registers via the P2WI, with speed up to 2MHz, and support continue
read/write operation.

When certain events occur, AXP223 will inform Host by pulling down the IRQ interrupt mechanism, and the
interrupt state will be stored in intérrupt state registers (See registers REG48H, REG49H, REG4AH, REG4BH and
REGA4CH). The interrupt can be cleared by writing 1 to corresponding state register bit. When there is not interrupt,
IRQ output will be pulled high. (51K resistance higher through the external). Each interrupt can be masked via
interrupt control registers (Refer toiregisters REG40H, REG41H, REG42H, REG43H, and REG44H).

Bit IRQ DESCRIPTION Bit IRQ | DESCRIPTION

REG48_[7] IRQ1 ACIN over voltage REG4B_[7] Reserved

REG48_[6] IRQ2 ACIN insert REG4B_[6]

REG48_[5] IRQ3 ACIN remove REG4B_[5]

REG48_[4] IRQ4 VBUS over voltage REG4B_[4]

REG48_][3] IRQ5 VBUS insert REG4B_[3]

REG48_[2] IRQ6 VBUS remove REG4B_[2]

REG48_[1] IRQ7 VBUS lower than Vyop | REG4B_[1] IRQ19 Battery low level
warningl

REG48_[0] reversed REG4B_[0] IRQ20 Battery low level
warning2

REG49_[7] IRQ8 Battery present REGAC_[7] IRQ21 Timer finish

REG49_[6] IRQ9 Battery remove REGAC_[6] IRQ22 PEK rising edge
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REG49_[5] IRQ10 Battery active mode REGA4C_[5] IRQ23 PEK falling edge

REG49_[4] IRQ11 Exit Battery active REGAC_[4] Reserved
mode

REG49 _[3] IRQ12 Charging REGAC_[3]

REG49 _[2] IRQ13 Charge finish REGAC_[2]

REG49_[1] IRQ14 Battery over REG4C_[1] IRQ24 GPIO1 edge trigger
temperature

REG49 [0] IRQ15 Battery under REG4C_[0] IRQ25 GPIOO0 edge trigger
temperature

REG4A_[7] IRQ16 IC over temperature

REG4A_[6]

REG4A_[5]

REG4A_[4] Reserved

REG4A_[3]

REG4A_[2]

REG4A_[1] IRQ17 PEK short press

REG4A_[0] IRQ18 PEK long press
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10. Register

10.1. Control Register List

Address Description R/W Default
00 Status REG R

01 Mode and charge status REG R

04-0F Data cache REG R/W. OO0H
10 DCDC1/2/3/4/5&ALD01/2&DC5LDO Control REG R/W BFH
12 ELDO1/2/3&DLD01/2/3/4&DC1SW Control REG R/W OOH
13 ADLDO3 woke mode REG R/W 01H
15 DLDO1 Voltage Set REG R/W OOH
16 DLDO2 Voltage Set REG R/W OOH
17 DLDO3 Voltage Set REG R/W OOH
18 DLDO4 Voltage Set REG R/W OOH
19 ELDO1 Voltage Set REG R/W OOH
1A ELDO2 Voltage Set REG R/W O0OH
1B ELDO3 Voltage Set REG R/W O0OH
1C DC5LDO Voltage Set REG R/W O0H
21 DC-DC1 Voltage Set REG R/W O0OH
22 DC-DC2 VoltageSet REG R/W OOH
23 DC-DC3 Voltage Set REG R/W OOH
24 DC-DC4\Voltage Set REG R/W OOH
25 DC-DC5 Voltage Set REG R/W OOH
27 DC-DC2/3 Ramp control REG R/W OOH
28 ALDO1 Voltage Set REG R/W OOH
29 ALDO2 Voltage Set REG R/W O00H
2A ALDO3 Voltage Set REG R/W O0OH
30 VBUS-IPSOUT Path control REG R/W 60H
31 Wakeup,Vorr and power off control REG R/W 03H
32 Power off, Battery detection and CHGLED REG R/W 43H
33 Charge control REG1 R/W C6H
34 Charge control REG2 R/W 45H
35 Charge control REG3 R/W OEH
36 PEK parameter Set REG R/W S5DH
37 DCDC converter work frequency REG R/W 08H
38 Battery charge, under temperature warning Set REG R/W A5H
39 Battery charge, over temperature warning Set REG R/W 1FH
3C Battery discharge, under temperature warning Set REG R/W FCH
3D Battery discharge, over temperature warning Set REG R/W 16H
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Address Description R/W Default
80 DCDC work mode Set REG R/W 80H
82 ADC Enable Set REG1 R/W EOH
84 ADC Sample rate, TS pin Control REG R/W 32H
85 TS ADC sample rate Set REG R/W 00H
8A Timer Set REG R/W OO0H
8C/8D PWREN Set REG R/W O0OH
8F Over temperature shutdown control REG R/W 01H

10.2. GPIO Set Register List

Address Description R/W Default
90 GPIOO Set REG R/W 07H
91 GPIO0 LDO mode output voltage Set REG R/W 1FH
92 GPIO1 control REG R/W 07H
93 GPIO1 LDO mode output voltage Set REG R/W 1FH
94 GPIO[1:0] signal REG R/W OOH
97 GPIO[1:0] pull down Set REG R/W OOH

10.3. Interrupt Register List

Address Description R/W Default
40 IRQ enable Set REG1 R/W D8H
41 IRQ enable Set REG2 R/W FFH
42 IRQ enable Set REG3 R/W 03H
43 IRQ enable'Set REG4 R/W 03H
44 IRQ enable Set REG5 R/W OOH
48 IRQ status REG1 R/W 00H
49 IRQ status REG2 R/W OOH
4A IRQ status REG3 R/W OOH
4B IRQ status REG4 R/W O0OH
4C IRQ status REG5 R/W OOH

10.4. ADC Data Register List

Address Description R/W
56 AXP223 internal temperature monitor ADC Data high 8 bit R
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57 AXP223 internal temperature monitor ADC Data low 4 bit R
58 TS input ADC Data high 8 bit, monitor Battery temperature by default R
59 TS input ADC Data low 4 bit, monitor Battery temperature by default R
78 Battery voltage high 8 bit R
79 Battery voltage low 4 bit R
7A Battery charge current high 8 bit R
7B Battery charge current low 5 bit R
7C Battery discharge current high 8 bit R
7D Battery discharge current low 5 bit R
Address Description R/W Default
B8 Gauge control register R/W COH
B9 Gauge result(%) R 64H
EO Battery full capacity bit[14:8] R/W OOH
El Battery full capacity bit[7:0] R/W O0H
E6 Battery low level warning set REG R/W AOH
E8 Gauge percentage timer interval update set R/W OOH
E9 Gauge checking timer internal set R/W OOH
EC Coulomb percentage checking point set R/W OOH
Note: Battery full capacity unit :1.456mAH
10.5. Register Description
REG O0OH: Power Input Status
Bit Description R/W
7 ACIN presence indication R

0:ACIN not'exist;  1:ACIN exists

Indicating whether ACIN is usable

VBUS presence indication
0:VBUS notexist; 1:VBUS exists

Indicating whether VBUS is usable

Indicating whether the VBUS voltage is above Vyo,p before used.

Indicating the Battery current direction

0: the Battery is discharging; 1: the Battery is charging

Indicating whether ACIN and VBUS input short circuit on PCB

0 Indicating whether the boot source is ACIN or VBUS
0: Boot source isn’t ACIN/VBUS; 1: Boot source is ACIN/VBUS.
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Bit Description R/W

7 Indicating whether AXP223 is over-temperature R
0: not over-temperature; 1: over-temperature

6 Charge indication R
0:not charge or charge finished; 1:in charging

5 Battery existence indication R
0:no Battery connected to AXP202; 1: Battery already connected to AXP202
Reserved and unchangeable

3 Indicating whether the Battery enters the activate mode
0: not enter the activate mode; 1: already entered the activate mode

2-0 Reserved and unchangeable R

REG 04-0FH: Data Buffer

Note: As long as one of the external powers, batteries or backup batteries,exists, this data will be reserved and

free from the startup and shutdown influence.

REG 10H: DCDC1/2/3/4/5&ALD0O1/2&DC5LDO Enable Set

Default: FFH
Bit Description R/W Default
7 ALDO2 Enable Set 0:0ff; 1:On RW 1
6 ALDO1 Enable Set RW 1
5 DC-DCS5 Enable Set RW 1
4 DC-DC4 Enable Set RW 1
3 DC-DC3 Enable Set RW 1
2 DC-DC2 Enable Set RW 1
1 DC-DC1 Enable Set RW 1
0 DC5LDO Enable Set RW 1
Note: X means that decided by the internal memory Set
REG 12H:Power Output Control
Default: 0OH
Bit Description R/W Default
7 DC1SW Enable Set 0:0ff; 1:On RW 0
6 DLDO4 Enable Set RW 0
5 DLDO3 Enable Set RW 0
4 DLDO2 Enable Set RW 0
3 DLDO1 Enable Set RW 0
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2 ELDO3 Enable Set RW
ELDO2 Enable Set RW
0 ELDO1 Enable Set RW

REG 13H:Power Output Control

Default:81H
Bit Description R/W Default
7 ALDO3 Enable Set 0:0ff; 1:0n RW 1
6-0 Reserved and unchangeable RW 0000001

REG 15H:DLDO1 Output Voltage Set

Default:00H
Bit Description R/W Default
7-5 Reserved and unchangeable
4 DLDO1 Output Voltage Set Bit4 0.7-3.3V,100mV/step RW 0
3 DLDO1 Output Voltage Set Bit3 RW 0
2 DLDO1 Output Voltage Set Bit2 RW 0
1 DLDO1 Output Voltage Set Bitl RW 0
0 DLDO1 Output Voltage Set BitO RW 0
REG 16H:DLDO2 Output Voltage Set
Default:00H
Bit | Description R/W Default
7-5 | Reserved.and unchangeable
4 DLDO2 Output Voltage. Set Bit4 0.7-3.3V,100mV/step RW 0
3 DLDO2 Output Voltage Set Bit3 RW 0
2 DLDO2 Output Voltage Set Bit2 RW 0
1 DLDO2 Output Voltage Set Bitl RW 0
0 DLDO2 Output Voltage Set Bit0 RW 0
REG 17H:DLDO3 Output Voltage Set
Default:00H
Bit Description R/W Default
7-5 Reserved and unchangeable
4 DLDO3 Output Voltage Set Bit4 0.7-3.3V,100mV/step RW
3 DLDO3 Output Voltage Set Bit3 RW

AXP223 Datasheet(Revision1.0) Copyright © 2015 X-Powers Limited. All Rights Reserved PAGE 36/54



®
@ AXP223

Enhanced Single Cell Li-Battery and Power System Management IC
XPowers

2 DLDO3 Output Voltage Set Bit2 RW
DLDO3 Output Voltage Set Bitl RW
0 DLDO3 Output Voltage Set Bit0 RW

REG 18H:DLDO4 Output Voltage Set

Default:00H
Bit Description R/W Default
7-5 Reserved and unchangeable
4 DLDO4 Output Voltage Set Bit4 0.7-3.3V,100mV/step RW 0
3 DLDO4 Output Voltage Set Bit3 RW 0
2 DLDO4 Output Voltage Set Bit2 RW 0
1 DLDO4 Output Voltage Set Bitl RW 0
0 DLDO4 Output Voltage Set Bit0 RW 0
REG 19H:ELDO1 Output Voltage Set
Default:00H
Bit Description R/W Default
7-5 Reserved and unchangeable
4 ELDO1 Output Voltage Set Bit4 0.7-3.3V,100mV/step RW 0
3 ELDO1 Output Voltage Set Bit3 RW 0
2 ELDO1 Output Voltage Set Bit2 RW 0
1 ELDO1 Output Voltage Set Bitl RW 0
0 ELDO1 Output Voltage Set Bit0 RW 0
REG 1AH:ELDO2 Output Voltage Set
Default:00H
Bit Description R/W Default
7-5 Reserved and unchangeable
4 ELDO2 Output Voltage Set Bit4 0.7-3.3V,100mV/step RW 0
3 ELDO2 Output Voltage Set Bit3 RW 0
2 ELDO2 Output Voltage Set Bit2 RW 0
1 ELDO2 Output Voltage Set Bitl RW 0
0 ELDO2 Output Voltage Set Bit0 RW 0

REG 1BH:ELDO3 Output Voltage Set

Default:00H
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Bit Description R/W Default
7-5 Reserved and unchangeable

4 ELDO3 Output Voltage Set Bit4 0.7-3.3V,100mV/step RW 0

3 ELDO3 Output Voltage Set Bit3 RW 0

2 ELDO3 Output Voltage Set Bit2 RW 0

1 ELDO3 Output Voltage Set Bitl RW 0

0 ELDO3 Output Voltage Set Bit0 RW 0

REG 1CH:DC5LDO Output Voltage Set

Default:04H
Bit Description R/W Default
7-3 Reserved and unchangeable
2 DC5LDO Output Voltage Set Bit2 0.7-1.4V,100mV/step RW
1 DC5LDO Output Voltage Set Bitl RW 0
0 DC5LDO Output Voltage Set Bit0 RW

REG 21H:DC-DC1 Output Voltage Set

Default:0EH
Bit Description R/W Default
7-5 Reserved and unchangeable
4 DC-DC1 Output Voltage Set Bit4 1.6-3.4V, 100mV/step RW 0
3 DC-DC1 Output Voltage Set Bit3 RW 1
2 DC-DC2 Output Voltage Set Bit2 RW 1
1 DC-DC2 Output Voltage Set Bitl RW 1
0 DC-DC2 Output Voltage Set Bit0 RW 0
REG 22H:DC-DC2 Output Voltage Set
Default:19H
Bit Description R/W Default
7-6 Reserved and unchangeable
5 DC-DC2 Output Voltage Set Bit5 0.6-1.54V, 20mV/step RW 0
4 DC-DC2 Output Voltage Set Bit4 RW 1
3 DC-DC2 Output Voltage Set Bit3 RW 1
2 DC-DC2 Output Voltage Set Bit2 RW 0
1 DC-DC2 Output Voltage Set Bitl RW 0
0 DC-DC2 Output Voltage Set Bit0 RW 1
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REG 23H:DC-DC3 Output Voltage Set

Default:19H
Bit Description R/W Default
7-6 Reserved and unchangeable
5 DC-DC3 Output Voltage Set Bit5 0.6-1.86V, 20mV/step RW 0
4 DC-DC3 Output Voltage Set Bit4 RW 1
3 DC-DC3 Output Voltage Set Bit3 RW 1
2 DC-DC3 Output Voltage Set Bit2 RW 0
1 DC-DC3 Output Voltage Set Bitl RW 0
0 DC-DC3 Output Voltage Set Bit0 RW 1
REG 24H:DC-DC4 Output Voltage Set
Default:19H
Bit Description R/W Default
7-6 Reserved and unchangeable
5 DC-DC4 Output Voltage Set Bit5 0.6-1.54V, 20mV/step RW 0
4 DC-DC4 Output Voltage Set Bit4 RW 1
3 DC-DC4 Output Voltage Set Bit3 RW 1
2 DC-DC4 Output Voltage Set Bit2 RW 0
1 DC-DC4 Output Voltage Set Bitl RW 0
0 DC-DC4 Output Voltage Set BitO RW 1
REG 25H:DC-DC5 Output Voltage Set
Default:0AH
Bit Description R/W Default
7-5 Reserved and unchangeable
4 DC-DC5 Output Voltage Set Bit4 1.0-2.55V, 50mV/step RW 0
3 DC-DC5 Output\Voltage Set Bit3 RW 1
2 DC-DC5 Output Voltage Set Bit2 RW 0
1 DC-DC5 Output Voltage Set Bitl RW 1
0 DC-DC5 Output Voltage Set BitO RW 0
REG 27H:DC-DC2/3 Dynamic Voltage Scaling Parameter Set
Default:00H
Bit Description R/W Default
7-4 Reserved and unchangeable
3 DC-DC3 VRC Enable Control RW 0
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0:0n; 1:0ff
2 DC-DC2 VRC Enable Control RW 0
0:On; 1:0ff
1 DC-DC3 VRC Voltage ramp Control 0: 20mV/15.625us=1.6mV/us RW 0
1: 20mV/31.250us=0.8mV/us
0 DC-DC2 VRC Voltage ramp Control 0: 20mV/15.625us=1.6mV/us RW 0
1: 20mV/31.250us=0.8mV/us

REG 28H:ALDO1 Output Voltage Set

Default:17H
Bit Description R/W Default
7-5 Reserved and unchangeable
4 ALDO1 Output Voltage Set Bit4 0.7-3.3V,100mV/step RW 1
3 ALDO1 Output Voltage Set Bit3 RW 0
2 ALDO1 Output Voltage Set Bit2 RW 1
1 ALDO1 Output Voltage Set Bitl RW 1
0 ALDO1 Output Voltage Set Bit0 RW 1
REG 29H:ALDO2 Output Voltage Set
Default:12H
Bit Description R/W Default
7-5 Reserved and unchangeable
4 ALDO2 Output Voltage Set Bit4 0.7-3.3V,100mV/step RW 1
3 ALDO2 Output Voltage Set Bit3 RW 0
2 ALDO2 Output Voltage Set Bit2 RW 0
1 ALDO2 Output Voltage Set Bitl RW 1
0 ALDO2 Output Voltage Set Bit0 RW 0
REG 2AH:ALDO3 Output Voltage Set
Default:17H
Bit Description R/W Default
7-5 Reserved and unchangeable
4 ALDO3 Output Voltage Set Bit4 0.7-3.3V,100mV/step RW 1
3 ALDO3 Output Voltage Set Bit3 RW 0
2 ALDO3 Output Voltage Set Bit2 RW 1
1 ALDO3 Output Voltage Set Bitl RW 1
0 ALDO3 Output Voltage Set Bit0 RW 1
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Default:60H
Bit Description R/W Default
7 VBUS-IPSOUT Path select Control when VBUS valid RW 0
0:decided by N_VBUSEN pin,N_VBUSEN=0,the path is on
1:VBUS-IPSOUT Path is On
6 VBUS Vyo.p Voltage limit set RW 1
0:not limited;  1:limited
5 Vhowp Set Bit 2 000:4.0V; 001:4.1V; 010:4.2V RW 1
4 Voo Set Bit 1 011:4.3V; 100:4.4V; 101:4.5V RW 0
3 Viowp Set Bit 0 110: 4.6V; 111:4.7V RW. 0
2 DRIVEVBUS as GPO, Output Control RW 0
0: Outputlow 1: OutputHigh (IPSOUT)
1:0 VBUS current limit Control Set RW 00
00 -900mA; 01-500mA; 1x-no current limit
REG 31H: Wakeup Control and Voff Voltage Set
Default:03H
Bit Description R/W Default
7 PWROK status when Wakeup RW 0
0: donotoutputlow 1: joutputlow
6 Soft re-startup Control,write 1 to re-startup,then it self-clear RW
Software Wakeup Control,write 1 to restore the output voltage,then it self-clear | RW
4 When Wakeup function Enabled,IRQ triggerd PMU Wakeup and IRQ masked or
not when Wakeup
0: IRQ triggerd Wakeups When Wakeup, all IRQ masked
1: IRQwwork normal,but not triggered Wakeup
3 Wakeup Function Enable Set when Sleep 0
0: ‘Wakeup fungction Off
1: Wakeup function On
It self-clear after write 1
2 Vorr Set Bit2 000-2.6V; 001-2.7V; 010-2.8V; RW 0
Vor Set Bitl 011-2.9v; 100-3.0V;  101-3.1V; RW
0 Voir Set Bit0 110-3.2v; 111-3.3V RW 1
REG 32H: Power off Set. Battery detection and CHGLED Control
Default:43H
Bit Description R/W Default
7 Power off Control RW 0
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Write 1 to power off all output except RTC and charge module
Battery detection Set : 0:0ff; 1:0On RW 1
5-4 CHGLED PIN Set 00: High-Z RW 00
01: 25% 0.5Hz toggle
10: 25% 2Hz toggle
11: Output Low
3 CHGLED PIN Control Set 0: REGREG 32HBit[5:4] Control RW 0
1: Controled by charge module
2 Sequence when Power Output Off RW 0
0: All Power Output Off at the same time
1: Reverse to the power on sequence
1-0 PWROK delay after Power Output 00: 8ms; 01: 16ms; RW 11
ready 10:32ms;  11:64ms
REG 33H: Charge Controll
Default:C6H
Bit Description R/W Default
7 Charge Enable Control RW 1
0:0ff, 1:0On
6:5 Charge Voltage Set RW 10
00:4.1V; 01:4.22V; 10:4.2V; 011:4.24V
4 Charge end current Set RW 0
0: 10%
1:15%
3-0 Charge current Set RW 0110
0000:300mA; 0001:450mA; 0010:600mA; 0011:750mA;
0100:900mA; 0202:1050mA; 0110:1200mA; 0111:1350mA;
1000:1500mA;/ 1001:1650mA; 1010:1800mA; 1011:1950mA;
1100:2100mA; © 1101:2250mA; 1110:2400mA; 1111:2550mA
REG 34H: Charge Control2
Default:45H
Bit Description R/W Default
Pre-Charge timeout Set Bitl 00: 40 min;  01: 50min; RW 0
Pre-Charge timeout Set Bit0 10: 60min;  11: 70min RW 1
Charge Output Off or On when charge finished RW 0
0: Off; 1: On
4 CHGLED function type RW 0
0: A, 1: B
3 Reserved and unchangeable RW 0
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2 Charge target voltage change with the charge current or not RW 1
0: On1: Off
Constant Current timeout set Bitl 00: 6Hours;  01: 8Hours; RW 0
0 Constant Current timeout set BitO 10: 10Hours;  11:12Hours RW 1

REG 35H: Charge Control3

Default:0EH
Bit Description R/W Default
7:4 Reserved and unchangeable
3.0 Charge loop current limit Set RW 1110

0000:300mA; 0001:450mA; 0010:600mA; 0011:750mA;
0100:900mA; 0101:1050mA; 0110:1200mA; 0111:1350mA;
1000:1500mA; 1001:1650mA; 1010:1800mA; 1011:1950mA;
1100:2100mA; 1101:2250mA; 1110:2400mA; 1111:2550mA

REG 36H:PEK Parameter Set

Default:59H
Bit Description R/W Default
7 Power on Time Set Bitl 00: 128mS;. 01:1S; RW 0
6 Power on Time Set BitO 10: 2S; 11: 3S. RW 1
5 Long key Time Set Bitl 00: 1S;  01: 1.5S; RW 0
4 Long key Time Set Bit0 10:2S;  11:2.5S. RW 1
3 Hardwar Power off function Set. when key down time longer than Power off RW 1
Time
0:0ff; 1:On
2 Re-startup or not after hardware power off RW 0
0:no;  1:yes
Power off time Set Bitl 00:4S; 01:6S; RW 0
0 Power off time Set Bit0 10:8S;  11:10S RW
REG 37H:DC-DC work frequency Set
Default:08H
Bit Description R/W Default
7 DC-DC and charger frequency-spread Set 0
0: Off1: On
6 DC-DC and charger spread frequency Set 0
0: 50KHz1: 100KHz
5 Reserved and unchangeable 0
4 DC-DC 2&3 Poly-phase Function Set 0
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0: Off1: On
3 DC-DCSwitch frequency Set Bit 3 5%/step, Default 3MHz RW 1
2 DC-DCSwitch frequency Set Bit 2 RW 0
1 DC-DCSwitch frequency Set Bit 1 RW 0
0 DC-DCSwitch frequency Set Bit 0 RW 0
REG 38H:VLTF-charge Battery Charge under temperature Set
Default:A5H
Bit Description R/W Default
7-0 Battery under temperature Set M*10H RW. A5H
when charge, M M=A5H:2.112V
Range:0V~3.264V
VLTF_charge = M *J.OH * 0.0008V
REG 39H:VHTF-charge Battery Charge over temperature Set
Default:1FH
Bit Description R/W Default
7-0 Battery over temperature Set when N*10H RW 1FH
charge, N N=1FH:0.397V
range:0V~3.264V
VHTF_chargez N *10H * 0.0008V
REG 3CH:VLTF-discharge Battery under temperature Set
Default:FCH
Bit Description R/W Default
7-0 Battery under temperature Set M*10H RW FCH
when discharge,/ M M=FCH:3.226V
Range:0V~3.264V
VLTF_discharge = M *10H* 0.0008V
REG 3DH:VHTF-discharge Battery over temperature Set
Default:16H
Bit Description R/W Default
7-0 Battery over temperature Set when | N*10H RW 16H
discharge, N N=16H:0.282V
Range:0V~3.264V

Vi1t-discharge = N *10H* 0.0008V
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Default:80H
Bit Description R/W Default
7-5 Reserved and unchangeable RW 100
4 DC-DC5 Work mode Control 0:PFM/PWM auto switch RW 0
3 DC-DC4 Work mode Control 1:fixed PWM RW 0
2 DC-DC3 Work mode Control RW 0
1 DC-DC2 Work mode Control RW 0
0 DC-DC1 Work mode Control RW 0
REG 82H:ADC Enable
Default:EOH
Bit Description R/W Default
Battery Voltage ADC Enable 0:0ff, 1:0On RW 1
Battery Current ADC Enable RW 1
Internal temperature ADC Enable RW 1
4-1 Reserved and unchangeable
TS Pin ADC Enable 0:0ff, 1:0n RW 0
REG 84H:ADC Sample rate Set , TS Pin Control
Default:32H
Bit Description R/W Default
7 ADC Sample raté Set Bit 1 10x2" RW 0
6 ADC Sample rate Set Bit 0 Sample rate: RW 0
100, 200, 400, 800Hz
5-4 TS Pin Output Current Set : RW 11
00:20uA; " 01:40uA; 10:60uA; 11:80uA
3 Reserved and unchangeable
2 TS Pin function RW 0
0: Battery temperature detection, 1:ADC Input
TS Pin Current Output Set 00:0ff RW
1-0 01: Output Current when charging RW 0
10:Output Current when ADC sample
11: always On
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REG 85H:TS ADC Sample rate set

Default:00H
Bit Description R/W Default
7 TS ADC Sample rate Set 1 10x2" RW 0
6 TS ADC Sample rate Set 0 Sample rate :100, 200, 400, 800Hz RW 0
5-0 Reserved and unchangeable

REG 8AH:TimerControl

Default:00H
Bit Description R/W Default
7 Timer Timeout status: RW 0
1:timeout
Write 1 to clear this bit
6-0 Timer set, 1min/step RW 0000000
Write O to disable the timer

REG 8CH:PWREN Control Set 1

Default:00H
Bit Description R/W Default
7 DC-DC1 controlled by PWREN 0: yes1: no RW 0
6 DC-DC2 controlled by PWREN RW 0
5 DC-DC3 controlled by PWREN RW 0
4 DC-DC4 controlled by PWREN RW 0
3 DC-DC5 controlled by PWREN RW 0
2 ALDO1 controlled by PWREN RW 0
1 ALDOQ2 controlled.by PWREN RW 0
0 ALDO3 controlled by PWREN RW 0
REG 8DH:PWRENControl Set 2
Default:00H
Bit Description R/W Default
7 DLDO1 controlled by PWREN 0: yes1l: no RW 0
6 DLDO2 controlled by PWREN RW 0
5 DLDO3 controlled by PWREN RW 0
4 DLDO4 controlled by PWREN RW 0
3 ELDO1 controlled by PWREN RW 0
2 ELDO2 controlled by PWREN RW 0
1 ELDO3 controlled by PWREN RW 0
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0 DC5LDO controlled by PWREN RW 0

REG 8FH:IC over temperature Power off function Set

Default:01H

Bit Description R/W Default

7 IRQ PIN triggered Power on or Wakeup function Set RW 0
0: Off1: On

6 ACIN/VBUS In-short function Set RW 0
0: auto detection 1: set by REG8F_[5]

5 ACIN/VBUS In-short status and Set RW 0
0: notIn-short 1: In-short

4 N_VBUSEN PIN function Control RW 0
0: Output Pin , as DRIVEVBUS function (Output to enable the OTG 5V Boost
module)
1: InputPin , Control VBUS Path

3 Reserved and unchangeable RW
AXP223 internal over temperature Power off function Set RW 0
0:do not Power off ; 1: Power off

1-0 Reserved and unchangeable RW 01

REG 90H:GPIOO function Set

Default:07H
Bit Description R/W Default
7 GPIOO posedge triggered IRQ/wakeup or not when as input RW 0
0: nol: vyes
6 GPIOO negedge'triggered\IRQ/wakeup or not when as input RW 0
0: nol: vyes
5-3 Reserved and unchangeable
2 GPIOQ Pin Function Set Bit 2 000: Output low RW 1
001: Output High
010:input Function
1 GPIOO0 Pin Function Set Bit 1 011: low noise LDO Function On RW 1
100:low noise LDO Function Off
0 GPIOO Pin Function Set Bit 0 101-111: floating RW 1

REG 91H:GPIO0 work as LDO mode and Output voltage Set

Default:1FH
Bit Description R/W Default
7-5 Reserved and unchangeable
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4 GPIOO LDO Output Voltage Set Bit4 0.7-3.3V,100mV/step RW 1
3 GPIOO0 LDO Output Voltage Set Bit3 RW 1
2 GPIOO0 LDO Output Voltage Set Bit2 RW 1
1 GPIOO0 LDO Output Voltage Set Bitl RW 1
0 GPIOO LDO Output Voltage Set Bit0 RW 1
REG 92H:GPIO1 Function Set
Default:07H
Bit Description R/W Default
7 GPI101 posedge triggered IRQ/wakeup or not when as input RW. 0
0: nol: vyes
6 GPIO1 negedge triggered IRQ/wakeup or not when as input RW. 0
0: nol: vyes
5-3 Reserved and unchangeable
2 GPIO1 Pin Function Set Bit 2 000: Output low RW 1
001: Output High
010: input Function
1 GPIO1 Pin Function Set Bit 1 011: low noise LDO Function On RW 1
100:low noise LDO Function Off
0 GPIO1 Pin Function Set Bit 0 101-111: floating RW 1
REG 93H:GPIO1 work as LDO mode and Output voltage Set
Default:1FH
Bit Description R/W Default
7-5 Reserved and unchangeable
4 GPIO1 LDO Output Voltage Set Bit4 0.7-3.3V,100mV/step RW 1
3 GPIO1 LDO Output,Voltage Set Bit3 RW 1
2 GPIO1 LDO Output Voltage Set Bit2 RW 1
1 GPIO1'LDO Output Voltage Set Bitl RW 1
0 GPIO1 LDO Output Voltage Set Bit0 RW 1
REG 94H:GPIO[1:0] input status
Default:00H
Bit Description R/W Default
7-2
1 GPIO1 input status O:Low
0 GPIOQinput status 1:High
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REG 97H:GPI0O[1:0] pull down resister Set

Default:00H
Bit Description R/W Default
7-2 Reserved and unchangeable
1 GP101 pull down Control when work | 0:pull down resistor off RW 0
as input 1:pull down resistor on
0 GPIOO pull down Control when work RW 0
as input

REG 40H:IRQ Enable 1

Default:D8H
Bit Description R/W Default
7 ACIN over voltage IRQ Enable RW 1
6 ACIN insert IRQ Enable RW 1
5 ACIN remove IRQ Enable RW 0
4 VBUS over voltage IRQ Enable RW 1
3 VBUS insert IRQ Enable RW 1
2 VBUS remove IRQ Enable RW 0
1 VBUS valid but lower than VypIRQ Enable RW 0
0 Reserved and unchangeable RW 0
REG 41H:IRQ Enable 2
Default:FFH
Bit Description R/W Default
7 Battery present IRQ Enable RW 1
6 Battery remove IRQ Enable RW 1
5 Battery enter active mode IRQ Enable RW 1
4 Exit Battery active mode IRQ Enable RW 1
3 Charging IRQ Enable RW 1
2 Charge finished IRQ Enable RW 1
1 Battery over temperature IRQ Enable RW 1
0 Battery under temperature IRQ Enable RW 1
REG 42H:IRQ Enable 3
Default:03H
Bit Description R/W Default
7 AXP223 internal over temperature IRQ Enable RW 0
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6-2 Reserved and unchangeable
Short key IRQ Enable RW 1
0 Long key IRQ Enable RW 1

REG 43H:IRQ Enable 4

Default:03H
Bit Description R/W Default
7-2 Reserved and unchangeable
1 Battery energy low warning level 1 IRQ Enable(information) RW 1
0 Battery energy low warning level 2 IRQ Enable(need to Power off) RW 1

REG 44H:IRQ Enable 5

Default:00H
Bit Description R/W Default
7 Timer Timeout IRQ Enable RW 0
6 PEK rising edge IRQ Enable RW 0
PEK falling edge IRQ Enable RW 0
4-2 Reserved and unchangeable
GPIO1 edge IRQ Enable RW
0 GPIOO edge IRQ Enable RW

REG 48H:IRQ Status 1

Default:00H
Bit Description R/W Default
7 ACIN‘over voltagellRQ RW 0
6 ACIN insert IRQ RW 0
5 ACIN remove IRQ RW 0
4 VBUS over voltage IRQ RW 0
3 VBUS insert IRQ RW 0
2 VBUS remove IRQ RW 0
1 VBUS valid but lower than V,opIRQ RW 0
0 Reserved and unchangeable RW 0
REG 49H:IRQ Status 2
Default:00H
Bit Description R/W Default
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7 Battery present IRQ RW 0
6 Battery remove IRQ RW 0
5 Battery enter active mode IRQ RW 0
4 Exit Battery active mode IRQ RW 0
3 Charging IRQ RW 0
2 Charge finished IRQ RW 0
1 Battery over temperature IRQ RW 0
0 Battery under temperature IRQ RW 0
REG 4AH:IRQ Status 3
Default:00H
Bit Description R/W Default
7 AXP223 internal over temperature IRQ RW 0
6-2 Reserved and unchangeable
1 Short key IRQ RW
0 Long key IRQ RW
REG 4BH:IRQ Status 4
Default:00H
Bit Description R/W Default
7-2 Reserved and unchangeable
1 Battery energy low warning level 1IRQ (information) RW
0 Battery energy low warning level 2 IRQ (need to Power off) RW
REG 4CH:IRQ Status 5
Default:00H
Bit Description R/W Default
7 Timer Timeout IRQ status RW 0
6 PEK rising edge IRQ status RW 0
5 PEK falling edge IRQ status RW 0
4-2 Reserved and unchangeable
1 GPIO1 edge IRQ RW
0 GPIOO0 edge IRQ RW

Note: Writing 1 to these bit will clear the IRQ status.

REG B8H:E-Gauge Control

Default:COH
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Bit Description R/W Default
7 Gauge system Enable Control RW 1
0: Off 1: On
6 Coulomb counter Enable Control RW 1
0: Off 1: On
5 Battery full capacity calibration Function Enable RW 0
0: Off 1: On
4 Battery capacity calibration Status RW 0
0: do not at calibration status 1: calibrating now
3-0 Reserved and unchangeable RW 0
REG B9H: Battery Gauge result
Default:64H
Bit Description R/W Default
7 Battery result indication R 0
0: be calculated yet 1: calculating now
6-0 Battery gauge result 0%~100% R 64
REG EOH: Battery full design capacity Set 1
Default:00H
Bit Description R/W Default
7 Battery full design capacity configed.or not RW 0
0: not be configed 1:has been configed
6-0 Battery full design capacity bit[14:8] RW 0
Battery full design capacity.= Value * 1.456mAh
REG E1H: Battery full design capacity Set 2
Default:00H
Bit Description R/W Default
7-0 Battery full design capacity bit[7:0] RW 0
REG E6H: Battery low power warning level Set
Default:AOH
Bit Description R/W Default
7:4 Battery low power warning level 1 Set RW 1010
0000-1111: 5%-20%
6-0 Battery low power warning level 2 Set RW 0000
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0000-1111: 0%-15%

REG E8H: Gauge percentage timer interval update Set

Default:00H
Bit Description R/W Default
7:3 Reserved and unchangeable
2 000:30s; 001:60s; 010:120s; RW
1 011:164s;100:0s;101:5s RW
0 110:10s;111:20s RW
REG E9H: Gauge checking timer internal Set
Default:00H
Bit Description R/W Default
7 00:60s; 01:120s; RW 0
6 10:15s; 11:30s RW 0
5:0 Reserved and unchangeable
REG ECH: Coulomb percentage checking point Set
Default:00H
Bit Description R/W Default
7:3 Reserved and unchangeable
2 OCV percentage lower or'equal than the following set, start to check: RW
1 000: REG_E6_[3:0]45; 001: REG_E6_[3:0] + 6; RW
0 010: REG_E6_[3/0] +7; 011: REG_E6_[3:0] + 8; RW
100: REG_E6_[3:0] + 1; /101: REG_E6_[3:0] + 2;
110:REG_E6_[3:0] +3; 111: REG_E6_[3:0] +4;
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