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STBCO02

Li-lon linear battery charger with LDO,

load switches and reset generator

Flip Chip 30 2.59x2.25 mm

Features

1  Charges single-cell Li-lon batteries with

CC/CV algorithm and charge termination

Fast charge current up to 450 mA

Pre-charge current from 1 mA to 450 mA

Adjustable floating voltage up to 4.45V

Integrated low quiescent LDO regulator

Automatic power path management

Auto-recharge function

Embedded protection circuit module (PCM)

featuring battery overcharge, battery over-

discharge and battery overcurrent

protections

1  Charging timeout to terminate the charging
process for safety reasons

1  Shipping mode feature allows battery low
leakage when over-discharged

1  Very low battery leakage in over-discharge
and shutdown mode

1  Charge/fault status output

1  Battery voltage pin to allow external gauging

f Two 3 q SPDT Il oad

1

1
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Reset generator triggered by USB detection
SWIRE allows the STBCO02 functions to be
controlled

1  Available in Flip Chip 30, 0.4 mm pitch
package

1 Rugged 4 kV HBM, ESD protection on the
most critical pins
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Datasheet - production data

Applications

1  Smart watches and wearable devices

1  Fitness and medical accessories

1 Li-lon and other Li-Poly battery rechargeable
equipment

Description

The STBCO2 is a highly integrated power
management, embedding a linear battery
charger, a 150 mA LDO, 2 SPDT load switches, a
smart reset/watchdog block and a protection
circuit module (PCM) to prevent the battery from
being damaged under fault conditions.

The STBCO2 uses a CC/CV algorithm to charge
the battery; the fast charge and the pre-charge
current can be both independently programmed
using dedicated resistors. The termination current
is set by default, being 5% of the programmed
fast charge current, but it can also be fixed to
different values. Likewise, the battery floating
voltage value is programmable and can be set to
avalueupto4.45V.

The STBCO2 also features a charger enable
input to stop the charging process anytime.

The STBCO2 is automatically powered off from
the connected battery when the IN pin is not
connected to a valid power source (battery
mode).

A battery under/overtemperature condition can
be detected by using an external circuitry (NTC
thérBistor).

The STBCO02 draws less than 10 nA from the
connected battery in shipping mode conditions,
so to maximize the battery life during end product
shelf life. The device is available in the Flip Chip
30 package.
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Application schematic STBCO02

1 Application schematic
Figure 1: STBCO02 application schematic
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STBCO02 Application schematic
Table 1: Typical bill of material (BOM)
Symbol Value Description Note
CiN 10 pF (16 V) Input supply voltage capacitor Ceramic type
Csvs 1uF (20 V) System output capacitor Ceramic type
Riser Refer to Iset Charge current programming resistor Film type
Ripre Refer to Ipre Pre-charge current programming resistor Film type
Cear 4.7 pyF (6.3 V) Battery positive terminal capacitor Ceramic type
RrLoAT BATSNSFV Floating voltage programming resistor Film type
Reup 10-100 k) NRESET pull-up resistor® Film type
Rere 10 kY Charging/fault pull-up resistor® Film type
Cioo 1.0 pF (10 V) LDO output capacitor Ceramic type
Notes:

MRpup is tied to LDO pin or to a higher voltage.
@RcHe must be calculated according to the external LED electrical characteristics.

3
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Pin configuration (top through view)

STBCO02
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Pin configuration (top through view)

Figure 2: Pin configuration top through view

A1 A2 A3 A4 A5
RESET_NOW | BATSNSFV GND ISET BAT
B1 B2 B3 B4 B5
CEN  |RST_PENDING| BATSNS AGND BAT

c1 c2 c3 c4 c5
SW_SEL NRESET NC BATMS SYs
D1 D2 D3 D4 D5
NTC WAKE_UP NC IPRE sYs

E1 E2 E3 E4 E5

CHG sw2._| SW1_oB SW1_OA IN

F1 F2 F3 F4 F5
Sw2_oB SW2_OA Sw1_I LDO IN

Table 2: Pin description

Bump .
Bump T Description
Input supply voltage. Bypass this pin to ground with
IN E5-F5 X
a 10 pF capacitor
BAT A5-B5 Bgttery positive termlnal. Bypass this pin to GND
with a 4.7 uF ceramic capacitor
SYS C5-D5 Syster_n output._ Bypass this pin to ground with 1 pF
ceramic capacitor
Power
LDO = LDO o_utput. Bypass this pin to ground with 1 pF
ceramic capacitor
NTC D1 Battery temperature monitor pin
AGND B4 Analog ground Connect together with the
GND A3 GROUND same ground layer
ISET A4 Fast charge current programming resistor
Programming
IPRE D4 Pre-charge current programming resistor
BATMS C4 Battery voltage measurement pin
_ BATSNS B3 Battery voltage sensing. C_o_nnect as close as
Sensing possible to the battery positive terminal
BATSNSEV A2 Float_lng voltage sensing. (_Zc_)nnect as close as
possible to the battery positive terminal
Charger enable pin. Actt
CEN Bl up (to LDO)
Digital 1/0s CHG El Charging/fault flag. Active low (open drain output)
WAKE-UP D2 Shi pping mode exit input

internal pull-down

DoclD029261 Rev 3 ‘Yl




STBCO02

Pin configuration (top through view)
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Bump

Bump
name

Description

SW_SEL

C1

Load switch selection input (refer to LDO level)

Digital 1/0s

NnRESET

c2

Smart reset output signal (open drain output). A pull-
upresistor (107 100 kY) is connec
to a higher voltage

RST_PENDING

B2

Reset output signal (totem pole output)

RESET_NOW

Al

Smart reset input signal (referred to LDO level);
RESET_CLEAR when watchdog is enabled

Switch matrix

SW1_|

F3

Load switch SPDT1
input (1.8 Vto5V
range)

SW1_OA

E4

Load switch SPDT1
output A
(enabled/disabled by
SWIRE)

SW1_OB

E3

Load switch SPDTL1 | |f SPDT switches are used,
output B decoupling capacitors are
(enabled/disabled by | recommended on input and
SWIRE) output. Capacitor values

SW2_|

E2

Load switch SpDT2 | depend on applcation
input (1.8 Vto 5V | conditions and requirements.

range) If not used, connect inputs

SW2_OA

F2

and outputs to GND
Load switch SPDT2

output A
(enabled/disabled by
SWIRE)

SW2_OB

F1

Load switch SPDT2
output B
(enabled/disabled by
SWIRE)

NC

C3-D3

Not connected Leave floating

DoclD029261 Rev 3 7137




Maximum ratings

STBCO02

3

8/37

Maximum ratings

Table 3: Absolute maximum ratings

Symbol Parameter Test conditions Value Unit
VIN Input supply voltage pin DC voltage -0.3t0 +16.0 \
Vibo LDO output pin voltage DC voltage -0.3t0 +4.0 \%
Vsvs SYS pin voltage DC voltage -0.3t0 +6.5 \%
Switch pin voltage (SW1_I,
Vsw SW2_I, SW1_OA,SW1_OB, DC voltage -0.3t0 +6.5 \
SW2_OA, SW2_0OB)
Vche CHG pin voltage DC voltage -0.3t0 +6.5 \%
Vwake-up WAKE-UP pin voltage DC voltage -0.3t0 +4.6 \%
Voltage on logic pins (CEN,
Viee SW_SEL, RESET_NOW, DC voltage -0.3to0 +4.0 \Y,
NRESET, RST_PENDING)
Viser, ViPre Voltage on ISET, IPRE pins DC voltage -0.3to0 +2 \%
VntC Voltage on NTC pin DC voltage -0.3 to Vipo \%
Veat, Veatsns, | Voltage on BAT, BATSNS and )
VEBATSNSFV BATSNSFV pins DC voltage 0310455 v
VBATMS Voltage on BATMS pin DC voltage -0.3to Vear+0.3 | V
Human body model (IN, SYS, JS-001-2012 vs.
WAKE-UP, LDO, BAT, BATSNS, | AGND PGND and +4000 \Y
ESD BATSNSFV) GND
Human body model (all the 3S-001-2012 +2000 v
others)
Tams Operating ambient temperature -40 to +85 °C
Ty Maximum junction temperature +125 °C
Tstc Storage temperature -65 to +150 °C

Absolute maximum ratings are those values beyond which damage to the device
may occur. Functional operation under these conditions is not implied.

Table 4: Thermal data

Symbol Parameter Flip Chip 30 (2.25x2.59 mm) Unit
Rrhae® Junction-to-pcb board thermal resistance °C/W
Notes:
(Mstandard FR4 pcb board.
DoclD029261 Rev 3 Kys
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Electrical characteristics
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Electrical characteristics
ViN=5V, VBar=3.6 V, CLoo=1 PF, Cearr=4.7 pF, Cin=10 pF, Csvys=1 pF, Riser= 1

CEN=high, Ripre= 4 .

WAKE-UP floating unless otherwise specified.

Table 5: Electrical characteristics

kaq,
7  A&25 °C, SW_SEL=GND or LDO, RESET_NOW=GND or LDO,

SD=1

Symbol

Parameter

Test conditions

Min.

Typ.

Max.

Unit

Vin

Operating input voltage

VFLoaT set 4.2 V, Irast
<250 mA

4.55

5.4

VFLoaT Set 4.45 'V,
IFasT < 450 MA,
Isys=lLoo=0 mA

4.75

5.4

Vinovp

Input overvoltage
protection

Vin rising

5.6

6.0

6.4

VINovPH

Input overvoltage
protection hysteresis

VN falling

200

mV

VuvLo

Undervoltage lock-out

VN falling

3.9

VuvLoH

Undervoltage lock-out
hysteresis

Vin rising

300

mV

Iin

IN supply current

Charger disabled
mode (CEN = low),
Isvys=lLpo=0 A

600

Charging, VHot < VnT1C
< Vcotp, including
Riser current

1.4

mA

VELoAT

Battery floating voltage

IBAT=1 mA, BATSNS
and BATSNSFV short
to battery terminal

4.179

4.2

4.221

IBaT

BAT pin supply current

Battery-powered
mode (Vin<VuvLo),
lLoo=0 A

Charge terminated

12

Shutdown mode (by
SWIRE)

10

50

Over-discharge mode
(Veat<Vonc, VIN
<VuvLo)

10

50

nA

IFAsT

Fast charge current

Rser=430 ¢,
constant-current
mode ILpo+ Isys<150
mA

450

500

Rset=1 kg, €
current mode

200

mA

IPrE

Pre-charge current

Rere=10 kg,
constant-current
mode

20

mA

Viser

IseT regulated voltage

3
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Electrical characteristics STBCO02
Symbol Parameter Test conditions Min. Typ. Max. Unit
Virre Ipre regulated voltage 1 \%

Pre-charge to fast charge .
VeRe battery voltage threshold Charger active 3 v
Charging in CV mode o
for 20 mA<Irast 5 Wolast
lenD End-of-charge current —
Charging in CV mode See Table 10: "IFAST and IEND"
for Irast<20 mA
Vear rising,
BATSNSFV short to 4.245 4.275 4.305 Y,
battery terminal
VBart rising,
BATSNSFV short to
Vv Battery voltage battery terminal with VFLOAT+75 mV
ocHe overcharge threshold floating voltage
adjustment enabled
Vear rising, external
resistor between
BATSNSFV and VFLOATHTS mv
battery terminal
Vin<VuvLo, lLbo=150
Battery voltage over- mA, BATSNSFV and
Vonc discharge threshold BATSNS short to 2750 2.8 2.850 v
battery terminal
VuvLo<Vin<Vovp, ILbo
Battery voltage over- =150 mA,
Vobcr discharge release BATSNSFV and 3.0 \%
threshold BATSNS short to
battery terminal
Wake-up voltage VeaT>3 V rising,
Vware-up threshold lLpo=150 mA VBAT v
Input to SYS on-
Ron-is resistance 0.25 0.35 q
Battery to SYS on-
Ron-Bs resistance 0.35 0.4 q
BATSNS to BATMS on- _
Ron-saTMs resistance Isink=500 pA 290 550 q
Vswi =1.8Vto5V
Ron-LoADsw1 Input to OUtPUt load SW1 OAor SW1_OB 2.0 3.8 q
switch 1 resistance _
test current=50 mA
Vswz 1=1.8Vto5V
R Input to output load 20 3.4
ON-LOADSWZ 1 switch 2 resistance SW2_OA or SW2_0OB : : 4
test current=50 mA
Output low level (CHG,
VoL nRESET, Isink=5 MA 0.4 \Y,
RST_PENDING)
Output high level lon=5 mA (referred to )
Von (RST_PENDING) LDO output) LDO-200 mv
10/37 DoclD029261 Rev 3 Kys




STBCO02 Electrical characteristics
Symbol Parameter Test conditions Min. Typ. Max. Unit
High level open drain
lonz output current (CHG, Vorn=5V 1 €A
nRESET)
Logic low input level
Vi (CEN, SW_SEL, 0.4 \Y;
RESET_NOW) All versions with LDO
Logic high input level 3V,31Vor33Vv
" (CEN, SW_SEL, 1.6 \Y;
RESET_NOW)

Rup CEN pull-up resistor 375 500 625 k q
Vibo LDO output voltage ILoo=1 mA -3 Vipo® +3 %
P \bUT-LOAD LDO static load regulation | l.oo=1 mA to 150 mA +0.002 +0.003 | %/mA

Isc LDO short-circuit current | Rioap= 0 Y 250 350 mA
. 0 to 95% Vipo,
ton LDO turn-on time lour=150 MA 210 us
. Vin<Vuvio (powered
IsaTocp E\?étr?::j/rgifh?;?:ction from BAT), it can be 900 mA
P set by 4 SWIRE steps
Vsys> ViLvscTH;
lINLIM Input current limitation VuvLo<Vin < Vinove 17 A
(powered from IN)
SYS voltage threshold for
ViLMscTH input current limitation VuvLo<VIN<ViNove 2 \%
short-circuit detection
- ViN<VuvLo or
SYS short-circuit
Vscsys : Vin>Vinove (powered Veat-0.8 \Y,
protection threshold from BAT)
INTCB NTC pin bias current Vn1c=0.25 V 45 50 55 HA
Vior Thermal hot threshold Increasing NTC 0.234 0246 | 0258 | V
temperature
Veoo Thermal cold threshold | Decreasing NTC 1.28 1.355 1.43 Vv
temperature
Hot/cold temperature R
Thvst thresholds hysteresis 10 kaq NTC, 3 ¢
Teo Thermal shutdown die 155 °C
temperature
Thermal warning die o
Twrn temperature 135 c
Minimum input voltage _ _
tew-vIN connection time to exit \k/BAT_3'5 V., Rnre=10 240 ms
from shutdown mode 4
¢ Overcharge detection VBaT> VoCcHg, 1.2 s
oco delay VuvLo<VIN<Vinove '
. . Veat<Vopc and
toop gver_dISCharge detection ViN<Vuvio or ViN> 60 ms
elay
ViNovp
Kys DoclD029261 Rev 3 11/37




Electrical characteristics STBCO02
Symbol Parameter Test conditions Min. Typ. Max. Unit
. IBaT> lBATOCP
Discharge overcurrent '
tbop detection delay xIN<VUVLO or Vin> 10 ms
INOVP
Pre-charge to fast charge -
tpFo transition deglitch time Rising 100 ms
Fast charge to pre-charge
trro fault deglitch time 10 ms
End-of-charge deglitch
tenp time 100 ms
trrE Pre-charge timeout Vear=2 V, charging 1800 s
trasT Fast charge timeout 14000 18000 22000 s
. After end-of-charge,
tcroD Charger restart deglitch | /3.9 v restart 1200 ms
time
enabled
After end-of-charge,
VRec Charger restart threshold restart enabled 3.9 \Y,
Battery temperature
treo transition deglitch time 100 ms
CEN valid input pulse
trw width 15 ms
WAKE-UP valid input
trw-wa pulse width 1200 ms
From Vsus (Vin)
. Internal RESET deglitch detection to internal
tPbus-ires | e RST_PENDING 150 ms
signal
From RST_PENDING
tDRST_P I_nternal RST_P delay rising to RST pending 4000 ms
time
GND
Vin mode 25
t NRESETP® | nRESET pulse duration €S
Battery mode 50
Notes:

(@) If the internal thermal temperature of the STBCO2 reaches Twrn, then the programmed IrasT is halved until the internal
temperature drops below Twrn - 10 °C typically. A warning is signaled via the CHG output.

@Typical voltage depends on the selected order code.

(®)Details can be found inside smart reset section.

12/37
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STBCO02

Typical performance characteristics

5 Typical performance characteristics

Figure 3: Battery mode 3 V LDO load transient
response

Figure 4: Thermal management

25°C

135'C
155°C
145°C

25

Y
EELL )
15i:

Veat = 3.7 V, 10 mA to 150 mA, slope 150 mA/1 ps

Vear=3.7V,VIN=5.0V

CH2 (red) = LDO 1 V/div
CH3 (green) = LDO 10 mV/div
CH4 (pink) = LDO load variation

CHZ1 (blue) = Vsys
CH2 (red) = LDO
CH3 (green) = Veat
CH4 (pink) = lgat

Figure 5: VIN mode, overvoltage protection

m

Figure 6: Pre-charge to fast charge mode transition
threshold

e

Charging is resumed when OVP disappears

CH1 (blue) = VIN 800 mV/div
CH2 (red) = Vsys 800 mV/div
CH3 (green) = Vsar 800 mV/div
CHA4 (pink) = lsat 20 mA/div

CHZ1 (blue) = VIN 800 mV/div
CH2 (red) = Vsys 800 mV/div
CH3 (green) = Vear 800 mV/div
CH4 (pink) = Isat 20 mA/div

3
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Typical performance characteristics

STBCO02

Figure 7: Pre-charge to fast charge mode transition
deglitch

atmaie

Figure 8: Pre-charge to fast charge mode to no
charge mode transition

CH1 (blue) = VIN 800 mV/div
CH2 (red) = Vsys 800 mV/div
CH3 (green) = Veatr 800 mV/div
CHA4 (pink) = lsat 20 mA/div

CHZ1 (blue) = VIN 800 mV/div
CH2 (red) = Vsys 800 mV/div
CH3 (green) = Veat 800 mV/div
CH4 (pink) = Isat 20 mA/div

Figure 9: Wake-up pin operation

A T

Figure 10: VIN plug, charging initialization

D)

I
[Dm.rm
Homs Normn |

Shutdown mode to battery mode transition. VIN floating

Shutdown mode to VIN mode transition

CH1 (blue) = WAKE-UP pin 800 mV/div
CH2 (red) = Vsys 800 mV/div
CH3 (green) = Vsar 800 mV/div

CH1 (blue) = VIN 800 mV/div;
CH2 (red) = Vsys 800 mV/div
CH3 (green) = Veatr 800 mV/div
CH4 (pink) = Isat 20 mA/div

14/37
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STBCO02

Typical performance characteristics

Figure 11: Wake-up operation, VSYS and LDO rise
overview

Figure 12: Wake-up operation, VSYS and LDO rise
detail

Bt s ey s )

nnnnnn

CH1 (blue) = Vipo 800 mV/div
CH2 (red) = Vsvys 800 mV/div
CHS3 (green) = Vear 800 mV/div
CH4 (pink) = Wake-up 3 V/div

CH1 (blue) = Vipo 800 mV/div
CH2 (red) = Vsvys 800 mV/div
CHS3 (green) = Vear 800 mV/div
CH4 (pink) = Wake-up 3 V/div

Figure 13: VIN plug, charging initialization battery
mode to VIN mode transition

£E8¢

™o

Figure 14: Shutdown mode entry and exit

I E
s s
|
T |
e — "
D momvin
D momvine
o Lovin M_
e — T ————
e

CH1 (blue) = VIN 800 mV/div
CH2 (red) = Vsys 800 mV/div
CH3 (green) = Vsar 800 mV/div
CH4 (pink) = lsat 20 mA/div

By SW_SEL command, battery level over Vopc and
below Vobc

CHZ1 (blue) = VIN 800 mV/div
CH2 (red) = Vsys 800 mV/div
CH3 (green) = Vear 800 mV/div
CH4 (pink) = SW_SEL 2 V/div

3
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Typical performance characteristics

STBCO02

Figure 15: VBAT to VSYS drop and VSYS to VLDO
drop (10 mA)

— —

e
—

w%a

Homaia

Figure 16: VBAT to VSYS drop and VSYS to VLDO
drop (100 mA)

- o
& oo

D samaiy
pre——

LDO loaded by 10 mA; Vobc cut-off

LDO loaded by 100 mA; Vooc cut-off

CH1 (blue) = Vipo 400 mV/div
CH2 (red) = Vsys 400 mV/div
CHS3 (green) = Var 400 mV/div
CH4 (pink) = I.po 10 mA/div

CH1 (blue) = Vipo 400 mV/div
CH2 (red) = Vsys 400 mV/div
CHS3 (green) = Vear 400 mV/div
CH4 (pink) = lL.oo 20 mA/div

Figure 17: CEN operation

Figure 18: CEN operation, VIN plug/unplug

CH1 (blue) = CEN 3 V/div
CH3 (green) = Vsar 800 mV/div
CH4 (pink) = Isat 20 mA/div

CH1 (blue) = IN pin 3.0 V/div
CH3 (green) = CEN 2.0 V/div
CH4 (pink) = leat 30 mA/div
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