APW8895

Narrow VDC Buck-Boost Battery Charger with SMBus Interface
Supporting USB OTG and USB PD EPR

Features
e Narrow VDC Power Path Architecture

Buck-Boost Charger for 2- to 4- Cell Li-ion
Batteries

e Wide Input Voltage Range 3.9 to 30V

Supports Bypass Mode to Connect System to
Adapter

Supports Autonomous Charging
PROCHOT# Open-drain Output
System Consumption Power Monitor (PSYS)

Adapter and Battery Current Monitor
(AMON/BMON)

Integrates 8-bit ADC for Monitoring Key
Parameters

USB-C PD Fast Role Swap Support

Two Level Adapter Current Limit

Input Voltage Regulation

Turbo Mode Support

Trickle Charge Mode for Depleted Battery
Battery Learn Mode

Battery Shipping Mode

Supports USB OTG

Supports Supplemental Power Mode (Vmin Active

Protection)

Adapter/System/Battery Over Voltage Protection

Provides a General Purpose Comparator
Supports JEITA Compliance Using an NTC
SMBus Interface for Flexible Configuration
TQFN4x4-32B 32 Pin Package

Applications
® Notebooks, Ultrabooks, Tablet PCs and Power

® Portable Equipment with Rechargeable Batteries.

Bank

General Description

The APW8895 is a synchronous narrow VDC battery
buck-boost charger controller. The buck-boost topology
allows the use of 5V/12V/19V/28V or PD 20V adapter to
charge 2- or 4- cell batteries. The PWM controller
automatically transits modes between buck, buck-boost
and boost mode based on the adapter and battery voltage.
The APW8895 also supports USB OTG to provide 5 to
23.4V at USB port.

For system performance/power management, the
APW8895 provides total system consumption power
information through PSYS pin. Besides PSYS, it
integrates two independent accurate current sense
amplifiers to sense adapter current and battery current.
The current information is reported at AMON/BMON pin.
The host can set the ACProchot# and DCProchot#
threshold to monitor the adapter and battery over current
conditions. When the AC or DC Prochot# threshold is
reached, a PROCHOT# signal is asserted, which can be
used to notify the CPU to throttle its power consumption
to the available power from adapter and battery.

The APW8895 has SMbus interface with one word
(2 bytes) read/write protocols. Some critical settings,
such as charging current, Vsvs_max voltage, adapter
current limit threshold, etc., can be optimized for your
applications.

Simplified Application Circuit
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APW8895

Ordering and Marking Information

APwsg9os 1 10— 0O00

Assembly Material

Handling Code

Temperature Range

Package Code

Package Code
QB : TQFN4x4-32B
Operating Junction Temperature
|:- 40to 85°C
Handling Code
TR : Tape & Reel
Assembly Material
G : Green Part

APW8895Q8B:

a

APW8895
.XXXXX

XXXXX - Date Code

Note: ANPEC's green product compliant RoHS and Halogen free.
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Absolute Maximum Ratings (Note 1)

Symbol Parameter Rating Unit

CSIP, CSIN, DCIN, BYPSRC -0.3~ 36 \%

pulse width > 20ns -0.3~37 \%

PHASE1
pulse width < 20ns -2~38 \%
pulse width > 20ns -0.3~24 \%
PHASE2

pulse width < 20ns -2~24 \%

BOOT1, UGATE1 -0.3 ~VDDP+36 \%

BOOT2, UGATE2 -0.3~29 \%

BYPSG to BYPSRC, NGATE to CSOP, BGATE to VBAT -0.3~6.5 \%

BOOT1 to PHASE1, BOOT2 to PHASE2 -0.3~6.5 \%

LGATEL, LGATE2 -0.3~6.5 \%

VDDP to LGATE1, VDDP to LGATE2 -0.3~6.5 \%

BOOT1 to UGATEL, BOOT2 to UGATE2 -0.3~6.5 \%

VBAT, VSYS, CSOP, CSON, BGATE -0.3~24 \%

VDD, VDDP -0.3~6.5 \%

ACOK, AMON/BMON, PSYS -0.3~6.5 \%

COMPF, COMPR, OTGEN/CMIN, BATGONE, PROG -0.3~6.5 \%

SDA, SCL, PROCHOT#, CMOUT/INT# -0.3~6.5 \%

CSIP to CSIN, CSOP to CSON -0.3~0.3 \%

T, Junction Temperature 150 °Cc
Tste Storage Temperature -65 ~ 175 °C
Tspr Maximum Lead Soldering Temperature (10 Seconds) 260 °C
Human Body Model 25 kv

ESD Rating | Charged Device Model 1 kv
Latch-up 100 mA

Note 1: Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not implied.

Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

Thermal Characteristics

Symbol Parameter Typical Value Unit
0;a Junction-to-Ambient Resistance in free air (Note 2) 43 °C/W
Note 2: 854 is measured with the component mounted on a high effective thermal conductivity test board in free air.
Recommended Operation Conditions (Note 3)
Symbol Parameter Range Unit
Adapter Voltage 3.9~30 \%
Ta Ambient Temperature -40 ~ 85 °C
T, Junction Temperature -40 ~ 125 °C

Note 3: Refer to the typical application circuit.
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Electrical Characteristics

Unless otherwise specified, these specifications apply over Vcsip=Vesn=5V and 20V, Vsys=Vygar=Vcsor=Vcs

on=8V and T,=25°C.

N APW8895 _
Symbol Parameter Test Conditions - Unit
Min. | Typ. | Max.
BATTERY CURRENT AND QUIESCENT CURRENT
Vvear=8.4V, battery only, BGATE off, NGATE off,
IsaT1 GPCOMP off, PSYS off, BMON off, 5 20 30 pA
Isar1=lveartlcsoptlcsontloein
Vyear=16.8V, battery only, BGATE on, NGATE on,
Igat2 Battery Supply Current GPCIMP on, PSYS off, BMON off, 15 30 55 pA
Isar2=lvear+lcsor+lcsontlocin
Vyear=16.8V, battery only, BGATE on, NGATE on,
lgaTs GPCIMP on, PSYS on, BMON on, ADC on, 700 1100 | 1200 HA
Isara=lvear+lcsor+lesontlocin
VSYS state, no switching, Vvear=12.6V, Vapp=20V, lo1
| 2 2.2 2.35
R . = lvear+lcsoptlesontloeintlpHitIpHatlesiptlesintIsypsre mA
Quiescent Current 0TG stat ohing. V. VY v |
state, no switching, Vvear=8.4V, Vo1c=5V, lg2=
| 1.5 1.7 1.85
@ lvear+lcsoptlesontloeintlpHitlprztlesiptlesintIsypsre mA
UVLO AND ACOK
VADF'ACOK_R V app (CS'N) ACOK RlSlng Threshold 3.51 3.6 3.69 \Y
VADF'ACOK_HYS Vapp (CS'N) ACOK Hysteresis 60 120 180 mV
Vearse2 k| VBAT 5P2V Rising Threshold 4.95 5.2 5.65 Y,
VBATSPZ_HYS VBAT 5P2V HyStereSiS - 490 - mV
VDD 2.7V SMBUS and
VVDD2P77R BGATE/BMON POR RlSlng 2.5 2.7 2.9 \Y
Threshold
VVDD2P7_HYS VDD 2.7V POR HyStereSiS - 150 - mV
VDD 3.8V Analog, Gate Driver POR
Vvooses » Rising Threshold 36 338 4 v
VVDD3P87HYS VDD 3.8V POR Hysteresis - 150 - mV
ACOK Input Leakage Current - - 1 pA
ACIN Output Sink Current Vacok=0.4V 4 - - mA
5V LDO REGULATOR
Vvoo VDD Output Voltage 6V<Vpcin<23V, no load 4.5 5 55 \Y,
VVDD_DP VDD DrOpOUt VOltage Voein=4V, lL.oap=30mA - 85 - mV
lvop oc  |VDD Over-Current Threshold 80 115 | 165 mA
ADAPTER CURRENT REGULATION
Reg0x3Fh=0x0FAOh (4A) 0
Reg0x3Bh=0x0FAOh (4A) 2.25 2.25 1 %
| Adapter Current Regulation Accuracy|Reg0x3Fh=0x07D0h (2A) 25 ) 2 %
cle (RS1=20mQ) Reg0x3Bh=0x07D0h (2A) ’
RegO0x3Fh=0x01F4h (0.5A)
-10 - 10 %
RegOx3Bh=0x01F4h (0.5A) ’
Reg0x47h=0x1580h (5504mA) -1.5 - 1.5 %
Adapter Current PROCHOT# _ o
lachoT Threshold (RS1=20mQ) Reg0x47h=0x0A80h (2688mA) -3.0 - 3.0 %
Reg0x47h=0x0400h (1024mA) -6.0 - 6.0 %
SYSTEM RENT REGULATION
Reg0x15h=0x20C0 h (8.384V) -0.6 - 0.6 %
Vsys max  |Maximum System Voltage Accuracy |RegOx15h=0x3120h (12.576V) -0.5 - 0.5 %
Reg0x15h=0x4180h (16.768V) -0.5 - 0.5 %
Vsys mn  |Minimum System Voltage Accuracy -3 - 3 %
Input Voltage Regulation Accuracy |Reg0x4Bh=0x0C00h (4.096V) 3.98 - 4.22 %
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Electrical Characteristics (Cont.)

Unless otherwise specified, these specifications apply over Vcsip=Vesn=5V and 20V, Vsys=Vigar=Vcsor=Vc:

on=8V and T,=25 °C.

APW8895

Symbol Parameter Test Conditions - Unit
Min. | Typ. | Max.
BATTERY CHARGE CURRENT REGULATION
Reg0x14h=0x1770h (6A) -2 - %
e Battery  Charge  Current  Accuracy|Reg0x14h=0x07D0h (2A) -4 - 4 %
(RS2=10mQ) RegOx14h=0x03E8h (1A) -6 - %
Reg0x14h=0x01F4h (0.5A) -12 - 12 %
CHARGE PUMP GATE DRIVER
. BYPSG off, Veypsc = Veypsrc + 2V 165 190 215 pA
BYPSG Drive Current
BYPSG on, Vaypsc = Veypsre + 2V, Veypsre > 3.9V 15 40 70 pA
. NGATE off, Vneare = Vesop + 2V 165 190 215 HA
NGATE Drive Current
NGATE on, Vneare = Vesor + 2V, Vesop > 3.9V 15 40 70 pA
. BGATE off, Vegare = Vvgar + 2V 165 190 215 pA
BGATE Drive Current
BGATE on, Vgcare = Vvear + 2V, Vygar > 2.7V 15 40 70 pA
TRICKLE CHARGE CURRENT REGULATION
Reg0x3Dh[15:13]=001b (64mA) 20 64 100 mA
Reg0x3Dh[15:13]=010b (96mA) 55 96 | 135 | mA
_ Reg0x3Dh[15:13]=011b (128mA) 80 128 170 mA
IrrickLe (Té'g;'fmmg;'arge Current  ACCUrACY| oo 40x3Dh[15:13]=100b (160mA) 12 | 160 | 208 | mA
Reg0x3Dh[15:13]=101b (192mA) 134 192 250 mA
Reg0x3Dh[15:13]=110b (224mA) 157 224 291 mA
Reg0x3Dh[15:13]=111b (256mA) 180 | 256 | 333 | mA
END OF CHARGE CURRENT
Reg0x38h[9:8]=00b (105mA) 40 | 105 | 170 | mA
o End of Charge Current . Reg0x38h[9:8]=01b (55mA) 5 55 120 mA
(RS2=10mQ, Autonomous Charging) Reg0x38h[9:8]=10b (190mA) 120 | 190 | 270 | mA
Reg0x38h[9:8]=11b (145mA) 75 145 230 mA
AUTO RECHARGE THRESHOLD
2-cell battery - 430 - mV
I(AF;Jetz(I)altT\?ec ?oa rl\?lzzr:rl?;hg;?stem Voltage) 3-cell battery - 600 - mv
4-cell battery - 700 - mV
IDEAL DIODE MODE
Entering Ideal Diode Mode Threshold BGATE off, Vysys falling, Vvear - Vvsvs 110 180 255 mV
Exiting Ideal Diode Mode Threshold Rey=10mQ, detect battery charging current
(without de-bounce time) 60 160 255 mA
INPUT CURRENT SENSE AMPLIFIER
CSIP/CSIN Input Voltage Range 4 - 23 \Y,
AMON GAIN - 17.97 - VIV
Vcsip-Vesn=100mV (5A) -2.5 - 25 %
AMON Accuracy (RS1=20mQ) Vesip-Vesn=20mV (1A) -5.5 - 5.5 %
(Vamon=AMON Gain*(Vcsi - Vesin) Vesip-Vesn=10mV (0.5A) -12 - 12 %
Vesip-Vesin=2mV (0.1A) 55 . 55 %
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Electrical Characteristics (Cont.)

Unless otherwise specified, these specifications apply over Vcsip=Vesn=5V and 20V, Vsys=Vigar=Vcsor=Vc:

on=8V and T,=25°C.

APW8895

Symbol Parameter Test Conditions - Unit
Min. | Typ. | Max.
BATTERY CURRENT SENSE AMPLIFIER
Reverse AMON GAIN - 17.9 - VIV
Vesin-Vesip=80mV (4A) -3.5 - 35 %
Reverse AMON Accuracy (RS1=20mQ)  |Vesn-Vesip=20mV (1A) -6.5 - 6.5 %
(Vamon=Reverse AMON gain*(Vesin-Vesip) — [Vesin-Vesip=10mV (0.5A) -12 - 12 %
Vesin-Vesip=5.12mV (0.256A) -25 - 25 %
AMON Minimum Output Voltage Vesip-Vesn=0V - - 30 mV
BMON GAIN (Charging) - |3s78| - VIV
Vesop-Veson=60mV (6A), Veson=8V -3 . %
BMON Accuracy (RS1=20mQ) Vesor-Veson=40mV (4A), Veson=8Y -4 - %
(Vemon=BMON Gain*(Vcson-Vesor) Vesop-Veson=10mV (1A), Veson=8V -10 - 10 %
Vesop-Veson=5mV (0.5A), Vcson=8V -25 - 25 %
Reverse BMON GAIN (Discharging) - 17.97 - VIV
Veson-Vesor=100mV (10A), Veson=8V -2 - %
Reverse BMON Accuracy (RS2=10mQ)  |Vcson-Vesor=20mV (2A), Veson=8V -6 - %
(Vemon=Reverse BMON gain*(Vcson-Vesor) [Veson-Vesop=10mV (1A), Veson=8V -10 - 10 %
Veson-Vesor=6mV (0.6A), Vcson=8V -20 - 20 %
BMON Minimum Output Voltage Vesop-Veson=0V - - 30 mV
Rs2=10mQ, Reg0x48h=0x0800h (2.048A) 177 | 2.08 | 2.39 A
sanew | fi(f;ggrr%ih Oct:)“”e”t PROCHOT# o =10m, Battery only, RegOx39h[4:3]=11b (6A) | 45 | 6 8 | A
Rs2=10mQ, Battery only, Reg0x39h[4:3]=00b (12A)| 9.4 13 17 A
AMON/BMON Source Resistance (Note 4) - - 5 Q
AMON/BMON Sink Resistance (Note 4) - - 5 Q
OTGEN AND BATGONE INPUT PIN
OTGEN High-Level Input Voltage 0.9 - - \Y,
OTGEN Low-Level Input Voltage - - 0.4 \Y,
BATGONE High-Level Input Voltage VDD-0.6 - - \
BATGONE Low-Level Input Voltage - - vbD-12| V
Pull-up Current Vorcen=5V, Vearcone=5V - 1 - pA
NTC Stepl Pull-up Current 62 65 68 A
NTC Step2 Pull-up Current 126 130 134 pA
NTC Step3 Pull-up Current 250 260 270 pA
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Electrical Characteristics (Cont.)

Unless otherwise specified, these specifications apply over Vcsip=Vesn=5V and 20V, Vsys=Vigar=Vcsor=Vc:

on=8V and T,=25°C.

APW8895

Offset=1.265pA

Symbol Parameter Test Conditions - Unit
Min. | Typ. | Max.
PROCHOT# OUTPUT PIN
) Reg0x3Dh[10:9]=11b 0.85 1 1.15 ms
PROCHOT# Debounce Time
Reg0x3Dh[10:9]=10b 0.425| 05 | 0575 | ms
. ) Reg0x3Dh[8:6]=001b 17 20 23 ms
PROCHOT# Duration Time
Reg0x3Dh[8:6]=000b 8.5 10 11.5 ms
Reg0x3Ch[2:0]=000b 5.3 5.5 5.7 Y
Reg0x3Ch[2:0]=001b 55 5.5 5.9 Y
Reg0x3Ch[2:0]=010b 5.7 5.9 6.1 Y,
) Reg0x3Ch[2:0]=011b 5.9 6.1 6.3 Y,
Low VSYS PROCHOT# Trip Threshold
Reg0x3Ch[2:0]=100b 6.1 6.3 6.5 Y,
Reg0x3Ch[2:0]=101b 6.3 6.5 6.7 Y,
Reg0x3Ch[2:0]=110b 6.5 6.7 6.9 Y,
Reg0x3Ch[2:0]=111b 6.7 6.9 7.1 Y,
PROCHOT# Input Leakage Current - - 1 pA
PROCHOT# Output Sink Current Vacok=0.4V 4 - - mA
PSYS OUTPUT PIN
Reg0x4Ch[9:8]=11b (0.646uA/W), VCSIP=12V,
Vesip-Vesin=80mV, Vypar=12V, Vcsop-Veson=0mV, -5 - 5 %
IPSYS=PSYS Gain*(system power)
Reg0x4Ch[9:8]=11b (0.646uA/W), VCSIP=20V,
Vesip-Vesin=0mV, Vyear=8.4V, Vcsop-Veson=50mV, -5 - 5 %
PSYS Output Current IPSYS=PSYS Gain*(system power)
(Rs1=20mq, Reg0Ox4Ch[9:8]=11b (0.646UA/W), VCSIP=20V,
Rs2=10mQ, Reg0x4Eh[11]=0b el ) ' o
sz 9 (1] ) Vesip-Vesin=80mV, Vyear=12V, Vcsop-Veson=20mV, -5 - 5 %
IPSYS=PSYS Gain*(system power)
Reg0x4Ch[9]=1b (0.723uA/W), battery only,
Vvear=12.6V, Vcsop-Veson=-10mV, -15 - 15 %
IPSYS=PSYS Gain*(system power)
Maximum PSYS Output Voltage 4 - - \Y,
Reg0x4Ch[9:8]=00b, OpA < IPSYS < 110uA, ) .
Offset=1.352pA 0.896 HAW
Reg0x4Ch[9:8]=01b, OpA < IPSYS < 100pA, AW
PSYS Gain Ofcetan OEWL " nA - |uas| - | M
(R51:20mQ, .Ql—
Offset=0.626pA
Reg0x4Ch[9:8]=11b, OpA < IPSYS < 80uA, ) 0.646 ) pA/W
Offset=0.959uA '
Reg0x4Ch[9:8]=00b, OpA < IPSYS < 110uA, ) 0.907 ) pA/W
Offset=1.773puA '
) Reg0x4Ch[9:8]=01b, OpA < IPSYS < 100uA, . . pA/W
PSYS Gain Offset=2.654uA 1.337
(R51=10mQ, .Q1—
R52=10mQ, Reng4Eh[ll]=1b) RegOX4Ch[98]—10b, O]J,A <IPSYS < 90uA, _ 0.434 _ }J,A/W
Offset=0.831pA
Reg0x4Ch[9:8]=11b, OpA < IPSYS < 80uA, . 0653 . pA/W
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Electrical Characteristics (Cont.)

Unless otherwise specified, these specifications apply over Vcsip=Vesn=5V and 20V, Vsys=Vygar=Vcsor=Vcs

on=8V and T,=25°C.

Symbol Parameter Test Conditions - APWEE95 Unit
Min. | Typ. | Max.
USB OTG
OTG Voltage Reg0x49h=0x0D08h (5.004V) 4.93 5 5.25 \Y
o Reg0x4Ah=0x0200h (512mA) 450 | 512 | 585 mA
(%Tsiz()mg;"em Limit Threshold| o 0 xaAh=0x0400h (1024mA) 960 | 1024 | 1100 | mA
Reg0x4Ah=0x1000h (4096mA) 3975 | 4096 | 4240 | mA
Fast Role Swap Digital Filter (Note 4) When configured OTG_EN from 0 to 1 - - 1 us
Analog Support of OTG Output (Note 4) [When configured OTG_EN=1 - - 150 us
GENERAL PURPOSE COMPARATOR
~ |RegOx3D[4]=0b (1.2V) 115 | 1.2 | 125 | V
General Purpose Comparator Rising
Threshold RegOx3D[4]=1b (2V) 195 | 2 | 205 v
(not available in battery only mode)
General Purpose Comparator Hysteresis |Reg0x3D[4]=0b or Reg0x3D[4]=1b 25 40 50 mV
CMOUT/INT# Input Leakage Current - - 1 pA
CMOUTIN# Output Sink Current Vemour=0.4V 4 - - mA
PROTECTION
VSYS Over-voltage Rising Threshold Vvsys max=8.4V 8.9 9.15 | 9.35 \
VSYS Over-voltage Hysteresis 250 400 550 mV
VSYS OK Threshold 045 | 0.6 | 0.75 \
VSYS OK Source Current - 10 - mA
?ﬁfepstﬁ(r)ld (\lijv(?t)é " Overcurrent  Rising Re;=20mQ 75 12 o5 A
_I?ﬁ:;esrgOIle(?\(I:(izri)e Overcurrent Rising Re,=10mQ 9 20 38 A
Over Temperature Threshold (Note 4) 140 150 160 C
. APW8895 225 | 234 24 \Y
Adapter Over-voltage Rising Threshold
APW8895A - 33.3 - \Y
Adapter Over-voltage Hysteresis - 400 - mV
OTG Under-voltage Falling Threshold Reg0x49h=0x0D08h (OTG Voltage=5.004V) 3.45 3.8 | 425 \Y
OTG Over-voltage Rising Threshold Reg0x49h=0x0D08h (OTG Voltage=5.004V) 5.8 6.2 6.6 \
OSCILLATOR
Oscillator Frequency, Digital Core Only 0.85 1 1.15 | MHz
Digital Debounce Time Accuracy (Note 4) -15 - 15 %
BATTERY LEARN MODE
Switching Frequency Accuracy -15 - 15 %
Battery Learn Mode Auto-Exit Threshold 5.05 | 5.35 5.7 \
(B,\?éttzri)Learn Mode Auto-Exit Hysteresis|Vvsys mn=5.376V, Reg0x3Ch[13]=1b 180 | 330 | 480 | mv
SDA, SCL PINS
SDA/SCL Input Low Voltage - - 0.7 \
SDAJ/SCL Input High Voltage 15 - - \
SDA/SCL Input Bias Current V=3.3V - - 1 pA
SDA Sink Current Vspa=0.4V, on 4 - - mA
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Electrical Characteristics (Cont.)

Unless otherwise specified, these specifications apply over Vcsp=Vcesn=5V and 20V, Vsys=Vygar=Vcsor=Vcs

on=8V and Ta=25°C.

Current register, Reg4C[12:11]=00b

Symbol Parameter Test Conditions - APVV8895 Unit
Min. | Typ. | Max.
GATE DRIVER
UGATEL1 Pull-up Resistance 100mA source current - 0.8 1.2 Q
UGATEL1 Source Current Veoor1-Vueare1=2.5V 1.3 2 - A
UGATEL1 Pull-down Resistance 100mA sink current - 0.35 | 0.475 Q
UGATEL Sink Current Vueare1-Venase1=2.5V 1.9 2.8 - A
LGATEL1 Pull-up Resistance 100mA source current - 0.8 1.2 Q
LGATEL1 Source Current Vvopop-Vigate1=2.5V 1.3 2 - A
LGATE1 Pull-down Resistance 100mA sink current - 0.3 | 045 Q
LGATEL1 Sink Current Vicare1-Veno=2.5V 2.3 3.5 - A
UGATE2 Pull-up Resistance 100mA source current - 0.8 1.2 Q
UGATE2 Source Current Veoor2-Vueare2=2.5V 13 2 - A
UGATE2 Pull-down Resistance 100mA sink current - 0.3 0.45 Q
UGATEZ2 Sink Current Vucarez-VpHase2=2.5V 2.3 35 - A
LGATE2 Pull-up Resistance 100mA source current - 0.8 1.2 Q
LGATEZ2 Source Current Vvopop-Vigate2=2.5V 1.3 2 - A
LGATE2 Pull-down Resistance 100mA sink current - 0.3 0.45 Q
LGATE2 Sink Current Vicare2-Veno=2.5V 2.3 35 - A
UGATEX to LGATEXx Dead Time 10 20 40 ns
LGATEX to UGATEx Dead Time 10 20 40 ns
SMBUS TIMING
SMBus Frequency Range 10 - 400 kHz
Bus Free Time 4.7 - - us
Start Condition Hold Time from SCL 4 - - us
Start Condition Set-up Time from SCL 4.7 - - us
Stop Condition Set-up Time from SCL 4 - - us
SDA Hold Time From SCL 300 - - us
SDA Set-up Time from SCL 250 - - us
SCL Low Period 4.7 - - us
SCL High Period 4 - - ps
Maximum Charging Period without a SMBus

SMBus Inactivity Timeout (Note 4) Write to Max System Voltage or Charge - 175 - sec

Note 4: Guaranteed by design, not production tested.

Copyright©ANPEC Electronic Corp.
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Pin Descriptions

PIN
FUNCTION
NO. NAME
CSON The negative input pin of the error amplifier for battery charge/discharge current sense.
CSOP The positive input pin of the error amplifier for battery charge/discharge current sense.
3 NGATE The gate driver output pin for driving an external N-channel MOSFET. When the NGATE is enabled via

SMBus, the NGATE pin output voltage is Vcsopt5V. If the NGATE is not used, leave this pin floating.

The high-side gate driver supply voltage input pin of buck-boost charger phase 2.

4 BOOT2 A 0.22uF X5R ceramic capacitor is connected from this pin to the PHASE2 pin to provide a bootstrap
voltage for the gate driver to drive the upper N-MOSFET.

The high-side gate driver output pin of the buck-boost charger's phase 2.
The UGATEZ2's output voltage is supplied from BOOT2.

Current return path for the high-side gate driver of the buck-boost charger's phase 2.
6 PHASE2 This node is also used to detect zero-cross current of phase 2. Connect this node to the junction of
the high side power MOSFET Q4's source and the low side power MOSFET Q3's drain.

LGATE2 The low-side gate driver output pin of the buck-boost charger's phase 2.
VDDP Power supply for the gate drivers. Connect to VDD pin through a R/C filter 4.7Q/10uF.

5 UGATE2

9 LGATE1 The low-side gate driver output pin of the buck-boost charger's phase 1.

Current return path for the high-side gate driver of the buck-boost charger's phase 1.
10 PHASE1 This node is also used to detect zero-cross current of phase 1. Connect this node to the junction of
the high side power MOSFET Q1's source and the low side power MOSFET Q2's drain.

The high-side gate driver output pin of the buck-boost charger's phase 1.
The UGATEL1's output voltage is supplied from BOOT1.
The high-side gate driver supply voltage input pin of buck-boost charger phase 1.

12 BOOT1 A 0.22uF X5R ceramic capacitor is connected from this pin to the PHASE2 pin to provide a bootstrap
voltage for the gate driver to drive the upper N-MOSFET.

11 UGATE1

The input reference for the external bypass FETs’ source terminals.
13 BYPSRC If the Bypass mode is used, connect this pin to the bypass N-channel MOSFET source terminals.
Otherwise, connect this pin to VDDP if Bypass mode function is not used.

14 CSIN The negative input pin of the error amplifier for adapter output/OTG output current sense.

15 CSIP The positive input pin of the error amplifier for adapter output/OTG output current sense.

Gate driver output pin for driving the external bypass MOSFETs. Connect this pin to the gate of the
16 BYPSG external bypass N-channel MOSFETs if Bypass mode is used. When Bypass is enabled via SMBus, the
output voltage of BYPSG is Vgypsrct5V. Leave this pin floating if Bypass mode function is not used.

Power supply input of an internal 5V LDO. Bypass this pin to ground with an MLCC capacitor.

1 DCIN Connect this pin with diode OR to Vsys and adapter output.
Internal 5V LDO output. This pin provides the power for the usage of internal circuitry.
18 VDD L :
Bypass this pin to ground with a 10uF.
An input pin for programming some settings, for more details please refer to "PROG Pin Programming
19 PROG I
Option" table.
A multiple function pin.
This pin is configured between OTG mode enable input and comparator input pin via SMbus registers.
Reg0x3C[11] Reg0x3D[3] Pin 20
20 OTGEN/ 0 0 pin20 is selected as CMIN (default)
CMIN
0 1 pin20 is selected neither CMIN nor OTGEN
1 0 pin20 is selected as CMIN
1 1 pin20 is selected as OTGEN
21 SDA
> sl SMBus interface. Externally pull high to 1.8V or 3.3V with 10kQ at each pin.

An open drain output pin. The PROCHOT# is pulled low to ground in the conditions of ACHOT, DCHOT
23 PROCHOT# | and Low_VSYS. This pin also is used as an indication of autonomous charging mode, pulled low in
autonomous charging state. Pull this pin to 3.3V via a 10k() if it is used.

An open drain output pin. The ACOK high output logic shows the adapter voltage is ok.

24 ACOK Pull this pin to 3.3V via a 10kQ fitis used.

Copyright©ANPEC Electronic Corp. - 10 - www.anpec.com.tw
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Pin Descriptions (Cont.)

PIN
FUNCTION
NO. NAME
An input pin for battery presence. Logic low to this pin indicates the battery is present while logic high
25 BATGONE indicates the battery has been removed.
The charger is allowed to enter charging mode or OTG mode only when the BATGONE is low.
A multiple function pin.
This pin is configured between comparator output pin and interrupt output pin via SMbus registers.
26 CMouT/ RegOx3D[3] Pin 26
INT# - -
0 pin26 is selected as CMOUT (default)
1 pin26 is selected as INT#
27 COMPR The error amplifier output pin for reverse/OTG mode.
Connect an R in series with a C to ground for loop stability compensation.
28 COMPE The error amplifier output pin for forward/charging mode.
Connect an R in series with a C to ground for loop stability compensation.
The current monitor pin for Adapter side (AMON) or battery side(BMON).
The monitor path is selected via Reg0x3C[4], and the current direction is selected via Reg0x4C[3].
The 4 possible AMON/BMOB usages are listed as below table.
Reg0x3C[4] Reg0x4C[3] AMON/BMON Usage AMON/BMON
Output Voltage
AMON/ 0 0 AMON, adapter output current 17.97*(Vcsip-Vesin)
29 BMON monitor (default)
0 1 AMON, OTG mode OUtpUt 17.9*(V55|N-Vc5|p)
current monitor
1 0 BMON, battery charging 35.78*(Vcsor-Veson)
current monitor
1 1 BMON, battery discharging 17.97*(Vcson-Vesor)
current monitor
A multi-function pin whose functionality is determined by the PROG readout.
30 PSYS/REFADJ | As a PSYS pin, this pin outputs a current source in proportion to the whole system power consumption.
As an REFADJ, it is used as the OTG output voltage feedback pin.
31 VBAT Battery voltage sense pin. Bypass this pin to ground with a 1uF MLCC capacitor.
The gate driver output pin for the external battery P-MOSFET. This pin is low to turn on the power
32 BGATE P-MOSFET between Vsys and battery during fast charging mode or operates in a linear way to regulates
the trickle charging current.
Thermal . s
pad GND Ground. Connect this thermal pad to a large copper area of ground plane for heat dissipation.

Copyright©ANPEC Electronic Corp.
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Block Diagram

CSIN
¢ ¥ VADP_UVLO
VBAT 3.8V - s
DCIN []—‘ ’ ACOK
ADP_OV ]
23.4v/ f
5V 33.3V =
LDO Low
Power VDD—— Charge BYPSG

Pump

BYPSRC

LDO
VDD [

B b BOOT1
CMP.
3.8V—i- ’\I\
UGATE1
27V h} | DACAnd | PHASE1
PROG [ D LN Tl eer ™ F
OTGPG SMBus [ BAT(Discharg) oCIOVIUVI LGATEL
Digital |_BAT(Charge) oT g’
BATGONE Control And < /BAT %
Fuse Logic |- p| ADC VSYS g
scL IV >89 GND
SDA DIE TEMP ias
< NTC/General Purpose o= LGATE2
ol < =X
> o
PROCHOT# S VDDP
Q
VINDAC| f—, PHASE2
csip g
<— ACFB - ‘ o % UGATE2
< CCFB VSYSDAC
PSYS Multiplier — |t Loop —)F BOOT2
-
VADP —VsYSl_ Slector
<¢—— VBAT And COMPF
__ ACDAC T Error COMPR
csip ‘ = AcFB|  Amplifier
CSIN = VBAT_5P2 " VBAT
AMON BMON d __ ceoac| | _orebac |
ccrB csip «
- I 2.4v
Trickle Charge BGATE Charge
Control Pump and Logic BGATE
Control
* CSOP
36x
OTGPG/INT# [ - OTG Control VBAT_5P2 CSON
INT# =
1.2vi2v d o 3
L L Charge | |
0TGPG csip Pump NGATE
OTGDAC
-
OTGEN/CMIN
Copyright©ANPEC Electronic Corp. -12 - www.anpec.com.tw

Rev. A.1 —Feb., 2025



APW8895

Typical Application Circuit

NVDC with Bypass mode
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Typical Application Circuit (Cont.)

NVDC only
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APWS8895 ANPE C&
1°C/SMBuUs Programming

APW8895 has an I2C/SMbus interface. The APW8895 acts as a slave device. The host can access the APW8895 internal
registers for configuration or investigation via 12C bus. The internal registers are 16-bit, so the APW8895 supports
one word (16 bit) read and write protocols. The I2C/SMBus slave address is a hard-coded 7 bit address 0001001. The

read and write protocols are as follows.

S 7-bit Slave Addr. w . Register Addr. . Low Byte Data . High Byte Data .E|

0001001 0 0 0 0 0

The Write Protocol of 12C interface writing to the APW8895

0001001 0 0 0 0001001 1 0 0 1

The Read Protocol of 12C interface Reading from the APW8895

|:| Driven by the host S: Start condition A: Acknowledge

. Driven by the APW8893 P: Stop condition N: No Acknowledge

Figure 1: The 12C/SMBus Read and Write Protocols
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The APW8895 Registers Summary

Egg'rsetfsr Register Name l\j\?r?tde/ Description Default
0x14 | ChargeCurrentLimit | R/W |Charge current limit DAC, 4mA/step, maximum 6.14A at Rs;=10mQ 0x0000
0x15 | MaxSystemVoltage | RIW :\élas)gtng;/mPSRyggérEixoltage DAC, 8mV/step, maximum 18.304V, default value gﬁ%?_cz:g ((3?._((;::”))

0x4180 (4-cell)
0x38 Control7 RIW é—&i\lftljgg;pézref;:rgrg&rglé:ijgt;atlon, EOC, Supplemental mode period, 0X0000
0x39 Control0 R/W |various charger options 0x0000
0x3A Informationl R |various charger status 0x0000
0x3B |AdapterCurrentLimit2| R/W |Adapter current limit level-2 DAC, 4mA/step, maximum 6.14A at Rs;= 20mQ 0x05DC
0x3C Controll R/W |various charger options set by PROG pin
0x3D Control2 R/W |various charger options 0x0000
Ox3E MinSystemVoltage | R/W [Minimum system voltage DAC, 64mV/step, 16.32V maximum 0x0000 (0V)
0x3F |AdapterCurrentLimitl| R/W |Adapter current limit level-1 DAC, 4mA/step, 6.14A maximum at Rs;=20mQ |set by PROG pin
0x40 ACOK Reference R/W |ACOK Reference DAC, 0V(disabled), 96mV~24.48V 0x0000
0x43 Control6 R/W |Interrupt trigger level direction 01FFF
Ox47 ACProchots RIW Q(S:l?:pztg:nc;;rrent Prochot# threshold DAC, 128mA//step, 6.4A maximum at 0X0C00
Ox48 DCProchot# RIW ?gt;irya?:g?zalrg; 2:2urrent Prochot# threshold DAC, 256mA//step, maximum 0x1000
0x49 OTG Voltage R/W |OTG mode voltage DAC, 12mV/step, 23.4V maximum 0x0D08
Ox4A OTG Current R/W |OTG mode current limit threshold DAC, 32mA/step, 6.112A maximum 0x0200
0x4B Vin Voltage R/W |VIN loop regulation voltage DAC, 85mV/step, 16.384V maximum 0x0C00
0x4C Control3 R/W |various charger options 0x0000
0x4D Information2 R |various charger status 0x0000
Ox4E Control4 R/W |various charger options 0x0000
0x4F Control5 R/W |Interrupt mask control 0x0000
0x80 NTC ADC Results R |ADC result for NTC/General Purpose measurement 0x0000
0x81 | VBAT ADC Results R |ADC result for Vygar measurement, LSB=64mV 0x0000
0x82 TJ ADC Results R |ADC result for internal junction temperature measurement, LSB=8mV 0x0000
0x83 IADP ADC Results R |ADC result for adapter current measurement, LSB=22.2mV 0x0000
0x84 DC ADC Results R |ADC result for battery discharge measurement, LSB=44.4mV 0x0000
0x85 CC ADC Results R |ADC result for battery charge current measurement, LSB=22.2mV 0x0000
0x86 | VSYS ADC Results | R |ADC result for Vsys (CSOP) measurement, LSB=96mV 0x0000
0x87 | VINADC Results | R |ADC result for Viy (CSIN) measurement, LSB=96mV 0x0000
0x90 Information3 R [Interrupt status, masked/un-masked by RegOx4F 0x0000
0x91 Information4 R |Interrupt real-time status 0x0000
OxFE Manufacturer 1D R |Manufacturer ID TBD
OxFF Device ID R |Device ID TBD

Copyright©ANPEC Electronic Corp.
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Charge Current Limit Register 0x14
Bit Bit Name Read/Write Bit Definition
15:13 Not used R
Charge current limit setting (4mA/step): . . .
h Charge current limit setting (8mA/step):
(4mA/step, Sense Resistor=10mQ) @m A%step Sense Resistogr:(Sm Q) P)
00000000000: OmA (default) 00000000000: OmA (default)
00000000001: 4mA :
: 00000000001: 8mA
00000000010: 8mA :
. 00000000010: 16mA
00000000011: 12mA 00000000011: 24mA
12:2 | ChargeCurrentLimit[10:0] R/W 00000000100: 16mA 00000000100: 32mA
\1/2&;110000: 6080mA (maximum 10111110000: 12160mA (maximum value)
Value above 10111110001 will be Zf"l%eli‘i’ﬂgolooolnno‘)()l will be clamped
clamped at 10111110000
1:0 Not used R

Max System Voltage Register Ox15

Bit Bit Name

Read/Write

Read/Write

15 Not used

R

14:3 |MaxSystemVoltage[11:0]

R/IW

Maximum system voltage setting (12 bits, 8mV/step):

000000000000:
000000000001
000000000010:
000000000011:
000000000100:

omv
8mV
16mvV
24mV
32mvV

010000011000:
011000100100:
100000110000

100011110000

Value above 10001111001 will be clamped at 100011110000

8384mV (default for 2-cell)

12576mV (default for 3-cell)

16.768mV (default for 4-cell)

18304mV (maximum value)

2:0 Not used

Copyright©ANPEC Electronic Corp.
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APW8895

Control7 Register O0x38

. . Read/
Bit Bit Name Write

Bit Definition

15:13 T2[2:0] RIW

AdapterCurrentLimit2 duration setting (for Two Level ACLIM function):

000:
001:
010:
011:
100:
101:
110:
111.

10us (default)
100us
500us:

1ms

300us

750us

2ms

10ms

12:10 T1[2:0] RIW

AdapterCurrentLimitl duration setting (for Two Level ACLIM function):

000:
001:
010:
011:
100:
101:
110:
111:

10ms (default)
20ms

15ms:

5ms

ims

0.5ms

1.0ms

Oms

9:8 End of Charge (EOC) Current | R/W

End of charge current settings when Autonomous charging mode is enabled:

00: 105mA (default)
01: 55mA

10: 190mA

11: 145mA

Analog OV Control

Analog overvoltage enable/disable control:
0: Normal, OV pulls down on comp and disables switching (default)
1: Disable

GM_SUPN RIW

Supplemental mode loop gain setting:
0: 1x (default)
1: 2x

T_SUP Multiplier (T_SUPM) | R/W

Supplemental mode period(T_SUPM) multiplier setting:
0: 1x (default)
1: 0.5x

4:2 T_SUP RIW

Supplemental Buck mode period (T_SUP) setting:
000: Standard T_SUP (default)

001: 7/6 * Standard T_SUP

010: 8/6 * Standard T_SUP

011: 9/6 * Standard T_SUP

100: 10/6 * Standard T_SUP

101: 11/6 * Standard T_SUP

110: 12/6 * Standard T_SUP

111: 13/6* Standard T_SUP

1:0 |Buck-Boost Stretch CCM Period| R/W

Buck-boost stretch CCM period (T2 TIME) setting:
00: 2x (default)

01: 3x

10: 1x

11: 0.6x

Copyright©ANPEC Electronic Corp.
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ControlO Register 0x39

Bit

Bit Name

Read/
Write

Bit Definition

15

CSIN Discharge

R/W

CSIN Discharge enable/disable control:
0: Disable, 10mA sink turned off (default)
1: Enable, 10mA sink turned on

14

CSIN Auto
Discharge

R/W

CSIN auto discharge for 50ms enable/disable control when entering the ready state:
0: Disable (default)
1: Enable

13

CSOP Discharge

R/W

CSOP Discharge enable/disable control:
0: Disable, 10mA sink turned off (default)
1: Enable, 10mA sink turned on

12

NGATE Off

R/W

NGATE enable/disable control:
0: NGATE on (NGATE=CSOP + 5V); (default)
1: NGATE off (NGATE=CSOP)

11

BYPASS On

R/W

BYPSG enable/disable control:
0: BYPSG off (BYPSG=BYPSRC) (default)
1: BYPSG on (BYPSG=BYPSRC + 5V)

10

BGATE Force On

R/W

BGATE force on control:
0: BGATE normal operation (default)
1: BGATE forced on (BGATE=VBAT + 5V)

9:8

Dither Enable

R/IW

PWM switching frequency dithering control:
00: Disable dither (default)

01: Ditherlx

10: Dither2x

11: Dither3x

SMBus Timeout

R/W

SMBus Timert enable/disable control:
0: Enable the SMBus timeout function (default)
1: Disable the SMBus timeout function

The SMbus Timeout timer is 175 seconds. When SMBus timeout function is enabled, the host must
send a write command to the MaxchargeVoltage or ChargeCurrentLimit within 175 seconds to
prevent timeout occurrence. If a timeout occurs, the charging will be terminated. Writing
MaxchargeVoltage or ChargeCurrentLimit register will re-start charging and the 175s timer will
re-start too.

Enable Charge
Pumps to 100%
duty cycle

R/IW

BGATE and NGATE charge pump 100% duty enable/disable control:

0: Normal operation (reduced supply current) (default)

1: Enable charge pumps 100% of the time to ensure the charge pump good bit does not toggle
due to gate leakage

BYP VIN<VOUT
Comparator to turn
off BYPSG

R/W

Bypass comparator enable/disable control:
0: Disable (default)
1: Enable

When VIN/VOUT comparator is enabled, BYPSG is controlled by the comparator in this way:
oVCSIN falls to and below VCSOP+400mV, BYPSG turns off.
oV CSIN rises to and above VCSOP+800mV, BYPSG turns on.

4:3

DCProchot#
Threshold in
Battery Only Low
Power Mode[1:0]

R/W

In battery only mode, the IC enters low power mode when PSYS function is not enabled. When the
battery discharge current exceeds this threshold the PROCHOT# will be asserted.

00: 12A (default)

01: 10A

10: 8A

11: 6A

(Rs2=10mQ)

Input Voltage
Regulation Loop

R/IW

Input Voltage Regulation Loop Enable/Disable Control:
0: Enable (default)

1: Disable

(Input Voltage Regulation Voltage is set by RegOx4B)

VSYS Regulation
Offset Voltage
Adder

R/W

Adds offset above the VSYSMAX register setting when not charging.

0 = 0mV (default)

1=384mV

(384mV is always added to MinsysVoltage in Trickle Charge mode - irrespective of this bit)

(When the device is not charging but is in the VSYS state and Regx039[1]=0, the system voltage
is regulated to the same setting as the DAC. When Regx039[1]=1, then system voltage is
regulated to the DAC plus an offset of 384mV, which is useful to avoid discharging a full battery in
VSYS state when there is a system load transient.

Not used
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Informationl Register Ox3A

Bit Bit Name Read/Write Bit Definition
The indication of low power mode:
15 |Low Power Mode R 0: The IC is in low power mode
1: The IC is not in low power mode
The indication of internal active control loop:
Active Control 00: MaxSystemVoltage control loop is active
14:13 Loop[1:0] R 01: Charging current loop is active
PLL: 10: Adapter current limit loop is active
11: Input voltage regulation loop is active
The indication to show if ACProchot#/OTGCURRENTProchot# is tripped or not:
0: Normal
12 |ACProchot# R 1: ACProchot#/OTGCURRENTProchot# has been tripped
(ACProchot# threshold is set by Reg0x47[12:7])
The indication to show if DCProchot# is tripped or not:
0: Normal
11 |DCProchot# R 1: DCProchot# has been tripped
(DCProchot# threshold is set by Reg0x48[13:8] or Reg0x39[4:3])
The indication to show if Low VSYS Prochot# is tripped or not:
0: Normal
Low VSYS : "
10 Prochot# R 1: Low VSYS Prochot# has been tripped
(Low VSYS Prochot# threshold is set by RegOx3C[1:0])
9:7 |Not used R
The indication of BGATE charge pump power good:
6 g(j?(;l‘gtzivger R 0: BGATE charge pump is not good.
1: BGATE charge pump is not good.
CSIN CSOP The indication of CSIN to CSOP comparator result:
5 |Comparator R 0: Vesin < Vesop
Status 1: Vesin > Vesop
The indication to show if trickle charge mode is active or not:
4 |Trickle Charge R 0: Trickle charge mode is not active
1: Trickle charge mode is active
The indication of NGATE charge pump power good:
3 (l\}lgcﬁjTth(l)vaver R 0: NGATE charge pump is not good.
1: NGATE charge pump is not good.
The indication of BYPSG charge pump power good:
2 gzsdscs;t;zvsver R 0: BYPSG charge pump is not good.
1: BYPSG charge pump is not good.
Reverse Turbo The indication to show if Reverse Turbo Mode is active or not:
1 Mode Status R 0: Reverse Turbo Mode is not active
1: Reverse Turbo Mode is active
Ideal Diode Mode The indication to show if Ideal Diode Mode is active or not:
0 R 0: Ideal Diode Mode is not active

Status

1: Ideal Diode Mode is active
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Adapter Current Limit2 Register Ox3B
Bit Bit Name Read/Write Bit Definition
15:13 Not used R
Adapter current limit level 2 setting Adapter current limit level 2 setting
(4mA/step): (8mA/step):
(4mA/step, Sense Resistor=20mQ) (8mA/step, Sense Resistor=10mQ)
00000000000: OmA 00000000000: OmA
00000000001: 4mA 00000000001: 8mA
00000000010: 8mA 00000000010: 16mA
00000000011: 12mA 00000000011: 24mA
.- |AdapterCurrentLimit2 00000000100: 16mA 00000000100: 32mA
12:2 [10:0] R/IW
00101110111: 1500mA (default) 00101110111: 3000mA (default)
i0111111111: 6140mA (maximum value) i0111111111: 12280mA (maximum value)
Value above 11000000000 will be clamped |Value above 11000000000 will be clamped
at 10111111111 at 10111111111
1:0 |Not used R
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Controll Register Ox3C

Bit Bit Name Read/Write Bit Definition
General Purpose Comparator Assertion Debounce Time:
General Purpose 00: 2us (default)
15:14|Comparator Assertion R/IW 01: 12ps
Debounce Time[1:0] 10: 2ms
11: 720us

The options to exit Learn mode when battery voltage is lower than MinSystemVoltage:
13 | Exit Learn Mode Option R/W 0: Stay in Learn mode even if Vgar < MinSystemVoltage register setting (default)
1: Exit Learn mode if Vgar < MinSystemVoltage register setting

Battery Learn mode enable/disable control:

12 Learn Mode R/W 0: Disable (default)

1: Enable

OTG function enable/disable control:
11 OTG Function R/W 0: Disable (default)

1: Enable

Supplemental Support Mode (Intel Vun Active Protection) enable/disable control:
R/W 0: Disable (default)
1: Enable

PWM switching frequency setting:
000: 1420kHz
001: 1180kHz
010: 1020kHz
Switching RIW 011: 890kHz
Frequency[2:0] 100: 808kHz
101: 724kHz
110: 656kHz
111: 600kHz
To keep the switching frequency set by the PROG pin resistor, leave Bit[9:7] as it is read.

Disables BGATE. This forces the BGATE FET to turn off and overwrite Turbo mode.
6 'BGATE Force Off R/W 0 = Normal operation (default)
1 = Force BGATE Off (BGATE = VBAT) (also disables Turbo mode/ldeal Diode mode)

AMON/BMON function enable/disable control:

0: Enable (default)

5 | AMON/BMON Function R/W 1: Disable

This bit is only valid in battery only mode. When adapter is present, this bit becomes
invalid.

Supplemental Support

10 Mode

9:7

The selection of output signal of AMON/BMON pin when AMON/BMON function is
enabled.

0: AMON (default)

1: BMON

4 AMON or BMON RIW

PSYS function enable/disable control:
3 PSYS R/W 0: Disable (default)
1: Enable

The Low_VSYS_Prochot# assertion and supplemental support mode activation threshold
setting:

000: 5.4V

001: 5.6V

Low VSYS Prochot# RIW 010: 5.8V

Threshold[2:0] 011: 6.0V (default)

100: 6.2V

101: 6.4V

110: 6.6V

111: 6.8V

2:0
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Control2 Register Ox3D

Bit Bit Name Read/Write

Bit Definition

15:13| Trickle Charging Current[2:0]

R/W

Trickle Charging Current Setting:

000: do not use

001: 64mA

010: 96mA

011: 128mA (default)
100: 160mA

101: 192mA

110: 224mA

111: 256mA

Two-level Adapter Current

12 Limit Function

R/IW

Two-level Adapter Current Limit function enable/disable control:

0: Disable (default)
1: Enable

Fault Timer Debounce Time

1 for OT and WOCP

R/IW

The debounce time for over temperature and WOCP events:

0: 1.3s (default)
1: 150ms

10:9 | PROCHOT# Debounce[1:0]

R/W

The Prochot# assertion debounce time for ACProchot# and DCProchot#:

00: 7us (default)
01: 100us

10: 500us

11: 1ms

The Low_VSYS_Prochot# assertion debounce time is fixed at 7ps.

8:6 PROCHOT# Duration[2:0]

R/W

The minimum duration of the Prochot# signal after assertion:

000: 10ms (default)
001: 20ms

010: 15ms

011: 5ms

100: 1ms

101: 500us

110: 100us

111: Os

5 JEITA Control Bit[1]

R/W

JEITA Control Bit[1](=Reg3D[5]) + JEITA Control Bit[0](=Reg4E[14])=JEITA

Control[1:0]:

00 - General purpose ADC input, NTC current source OFF (default)
01 - Original JEITA profiles, NTC current source ON

10 - Profile 1, NTC current source ON

11 - Profile 2, NTC current source ON

4 CMIN Reference

R/W

The option of reference voltage of internal general purpose comparator:

0: 1.2V (default)

1: 2V (this option is not available in Battery Only mode)

3 |General Purpose Comparator

R/IW

The general purpose comparator function enable/disable control:

0: Enable (default)
1. Disable

2 CMOUT Polarity

R/IW

The option of the general purpose comparator output polarity:
0: CMOUT is high when CMIN is higher than reference (default)
1: CMOUT is low when CMIN is higher than reference

Internal Resistor
1 Compensation for COMPR
RCOMP

R/IW

Changes the internal compensation resistor to speed up or slow down the loop
response for reverse modulator operations (OTG).

0: Faster (default)
1: Slower

Internal Resistor
0 Compensation for COMPF
RCOMP

R/W

Changes the internal compensation resistor to speed up or slow down the loop
response for forward modulator operations and Reverse Turbo Boost mode.

0: Faster (default)
1: Slower
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Min System Voltage Register Ox3E
Bit Bit Name Read/Write Bit Definition
15:14 |Not used R
Minimum system voltage setting (64mV/step):
00000000: OmV (default)
00000001: 64mV
13:6 |MinSystemVoltage[7:0] R/W 00000010: 128mV
00000011: 192mV
00000100: 256mV
11111111: 16320mV (maximum value)
5:0 |Not used R

Adapter Current Limitl Register Ox3F

Bit Bit Name

00000000100: 16mA

10111111111: 6140mA

Read/Write Bit Definition
15:13 Not used R
Adapter current limit level 1 setting Adapter current limit level 1 setting
(4mA/step): (8mA/step):
(4mA/step, Sense Resistor=20mQ) (8mA/step, Sense Resistor=10mQ)
00000000000: OMA 00000000000: OMA
00000000001: 4mA 00000000001: 8mA
00000000010: 8mA 00000000010: 16mA
12:2 |AdapterCurrentLimit1[10:0] 00000000011: 12mA 00000000011: 24mA

00000000100: 32mA

10111111111: 12280mA

Value above 11000000000 will be Value above 11000000000 will be clamped at

clamped at 10111111111 10111111111
1:0 Not used R
ACOKREF Register 0x40
Bit Bit Name Read/Write Bit Definition
15:12|Not used R
ACOK reference for Vi (CSIN) comparison, LSB=96mV, programming range=0~24.48V,
00000000: disabled (default)
00000001: 96mV
00000010:192mV
. . 00000011: 288mV
13:6 [ACOKREF[7:0] R/W 00000100: 384mV
11111111: 24480mV
5:0 [Not used R
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Control6 Register 0x43

Bit Bit Name Read/Write Bit Definition

15:13|Not used R

Interrupt trigger level selection:
12 |SMBus timeout timer expired R/W 0 = Event triggers when low
1 = Event triggers when high (default)

RIW Interrupt trigger level selection:

0 = Event triggers when low
1 = Event triggers when high (default)

R/W Interrupt trigger level selection:

10 |SYS ov 0 = Event triggers when low

1 = Event triggers when high (default)
R/W Interrupt trigger level selection:

9 |ADP OV 0 = Event triggers when low

1 = Event triggers when high (default)
R/W Interrupt trigger level selection:

8 |ADP VMIN 0 = Event triggers when low

1 = Event triggers when high (default)
R/W Interrupt trigger level selection:

7 |ADP current 0 = Event triggers when low

1 = Event triggers when high (default)
R/W Interrupt trigger level selection:

6 |Thermal warning 0 = Event triggers when low

1 = Event triggers when high (default)
R/W Interrupt trigger level selection:

5 |OTGPG 0 = Event triggers when low

1 = Event triggers when high (default)
R/W Interrupt trigger level selection:

0 = Event triggers when low

1 = Event triggers when high (default)

12-hour charge timer expired for

1 Autonomous Charging mode only

Battery charging terminated for
Autonomous Charging mode

R/W Interrupt trigger level selection:
3 |Battery charging CC to CV 0 = Event triggers when low
1 = Event triggers when high (default)
R/W Interrupt trigger level selection:
2 |FET fault state 0 = Event triggers when low

1 = Event triggers when high (default)
R/W Interrupt trigger level selection:

1 |Enter READY 0 = Event triggers when low

1 = Event triggers when high (default)
R/W Interrupt trigger level selection:

0 = Event triggers when low

1 = Event triggers when high (default)

Changed NTC temperature
boundary

ACProchot# Register Ox47

Bit Bit Name Read/Write Bit Definition

15:13|Not used R

ACProchot# threshold setting (128mA/step):
000000: OmA

000001: 128mA

000010: 256mA

000011: 384mA

000100: 512mA

12:7 |ACProchot#[5:0] R/W
011000: 3072mA (default)

ilOOlO: 6400mA (maximum value)

Value above 110011 will be clamped at 110010

6:0 |Not used R
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DCProchot# Register 0x48
Bit Bit Name Read/Write Bit Definition
15:14|Not used R
DCProchot# threshold setting (256mA/step):
000000: OmA
000001: 256mA
000010: 512mA
000011: 768mA
000100: 1024mA
13:8 |DCProchot#[5:0] R/W
010000: 4096mA (default)
ilOOlO: 12800mA (maximum value)
Value above 110011 will be clamped at 110010
7:0 [Not used R

OTG Voltage Register 0x49

Bit

Bit Name

Read/Write

Bit Definition

15

Not used

R

14:3

OTGVOLTAGE[110]

R/IW

OTG mode output voltage setting (12mV/step):

000000000000: OmV

000000000001: 12mV
000000000010: 24mV
000000000011: 36MmV
000000000100: 48mV

000110100001: 5004mV (default)

iOOOllllOOOO: 27456mV (maximum value)

Value above 100011110001 will be clamped at 100011110000

2:0

Not used

OTG Current Register Ox4A

Bit

Bit Name

Read/Write

Bit Definition

15:13

Not used

R

12:5

OTGCURRENT[7:0]

R/W

00000000: OmA
00000001: 32mA
00000010: 64mA
00000011: 96mA
00000100: 128mA

00010000: 512mA (default)

10111111: 6112mA (maximum value)

OTG current limit threshold setting (32mA/step):

Value above 11000000 will be clamped at 10111111

4.0

Not used
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VIN Voltage Register Ox4B
Bit Bit Name Read/Write Bit Definition
15:14|Not used R
Input voltage regulation threshold setting (85mV/step):
00000000: OmV
00000001: 85mV
00000010: 171mV
00000011: 256mV
00000100: 341mV
60001000: 683mV
60010000: 1365mV
.~ [INPUT ) .
13:6 VOLTAGE[7:0] R/IW 00100000: 2731mV
00110000: 4096mV (default)
01000000: 5461mV
10000000: 10923mV
11000000: 16384mV (maximum value)
Value above 11000001 will be clamped at 11000000
5:0 [Not used R
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Control3 Register O0x4C

Bit Bit Name Read/Write Bit Definition

0: Normal digital overvoltage, shuts down switching after debounce time (default)
R/W 1: Disables the undervoltage for OTG and overvoltage digital for OTG and VSYS for
Programmable Power Supply operations

This bit sets if re-load AdapterCurrentLimitl register set by PROG pin resistor on the
falling edge of ACOK:

0: Re-load

1: Do not re-load

Digital OV Control and OTG

15 UV Control

14 Reload ACLIM RIW

The option of autonomous charging termination time:
R/W 0: 20ms (default)
1: 200ms

Autonomous Charging

13 Termination Time

The option of SMBus charger timeout time:
00: 175s (default)

12:11| Charger Timeout[1:0] R/W 01: 87.5s

10: 43.75s

11: 4.95s

Sets the hysteresis of DCM to CCM boundary:
10 DCM/CCM Hysteresis R/W 0 = Hysteresis enabled for the DCM to CCM boundary (default)
1 = Hysteresis disabled

The option of system power monitor PSYS output gain:

(When RegOx4E[11]=0b to select Rs;:Rs2=2:1)

00: 0.896uA/W (lpsys=System Power*PSYS Gain+1.352uA)

01: 1.315pA/W (lpsys=System Power*PSYS Gain+2.047uA)

10: 0.431pA/W (lpsys=System Power*PSYS Gain+0.626uA)

9:8 PSYS Gain[1:0] R/W 11: 0.646pA/W (lpsys=System Power*PSYS Gain+0.959uA) (default)

(When RegOx4E[11]=1b to select Rs;:Rs2=1:1)

00: 0.907uA/W (lpsys=System Power*PSYS Gain+1.773uA)

01: 1.337pA/W (lpsys=System Power*PSYS Gain+2.654pA)

10: 0.434pA/W (lpsys=System Power*PSYS Gain+0.831uA)

11: 0.653pA/W (lpsys=System Power*PSYS Gain+1.265uA) (default)

The Autonomous Charging mode enable/disable control:

Autonomous Charging RIW 0: Disable (instead, IC will enter SMBus controlled charging mode; charging is
Mode configured/controlled by host via SMBus )

1: Enable

The option of AC and CC feedback gain for high current:
6 |AC and CC Feedback Gain R/W 0: x1 (default)
1:x0.5

The input current limit loop enable/disable control:
5 Input Current Limit Loop R/W 0: Enable (default)
1: Disable

The input current limit loop when BATGONE=1 enable/disable control:
R/W 0: Enable (default)
1: Disable

Input Current Limit Loop
When BATGONE=1

The AMON/BMON current monitor direction control:
3 AMON/BMON Direction R/W 0: Adapter current monitor/battery charging current monitor (default)
1: OTG output current monitor/battery discharging current monitor

To reset all SMBus registers' value to default values, including re-reading PROG
settings:

0: Idle (default)

1: Reset

2 Digital Reset R/W

Buck-Boost T2 time in DCM (T2DCM), reduces input ripple.
1 T2DCM R/W 0 = Reduced T2 time (increases switching frequency in DCM) (default)
1 = Normal T2 time

ADC function enable/disable control:
0 Enable ADC R/W 0 = ADC is enabled only when battery charging. (default)
1 = ADC is enabled for all modes.
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Information2 Register 0x4D

Out[4:0]

Bit Bit Name Read/Write Bit Definition

15 Not used R
ACOK output pin status:

14 ACOK R 0: ACOK pin is low; adapter is not present
1: ACOK pin is high; adapter is present
Comparator output pin (CMOUT) status:

13 CMOUT R 0: CMOUT pin is low
1: CMOUT pin is high
BATGONE input pin status:

12 BATGONE R 0: BATGONE pin is low; battery is present
1: BATGONE pin is high; no battery

. Machine

18] graws[3:0] R |TBD
Buck Boost charger operation mode indication:
001: Forward Boost mode
010: Forward Buck mode

75 B,\;Ilgléel?fg%s]t R 011: Forward Buck-boost mode

’ 101: OTG boost mode

110: OTG buck mode
111: OTG buck-boost mode

4:0 PROG Pin Read R PROG pin resistor read out
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Control4 Register Ox4E

Bit Bit Name Read/Write
BATGONE pin input disable:
15 BADTS(;(&':E R/W 0: Normal BATGONE input (default)
1: Ignore BATGONE input
JEITA Control Bit[1](=Reg3D[5]) + JEITA Control Bit[0](=Reg4E[14])=JEITA Control[1:0]:
JEITA Control 00: General purpose ADC input, NTC current source OFF (default)
14 Bit[0] R/W 01: Original JEITA profiles, NTC current source ON
10: Profile 1, NTC current source ON
11: Profile 2, NTC current source ON
Slew Rate VSYS and VOTG DAC Slew Rate Control:
13 Control R/W 0: Slew Rate Control Disabled (default)
1: Slew Rate enabled to ramp DAC voltage; OTG 12mV/us and VSYS 8mV/us;
Disable GP GP comparator enable/disable setting in Battery Only mode:
12 Comparator R/W 0: Enabled for all modes (default)
P 1: Disabled for Battery Only mode (REF = 1.2V in Battery Only mode)
RSENSE (Rs::Rsy) ratio for PSYS.
11 PSYE Rsense | pw  |0: 2:1 (default)
atio T
1:1:1
Force Buck Forward PWM force buck and reverse PWM force boost control:
10 Mode R/W 0: Normal modulator operations (default)
1: Forward Force Buck/Reverse Force Boost
Way overcurrent function enable/disable setting:
9 |WOCP Function R/W 0: Enable way overcurrent detection (default)
1: Disable
Enables or disables VSYS short detection before enabling the modulator.
g | VSYSShor RW  |0: Enable (default)
1: Disable
OTGCURRENT QTQCURRENT event trigger PROCHOT# assertion enable/disable control:
7 PROCHOT# R/W 0: Disable (default)
1: Enable
BATGONE rising trigger PROCHOT# assertion enable/disable control:
g | DBATGONE RW  |0: Disable (default)
PROCHOT# :
1: Enable
ACOK ACOK falling trigger PROCHOT# assertion enable/disable control:
5 PROCHOT# R/W 0 Disable (default)
1: Enable
GP Comparator Qen_eral Purpose Comparator output rising trigger PROCHOT# assertion enable/disable control:
4 R/W 0: Disable (default)
PROCHOT# :
1. Enable
. The option of the debounce time from ACOK falling or BATGONE rising to PROCHOT# trip:
ACOK Falling or .
BATGONE 00: 2us
3:2 Iy R/W 01: 25ps
Rising 10: 125us
Deb 1:0 .
ebounce[L:0] 11: 250us
To clear PROCHOT# assertion:
1 | PROSHOTE 1 rw  o:idle
1: Clear PROCHOT# assertion
PROCHOT# The PROCHOT# assertion behavior option:
0 Latch R/W 0: PROCHOT# becomes de-asserted when the trigger event disappears.

1: PROCHOT# keeps asserted and latched once tripped.
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Control5 Register Ox4F

Bit Bit Name Read/Write Bit Definition
15:13|Not used R
Interrupt mask control:
12 |SMBus timeout timer expired R/W 0 = Event mased (default)
1 = Event unmasked
R/IW .
12-hour charge timer expired for Int_errupt mask control:
1 Autonomous Charging mode only 0 = Event mased (default)
1 = Event unmasked
R/W Interrupt mask control:
10 |SYS ov 0 = Event mased (default)
1 = Event unmasked
R/W Interrupt mask control:
9 |ADP OV 0 = Event mased (default)
1 = Event unmasked
R/W Interrupt mask control:
8 |ADP VMIN 0 = Event mased (default)
1 = Event unmasked
R/W Interrupt mask control:
7 |ADP current 0 = Event mased (default)
1 = Event unmasked
R/W Interrupt mask control:
6 |Thermal warning 0 = Event mased (default)
1 = Event unmasked
R/W Interrupt mask control:
5 |OTGPG 0 = Event mased (default)
1 = Event unmasked
. . R/W Interrupt mask control:
Battery charging terminated for _
4 . 0 = Event mased (default)
Autonomous Charging mode 1 = Event unmasked
R/W Interrupt mask control:
3 |Battery charging CC to CV 0 = Event mased (default)
1 = Event unmasked
R/W Interrupt mask control:
2 |FET fault state 0 = Event mased (default)
1 = Event unmasked
R/W Interrupt mask control:
1 |Enter READY 0 = Event mased (default)
1 = Event unmasked
R/W Interrupt mask control:
0 |Changed NTC temperature boundary 0 = Event mased (default)
1 = Event unmasked
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NTC Voltage ADC Register Ox80
Bit Bit Name Read/Write Bit Definition
15:10 Not used R
NTC Voltage ADC result, 0~2.04V, LSB=1.992mV.
9:0 |NTC Voltage[9:0] R NTC Voltage is sampled from BATGONE pin. If NTC function is not enabled (eq.,

Reg3D[5])=0b andReg4E[14]=0b) but ADC function is enabled, the BATGONE is a
general purpose ADC input, APW8895 directly samples the voltage on BATGONE and
stores the ADC result into NTC Voltage[9:2], LSB=7.969mV

VBAT Voltage ADC Register Ox81
Bit Bit Name Read/Write Bit Definition
15:14 Not used R
13:6 |VBAT Voltage[7:0] R Battery Voltage ADC result, 0~16.32V, LSB=63.57mV.
5:0 |Not used R

TJ ADC Register O0x82

Bit Bit Name Read/Write Bit Definition
15:8 Not used R
7:0 TI[7:0] R Internal die temperature ADC result, 0~2.04V, LSB=7.969mV.

TJ[7:0] (decimal)=251.7-0.6154*TJ

Adapter Current ADC Register 0x83

Bit Bit Name Read/Write Bit Definition
15:8 Not used R
7:0 IADP[7:0] R Adapter current ADC result (Rs;=20mQ), 0~5.68A, LSB=22.2mA.

Battery Discharge Current ADC Register Ox84

Bit Bit Name Read/Write Bit Definition
15:8 Not used R
7:0 IBAT_DCJ7:0] R Battery discharge current ADC result (Rs;=10mQ), 0~11.37A, LSB=44.4mA.

Battery Charge Current ADC Register 0x85

Bit Bit Name Read/Write Bit Definition
15:8 Not used R
7:0 IBAT_CCJ7:0] R Battery discharge current ADC result (Rs;=10mQ), 0~5.68A, LSB=22.2mA.
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VSYS Voltage ADC Register Ox86

Bit Bit Name Read/Write Bit Definition

15:14 Not used R

13:6 VSYS[7:0] R VSYS voltage (CSOP) ADC result 0~24.48, LSB=95.625mV.
5:0 Not used R

Adapter Voltage ADC Register Ox87

Bit Bit Name Read/Write Bit Definition

15:14 Not used R

13:6 VADP[7:0] R Adapter voltage (CSIN) ADC result 0~24.48, LSB=95.625mV.
5:0 Not used R

Information3 Register 0x90

Bit

Bit Name

Read/Write

Bit Definition

15:13

Not used

R

12

SMBus timeout timer expired

RIW

Event status if not masked:

0 = no event (default)
1 =eventis set

11

12-hour charge timer expired for
Autonomous Charging mode only

R/W

Event status if not masked:

0 = no event (default)
1 =eventis set

10

SYS OV

RIW

Event status if not masked:

0 = no event (default)
1 =eventis set

ADP OV

R/W

Event status if not masked:

0 = no event (default)
1 =eventis set

ADP VMIN

R/W

Event status if not masked:

0 = no event (default)
1 =eventis set

ADP current

R/W

Event status if not masked:

0 = no event (default)
1 =eventis set

Thermal warning

R/W

Event status if not masked:

0 = no event (default)
1 =eventis set

OTGPG

R/W

Event status if not masked:

0 = no event (default)
1 =eventis set

Battery charging terminated for
Autonomous Charging mode

R/W

Event status if not masked:

0 = no event (default)
1 =eventis set

Battery charging CC to CV

RIW

Event status if not masked:

0 = no event (default)
1 =eventis set

FET fault state

RIW

Event status if not masked:

0 = no event (default)
1 =eventis set

Enter READY

RIW

Event status if not masked:

0 = no event (default)
1 = eventis set

Changed NTC temperature boundary

RIW

Event status if not masked:

0 = no event (default)
1 =eventis set
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Information4 Register Ox91

boundary

Changed NTC temperature

0 = not in state (default)
1 = eventis set

Bit Bit Name Read/Write Bit Definition
15:13|Not used R
Event real time status:
12 |SMBus timeout timer expired R/W 0 = not in state (default)
1 =eventis set
R/W ; .
12-hour charge timer expired for Ev_ent rgal time status:
11 - 0 = not in state (default)
Autonomous Charging mode only _ ;
1 =eventis set
R/W Event real time status:
10 |SYS ov 0 = not in state (default)
1 =eventis set
R/W Event real time status:
9 |ADP OV 0 = not in state (default)
1 =eventis set
R/W Event real time status:
8 |ADP VMIN 0 = not in state (default)
1 =eventis set
R/W Event real time status:
7 |ADP current 0 = not in state (default)
1 =eventis set
R/IW Event real time status:
6 |Thermal warning 0 = not in state (default)
1 =eventis set
R/W Event real time status:
5 |OTGPG 0 = not in state (default)
1 =eventis set
. . R/W Event real time status:
Battery charging terminated for _ -
4 . 0 = not in state (default)
Autonomous Charging mode 1 = event is set
R/W Event real time status:
3 |Battery charging CC to CV 0 = not in state (default)
1 = eventis set
R/W Event real time status:
2 |FET fault state 0 = not in state (default)
1 = eventis set
R/W Event real time status:
1 |Enter READY 0 = not in state (default)
1 = eventis set
R/W Event real time status:
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Package Information

TQFN4x4-32B

—PIN 1

D1

T e R I
L

NX
ToUooogn (ST ]
- (— SEATING PLANE
1
— *_Fin 1 Corner —
1 —] -
1 —]
1 —]
1
1 Lo ] >
(L0 T
L]
s TQFN4x4-32B
g" MILLIMETERS INCHES
E) MIN. MAX. MIN. MAX.
A 0.70 0.80 0.028 0.031
Al 0.00 0.05 0.000 0.002
A3 0.20 REF 0.008 REF
0.15 0.25 0.006 0.010
D 3.90 4.10 0.154 0.161
D1 2.50 2.80 0.098 0.110
E 3.90 4.10 0.154 0.161
El 2.50 2.80 0.098 0.110
e 0.40 BSC 0.016 BSC
L 0.30 0.50 0.012 0.020
K 0.20 0.008
aaa 0.08 0.003
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Customer Service

Anpec Electronics Corp.

Head Office :
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Fax : 886-3-5642050
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