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I°C Controlled 3A Fully Integrated 1 Cell Li-lon Battery NVDC
Charger with MPPT control for Solar Panel

FEATURES

High accuracy switched mode 1 cell Li-lon charger
with integrated synchronous switching MOSFETs
e Support Intel NVDC topology
e  Support Quick Charge, VBUS input voltage up to 14V
e Support VINDPM mode to set the MPPT voltage
using for solar panel power
e Input current optimization function to identify the
maximum input power to not overload
e Dynamically allocates USB input power including
input voltage regulation and input current limit to
adapt all kinds of adapter
e Constant ripple current (CRC) control and no external
loop compensation
e Integrated charging sensing resistor and input current
sensing resistor
e Integrated bootstrap diode
e Support USB 2.0, 3.0 USB Standards and higher
voltage adapter
Setting charging current from OA to 3A
Integrated 15mQ battery discharge MOSFET up to 9A
pulse discharge current to get highest battery
discharging efficiency
e I°C programmable battery path impedance
compensation to accelerate charge time
o Up 93% charge efficiency at 2A and 91% at 3A
I’c setting and battery charge management
¢ +0.5% voltage mode accuracy
e +5% current mode accuracy
e +3% VBUS input voltage limit accuracy
100mA to 3.25A input current limit
VBUS UVLO and Over-Voltage Protection, VSYS
Over-Voltage Protection
Power MOSFETs Over-Current Protection
Support shipping mode
Joint Power Supply when system over load
Support autonomous battery charging process without
I°C communication
Provides telemetry and charging status indication
information via IZC(voltage, temperature, current)
Interrupt output IRQ to host
Thermal regulation and Over Temperature Protection
Charger safety timer
Low battery current dissipation when only battery
present
e Lead free and RoHS Compliant

APPLICATIONS

e Shared bike
e Cell Phone
e Other Solar Panel devices

ORDERING INFORMATION

Part Number Temp Range Package

0z71C82 -40°C to 125°C QFN24, 4mmx4mm
9} o =
(6] [a)
g & 59 & x X%
241 123 1221 l21] l20] 19|
@ & =l [l lal 2 119
VBUS|1 | [18|GNDP
Ps|2] 117|GNDP
pG# |3 116)VSYS
- 25 —
L _ GNDA _
STAT| 4] slvsys
scLfs | 114VBAT
SDAl 6 | 113\VBAT
(71 81 i91 it [11] 12|
o (O] 3+ = S H*
m
T g B 5 E 8

05/09/2018
Copyright © 2015-2018 by O,Micro

0Z1C82-DS-v0.71
All Rights Reserved

Page 1
CONFIDENTIAL




Y Micro

Breathing Life into Mobility

Preliminary

0Z1C82 DS

GENERAL DESCRIPTION

0Z1C82 is an I°C controlled power management IC for
single cell Lilon or Li-polymer battery systems in a wide
input range of Solar panel powered devices, like shared
bike, power bank or other portable device.

0Z1C82 supports all kinds of input sources; the voltage
range is from 3.9V up to 14V in operation, which is very
suitable for solar panel application since the solar panel
voltage is variable with different weather and different
panel size. To set the default input current limit, 0Z1C82
can set the input source current through PS pin.

0Z1C82 offers a better low cost solution with integrated
switching MOSFETs, power path management MOSFET
and current sensing resistor.

The buck converter is based on constant ripple current
(CRC) structure with better load transient performance.
Operating frequency could be up to 2MHz, which allows
smaller system capacitor.

Dynamic VBUS power allocation is adopted, and first to
system, then to battery charging. In case with heavy
system load, the battery could be discharged.

0zZ1C82 powers the system using NVDC topology.
System tracks battery voltage when battery voltage is
higher than the minimum system voltage, system will keep
to minimum setting voltage if the battery voltage is lower
than it, and it can make sure system will not shutdown
even with deeply discharged battery. Joint Power Supply
mode operation prevents overloading the input source.

0Z1C82 operation is controlled through I°C serial bus.
VBUS input and battery charging parameters,

System minimum voltage can be set by I’C commands.
The battery constant current and voltage Limits can be
adjusted from OA to 3A and 3.8V up to 4.6V respectively.

If no I’)C host, OZ1C82 also initiates and completes a
charging cycle with default charging parameters.

Enough protection is adopted for the charger portion, such
as VBUS UVLO, VBUS OVP, VSYS OVP, battery OVP,
battery over discharge and IC over temperature, battery
negative thermistor monitoring, and charger safety timer and
so on.

Charging status indication pin STAT is added, and active low.
When charger fault occurs, IRQ pin inform to host with low
pulse.

Over-discharged battery is charged with no more than
100mA charging current when Vgar < VeartsHorT OF With
pre-charge current when VeatsHort <VBat < VeatLowv.

Voltage Feed-Forward compensation assures high rejection
of input voltage transients typically occurring when battery is
plugged in or removed.
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BLOCK DIAGRAM
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Figure 1: OZ1C82 Block Diagram
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PIN DESCRIPTION

Pin Name I/O Type Description
Solar Panel or USB, adapter input, a 1uF ceramic capacitor
L VBUS P Power should be placed from VSUS topPGND as close as topthe IC.
2 PS | Digital S_elec_ts Qefault Igus limit when BUS power becomes available;
High indicates a USB source and low indicates an adapter source
. Open drain active low power good indicator
3 PGH# 0 Digital annect to the puII-upF;aiI thrgugh a 10k resistor
Open drain output signalizing charging status with a 10kQ pull up
resistor:
4 STAT (0] Digital - charging - consistently low
- charging legally stopped or charger disabled- consistently high
- charging stopped by any fault condition — blinking with 1Hz
5 SCL | Digital Serial I°C Clock signal; connect by a resistor to pull-up rail.
6 SDA 1/0 Digital Serial I°C Data signal; connect by a resistor to pull-up rail.
- Interrupt request output pin — open drain and low pulse active
! IRQ 0 Digital Connect to the pull-up rail through a 10k resistor
8 OTG I Digital Connected to ground.
9 CE# | Digital Charge Enable pin. Active low
10 ILMT | Analog Connected to ground.
Input of battery temperature detection circuitry.
Connect a NTC resistor to this pin. Program temperature with a
1 THM Analog resistor divider from LDO to THMpto grour?d. P
When THM is out of range, charge suspends.
BATFET ON/OFF control pin.
When PB# is pull low for tsnipmope to turn on BATFET when
12 PB# Digital BATFET is off in shipping mode.
When PB# is pull low for teg_rst(15s typical) without VBUS
plugging in, BATFET will turn off then on to reset system.
13 VBAT =) Power Battery charger c_Jutput and battery_ voltage sense pin. Connect to
battery cell. The internal BATFET is connected between VBAT
14 VBAT P Power and VSYS, connect a 10uF capacitor closely to VBAT pin
15 VSYS P Power System voltage output.
16 VSYS P Power Connect a 20uF capacitor closely to VSYS pin
17 GNDP P Power Ground for Power section
18 GNDP P Power
;g t§ g Egagi Switching Node Connection
Positive supply for the high side driver. A 0.047uF capacitor
21 BST P Power should be placed between BST and LX.
29 LDO = Power Power supply for the _internal analog circuit. Bypa_ss to groun(_:i by
4.7uF ceramic capacitor placed as close as possible to the pins
23 VDC = Power Charger input node. A 10uF capacitor is needed from this pin to
GNDP.
24 NC - - NC
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ABSOLUTE MAXIMUM RATINGS

VBUS, VDC to GNDP
LDO, VSYS, VBAT to GNDP
LX referred to GNDP and VDC
PS, STAT, PG#, CE#, PB#, THM, IRQ, ILMT to GNDP

BST referred to LX
SCL, SDA to GNDP

Maximum Operating Junction temperature
Storage temperature range

-0.3V to +18V

.................................................................................................................................. -0.3V to +7V
GNDP-0.5V to VDC+0.5V
-0.3V to LDO+0.3V
................................................................................................................................................. -0.3V to +7V

................................................................................................................................................ -0.5V to +7V

..................................................................................................................... +125°C
....-55°C to +150°C

NOTE: Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress
ratings only; functional operation of the device at these or any other conditions beyond those indicated in the operational sections of the
specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING RANGE

VBUS, VDC 10 GNDP ..ottt sttt sttt e s e e s e st e e et e e e s s e e e s san e e e e enne e e s nanes 3.9V to 14V
SDA, SCL, PS, STAT, PG#, CE#, PB#, THM, IRQ, ILMT .....eiiiiiiiiie e s 0V to LDO
AV SN A TV 7 N PP TP PPPTPRRTTRIN 0V to LDO

Operating temperature range (ambient)

ELECTRICAL CHARACTERISTICS

VVBUSJJVLOZ < VvBus < Vacov and Vyeus > Veat > Vsieep, T; = —40°C to +125°C and T; = 25°C for typiC&' values (unless

otherwise noted)

-40°C to 85°C

PARAMETER TEST | MIN TYP MAX | UNITS
QUIESCENT CURRENTS
Vveus = 5V, High-Z mode, no battery, battery
monitor disabled 15 30 HA
Vveus = 12V, High-Z mode, no battery,
battery monitor disabled 30 50 WA
VvBus > VuvLo, VvBus > VBAT, converter not 15 3 mA
lveus Input supply current (VBUS) switching ’
VvBus > VuvLo, VvBus > VBAT, converter 3 mA
switching, VBaT=3.2V, Isys=0A
VvBus > VuvLo, VvBus > VBAT, converter 3 mA
switching, VBaT=3.8V, Isys=0A
VBUS/BAT POWER UP
VyBus op VBUS operating range 3.9 14 \Y
Vvsus uvLoz VBUS for active I°C, no battery Vygus rising 3.6 \Y
Vsieep F Sleep mode falling threshold Vygus falling, Vysus.vear 25 65 120 mV
Vsieep R Sleep mode rising threshold Vygus sing, Vveus.veat 130 250 370 mV
VBUS over-voltage rising -
v threshold Vveus fising 14 15 \Y
ACOV T
VBUS over-voltage falling .
threshold Vvaus falling 135 145
VBAT Uvioz Battery for active I°C, no VBUS | Vgarrising 2.3 v
VBAT DPL Battery depletion threshold Vpar falling 2.15 2.5 \
Battery depletion risin .
VBAT DPL_F thresh)tl)ld P 9 Vgar rising 2.35 2.7 \Y
Bad adapter detection .
Vysusmin threshol('i) Vyaeus falling 3.8 \%
v Typical System regulation Isys= OA , Vear>Vsysmin, BATFET disabled Vear+75mV Vv
SYSRANGE voltage Isys= OA , Vgar<Vsyswin,BATFET disabled Vsysun+150mV v
Vevs_uin ggf;ﬁ:“ minimum DC voltage REGO3[3:1]=101, Vsvsmin = 3.5 V 355 3.65 v
System maximum DC voltage Vgar=4.35V, Vsysmin = 3.5V,
Vs wax output REGO3[3:1]=101, lsys=0A 440 442 v
Internal top reverse blocking
Ronreren MOSFET on-resistance Measured between VBUS and VDC 22 mQ
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ELECTRICAL CHARACTERISTICS (Continued)

VVBUS_UVLOZ < VvBus < Vacov and Vveus > VeaT > VSLEEP, T;=-40°C to +125°C and T;=25°C for typical values (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
R Internal top switching MOSFET on To=-40°C - 85°C 22 ma
ON(HSFET) resistance between VDC and LX
Ti=-40°C — 125°C 22
Internal bottom switching Ty=-40°C - 85°C 24
Ronsren MOSFET on-resistance between mQ
LX and PGND T3=-40°C — 125°C 24
Vewp BATFET forward voltage in Battery discharge current 10mA 30 mV
supplement mode
BATTERY CHARGER
VBAT RANGE Typical charge voltage range Veat 3.84 4.608 \%
VBATRG STEP Typical charge voltage step 16 mv
Charge voltage regulation
Vear Ree_ace accu?acy ge reg Vear = 4.208V or 4.352V -05 0.5 %
Typical fast charge current
lcHe_REG_RANGE regulation range lere 0 3000 mA
Typical fast charge current
loro_rec step regulation step 64 mA
Veat =3.8V, Iche = 128mA
T, = -40°C-85°C -20 20
I Fast charge current regulation Vear =3.8V, lce = 256mMA _10 10 %
ICHG_REG_ACC accuracy T,= —40°C — 85°C
Vear = 3.8V, lcug = 1792mA 5 5
T,=-40°C — 85°C
Battery LOWYV falling threshold Fast charge to precharge, REG06[1] = 1 2.6 2.8 2.9 \%
VearLowy Battery LOWYV rising threshold Precharge to fast charge, REG06[1] = 0 2.8 3.0 3.1 v
IPRECHG RANGE Precharge current range |lpRECHG 64 1024 mA
IpRECHG STEP Typical precharge current step lpRECHG STEP 64 mA
ITERM RANGE Termination current range |lTERM RANGE 64 1024 mA
IterM sTEP Termination current step ITERM STEP 64 mA
\/BATSHORT Battery Short Voltage Vpar falling 2 vV
VeatsHorT Hyst | Battery Short Voltage hysteresis Vgat rising 200 mV
Battery short current (trickle
IsHoRT curren)t/) ( Vear<2.2V 100 mA
Vgar falling, REG06[0] = 0 100 mV
VRecHG Recharge threshold below Vearrec Vaar falling, REGOB[0]=1 200 mV
Ronatren SYS-BAT MOSFET on-resistance T,=25°C 12 mQ
lsaTLOAD Battery discharge load current Vpar=4.2V 15 mA
IsysLoap System discharge load current Vsys=4.2V 30 mA
Input Voltage/Current Regulation
VINDPM_RANGE Typical input voltage range Veus 39 15.3 \%
Typical input voltage regulation
Vinppm_sTEP St)g:) P gereg Vveus_sTer 100 mvV
VinDPM_ACC Input voltage regulation accuracy VINDPM=4 .4V -3 3 %
lNDPM_RANGE Typical input current range ILMTSET 100 2400 mA
linDPM_STEP Input current regulation step ILMTSET_STEP 50 mA
. USB500,ILIMSET(REGO00[5:0])=500mA 440 500 mA
ey Ace I\yput (5:uvrrent regulatlllog ?ccurﬁ)c(y, Adapter LEA
- =5V, current pulled from IR,
PAT P ILIMSET(REG00[5:0])=1500mA 1300 1500 | mA
Kium Iinmax=KiLim/RiLim Input current regulation by ILIM pin=1.5A 320 390 AxQ
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ELECTRICAL CHARACTERISTICS (Continued)

VVBUS_UVLOZ < VvBus < Vacov and Vveus > VeaT > VSLEEP, T;=-40°C to +125°C and T;=25°C for typical values (unless

otherwise noted)

PARAMETER TEST CONDITIONS | MIN TYP MAX | UNIT
Battery Over-voltage/Current Protection
VgaT ovp Battery over-voltage threshold xBAT rising, as percentage of 104 %
_ BAT REG
Veatove Hyst | Battery over-voltage hysteresis Var falling, as percentage 2 %
- of Vear rec
lgaTrET OCP System over-current threshold 9 A
Thermal Regulation and Thermal Shutdown
Trec Junction temperature regulation accuracy REGO08[1:0]=11 120 °C
Tshut Over temperature threshold 160 °C
TsHuT HysT Over temperature shutdown hysteresis 30 °C
JEITA Thermistor comparator in buck mode
V1 T1(0°C) threshold, charge suspend below this temperature As percentage of V| po 72.75 73.25 3.75 %
Charge back to ICHG/5 (REG07[0]) and VREG(REGO06[7:2]) o
Vrinvst above this temperature As percentage of V| po 1.4 %
T2(10°C) threshold, charge back to ICHG/5 (REGO07[0]) and o
Vr2 VREG(REG06([7:2]) below this temperature As percentage of Vipo 67.75 68.25 68.75 %
Charge back to ICHG (REG04[6:0]) and VREG(REGO06[7:2]) o
V2 nvst above this temperature As percentage of Vipo 1.4 %
T3(45°C) threshold, charge back to ICHG (REG04[6:0]) and o
V13 VREG-200mV(REG09[4]) above this temperature As percentage of Vioo 44.25 4475 4525 %
Charge back to ICHG (REG04[6:0]) and VREG(REGO06[7:2]) o
Vra_nvst below this temperature As percentage of Vioo L %
Vs T5(60°C) threshold, charge suspend above this temperature As percentage of V| po 33.875 34.375 34.875 %
Charge back to ICHG (REG04[6:0]) and VREG-200mV o
Vs st (REG09[4]) below this temperature As percentage of Vipo 1.25 %
PWM
Dwmax Maximum PWM Duty Cycle LX 97 %
LDO
Vveus=5V,lLpo=20mA 4.7 4.9 \%
Vipo LDO output voltage
Vveus=9V,lLpo=40mA \%
l.po LDO current limit Vveus=9V,V|po=3.8V 50 mA
Analog-to-Digital Converter (ADC)
RES Resolution Rising threshold 7 bits
. Vyveus>Vear+VsLeep 2.304 4.848 \%
VBAT_RANGE Typical battery range
Vveus<Vear+Vsieep Vsvysmin 4.848 \Y
VBaT RES Typical battery voltage resolution 20 mV
. Vveus>Vear+Vsieep 2.304 4.848 \%
Vsys RANGE Typical system voltage range
Vveus<Vear+Vsieep Vsvysmin 4.848 \Y
Vsys_Rres Typical system voltage resolution 20 mv
VvBUS_RANGE Typical VBUS voltage range Vyeus>Vear+VsLeep 2.6 15.3 \%
Vveus Res Typical VBUS voltage resolution 100 mV
IBAT RANGE Typical battery charge current range Vveus>Vear+Vsieep and 0 6.4 A
- VeaT>VBATSHORT
IBAT RES Typical battery charge current resolution 50 mA
VTHM_RANGE Typical THM voltage range 21 80 %
VTHM_RES Typical THM voltage resolution 0.47 %
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ELECTRICAL CHARACTERISTICS (Continued)

VVBUS_UVLOZ < VvBus < Vacov and Vveus > VeaT > VSLEEP, T;=-40°C to +125°C and T;=25°C for typical values (unless

otherwise noted)

PARAMETER | TEST CONDITIONS [ MIN TYP MAX | UNIT
Logic I/0 pin Characteristics (CE#,PS,PB#)
Viy Input high threshold level 1.3 \
Vi Input low threshold level 0.4 V
Iin BIAS High level leakage current Pull-up rail 1.8V 1 UA

Battery only mode VBAT
Vpps Inter PB# pull-up Vyeus=9V 5.1 \
Vyeus=5V 4.8
Rpg# Internal PB# pull-up resistance 1 MQ
Logic I/O pin Characteristics (IRQ,STAT,PG#)
VoL Output low threshold level Sink current=5mA 0.4 \
louT BIAS High level leakage current Pull-up rail 1.8V 1 UA
1°C Interface (SCL,SDA)
Vi gDpZt high threshold level, SCL and Pull-up rail 1.8V 13 v
Vi Input low threshold level, SCL and Pull-up rail 1.8V 0.4 \%
SDA
VoL Output low voltage level Sink current=56mA 0.4 V
lgias High level leakage current Pull-up rail 1.8V 1 UA
Timing Requirements

PARAMETER [ TEST CONDITIONS [ MIN TYP MAX | UNIT
I°C Interface (SCL,SDA)
fscL | SCL clock frequency | | 400"t kHz
Battery Over-voltage Protection
b Battery over-voltage deglitch time 1 us
BATOVP to disable charge
Battery Charger
tRECHG | Recharge deglitch time [ [ 20M¢ T | ms
Battery monitor
teony | conversion time | CONV_RATE(REGO2[6])=1 | 1000™* | ms
PB# and Shipping Timing

PB# low time to turn on BATFET amo o Note 1

tsHiPMODE and exit ship mode T;=-10°C-60°C 1.75 sec
toon, st f;liztlow time to enable full system T,=-10°C-60°C 15Note 1 sec
foaTrer ReT EQ‘(I;::ET off time during full system T,=-10°C-60°C 450Mte ms
tsm_oLy Enter ship mode delay T,=-10°C-60°C 125Nl sec
Digital Clock and Watchdog Timer
fLeoic Digital low power clock LDO disabled 30 kHz
fois Digital clock LDO enabled 1000 kHz
twor Watchdog time Watchdog (REG07[5:4]=01),LDO enabled 4oNeret sec

Note 1:

all the items with Note 1 won't be tested in production.
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Figure 2 :I°C Timing Diagram
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FUNCTIONAL DESCRIPTION

Device power-on-reset (POR)

The internal bias circuit is powered from the higher voltage
between VBUS and VBAT. When VBUS rises above
VVBUS_UVLOZ or VBAT rises above VVBAT_UVLOZ, the sleep
comparator, batterzy depletion comparator and BATFET
driver are active. I°C interface is ready for communication
and all registers are reset to default value. The host can
access all the registers after POR.

Device powered up from battery without
input source

When only battery is present and the battery voltage is
above the depletion threshold (Vear priz), the BATFET
turns on and connects battery to system. The LDO stays off
to minimize the quiescent current. The low Rpson) Of
BATFET and low quiescent current on VBAT minimize the
conduction loss and maximize the battery run time. The
device always monitors the discharging current through
BATFET.

When the system is overloaded or shorted(Igar>lgatrer_ocp),
the device turns off BATFET immediately and sets
BATFET_DIS bit to indicate BATFET is disabled until input
source is plugged in again or BATFET is re-enabled again.

Device powered up from input source

When an input source is plugged in, the device checks the

input source voltage to turn on LDO and all the bias circuit.

It detects and sets the input current limit before the buck

converter is started when AUTO_DPDM_EN bit is set. The

power up sequence from input source is as listed:

1. Powerup LDO

2. Input source type detection based on PS to set the
default input current limit register and input source type.

3. Input voltage limit threshold setting

4. Converter power up

Power up LDO regulation

LDO supplies the internal bias circuits as well as the
HSFET and LSFET gate drive. The LDO also provides bias
rail to THM external resistors. The pull-up rail of STAT and
PG# can be connected to LDO as well. The LDO is enabled
when all the below conditions are valid:

1. VBUS above the Vvsus_uvioz

2. VBUS above Vgart+Vsieepz in buck mode

3. After 220ms delay is completed

If one of the above conditions is not valid, the device is in
high impedance mode (HIZ) with LDO off. The device
draws less than lyeus_niz from VBUS during HIZ state. The
battery powers up the system when device is in HIZ.

Poor Power Qualification

After LDO powers up, the input source has to meet the
following requirements in order to start the buck converter.
1. VBUS voltage below Vacov

2. VBUS voltage above Vysusmin

Once the input source passes all the conditions above, the
status register bit VBUS_GD is set high and IRQ pin sends
a pulse to the host, if the device fails the poor source
detection, it repeats poor source qualification every 2
seconds.

Input current limit detection and input
current limit setting

0Z1C82 runs VBUS input current limit detection by PS pin
after VBUS is plugged in and LDO powers up, and then

sets VBUS input current limit default value into IINLIM
register that can be read by host as below:

Table 1: IINLIMIT detection

Input detection PS IINLIM 0x0Bh
(mA) bit[7:5]
USB SDP High 500 001
(USB500)
Adapter Low 3250 010

Anytime, host can set IINLIM register 0x00h by I°C. The
charger input current is always limited by the lower of
[INLIM or ILIM pin.

Input voltage limit detection and input
voltage limit setting (VINDPM Threshold)

0Z1C82 supports wide range of input voltage limit (3.9V-
14V) for high voltage charging and provides two methods to
set input voltage limit (VINDPM) threshold to facilitate
autonomous detection.
1. Absolute VINDPM
By setting FORCE_VINDPM bit to 1, the VINDPM
threshold setting algorithm is disabled. Register
VINDPM is writeable and allows host to set the
absolute threshold of VINDPM function.
2. Relative VINDPM
When FORCE_VINDPM bit is O(default), the VINDPM
threshold setting algorithm is enabled. The VINDPM
register is read only and the charger controls the
register by using VINDPM threshold setting algorithm.
The algorithm allows a wide range of adapter
(Vveus_op) to be used with flexible VINDPM threshold.

Converter power up

After the input current limit is set, the converter is enabled
and the HSFET and LSFET start switching. If the battery
charging is disabled, BATFET turns off. Otherwise,
BATFET stays on to charge the battery.

The device provides soft-start when system rails ramp up.
When the system rail is below 2.2V, the input current limit is
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forced to the lower of 200mA or ILIM pin. After the system
rises above 2.2V, the device limits the input current to the
lower value of ILIM pin and IINLIM register.

In order to improve the light—load efficiency, the device
enters skip mode at light load.

Input current optimizer (ICO)

0Z1C82 provides input current optimizer (ICO) to indentify
maximum power point without overload the input source.
The algorithm automatically identifies maximum input
current limit of power source without entering VINDPM to
avoid input source overload.

The feature is disabled by default (ICO_EN=0) and can be
enabled by setting ICO_EN bit to 1. After the input source
is detected, ICO runs automatically when ICO_EN bit is set.
The algorithm can also be forced to execute by setting
FORCE_ICO bit regardless of input source type detection.

The actual input current limit used is reported in IDPM_LIM
register while ICO is enabled or set by IINLIM register when
ICO_EN=0. In addition, the current limit is clamped by ILIM
pin unless EN_ILIM bit is O to disable ILIM pin function.

Narrow VDC architecture and automatic
power path selection

The charger in OZ1C82 supports the NVDC topology. The
benefits of the topology are: 1) Working voltage is narrow. 2)
Adapter or USB can provide power to the system together
with battery, which can support heavy system load. At the
same time, it can switch the available power source
automatically.

The minimum system voltage is set by SYS_MIN bit, even
with a fully depleted battery; the system is regulated above
the minimum system voltage (default 3.5V).

When Vgear<Vsysmin, BATFET works in LDO mode, and the
system is regulated above Vsysmin. AS Vear> Vsyswmin,
BATFET is fully on and the voltage difference between the
system and the battery is the Vps of BATFET. The status
register VSYS_STAT bit goes hlgh when VBAT<V5y5M|N.

Dynamic power management

To meet the maximum current limit in USB spec and avoid
over loading the adapter, the device features dynamic
power management, which continuously monitors the input
current and input voltage. When input source is over-
loaded, either the current exceeds the input current limit
(IINLIM or IDPM_LIM) or the voltage falls below the input
voltage limit (VINDPM). The device then reduces the
charge current until input current fall below the input current
limit and the input voltage rises above the input voltage limit.

When the charge current is reduced to zero, but the input
source is still overloaded, the system voltage starts to drop.
Once the system voltage falls below the battery voltage, the
device automatically enters supplement mode, in which
adapter and battery power the system at the same time.

Supplement mode

When system voltage falls below the battery voltage, the
BATFET turns on and the BATFET gate is regulated the
gate drive of BATFET. As the discharge current increases,
the BATFET gate is regulated with a higher voltage to
reduce Rpsoony until the BATFET is in full conduction. When
battery is below the battery depletion threshold, BATFET
turns off to exit supplement mode.

Battery charging profile

The device charges the battery in three phases:
preconditioning, constant current and constant voltage, at
the beginning of a charging cycle, the device checks the
battery voltage and regulates current/voltage.

Table 2: charging current setting

VBAT Charging REG default CHG_STAT
current value
<2V short 100mA 01
2V-3V | Pre-charge 128mA 01
>3V Normal 2048mA 10

If the device is in DPM regulation or thermal regulation
during charging, the charging current can be less than the
set value. Under this condition, termination is temporarily
disabled and charging safety timer is counted at half the
clock rate.

Charging termination

The device terminates a charge cycle when the battery
voltage is above recharge threshold, and the current is
below termination current. After the charging cycle is
completed, the BATFET turns off. The converter keeps
running to power the system, and the BATFET can turn on
again to enter supplement mode.

When termination occurs, the status register CHRG_STAT
is set 0 11, and an IRQ pulse is asserted to the host.
Termination is temporarily disabled when the charger
device is in input current, voltage or thermal regulation.
Termination can be disabled by writing O to EN_TERM bit
prior to charge termination.

Resistance compensation

For high current charging system, resistance between
charger output and battery cell terminal such as board
routing, connector, MOSFETSs and sense resistor can force
the charging process to move from constant current to
constant voltage too early and increase charge time. To
speed up the charging cycle, the device provides
resistance compensation (IRCOMP) feature which can
extend the constant current charge time to deliver the
maximum power to battery.

The device allows the host to compensate for the
resistance by increasing the voltage regulation set point
based on charge current and resistance as shown below.
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For safe operation, the host should set the maximum
allowed regulation voltage register and the minimum
resistance compensation.

JEITA guideline compliance in charge
mode

To improve the safety of charging Li-ion batteries, JEITA
guideline was released on April 20, 2007. The guideline
emphasized the importance of avoiding a high charging
current and high charging voltage at certain low and high
temperature ranges.

The OZ1C82 continuously monitors battery temperature by
measuring the voltage between the THM pin and ground,
typically determined by a negative temperature coefficient
thermistor (NTC) and an external voltage divider. The
0Z1C82 compares this voltage against its internal
thresholds to determine if charging is allowed. To initiate a
charge cycle; the voltage on THM pin must be within the
VT1 to VT5 thresholds. If THM voltage exceeds the T1-T5
range, the controller suspends charging and the LED
connecting to ST pin will blinks on and off with 2Hz
frequency and waits until the battery temperature is within
the T1 to T5 range. At cool temperature (T1-T2), JEITA
recommends the charge current to be reduced to at least
half of the charging current or lower. At warm temperature
(T3-T5), JEITA recommends charging voltage below
nominal charging voltage.

The 0z1C82 provides flexible voltage/current settings
beyond the JEITA requirement. The voltage setting at warm
temperature (T3-T5) can be 200mV below charge voltage
(JEITA_CV=0). The current setting at cool temperature
(T1-T2) can be further reduced to 20% to 50% of fast
charging current.

Assuming a 103AT NTC thermistor on the battery pack as
shown in below figure 3, the value RT1 and RT2 can be
determined by using below formula:

NTC %

Figure 3: THM resistor network

CcC
CC/2
Charging i
current }
. |
| |
oo 1oV
| |
|
Charging } {—__-.CV-200mV
voltage | i
! |
P | '
T1 T2 T3 T5
0°C 10°C 45°C 60°C

Figure 4: Thermal protection JEITA standard

11
Vino X NTCcorp X NTCor X ( )

T2 — V1~ VTS
= v, v,
NTCror X (T#2 = 1) = NTCorp X (22 — 1)
Vipo
-1
RT1 = 1( VT1 1)

RT2 ¥ NTCeop
Select 0°C to 60°C range for Li-ion or Li-polymer battery,
NTCcolp = 27.28 kQ
NTChot = 3.02 kQ
VT1=73.25% x Vibo
VT5=34.37% x Vipo
Then, RT2=30.3kQ, RT1=5.24kQ

STAT Function

An external LED is connected between STAT and VSYS,
During charging mode (wake up or fast charge), STAT is
pulled low by internal switch and LED keeps on.

When charging procedure is stopped due to protection
(VBUS OVP, VSYS OVP, OTP, safety timer expired,
THM>T5, THM<T1), LED blinks on and off with 1Hz
frequency.

If charging is finished without any error (fully charged due
to end of charging current, charging is disabled by I°C, or
VBUS UVLO), LED will turn off (STAT=High).

Power Good Function (PG#)

In 0Z1C82, PG# goes LOW to indicate a good input source
when:

1. VBUS above Vvgus_uvio threshold

2. VBUS above battery (not in sleep)

3. VBUS below Vacov threshold

4. VBUS above Vygusmin (typical 3.8V) (not a poor source)
5. Completed input source type detection

Interrupt Request function (IRQ)
In 0Z1C82, IRQ will generate 250uS low pulse when:
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1. VBUS source identified (through PS detection and OTG
pin)

2. VBUS power source good

3. VBUS above battery (not in sleep)

4. VBUS removed or below Vacov threshold

5. VBUS above Vyguswmin (typical 3.8V) (not a poor source)
6. Charge Complete

7. Any fault event in REGOC

When a fault occurs, 0Z1C82 sends out IRQ and keeps the
fault state in REGOC until the host reads REGOC. Before
the host reads REGOC and all the faults are cleared,
0Z1C82 wouldn’t send any IRQ upon new faults. To read
the current fault status, the host has to read REGOC twice
consecutively. The 1% read reports the pre-existing fault
status and the 2™ read reports the current fault status.

Safety Timer

If the safety timer is expired, the switch between VSYS and
VBAT is off to prevent further charging, and LED blinks on
and off with 1Hz frequency. The buck converter keeps
enabled to supply system. CHRG_FAULT bits set to 11 and
IRQ will generate 250us low pulse. In charging mode, fast
charging safety timer is programmed by REGO07 [2:1], wake
up timer is default 4hours. The safety timer can be
disabled by setting EN_TIMER=0

During input voltage, current or thermal regulation, the
safety timer counts at half clock rate because the real
charge current could be lower than the register setting. This
half clock rate feature can be disabled by setting
EN_TMR2X=0

VBUS OVP (ACOV)

When VBUS voltage exceeds Vacov, OZ1C82 will stop
switching immediately. During ACOV, the fault register
CHRG_FAULT bits set to 01 and an IRQ asserts to the
host.

System OVP

When over voltage happens for system, both buck
converter and BATFET between VSYS and VBAT are off.
The charging will be automatically restarted when OVP
condition disappears.

System OCP

When the system is shorted or significantly overloaded
(Isar>lgaTOP) SO that its current exceeds the over-current
limit, OzZ1C82 latches off BATFET. BATFET Enable
Section (Exit shipping mode) can reset the latch-off
condition and turn on BATFET.

Thermal Protection in Buck Mode

0Z1C82 monitors the internal junction temperature T; to
avoid overheat and limits IC surface temperature in buck
mode. When T; exceeds the preset thermal regulation limit
by TREG bits (REG08[1:0]), the charge current would be

lowered down. During thermal regulation, the actual
charging current is usually below the setting charging
current. So termination is disabled, the safety timer runs at
half the clock rate, and the status register THERM_STAT
bit goes high.

0Z1C82 has thermal shutdown to turn off the converter and
BATFET when IC surface temperature exceeds Tsnut. The
fault register CHRG_FAULT is set to 10 and IRQ is
asserted to the host. The converter and BATFET will be
enabled to recover when IC temperature lower than
TsHUT_HYST-

Battery Overvoltage Protection (BATOVP)

The battery overvoltage limit is clamped at 4% above the
battery regulation voltage. When battery over voltage
occurs, the charging function is disabled immediately. And
the fault register BAT_FAULT bit goes high.

Battery Over-Discharge Protection

When battery is discharged below Vgar pp., BATFET will be
turned off to protect battery from over discharge. Battery
will recover to be normal when an input source detected at
VBUS. When an input source is plugged in, BATFET turns
on, and the battery is charged with Isyort (typical 200mA)
current when Vear<VgatsHorT, OF pre-charge current as set
in IPRECHG register when the battery voltage is between
VeatsHorT and VeatLowv.

Battery Monitor

0Z1C82 can report Vyesus, Veat, Vsys, thermistor ratio, and
charging current in battery monitor registers (REGOE-
REG12). The battery monitor can be configured as two
conversion modes by CONV_RATE bit (REG02[6]): one-
shot conversion (default) and 1 second continuous
conversion.

For one-shot conversion (CONV_RATE=0), the
CONV_START bit needs to be set 1 to start the conversion.
And CONV_START bit is cleared by 0Z1C82 when
conversion is completed. The conversion result is ready
after tconv (maximum 1 second)

For continuous conversion (CONV_MODE=1), the
CONV_START needs to be set 1 to start the conversion.
During active conversion, the CONV_START keeps 1 to
indicate conversion is in progress. The battery monitor
provides conversion result every 1 second automatically.
The battery monitor exits continuous conversion mode
when CONV_START is cleared.

BATFET Disable Mode (Shipping Mode)

To extend battery life and minimize power when system is
powered off during system idle, shipping, or storage,
0Z1C82 can turn off BATFET by setting BATFET_DIS=1
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so that the system voltage is zero to minimize the battery
leakage current. And BATFET can turn off immediately or
delay by tsm_pLy as defined by BATFET_DLY bit.

BATFET Enable (Exit Shipping Mode)

BATFET can be enabled to restore system power by one of
the following events:

1. Plug in adapter

2. Clear BATFET_DIS bit

3. Set REG_RST=1 to reset all the registers including
BATFET_DIS bit to default 0

4. A logic high to low transition on PB# with tsxipmone
deglitch time to enable BATFET to exit shipping mode

Standby Mode Charge

In standby mode, there is no 1°C command to be sent by
host when both VBUS and battery are active, PS and CE#
are low active; in this case, 0Z1C82 can also complete a
charging cycle automatically with default charging
parameters are listed in the following table.

Table 3: Default charger parameters

Standby mode Default charging parameters
Charging Voltage 4.208V

Charging Current 2048A

Wake up Current 128mA

Termination current 256mA

Recharging threshold 100mV

Wake up timer 4 hours

CC Charge timer 12 hours

Wake up threshold 3V

Vsysmin threshold 3.5V

Anytime, host can access OZ1C82 and change the charger
parameters by 1°Cc according to customer’s charging

requirements
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Constant Voltage and Constant Current Operation

As shown in Figure 5, the charger in OZ1C82 uses six
error amplifiers;: EA1 for the adapter current limitation,
EA2 for charging voltage regulation, EA3 for charging
current regulation, and EA4 for VBUS voltage regulation,
EAS5 for system voltage regulation, and EA6 for thermal
regulation. The outputs of these four error amplifiers are
tied to the COMP pin for compensation.

The output of the adapter current-sense amplifier is
connected to the error amplifier EA1. EA1’s output is
connected to the COMP pin. Therefore, whenever the AC
adapter current limit is exceeded, EA1 output will control
the COMP voltage. The charger's duty cycle will be
reduced until the total adapter current falls within its limit
value.

Ibus current mirror

VBUS m

In a constant current regulation operation, the error
amplifier EA3 will control the COMP pin voltage. The
circuit operates to regulate the charger output current
according to the desired -current setting by 1’c
programming with £5% accuracy.

In a constant voltage operation, the error amplifier, EA2
will control the COMP pin. The circuit operates to regulate
the charger output voltage according to the desired
voltage setting by I°Cc programming with £0.5% accuracy.

In a VBUS voltage regulation operation, the error
amplifier, EA4 will control the COMP pin. The circuit
operates to regulate the VBUS input voltage according to
the VBUS VLMT voltage setting by 1°c programming with
+3% accuracy.

U

Adapter Current mode

él

;

charge current mirror

r——=—> S__z__"

[}

VSYs /ﬁ\ l !
| U | |

Ibat :__________.

) COMP
llimit [, »

EA1

CV mode

VBAT
Vset >

EA2

CC mode

-

+?

Iset
b

EA3

VBUS VLIMIT mode
VBUS

VINDPM Threshold

R C R
TREG bits setting |+
EA6

VBAT
VSYS_MIN >—<
EA5

_;_ > o
EA4

VSYS regulation mode

Thermal regulation mode

Figure 5: Voltage, Current and Thermal regulation loops
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Serial Interface

The device uses I12C compatible interface for flexible charging parameter programming and instantaneous device status
reporting. 12C is a bi-directional 2-wire serial interface. Only two open-drain bus lines are required: a serial data line (SDA)
and a serial clock line (SCL). Devices can be considered as masters or slaves when performing data transfers. A master is
the device which initiates a data transfer on the bus and generates the clock signals to permit that transfer. At that time, any
device addressed is considered a slave.

The device operates as a slave device with address 6BH, receiving control inputs from the master device like micro
controller or a digital signal processor through REG00-REG14. Register read beyond REG14 (0x14) returns OXFF. The 12C
interface supports both standard mode (up to 100 kbits), and fast mode (up to 400 kbits). When the bus is free, both lines are
HIGH. The SDA and SCL pins are open drain and must be connected to the positive supply voltage via a current source or
pull-up resistor.

a) Data Validity

The data on the SDA line must be stable during the HIGH period of the clock. The HIGH or LOW state of the data line can
only change when the clock signal on the SCL line is LOW. One clock pulse is generated for each data bit transferred.

I I
i i i
SDA | | >< |
I I I
I I I
| | |
scL | | |
Data line stable; | Change
Data valid . of data
allowed

Figure 6: Bit Transfer on the I°C Bus
b) START and STOP Conditions

All transactions begin with a START (S) and can be terminated by a STOP (P). A HIGH to LOW transition on the SDA line
while SCL is HIGH defines a START condition. A LOW to HIGH transition on the SDA line when the SCL is HIGH defines a
STOP condition. START and STOP conditions are always generated by the master. The bus is considered busy after the
START condition, and free after the STOP condition.

_———— —_—

SDA SDA

scL scL

START (S) STOP (P)

Figure 7: START and STOP conditions
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c) Byte Format

Every byte on the SDA line must be 8 bits long. The number of bytes to be transmitted per transfer is unrestricted. Each byte
has to be followed by an Acknowledge bit. Data is transferred with the Most Significant Bit (MSB) first. If a slave cannot
receive or transmit another complete byte of data until it has performed some other function, it can hold the clock line SCL
low to force the master into a wait state (clock stretching). Data transfer then continues when the slave is ready for another
byte of data and release the clock line SCL.
Acknowladgement
signal from slave _

Acknowledgement
signal from revceiver _

0 I i Wi | i | \\ [ i Ir [ i % it 1
|| | MsB ) J ) I R '. | .I. |||. | v .ll. :(__
II |—|I I|—| I'_II I'_II II—II III'—I|I Illa—-lll Ila————ull III-—|III .."_|'.I II.' |:I or .
Sorsr! | 1l J2y {7 |8l | 9] [ 1Y 2y N E-A R | st
START or ALK ACK STOP or
Repeated Repeated
START START

Figure 8: DATA Transfer on the I°C Bus

d) Acknowledge (ACK) and Not Acknowledge (NACK)

The acknowledge takes place after every byte. The acknowledge bit allows the receiver to signal the transmitter that the byte
was successfully received and another byte may be sent. All clock pulses, including the acknowledge 9" clock pulse, are
generated by the master.

The transmitter releases the SDA line during the acknowledge clock pulse so the receiver can pull the SDA line LOW and it
remains stable LOW during the HIGH period of this clock pulse.

When SDA remains HIGH during the 9" clock pulse, this is the Not Acknowledge signal. The master can then generate
either a STOP to abort the transfer or a repeated START to start a new transfer.

e) Slave Address and Data Direction Bit

After the START, a slave address is sent. This address is 7 bits long followed by the eighth bit as a data direction bit (bit
R/W). A zero indicates a transmission (WRITE) and a one indicates a request for data (READ).

| ; — . A ————
i ' \ I | 'I | II II
sDA | |I | l |I I| I ll i1 — . !
| i I'_'| Il_'l II_-___|| II_'l 1 II__'__'| l'_'lI |'_'I f
scL 5 \ | 17 | 8} |9 I 17 L sl | el I 17 | el fol Jir
START ADDRESS I Rﬁ*.:' ACK DATA I ACK DATA I ACK STOP
Figure 9: Complete Data Transfer
f) Single Read and Write
1] 7 [2] 2 [ 8 I - NESNEY
‘ S ‘ Slave Address ‘ 0 ‘ ACK ‘ Reg Addr ‘ ACK ‘ Data ‘ ACK ‘ P ‘

Figure 10: Single Write
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1] 7 [1] 1| 8 IEEEY 7 2] 1|
‘S‘ Slave Address ‘0‘ ACK‘ Reg Addr ‘ACK ‘S‘ Slave Address ‘1‘ ACK

Figure 11: Single Read
If the register address is not defined, the charger IC send back NACK and go back to the idle state.

g) Multi-Read and Multi-Write

The charger device supports multi-read and multi-write on REGO00 through REG14 except REGOC.

1] 7 U, 8 |1
‘S‘ Slave Address ‘0‘ ACK‘ Reg Addr ‘ACK

8 | 1| 8 | 1 | 8 | 1 1]
Datato Addr | ACK | Datato Addr+1 | ACK |.---| Datato Addr+N | ACK |P|

Figure 12: Multi-Write

1] 7 |1l 1] 8 IEENEY 7 [1] 1|
‘S‘ Slave Address ‘0‘ ACK‘ Reg Addr ‘ACK ‘S‘ Slave Address ﬂ

8 | 1 | 8 | 1 | 8 | 1 1]
Datain Addr | ACK | Datain Addr+1 | ACK |----| Datain Addr+N | NACK |P|

Figure 13: Multi-Read

REGOC is a fault register. It keeps all the fault information from last read until the host issues a new read. For example, if
Charge Safety Timer Expiration fault occurs but recovers later, the fault register REGOC reports the fault when it is read the
first time, but returns to normal when it is read the second time. In order to get the fault information at present, the host has

to read REGOC for the second time. The only exception is NTC_FAULT which always reports the actual condition on the TS

pin. In addition, REGOC does not support multi-read and multi-write.
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Host mode and default mode

The OZ1C82 is a host controlled charger, but it can operate in default mode without host management. In default mode, the
device can be used as an autonomous charger with no host or while host is in sleep mode. When the charge is in default
mode, WATCHDOG_FAULT bit is HIGH. When the charger is in host mode, WATCHDOG_FAULT bit is LOW.

After POR, the device starts in default mode with watchdog timer expired, or default mode, all the registers are in the default
settings.

In default mode, the device keeps charging the battery with 12-hour fast charging safety timer. At the end of 12 hour, the
charging is stopped and the buck converter continues to operate to supply system load. Any write command to the device
will switch the default mode to host mode. All the device parameters can be programmed by the host. To keep the device in
host mode, the host has to reset the watchdog timer by writing 1 to WATCHDOG_RST bit before watchdog timer
expires(WATCHDOG_FAULT bit is set), or disable watchdog timer by setting WATCHDOG bits=00.

When the watchdog timer (WATCHDOG_FAULT bit=1) is expired, the device returns to default mode and all registers are
reset to default value except IINLIM, VINDPM_OS, BATFET_RST_EN, BATFET_DLY and BATFET_DIS bits.

POR
Watchdog timer expired
Reset registers
12C interface enabled

N Check 12C
write?
4
Default Mode: Host Mode:
Set WATCHDOG_FAULT=1 Set WATCHDOG_FAULT=0;
d Reset watchdog timer - Watchdog timer working |
Reset selective registers Host programs registers
l WATCHDOG_RST
==1?
N Check 12C Y
write?
Y Check watchdog N

timer expired?

Figure 14: Watchdog timer for host mode and default mode
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REGISTER MAP

Register Bit Number
index
(hex) B7 B6 B5 B4 B3 B2 B1 BO
00h EN_HIZ EN_ILIM IINLIM[5:0]
01h Reserved Reserved Reserved VINDPM_OS[4:0]
02 h CONV_START CONV_RATE Reserved ICO_EN Reserved Reserved FORCE_DPDM AUTO_DPDM_EN
03h BAT_LOADEN WD_RST Reserved CHG_CONFIG SYSMIN[2:0] Reserved
04h EN_PUMPX ICHG[6:0]
05h IPRECHG[3:0] ‘ ITERM[3:0]
06h VREG[5:0] BATLOWV ‘ VRECHG
07h EN_TERM Reserved WATCHDOGI[1:0] ‘ EN_TIMER CHG_TIMER(1:0] ‘ J(%LEIB%)T
08h BAT_COMP[2:0] VCLAMP[2:0] TREG[1:0]
09h FORCE_ICO TMR2X_EN BATFET_DIS J(E'Stéjg’;g BATFET_DLY BATFET_RST_EN PUMPX_UP PUMPX_DN
OAh Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
OBh VBUS_STAT[2:0] CHRG_STAT PG_STAT Reserved VSYS_STAT
och WATCHDOG_ Reserved CHRG_FAULT BAT_FAULT NTC_FAULT[2:0]
0oDh FORCE_VINDPM VINDPM[6:0]
OEh THERM_STAT BATV[6:0]
OFh Reserved SYSV[6:0]
10h Reserved TSPCT[6:0]
11h VBUS_GD VBUSV[6:0]
12h Unused ICHGR[6:0]
13h VDPM_STAT IDPM_STAT IDPM_LIM[5:0]
14h REG_RST ICO_OPTIMIZED PN[2:0] THM_PROFILE DEV_REV[1:0]
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DETAILED REGISTER INFORMATION

This part describes the register definition and configuration for OZ1C82.

The following describes the register definition and configuration for charger module. Its I°C slave write address is D6H and
the slave read address is D7H.

REG Bit | Field Type | Reset Default | Description
By REG_RST Enable HIZ mode
/ EN_HIZ R/W By Watchdog 0 0—Disable(default) 1—Enable
By REG_RST Enable ILIM Pin
6 EN_ILIM RIW By Watchdog ! 0—Disable 1—Enable(default)
5 IINLIM[5] R/W | By REG_RST 0 1600mA | Input Current Limit
4 | IINLIM[4] R/W | By REG_RST 0 800mA Offset:100mA
00 3 IINLIM[3] R/W | By REG_RST 1 400mA Range:100mA(000000)—3.25A(111111)
2 IINLIM[2] R/W By REG_RST 0 200mA Default:001000(500mA)
1 IINLIM[1] R/W | ByREG_RST 0 100mA (Actual input current limit is the lower of 12C or ILIM pin)
IINLIM bits are changed automatically after input source type
detection is completed
0 | IINLIM[O] R/W | By REG_RST 0 50mA PSEL= Hi (USB500) = 500mA
PSEL= Lo = 3.25A
REG | Bit Field Type Reset Default Description
7 Reserved R N/A Always reads 0
6 | Reserved R N/A Always reads 0
5 Reserved R N/A Always reads 0
4 | VINDPM_OS[4] R/W | By REG_RST 0 1600mV Input Voltage Limit Offset
3 | VINDPM_OS[3] R/W | By REG_RST 0 800mV Default: 600mV (00110)
o1 2 | vinoPm_0s[2] | R/W | ByREG_RST 1 400mV Range: 0OmV—3100mV
1 VINDPM_0SJ[1] R/W | By REG_RST 1 200mV Minimum VINDPM threshold is clamped at 3.9V
Maximum VINDPM threshold is clamped at 15.3V
When VBUS at no Load is <6V, the VINDPM_OS is used to
0 | VINDPM_OSI[O] R/W | By REG_RST 0 100mVv calculate VINDPM threshold
When VBUS at no Load is > 6V, the VINDPM_OS multiple by 2 is
used to calculate VINDPM threshold.
REG | Bit Field Type Reset Default Description
ADC Conversion Start Control
By REG_RST 0—ADC conversion not active (default)
7 CONV_START R/W By Watcﬂdog 0 1—Start ADC Conversion
This bit is read-only when CONV_RATE = 1. The bit stays high during ADC
conversion and during input source detection.
By REG_RST ADC Conversion Rate SeIeFtion
6 CONV_RATE R/W By Watc?'ndog 0 0—One shot ADC conversion (default)
1—Start 1s Continuous Conversion
5 Reserved R N/A Always reads 0
Input Current Optimizer (ICO) Enable
02 4 | ICO_EN R/W | By REG_RST 0 0—Disable ICO Algorithm(default)
1—Enable ICO Algorithm
3 Reserved R N/A 0 Always reads 0
2 Reserved R N/A 0 Always reads 0
Force Input source type detection
By REG_RST 0—Disable force detection (default)
! FORCE_DPDM RIW By Watchdog 0 1—Force to do input source type detection again, and return to 0 after
input source type detection
Automatic PS Detection Enable
0 | AUTO_DPM_EN | R/W | ByREG_RST 1 0—Disable PS detection when VBUS is plugged-in
1—Enable PS detection when VBUS is plugged-in (default)
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REG Bit | Field Type | Reset Default | Description

7 [oariomoen | R | o | O | 0O b (defauly 1 Enabed
2 -

6 WD_RST RIW gz \s\/E;;tEEZZg 0 l()inlsrtr;hadl(()g;zjir) Rese;—Reset (Back to O after timer reset)
5 Reserved R N/A Always reads 0

03 4 CHG_CONFIG RIW gz \s\llzaiEEZZg ! ST(rIiZrEgr:sag::ai)cl):ﬁguratllcTCharge Enable(default)
3 SYS_MIN(Z] R/W B?/YVCEthRESoL ! 0.4v Minimum System Voltage Limit
2 | svsmaniy | W | gt | O[O | vy

Default: 3.5V

1 SYS_MINIO] R/W B?/YVCEthEESOL 1 0.1v
0 Reserved R N/A Always reads 0

REG | Bit Field Type Reset Default Description

By REG_RST CungntPuEeConUolEnaMe
7 EN_PUMPX R/W By Watchdog 0 0—Disable Current pulse control (default)
0—Enable Current pulse control(PUMPX_UP and PUMPX_DN)
6 | ICHG[6] R/W B?,V\AF;EECEZZ 0 | 4096mA
> ICHG3] RIW B?/VVCESCRZSOL ! 2048mA Fast Charge Current Limit
04 4 ICHG4] RIW B?/y\AFjsthﬂzz-; 0 1024mA g:frfge::gnn:ﬁ(OOOOOOO)f5056mA(1001111)
3 ICHGI3] R/W B?IVVSES:RIZZ; 0 512mA 321;2?It:2048mA(0100000)
2 ICHG[2] RIW BE;Y\AF;EEEZ?g 0 256mA :g:g:gggggggzggsz)nfr)agI:I::?;:SZ to register value
1001111(5056mA

1 ICHG[1] R/W B?/VV\F;ES:EZ?)L 0 128mA ( )
0 | 1cHG[o] R/W B?,ymrjgfcﬂi 0 | 64ma

REG | Bit Field Type Reset Default Description
7 | IPRECHG[3] R/W B?/V\AFEEECEZZ 0 512mA
6 | IPRECHG[2] R/W B?,yvssfcﬂisng 0 256mA gﬁ;gt%f;;“"e”t Limit
e L Il B el e

. 4 | IPRECHGIO] R/W BE’:V\ZEECEEE} 1 64mA
3 ITERM[3] R/W By Watc;dog 0 512mA
2 [ [ | SR | o asom | pemiton rensns
L men | R | e | 1| ™A | oo acema o1ty
0 | ITERMIO] R/W B?IVVCESCEZZ 1 64mA
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REG Bit | Field Type | Reset Default | Description
By REG_RST
7 VREG[5] R/W By Watchdog 0 512mV
By REG_RST
6 VREG[4] R/W B yWatcEdo 1 256mV Charge Voltage Limit
g’ e RSTg Offset:3.84V
5 | VREG[3] RIW | o VWatcE o 0 128mV Range:3.84V—4.608V(110000)
g o RSTg Default:4.208V(010111)
4 | VREG[2] RAW | yWatcE o 1 64mv Note:
g’y e RS Tg VCHG>110000 (4.608V) is clamped to register value 110000
" 4.608V
06 3 VREG[1] R/W By Watchdog 1 32mV ( )
By REG_RST
2 | VREG[O] R/W By Watchdog 1 16mv
By REG RST Battery Pre-charge to Fast Charge Threshold
1 BATLOWV R/W B yWatcEdo 1 0—2.8Vv
¥ J 1—3.0V (default)
Battery Recharge Threshold Offset
By REG_RST (Below Charge Voltage Limit)
0 VRECHG RIW By Watchdog 0 0—100mV (Vgecre) below VREG (REG06[7:2]) (default)
1—200mV (Vgecns) below VREG (REGO6([7:2])
REG Bit Field Type Reset Default Description
By REG_RST Charging Termination Enable
7| EN_TERM R/W By Watchdog 1 0—Disable 1—Enable (default)
6 Reserved R N/A Always reads 0
By REG_RST 1°C Watchdog Timer Setting
> WATCHDOG(1] | R/W By Watchdog 0 00— Disable watchdog timer
BY REG RST 01—40s (default)
4 | WATCHDOGIO[ | R/W | VWatcE o 1 10—80s
v & 11—160s
By REG_RST Charging Safety Time Enable
07 3 EN_TIMER RIW By Watchdog 1 0—Disable 1—Enable (default)
By REG_RST Fast Charge Timer Setting
2 CHG_TIMER(1] RIW By Watchdog 1 00—5 hrs
By REG_RST 018 hrs
1 | CHG_TIMER[D] | R/W | VWatcE - 0 10—12 hrs (default)
v & 1110 hrs
JEITA ISET By REG RST JEITA Low Temperature Current Setting
0 | 0C10°C) RW | o VW o 1 0—50% of ICHG (REG04[6:0])
y Watchdog 1—20% of ICHG (REG04[6:0]) (default)
REG Bit Field Type Reset Default Description
7 | BAT compl2] | ryw | BYREGRST 0 80mQ
By Watchdog . . .
Bv REG RST IR Compensation Resistor Setting
6 BAT_COMP[1] R/W ¥ T 0 40mQ Range:0—140mQ
By Watchdog Default:0Q
By REG_RST '
5 | BAT_COMP[0] | R/W By Watchdog 0 20mQ
4 VCLAMP[2] R/W BBVVC:thEEiT 0 128mVv IR Compensation Voltage Clamp
g e RSTg Above VREG (REG06[7:2])
08 3 | VCLAMP[1] RIW | o VW ehdo 0 64mV Offset:0mV
g R:g RSE Range:0—224mV
Y _ .
2 | VCLAMP[O] R/W By Watchdog 0 32mv Default:0mV
By REG_RST Thermal Regulation Threshold
! TREG[1] RIW By Watchdog ! 00—60°C
01—80°C
By REG_RST 10—100°C
0 TREG R/W " 1
{ / By Watchdog 11—120°C (default)
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REG Bit Field Type Reset Default Description
Force Start Input Current Optimizer
0—Do not force ICO (default)
7 FORCE_ICO R/W By REG_RST 0 1—Force ICO
By Watchdog
Note:
This bit is can only be set only and always return to O after ICO starts
Safety Timer Setting During DPM or Thermal Regulation
6 TMR2X_EN R/W By REG_RST 1 0—Safety time not slowed by 2X during DPM or thermal regulation
N By Watchdog 1—Safety time slowed by 2X during DPM or thermal regulation (default)
Force BATFET off to enable ship mode
5 BATFET_DIS R/W | By REG_RST 0 0—Allow BATFET turn on (default)
1—Force BATFET off
JEITA High Temperature Voltage Setting
4 iil;%xségoc) R/W B?/YVCEthEESoL 0 0—Setting charging voltage to VREG-200mV during JEITA high temperature
1—Setting charging voltage to VREG during JEITA high temperature
BATFET Turn Off Control
09 3 BATFET_DLY R/W | By REG_RST 0 0—BATFET turn off immediately when BATFET_DIS bit is set
1—BATFET turn off delay tsm_p.y Wwhen BATFET_DIS bit is set
BATFET Full System Reset Enable
2 ESTFET—RST— R/W | By REG_RST 1 0—Disable BATFET full system reset
1—Enable BATFET full system reset
Current Pulse Control Voltage UP enable
0—Disable (default)
By REG_RST 1—Enable
! PUMPX_UP RIW By Watchdog 0 Note:
This bit can only be set when EN_PUMPX bit is set and return to O after
current pulse control sequence is complete
Current Pulse Control Voltage Down enable
0—Disable (default)
By REG_RST 1—Enable
0 PUMPX_DN RIW By Watchdog 0 Note:
This bit can only be set when EN_PUMPX bit is set and return to 0 after
current pulse control sequence is complete
REG Bit Field Type Reset Default Description
7 Reserved R N/A Always reads 0
6 Reserved R N/A Always reads 0
5 Reserved R N/A Always reads 0
0A 4 Reserved R N/A Always reads 0
3 Reserved R N/A Always reads 0
2 Reserved R N/A Always reads 0
1 Reserved R N/A Always reads 0
0 Reserved R N/A Always reads 0
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REG | Bit Field Type Reset Default Description
7 | VBUS_STAT[2] R N/A N/A VBUS Statues Register
6 | VBUS_STAT[1] R N/A N/A | 000: No Input
001:USB Host SDP
010:Adapter (3.25A)
5 | VBUS_STATI[O] R N/A N/A 111:OTGp
Note: Software current limit is reported in IINLIM register
4 CHRG_STATI[1] R N/A N/A Charging Status
00—Not charging
oB | 3 | CHRG_STAT[0] | R N/A N/A (1)(1)_E;:tcc:aarrg;rf;vm"W)
11—Charge Termination Done
Power Good Status
2 PG_STAT R N/A N/A 0—Not Power good
1—Power good
1 Reserved R N/A 0 Always reads 0
VSYS Regulation Status
0 | VSYS_STAT R N/A N/A 0—Not in VSYS_MIN regulation
1—In VSYS_MIN regulation
REG | Bit Field Type Reset Default Description
Watchdog Fault Status
| waremoos. |, 1 | o Nomms
1—Watchdog timer expiration (default)
6 | Reserved R N/A N/A Always reads 0
5 | CHRG_FAULT[1] | R N/A N/A Charge Fault Status
00—Normal
01—Input fault (VBUS>Vacov or VBAT<VBUS<Vpyswin (typical 3.8V)
4 CHRG_FAULTIO] | R N/A N/A 10—Thermal shut down
oc 11—Charge safety timer expiration
Battery Fault Status
3 BAT_FAULT R N/A N/A 0—Normal 1—BATOVP (Vear>Veatovp)
2 | NTC_FAULT[2] R N/A N/A NTC Fault Status
1 | NTC_FAULT[1] R N/A N/A Buck Mode:
000—Normal
010—THM warm
0 | NTC_FAULT[O] R N/A N/A | 011—THM cool
101—THM cold
110—THM hot
REG | Bit Field Type Reset Default Description
VINDPM Threshold Setting Method
7 FORCE_VINDPM | R/W By REG_RST 0 0—Run relative VINDPM threshold (default)
1—Run absolute VINDPM threshold
6 VINDPM[6] R/W By REG_RST 0 6400mV | Absolute VINDPM threshold
5 | VINDPM[5] R/W | ByREG_RST 0 3200mV | Offset:2.6V
oD 4 | VINDPMI[4] R/W | By REG_RST 1 1600mV | Range:3.9V(0001101)—15.3V(1111111)
3 | VINDPMI[3] R/W | By REG_RST 0 800mV Note:
2 VINDPM[2] R/W | ByREG_RST 0 400mV Value<0001101 is clamped to 3.9V
1 VINDPM[1] R/W | ByREG_RST 1 200mV Register is read only when FORCE_VINDPM=0 and can be
written by internal control based on relative VINDPM threshold
0 | VINDPMIO] R/W | ByREG_RST 0 100mvV | setting

Register can be read/write when FORCE_VINDPM=1
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REG | Bit Field Type Reset Default Description
Thermal Regulation Status
7 THERM_STAT R N/A N/A 0—Normal
1—In thermal regulation
6 BATV[6] R N/A 0 1280mV
OE > BATVIS] R N/A 0 640mv ADC Conversion of Battery Voltage (Vgar)
4 | BATV[4] R N/A 0 320mV_ | e 0av BAT
3 | BATVI3] R N/A 0 160mv Range:2.304V(0000000)—4.848V(1111111)
2 BATVI2] R N/A 0 80mv Default:2.304V(0000000)
1 BATV[1] R N/A 0 40mV
0 BATV[O] R N/A 0 20mV
REG | Bit Field Type Reset Default Description
7 Reserved R N/A 0 Always reads 0
6 VSYS[6] R N/A 0 1280mV
> | VSYS[S] R N/A 0 640mv ADC Conversion of System Voltage (Vsys)
oF |4 | Vsvsil R N/A 0 320mv Offeet: 304V o
; zzizgi E Eﬁ’: 8 ;gg:\/v Range:2.304V(0000000)—4.848V(1111111)
Default:2.304V(0000000)
1 VSYS[1] R N/A 0 40mV
0 VSYS[O0] R N/A 0 20mV
REG | Bit Field Type Reset Default Description
7 | Reserved R N/A 0 Always reads 0
6 TSPCT[6] R N/A 0 29.76%
> | TSPCTIS] R N/A 0 14.88% ADC Conversion of THM Voltage (Vruv) as Percentage of V,
10 4 | TSPCT[4] R N/A 0 7.44% A T tpo
[Tl [ A 015725 | e 21%i0000000) - son(1111113
- Default:21%(0000000)
1 TSPCT[1] R N/A 0 0.93%
0 TSPCTI[O0] R N/A 0 0.465%
REG | Bit Field Type Reset Default Description
VBUS Good Status
0—Not VBUS Attached
/ VBUS_GD R N/A N/A 1—VBUS Attached
VBUS_GD
6 VBUSI[6] R N/A 0 6400mV
11 5 VBUSI5] R N/A 0 3200mV .
2 VBUS[A] R N/A 0 1600mV gl;t(siect(.);v:\;smn of VBUS Voltage
z xsﬂz{i 2 z;ﬁ g iggzx Range: 2.6V (0000000) — 15.3V (1111111)
Default: 2.6V
1 VBUS[1] R N/A 0 200mV
0 | VBUS[O] R N/A 0 100mV
REG Bit | Field Type | Reset Default | Description
7 Unused R N/A 0 Always Reads 0
6 ICHGR[6] R N/A 0 3200mA .
5 ICHGRI5] R N/A 0 1600mA gl;t(sie(i%nmveArsmn of Charge Current (lgar) when Vgar>Vgarsorr
12 : :E:EES} E Z;ﬁ g 28822 Range:0mA(0000000)—6350mA(1111111)
2 | ICHGR[2] R N/A 0 200mA 321:?|t:0mA(0000000)
1 ICHGR[1) R N/A 0 100mA This register returns 0000000 for Vgar<VearsHort
0 | ICHGRI[O] R N/A 0 50mA
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REG | Bit Field Type Reset Default Description

VINDPM Status

7 | VDPM_STAT R N/A N/A 0—Not in VINDPM
1—In VINDPM
IINDPM Status

6 | IDPM_STAT R N/A N/A 0—Not in INDPM

13 1—In IINDPM

5 IDPM_LIM[5] R N/A 0 1600mA

4 IDPM_LIM[4] R N/A 0 800mA Input Current Limit in Effect while Input Current Optimizer

3 | IDPM_LIM[3] R N/A 0 400mA (1CO) is enabled

2 IDPM_LIM[2] R N/A 0 200mA Offset:100mA

1 IDPM_LIM[1] R N/A 0 100mA Range:100mA(000000)—3.25A(111111)

0 | IDPM_LIM[O] R N/A 0 50mA

REG | Bit Field Type Reset Default Description

Register Reset
0—Keep current register setting

7 REG_RST R/W | N/A 0 1—Reset to default register value and reset safety timer
Note:
Reset to 0 after register reset is completed
Input Current Optimizer (ICO) Status

6 ICO_OPTIMIZED | R N/A N/A 0—Optimization is in progress

14 1—Maximum input current detected

> PN[2] R/W_| N/A - Device configuration

4 | PNQ] R/W_| N/A - 000:0Z1C82

3 | PN[O] R/W | N/A -

5 | T PROFILE RW | N/A 1 Temperature Profile

- 1—JEITA
1 DEV_REV[1] R/W | N/A -- ) -
0 DEV_REV[O] R/W N/A — Device Revision:01
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= TYPICAL APPLICATION SCHEMTAIC
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Figure 15: OZ1C82 Typical Application Schematic

Iltem| Oty Reference Value Vendor Part Number PCB Footprint

1 1 C1 10pF/16V Any Ceramic — X7R or X5R 0805

2 1 C2 4.7uF/10V Any Ceramic — X7R or X5R 0805

3 1 C3 47nF/50V Any Ceramic — X7R or X5R 0603

4 1 C4 1pF/16V Any Ceramic — X7R or X5R 0603

5 1 C5 A7uF/16V Any Ceramic — X7R or X5R 0805

6 2 C6,C7 22uF/10V Any Ceramic — X7R or X5R 0805

7 1 C8 10pF/10V Any Ceramic — X7R or X5R 0805

8 2 R1,R2 0Q Any - 0603

9 1 R3 5.23kQ 1% Any - 0603

10 1 R4 30.1kQ1% Any - 0603

11 1 R5 0Q Any - 0603

12 3 R6,R7,R8 10kQ Any - 0603

13 1 NTC 103AT - - 0603

14 1 L1 3.3uH/5A Wairth Elektronik 74437346033 7.3x6.6x2.8
15 1 Ul - 0O2Micro, Inc. 0Z71C82 QFN24 4mmx4mm
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COMPONENT SUPPLIERS

M fact Contact Information
anutacturer Phone | Website
Inductors
Wiirth Elektronik +49 (0) 79 42 945 -5000 | http://www.we-online.com
Capacitors
Vishay 1-847-803-6100 www.vishay.com
Johanson Dielectrics 1-818-364-9800 www.johansondielectrics.com
TDK 1-800-344-2112 www.tdk.com
SANYO N/A http://www.sanyo.com/components/
Wiirth Elektronik +49 (0) 79 42 945 -5000 http://www.we-online.com
Resistors
Vishay 1-402-563-6866 www.vishay.com
TDK 1-800-344-2112 www.tdk.com

IMPORTANT NOTICE
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No portion of OzMicro specifications/datasheets or any of its subparts may be reproduced in any form, or by any means,
without prior written permission from OzMicro.

O:Micro and its subsidiaries reserve the right to make changes to their datasheets and/or products or to discontinue any
product or service without notice, and advise customers to obtain the latest version of relevant information to verify, before
placing orders, that information being relied on is current and complete. All products are sold subject to the terms and
conditions of sale supplied at the time of order acknowledgment, including those pertaining to warranty, patent infringement,
and limitation of liability.

O:Micro warrants performance of its products to the specifications applicable at the time of sale in accordance with
O:Micro’s standard warranty. Testing and other quality control techniques are utilized to the extent O;Micro deems
necessary to support this warranty. Specific testing of all parameters of each device is not necessarily performed, except
those mandated by government requirements.

Customer acknowledges that O.Micro products are not designed, manufactured or intended for incorporation into any
systems or products intended for use in connection with life support or other hazardous activities or environments in which
the failure of the Oz;Micro products could lead to death, bodily injury, or property or environmental damage (“High Risk
Activities”). O-Micro hereby disclaims all warranties, and O;Micro will have no liability to Customer or any third party, relating
to the use of O,Micro products in connection with any High Risk Activities.

Any support, assistance, recommendation or information (collectively, “Support”) that O-Micro may provide to you (including,
without limitation, regarding the design, development or debugging of your circuit board or other application) is provided “AS
IS.” O2Micro does not make, and hereby disclaims, any warranties regarding any such Support, including, without limitation,
any warranties of merchantability or fitness for a particular purpose, and any warranty that such Support will be accurate or
error free or that your circuit board or other application will be operational or functional. O>Micro will have no liability to you
under any legal theory in connection with your use of or reliance on such support.

COPYRIGHT © 2015-2018, OzMicro International Limited
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