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DESCRIPTION

The ETA6937 is a new generation of highly integrated synchronous switch-
mode charger, featuring integrated FETs and small external components,
targeted at extremely space-limited portable applications powered by 1-cell
Li-lon or Li-polymer battery pack. Unlike previous generation of charging ICs
(BQ2415X and FAN54015 etc.) that can barely deliver charge current up to
1.5A, thanks to ETAS proprietary technology, ETA6937 packs a powerful
punch and can delivery up to 3A of charge current, while still maintaining a
small footprint of 2mmx1.6mm. ETA6937 has bi-directional operation to
achieve boost function for USB OTG support. The ETA6937 have three
operation modes: charge mode, boost mode, and high impedance mode. In
charge mode, the IC supports a precision Li-ion or Li-polymer charging
system for single-cell applications. In boost mode, the IC boosts the battery
voltage to VBUS for powering attached OTG devices. In high impedance
mode, the IC stops charging or boosting and operates in a mode with very
low current from VBUS or battery, to effectively reduce the power
consumption when the portable device is in standby mode. Through I2C
communication with a host, referred to as "HOST" control/mode, the IC
achieves smooth transition among the different operation modes. Even when
no 12C communication is available, the IC starts in default mode. During
default mode operation, the charger will still charge the battery but using
each register's default values.

SOLUTIONS

12V/3A Switching Li*Battery Charger and 5V/1A 0TG with 1°C Control

FEATURES

*  Upto3A Max charging current Switching Charger
¢ 93% Charging Efficiency at 5V input 2A CC current
¢ 12V Input operating voltage

¢ 20V Maximum Input standoff voltage

¢ NokExternal Sense resistor

¢ Integrate linear charger for accurate Iterm control
¢ Input DPPM

¢ Input current limiting

*  Bad Adaptor detection

*  No-Battery detection

*  Safety limit register for Vcharge and Icharge limits
¢ Programmable charging parameters through 12C
*  Status Output for charging and faults

¢ 5V (TG boost mode up to 1A output current

¢ InputQVP

¢ Reverse leakage protection for Battery

¢ Boostoutput current limiting

APPLICATIONS
¢ Smart Phone
*  Tablet, MID

¢ PowerBank

TYPICAL APPLICATION
B I I
VBUS — lflw_\vsu; BOOT|A3 e
ol ’:‘éﬂi‘vsus wle] = ‘ 22
4— A -+ EIZ‘PM\D SW
SR e
e | :T‘
e
STAT T T |C4|STAT ol
oTG = 1 w»( LBII‘OTG GND‘DZ
D = T_“,?" %cn Gnoo3] J
PART No. PACKAGE TOP MARK Pcs/Reel
ORDERING INFORMATION ETA937CS1 P20 937 3000
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ETABH3T QOANS

PIN CONFIGURATION ABSOLUTEMAXIMUM RATINGS

(Note: Exceeding these limits may damage the device. Expostre to absolute maimum rating conditions
________ forlong periods may affect device eliability)
Sy ey ey My
R N AN VBUS, PMID, STATVOIAGE. ... 0.3Vt 20V
SWVOIAGR ..o —0.3V 1o 20V
SOBN S BN S BN S BN
oo S G hoemo S soa BOOT 10 SWVOIAGE ..o -0.3Vto6V
Tt e e e All Other Pin to PGNDVOIAGE .. -03Vto 6V
Suty ey ey Sy SW, VBUS, VBAT, VBATS to PGND cUrent .............. Internally limited
RN S L SR N Operating Temperature RaNG ... —40°C 10 85°C
; R ; PN ; N ; SN StorageTemperature RANGE ..o =55°Ct0 150°C
A T R A A 1 R Thermal Resistance B4
T T e e CSP2.OXT.6-20 v 3 (/W
Say ey ey ey Lead Temperature (S01dering, 10S5€C) ... 260°C
VIS S A IS A VB FSD HBM (Human Body Mode) oo 2KV
ESD MM (Maching MOde) ....eeeeeeeeeeeoeeeeee e 200V
ELECTRICAL CHACRACTERISTICS
PARAMETERS TEST CONDITION MIN TYP MAX|UNIT
INPUT CURRENTS
Vius> Vaus_um, PWM switching 10 mA
lwsuy  VBUS supply current control Viaus> Vs ww, PWM NOT switching 5 | mA
0°C<T<85°C,(D="1TorHZ_MODE="1 25 UA
, 0°C < T< 85°C, Vewr = 4.2V, High
lik Leakage current from battery to VBUS pin 5] pA
Impedance mode, Vgys=0V
, o 0°C < Ty< 85°C, Vgur = 4.2V, High Impedance
Battery discharge current in High Impedance  mode 28 LA
mode, SCL, SDA, 0TG=0V or 1.8V
VOLTAGE REGULATION
Vi Output requlation voltage programmable range Operating in voltage requlation, programmable | 3.5 4441V
Voltage requlation accuracy T)=25°C 4179 42 4]V
CURRENT REGULATION (FAST CHARGE)
locmees  Output charge current programmable range 550 3050 | mA
Low charge current (default after POR in 30 min mode) Vororr < Vawr< Vaores, Veus> Vs 550 mA
Regulation accuracy of the charge current locanee = 1350mA -10 +10| %
WEAK BATTERY DETECTION
Viowny  Weak battery voltage threshold programmable range Adjustable using IC control 34 37 1V
Weak battery voltage accuracy Battery voltage rising -5 +5 1 %
Hysteresis for Viowy Battery voltage falling 300 mV
Deglitch time for weak battery threshold Rising voltage, 2mV over drive, tse=100ns 30 ms

LOGIC INPUT THRESHOLD (CD, 0TG)
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ETABH3T

PARAMETERS TEST CONDITION MIN TYP MAX|UNIT
Vi Input low threshold level Falling 0.4
Viy Input high threshold level Rising 1.2
lans) Input bias current Voltage on control pin is 5V 1 LA
CHARGE TERMINATION DETECTION
lenwy  Termination charge current programmable range Vear > Voree—Vrec, Veus> Vsip, Programmable 50 400 | mA
o o Both rising and falling, 2mV overdrive,
Deglitch time for charge termination 30 ms
trs, tra=100ns
Regulation accuracy for termination current ITERM[2:0] =011 150 240 | mA
BAD ADAPTOR DETECTION
VINwiy  Input voltage lower limit BAD ADAPTOR DETECTION 3.8 vV
Hysteresis for Vi Input Voltage Rising 150 mV
Deglitch time for VBUS rising above Vi Rising voltage, 2-mV overdrive, tase=100nS 30 ms
loeree Detect current to PGND During bad adaptor detection 30 mA
Tir Detection Interval Input power source detection 2 S
INPUT BASED DYNAMIC POWER MANAGEMENT
Vi_oew  InputVoltage DPM threshold programmable range 42 1436] V
Vinorw threshold accuracy 452 Vv
INPUT CURRENT LIMITING
lw_wr  Input current limiting threshold range Programmable, unless no limit option 100 5000 | mA
VLDO REGULATOR
Vipo Internal bias requlator voltage Vo> 5.1V, hivo = TmA, Cioo=TpF 49 v
Vipo output short current limit Voo = 90% regulation 50 mA
BATTERY RECHARGE THRESHOLD
Vieay | Recharge threshold voltage Below Voges 120 mV
o Ve decreasing below threshold,
Deglitch time , 30 ms
t=100ns, 10-mV overdrive
STAT OUTPUTS
Vousuny | Low-level output saturation voltage, STAT pin lsr = 10mA, sink current 0551 V
High-level leakage current for STAT Vo =16V T | uA
*C BUS LOGIC LEVELS AND TIMING CHARACTERISTICS
Vol Output low threshold level lo=10mA, sink current 04 |V
Vi Input low threshold level Vo v=1.8V, SDA and SCL 04 |V
Viy Input high threshold level V(pull-up)=1.8V,SDA and SCL 1.2 Vv
lians) Input bias current V(pull-up)=1.8V,SDA and SCL 1 LA
Fisa SCL clock frequency 34 | Mhz
BATTERY DETECTION
Battery detection current before charge done, Begins after termination detected,
lioerecr) _ -05 mA
(sink current) Ve < Voree
Battery detection time 262 ms

www.etasolution.com
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PARAMETERS TEST CONDITION | MIN TYP MAX | UNIT
SLEEP COMPARATOR
Visip) Sleep-mode entry threshold, Vsys - Vasr 2.3V < Vgar < Ve, Vius falling 60 mYy
Viste_exm | Sleep-mode exit hysteresis 2.3V < Ve < Ve 200 mV
Deglitch time for VBUS rising above Vsip+Vsie_gar Rising voltage, 2-mV overdrive, tase=100ns 30 ms
UNDER VOLTAGE LOCKOUT (UVLO)
UVLO | ICactive threshold voltage VBUS rising - Exits UVLO 330 Vv
UVLOgys | ICactive hysteresis VBUS falling below UVLO — Enters UVLO 150 mV
PWM
Voltage from BOQT pin to SW pin During charge or boost operation 4 Vv
Internal top reverse blocking MOSFET on-resistance !T/\TDUM” = 300mA, Measured from VLS t 55 mQ
Internal top N-channel Switching MOSFET on-resistance Measured from PMID to SW, Veoor—Vsw = 4V 60 mQ
Internal bottom N-channel MOSFET on-resistance Measured from SW to PGND 40 mQ
Foso Oscillator frequency, programmable Boost Mode 1300 kHz
Maximum duty cycle Buck Mode 9 %
CHARGE MODE PROTECTION
Vow vaus | Input OVP threshold voltage VBUS threshold to turn off converter during charge 16.0 vV
OVP threshold hysteresis VBUS falling 1 v
VBAT threshold over Vores to turn off charger
Vo Output OVP threshold voltage , 117 96V opec
during charge
Veur_ow hysteresis Lower limit for Vs falling from above Ve ove 11 96Vore
Vsiowr | Trickle to fast charge threshold Vg rising, Typical application 21 vV
Vsyom hysteresis Ve falling below Vsuor, typical application 100 mV
Iswor Trickle charge charging current Veur < Vsuonr 50 mA
BOOST MODE OPERATION FOR VBUS (OPA_MODE=1,HZ_MODE=0)
Vess s | Boost output voltage (to VBUS pin) 2.5V < VBAT<4.5V 5.05 Vv
Boost output voltage accuracy Including line and load regulation -3 %
o 3V < Vs, 2.5V < V< 4.5V, TI=0C-125°C 1200 mA
lpum Output current limit for boost
3V > Vays_g, 2.5V < V< 4.5V, TI=0°C-125°C 500 mA
Overvoltage protection threshold for boost Threshold over VBUS to turn off converter
Vausow . , 6.00 Vv
(VBUS pin) during boost
Vausowe hysteresis VBUS falling from above Vaysoue 200 mV
Ve | Maximum battery voltage for boost (VBAT pin) Vg rising edge during boost 490 Vv
Veavax hysteresis Ve falling from above Vs 200 mV
Ve | Minimum battery voltage for boost (VBAT pin) During boosting 25 Vv
Veau hysteresis Before hoost starts 29 Vv
PROTECTION
Tsioowy | Thermal trip 165 °C
Thermal hysteresis 30 °C
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ETABH3T QOANS

PARAMETERS TEST CONDITION MIN TYP MAX|UNIT
Tor Thermal regulation threshold Charge current begins to reduce 120 °C
32 second watchdog (WD) timer 32 Second or HOST mode 32 S
30 minute safety timer 30 Min
PIN DESCRIPTION

PIN # NAME | DESCRIPTION
Charger input voltage. Bypass it with a TuF ceramic capacitor from VBUS to PGND. It also provides power to the load

A, A2 VBvS during boost mode.
A3 3007 Bootstrap capacitor connection for the high-side FET gate driver. Connect a 10nF ceramic capacitor (voltage rating > 10
V) from BOOT pin to SW pin.
A4 SCL I’Cinterface clock. Connect a 10kQ pull up resistor to 1.8V rail.

Connection point between reverse blocking FET and high-side switching FET. Bypass it with a minimum of 4.7yF
capacitor from PMID to PGND.

B4 SDA I’Cinterface data. Connect a 10kQ pull up resistor to 1.8V rail.
(1,2,3 SW Internal switch to output inductor connection.

B1,B2,83 PMID

(harge status pin. Pull low when charge in progress. Open drain for other conditions. During faults, a 128ys pulse is sent
4 STAT out. STAT pin can be disabled by the EN_STAT bit in control register. STAT can be used to drive a LED or communicate
with a host processor.

D1,D02,D3 PGND Power Ground

Boost mode enable control or input current limiting selection pin. When OTG is in active status, is forced to operate in
boost mode. It has higher priority over 12C control and can be disabled using the control register. At POR while in 15-

u ot min mode, the OTG pin is default to be used as the input current limiting selection pin. The IC register is ignored at
startup. When OTG=High, IIN_LIMIT=500mA and when 0TG=Low, IN_LIMIT=100mA.

£l VBATS | VBATS piniis always shorted to VBAT pin.

E2 ) (harge disable control pin. (D=0, charge is enabled. (D=1, charge is disabled and VBUS pin is high impedance to GND.

B3 VLDO LDO Output Voltage. Bypass it with 1uF capacitor from VLDO to PGND.

E4 VBAT Positive battery terminal
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TYPICAL CHARACTERISTICS

(Typical values are at Ta = 25°C unless otherwise specified.)

Ichrg Vs Vbat CHRG Mode Eff Vs lout
45 I T i 100% i
2 Ichrg=0.5A Ichrg=1A Vin=sv 98% |—  \in=sv
e |Chrg=2A Ichrg=3A o
35 |- cnre chre ﬂi 96%
3 94% /,
z as . 92% ///
v X /
o S oo% —|
£ B
= 88%
1.5
86%
1 84%
05 Ichrg=0.5A Ichrg=1A
’ 82% e |chrg=2A Ichrg=3A
0 — 80% - L
2.5 3 35 4 4.5 2.3 2.8 33 3.8 4.3
Vbat (V) Vbat (V)
Ichrg Vs Vbat CHRG Mode Eff Vs Vbat
45 T T T 100% T T T
4 Ichrg=0.5A Ichrg=1A Vin=9V | 98% |— Ichrg=0.5A Ichrg=1A - vin=gy
e |Chrg=2A Ichrg=3A 06% |— e | chrg=2A Ichrg=3A
35 | + °
3 94%
L) 92%
< s ] s
a0 = 90%
£ 2 — B —
- e
|
15 ﬁ a6 ] e
1 84% ——
/
0.5 82%
0 80%
2.5 3 35 4 4.5 2.3 2.8 33 3.8 4.3
Vbat (V) Vbat (V)
Ichrg Vs Vbat CHRG Mode Eff Vs Vbat
45 I T | 100% i i
Ichrg=0.5A Ichrg=1A - -
4 Vin=12V Ichrg=0.5A Ichrg=1A Vin=12v
as e |Chrg=2A Ichrg=3A 95% |- Ichrg=2A Ichrg=3A
3 90%
< s — 3
=4 = 8% e
ﬁ 2 | E e
— /_’
1.5 — 80% |
1 LS
75%
0.5 L
0 70%
2.5 3 35 4 4.5 2.3 2.8 33 3.8 4.3
Vbat (V) Vbat (V)
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ETAG3ST

OTG Mode Vout Vs lout OTG Mode Eff Vs lout
6 100%
95% |- Vout=5V 1
5 — oo b—L Lt 1 L] L //,—'Qtt
4 ey Zalllx
= . 80% ////\/
z, - A
2 ™ 70% ,
2 Vin=3v 65% I Vin=3v |
Vin=3.6V I Vin=3.6V
1 Vin=4v 60% I Vin=4v |
Vout=5V Vin=4.2V 55% I Vin=4.2V |
0 ] I I 50% |
0 0.2 0.4 0.6 0.8 1 1.2 0.001 0.01 0.1 1
lout (A) lout (A)
REGISTER MAP
DEVICE ADDRESS: D4H (11010100)
Status/Control Register (Read/Write)
Memory Location: 00, Reset State: xTxx Oxxx
BIT NAME RESET TYPE FUNCTION
Write: TMR_SRT Function
= Write'1" to reset the safety timer (auto clear)
TMR_RST = Write '0" to do nothing
7 016, STAT 0 | RDAWR 1 pead: 076 pin status
= '0"- 0TG pin at low level
= '1'-0TG pin at high level
STAT Pin function Enable;
6 EN_STAT 1 RD/WR = '0'- Disable STAT pin Function
= '1'—Enable STAT pin function (default 1)
Read | Charging Status Bits:
5 STAT2 0 Only = '00"- Ready
= '01'- Charge in Progress
4 STAT] 0 Read = '10'- Charge Done
Only = 11 -Fault
Read Boost Mode Status Bits:
3 BOOST 0 Only = '1'-Boost mode
= '0'—Notin boost mode
Fault Indication Flags: CHARGE MODE DISCHARGE MODE
) = '000' NORMAL NORMAL
= 001" VBUS_OVP VBUS_OVP
= 010’ SLEEP_MODE OVER_LOAD
Read = 011 BAD_ADAPTER VBAT_UVLO
= 100’ VBAT_OVP VBAT_OVP
= 101" THERMAL_SD THERMAL_SD
0 = 110 TIMER_FAULT TIMER_FAULT
= 1 NA NA

www.etasolution.com
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ETAG3ST

Control Register (Read/Write)
Memory Location: 01, Reset State: 0011 0000

BIT NAME RESET TYPE FUNCTION
VBUS Input Current Limit. Active when EN_ILIM2 =0
7 = '00"- 100mA
[IN_LIMIT_1<1:0> 00 RD/WR = 01"~ 500mA
6 = "10"-800mA
= "11"-No Input Current Limit
Weak Battery Voltage Level:
5 = '00'-34V
VIOWV<T:0> 1 RD/WR = 01'-35V
4 = "10'-3.6V
= "11"-3.7V (Default)
Termination Charge Current Enable
3 TE 0 RD/WR = '0'—Disable
= '1'—Enable (default)
(Charge Disable;
2 nCE 0 RD/WR = '0'—Enable (default)
= '1'—Disable
High Impedance Mode Command:
1 HZ_MODE 0 RD/WR = '0'- Notin HiZ Mode (default)
= '1'-HiZ Mode
Operation Mode Select:
0 OPA_MODE 0 RD/WR = '0'- Charge Mode (default)
= '1'-Boost Mode
Control/Battery Voltage Register (Read/Write)
Memory Location: 02, Reset State: 0000 1010
BIT NAME RESET TYPE FUNCTION
7
6
5 . _—
P VOREG<5:0> 000110 | RD/WR | Battery Regulation Voltage Configuration.
3
2
QTG Pin Polary Setting:
1 016 PL 1 RD/WR = '0'-BOOST Enable when 0TG = Logic_LO
- = '1"- BOOST Enable when OTG = Logic_HI (default)
0TG Pin Control Enable:
0 OTG_EN 0 RD/WR = '0'- Disable OTG pin Function (default)
= '1'- Enable OTG pin Function

www.etasolution.com
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ETAG3ST

Vender/Part/Revision Register (Read only)
Memory Location: 03, Reset State: 0101 000x

BIT NAME RESET TYPE FUNCTION
7
Read
6 VENDER<2:0> 010 Vender Code
Only
5
4 Read
PN<T:.0> 10 Part Number Code
3 Only
2
Read N
1 REVISION<2:0> 100 Revision Code
Only
0
Battery Termination/Fast Charge Current Register (Read/Write)
Memory Location: 04, Reset State: 0000 0001
BIT NAME RESET TYPE FUNCTION
(Charger Reset. (No function in BOOST Mode)
7 RESET 0 RD/WR = Write '0' - No effect
= Write'1" - Reset Charge Mode
6 Charge Current Setting Bits:
5 ICHG<2:0> 000 RD/WR =  [SB=100mA;
4 =  MSB=400mA
Min Charge Current Level:
3 ICHRG_OFFSET 0 RD/WR = 0-550mA
= 1-650mA
2 Termination Current Setting Bits:
1 ITERM<2:0> 001 RD/WR =  L[SB=50mA
0 = MSB=200mA

Special Charger Voltage/Enable Pin Status Register
Memory location: 05, Reset state: 001X X100

BIT NAME RESET TYPE FUNCTION
Extra Added Charge Current Setting Bit;
7 ICHG<4> 0 RD/WR = 0 —Addmore OmA
= 1—Addmore 1600mA
Extra Added Charge Current Setting Bit:
6 ICHG<3> 0 RD/WR = (- Add more OmA
= 1—Add more 800mA
Force Low  Charge Current;
5 LOW_CHG 0 RD/WR = '0'- Configured by ICHG<4:0>
= '1'-Force 550mA
Read DPM Status:
4 DPM_STATUS 0 = '0'- DPM_Mode is Not Active
Only = '1"-DPM_Mode is Active
Read (D Pin Status:
3 (D_STATUS 0 = '0'-(DpinisatLogic_LO
Only = '1'-(Dpin s at Logic_HI

www.etasolution.com
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ETAG3ST

VINDPM<2:0>

RD/WR

Special Charger Voltage:
=  MSB=320mV step
=  L[SB=80mVstep

Safety Limit Register (READ/WRITE, Write only once after reset!)

Memory location: 06, Reset state: 01000000

BIT NAME RESET TYPE FUNCTION

7

; Maximum Charge Current:

; IMCHRG<3:0> 0100 RD/WR = Battery Charge Current is set by ICHG<4:0> or IMCHRG<3:0> which is
lower.

4

3

) Maximum Battery Requlation Voltage:

| VYMREG<3:0> 0000 RD/WR = Battery Requlation voltage is set by VMREG<3:0> or VOREG<5:0> which
is lower.

0

Extra Current Limit and DPM level setting(READ/WRITE)
Memory location: 07, Reset state: 00000000

BIT

NAME

RESET

TYPE

FUNCTION

-, e

VINDPM<6:3>

0000

RD/WR

Special Charger Voltage Addition: 5.12V

Special Charger Voltage Addition: 2.56V

Special Charger Voltage Addition: 1.28Y

Special Charger Voltage Addition: 640mV

EN_ILIM2

RD/WR

Input Limit Setting Selection:
= 0-Input Limitis set by lIN_LIMIT_1<1:0> =REGO1<7:6>

= 1-Input Limitis set by lIN_LIMIT_2<2:0> = REG07<2:0>

[IN_LIMIT_2
<2:0>

000

RD/WR

VBUS Input Current Limit Active when EN_ILIM2=1
= '000'- 300mA

001" - 500mA

010" - 800mA

‘011" - 1200mA
"100' - 1500mA
101" - 2000mA
110" - 3000mA
111" - 5000mA

L R U
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ETAG3ST QOANS

APPLICATION INFORMATION

VBUS INPUT/OUTPUT CURRENT LIMIT
ETA6937 is able to configure VBUS Input/Output current limit by 12C.
Forinput current limit, there are 2 ways to configure, IIN_LIM_1[1:0] when EN_ILIM2[ ] =0, or IIN_LIM_2[2:0] when EN_ILIM2[ ] =1.

EN_ILIM2[ ] [IN_ILIM_2[2:0] [IN_ILIM_1[1:0] VBUS INPUT CURRENT LIMIT (mA)

XXX 00 100
XXX 01 500

0 XXX 10 800
XXX " No Current Limit
000 XX 300
001 XX 500
010 XX 800
on XX 1200

1 100 XX 1500
1071 XX 2000
110 XX 3000
1 XX 5000

Output current limit is understood as BOOST output current limit is 1.2A. Beside the current limit, BOOST output current limit is reduced to 500mA when
VBUS is under 3.0V (Typically).

OPM LEVEL CONFIGURATION

VINDPM<0> = 80mV, VINDPM< 1> = 160mV, VINDPM< 2> = 320mV, VINDPM<3> = 640mV, VINDPM<4> = 1280mV, VINDPM<5> = 2560mV,
VINDPM<6> = 5120mV, and OFFSET = 4.2V

VHOLD (V)= 4.2+ 0.08*VINDPM<0> + 0.16*VINDPM< 1> + 0.32*VINDPM < 2> + 0.64*VINDPM<3> + 1.28*VINDPM<4> + 2.56*VINDPM< 5>
+5.12*VINDPM<6>

BATTERY TERMINATION CURRENT

ITERM[2:0] TERMINATION CURRENT ITERM(mA)
000 50
001 100
010 150
01 200
100 250
101 300
110 350
m 400
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ETABH3T QOANS

BATTERY CHARGE CURRENT

ETA6937 uses ICHG[4:0], ICHG_OFFSET[ ] and IMCHGI3:0] to configure Battery Charge Current. While ICHG[4:0], and ICHG_OFFSET[ ] are bits to configure
the requlation target, IMCHG([3:0] are bits to set maximum Battery Charge Current IC can do. This means Loop will regulate Battery Charge Current at which

is lower.
00000 550 650 0000 550 650
00001 650 750 0001 750 850
00010 750 850 0010 950 1050
00011 850 950 0011 1150 1250
00100 950 1050 0100 1350 1450
00101 1050 1150 0101 1550 1650
00110 1150 1250 0110 1750 1850
00111 1250 1350 0111 1950 2050
01000 1350 1450 1000 2150 2250
01001 1450 1550 1001 2350 2450
01010 1550 1650 1010 2550 2650
01011 1650 1750 10M 2750 2850
01100 1750 1850 1100 2950 3050
01101 1850 1950 1101 3050 3150
01110 1950 2050 1110 3050 3150
01111 2050 2150 1M 3050 3150
10000 2150 2250
10001 2250 2350
10010 2350 2450
1001 2450 2550
10100 2550 2650
10101 2650 2750
10110 2750 2850
101 2850 2950
11000 2950 3050
11001 3050 3150
11010 3050 3150
11017 3050 3150
11100 3050 3150
11101 3050 3150
11110 3050 3150
1117 3050 3150
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ETABH3T QOANS

BATTERY REGULATION VOLTAGE

ETA6937 uses VOREG[5:0] and VMREGI3:0] to configure Battery regulation voltage. While VOREG[5:0] are bits to configure the requlation target,
VMREGI3:0] are bits to set maximum Battery voltage IC can do. This means Loop will regulate battery voltage at which is lower.

VOREG[5:0] VBAT (V) VOREG[5:0] VBAT (V) VMREG[3:0] MAX BATTERY REGULATION (V)
000000 35 100000 4.4 0000 4.2
000001 3.52 100001 4.16 0001 4.22
000010 3.54 100010 4.18 0010 4.24
000011 3.56 100011 4.2 00117 4.26
000100 3.58 100100 4.22 0100 4.28
000101 36 100101 4.24 0101 43
000110 3.62 100110 4.26 0110 432
000111 3.64 100111 4.28 01M 4.34
001000 3.66 101000 43 1000 4.36
001001 3.68 101007 432 1007 438
001010 37 101010 4.34 1010 4.4
001011 3.72 101011 4.36 1011 4.42
001100 3.74 101100 438 1100 4.440 (Max)
001101 3.76 101101 44 1101 4.440 (Max)
001110 378 101110 4.42 1110 4.440 (Max)
001111 38 101111 4.44 111 4.440 (Max)
010000 3.82 110000 4.44
010001 3.84 110001 4.44
010010 3.86 110010 4.44
010011 3.88 110017 4.4
010100 39 110100 4.44
010101 3.92 110101 4.44
010110 3.94 110110 4.44
010111 3.9 110111 4.44
011000 3.98 111000 4.44
011001 4 111001 4.44
011010 4.02 111010 4.44
0m0Mm 4.04 111011 4.44
011700 4.06 111100 4.44
011701 4.08 111101 4.44
011110 4.1 111110 4.44
0mm 4.12 111111 4.44
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ETAR937

FUNCTION DESCRIPTION
MAIN OPERATION STATE DIAGRAM

Any State

Any Fault
Condition

FAULT[2:0] Reading
|| VBUS_nUVLO Rising

HIZ MODE FAULT STATE

A

CD = Logic_LO
&nCE[]=0

& HIZ_MODE[] = 0
& VBUS_nUVLO =1

CD=Logic_HI
I nCE[]=1

|| HIZ_MODE[ ] = 1
& VBUS_nUVLO =0

BOOST MODE

v {(OTG=Logic_HI & OTG_EN[ ]=1) || OPA_MODE[ ]=1}
& HIZ_MODE[ ]=0 & VBAT_nUVLO = 1
& T15MIN_Active =0
CHARGE MODE =
- {(OTG=Logic_LO || OTG_EN[ ]=0) & OPA_MODE[ ]=0}
& HIZ_MODE[ ]=0 & VBUS_nUVLO =1
FHgure 1: Main State Machine Chart

(HARGER OPERATION
OPERATION CHART FLOW IN CHARGE MODE

Any State

Vaus < Vuvio

1 = High Hold in 2s

No
Adapter Good
Yes
Start 15-Minute Yes
I Timer

Battery Removed
Force VBAT: V
Yes

AT < Vorec - Vren

No
Indicate Charge
DONE

Vaus > Voo
&CD = Low
&nCE=0

I°’C Load
Default Value

High Impedance Mode

Fault Indicate
SetnCE =1

Enable Charge
Yes

Linear Charge
Current

Load Limit
A Register Default

15-Min Timer
Expired?

Enable Switching
Disable Isport

Enable lterm
Detector

leat < lrerm

Configure Limit
Register at the
first 1,C write

Yes

Disable Charging
Enable BAT Iperecr for
Toetect

8T > Vorec - Vren

BAT < Vores - VReH

Yes
Charge
Completed
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ETABH3T QOANS

BAD ADAPIOR DETECTION

IC performs the bad adaptor detection by applying a current sink to VBUS. Force Charge
If the VBUS is higher than Viy_yw for 30ms, the adaptor is good and the

charge process begins. Otherwise, if the VBUS drops below Vi, a bad \
adaptor is detected. Then, the IC disables the current sink, sends STAT pin > ( Delay 10ms

a fault pulse, and set FAULT[2:0] following related condition. After a

holding time in 2s, the IC repeats adaptor detection process. Erable 30mA
Sink Current

i

Start 30ms Timer

(&
e

A

Bad Adaptor Detected ' Good Adaptor Detected I
Set FAULT[2:0] Disable Adaptor
And send 128ps pulse Detection
to STAT pin Charge Start

v

Hold 2s

Hgure 2 bad Adaptor Detection Frocess Flow Chart

CHARGING PROFILE
Linear Charge . Constant Current | Voltage ! EOC
) Phase ! Regulation Phase | Regulation Phase !
Regulation Voltage |-~ oo / ‘

Regulation Current |---------------------

VsHorT

Termination Current
IsHoRT

; Charge

TOPOFF Completed

| Precondition Charge
v

Fast Charge

N

Fgure 3: lypical Charging Profile. Case of being without Input Current Limit
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ETABH3T QOANS

Linear Charge ! Constant Current | Voltage | EOC
. Phase ! Regulation Phase | Regulation Phase !

Regulation Voltage
Regulation Current

— VBAT

- |BAT
VsHorT
Termination Current
IsHoRT

i Precondition Charge | Fast Charge i TOPOFF CCharge |
! o ; ompleted
W P

Fgure 4 ypical Charging Profile. Case of being with Input Current Limit

CHARGER 30-MINNUTE SAFETY TIMER / 32-SECOND WATCHDOG TIMER / HOLD RECHARGE CYCLE

When a good adapter is attached, ICalways starts 30-Minute Mode. In 30-Minute Mode, IC enable 30 minute timer. If 30 minute timer is expires, IC enters
Fault State, sends STAT a fault pulse, sets FAULT[2:1] = [110].

Any writing action from 12C will make IC exit 30-Minute Mode to enter 32-Second Mode.

During 32-Second Mode, IC enables 32s timer. The timer is reset when I2C writes “1"to TMR_RST[ ]. If 325 timer expires, IC exits 32-Second Mode then
back to 30-Minute Mode.

Then follow different battery conditions IC will behave different ways:

> VBAT is below HOST supply Power Good Level. VBAT is too low that not enough to supply the HOST. Then Charger stays in 30-Minute Mode
with low charge current. This operation is maintained until HOST sends any writing command via 12C. Otherwise, IC will enter FAULT_STATE
when 30 minute expires.

> VBAT is good for HOST but not too high, below VBAT_LOW level (close to full power level), HOST is able to send writing command to IC via
12C, then IC disable 30-Minute Mode and enter 32-Second Mode. In 32-Second Mode, Charger operates at Register Configured Charge Current,
IOREGI[5:0] and IMREG[3:0]. In case need to maintain full charge condition, HOST must write “1”to TMR_RST ] before 32 second expires to
restart 32 minute counter. Otherwise, ICwill exits 32-Minute Mode when 32 minute timer expires, then back to 30-Minute Mode.

> VBAT s higher than VBAT_LOW. Some system battery is not recharge when Battery voltage level is close to full level to avoid more battery
recharge cycle. HOST will decide to start new charge cycle by sending a writing command to IC via 12C. Or keep ICin Standby time.

SAFETY LIMIT REGISTER

It is required to change safety Limit Register at first before do any writing action to other register. Otherwise safety limit register is writing protected.
Protection is released either reset charger cycle or if battery voltage is decreased to under VSHORT.

INPUT CURRENT LIMIT REGULATION

During the charging process, if the Q1 current exceeds input current limit, Q1 will be controlled into limit loop, PMID voltage will decrease. Once charge
detects PMID voltage drop for more than l_m * Ros, ), the charge current begins to taper down to prevent any further drop of PMID voltage. When the IC
enters this mode, the charge current is lower than the set value and the VIN_ILIM bits are set. This feature makes the part be not over power that heat the
part much.
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ETABH3T QOANS

DYNAMIC POWER MANAGEMENT

During the charging process, if the input power source is not able to support the programmed or default charging current, the VBUS voltage will decrease.
Once the VBUS drops to VIN_DPM (default 4.52V), the charge current begins to taper down to prevent any further drop of VBUS. When the IC enters this
mode, the charge current is lower than the set value and the special charger bit is set. This feature makes the IC compatible with adapters having different
current capabilities.

THERMAL REGULATION

During the charging process, if the junction temperature is above Trs (120°C), the charge current is reduced. Charge current is reduced to minimum level
(550mA) when junction temperature hits 130°C. This feature makes the IC be not over temperature during high charge current at low battery voltage.
When battery voltage high enough, power crosses the part is lower, junction temperature is lower, then battery is charged with full set current.

Beside the thermal requlation, part is protected by second temperature protection, thermal shutdown. When junction temperature hit Tsuyr, IC will be turn
off until part cold down 20°C. This feature is active for both Charge Mode and Boost Mode.

LINEAR CHARGE — PRECONDITION CHARGE

To prevent battery from explosion when the voltage is too low, under Ve _swor, IC charges battery with a linear current, lsuorr. lsuosr is programmed by level
of VBUS.

ETA6937 also swaps to use linear charge when charge current is less than 250mA. Condition is from FOLDBACK or TOPOFF conditions.
CHARGE COMPLETE

When Charge Current hits termination threshold and IC still detect valid battery, IC indicates charge complete. In this condition, if ICis still in 32-Second
Mode, IC allows to recharge when hattery voltage drops below recharge threshold. In case 32-Second timer expire, IC will set nCE[ ] = 1 to not allow
recharge. New charge cycle will not start until nCE[ ] is cleared to"0" or re-plugging VBUS.

BOOST MODE OPERATION
BOOST 32-SECOND WATCHDOG TIMER

Boost always operates in 32-Second Mode. Once Boost is enabled, IC starts 32 second timer. This timer could be reset by writing“1"to TMR_RST[ ] via I2C.
Once the 32-second timer expires, the IC turns off the boost converter by clear OTG_EN ] or OPA_MODE[ ], enunciates the fault pulse from the STAT pin
and sets fault status bits in the status register.

BOOST SIART-UP

Boost starts when either {OTG is held at Logic_HI and OTG_EN[ ] =1} or OPA_MODE[ ] = 1. When one of these conditions occurs, IC starts to monitor
battery voltage. If battery voltage is above UVLO and under OVP thresholds, IC enables BOOST Converter.

Q1is enabled right Boost Converter is enabled. There is a Boost output current limit is integrated in Q1 Module. IC also provide BST_ILIM[ ] to configure
Boost Output Current Limit.
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PCB GUIDELINES

Please always put PMID capacitor closet to the PMID pins and GND pins, with wires directly connected to the PMID and GND balls. DONOT connect the
negative terminal of PMID capacitor to the ground plane, while the GND balls are also connected to the ground plane. As such PMID capacitor serves as
the input capacitor of switching charger, and if the capacitor is connected to the GND pins thru ground plane, 2 serial vias (capacitor to ground plane
and ground plane to GND pins) are introduced, which means a serial parasitic inductor is placed between the input capacitor and the real input pins. And
thus, the decoupling function of such input capacitor is compromised. So, lots of switching noise may no longer be filtered by the input capacitor, and it
leads to instability of the switching charger.

Following illustration shows the correct way to place the input capacitor.

Always place input capacitor
(CPMID) at this plaCE! ETA6937
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BLOCK DIAGRAM
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