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User manual

Switch mode single cell Li+ battery charger with OTG boost,
voltage mode fuel gauge and LDO

Introduction

This user manual is for the STEVAL-ISB033V1 evaluation board based on the STBCFGO01 high
efficiency switching battery charger.

The objective of this document is to demonstrate the functionality of the STEVAL-ISB033V1 and how to

use it.

Figure 1. STEVAL-ISB033V1 evaluation board
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UM1993 System overview

1 System overview

The STEVAL-ISB033V1 is a product evaluation board based on the STBCFGO1 high
efficiency switching battery charger, integrating the necessary functions to charge single
cell Li-lon batteries, monitor the battery charge and generate 5.0 V to supply USB OTG bus
powered devices.

The device also integrates an LDO regulator to support system boot under dead battery
conditions.

The battery charger features a smart input current limit, whereby the maximum input
current can be selected via I12C and, if the input voltage drops below a programmable
threshold, the input current is reduced even if the selected maximum current limit has not
been reached. The dynamic input current limit can be disabled.

An automatic input pre-bias load renders the device suitable for applications using voltage
sources requiring a minimum external load for proper regulation.

The STBCFGOL1 also integrates a voltage mode fuel gauge to provide accurate charge
status information without the current sensing resistor.

3

DocID028691 Rev 1 3/26




Schematic diagram

UM1993

2

4/26

Schematic diagram
Figure 2: STEVAL-ISB033V1 circuit schematic
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Table 1: List of external components
Component Size Value Supplier Part number
Ci 0603 10 yF, 16 V MURATA GRM188R61C106MA73D
C2 0603 4.7 yF, 25V TDK C1608X5R1E475K080AC
Cs 0402 1uF, 16V MURATA GRM155R61C105KA12D
Cs 0603 4.7 yF, 25V TDK C1608X5R1E475K080AC
Cs 0603 1uF, 16V MURATA GRM185R61C105KE44
Cs 0603 10 yF, 16 V MURATA GRM188R61C106MA73D
Cr 0603 100 nF, 25V MURATA GRM188R71H104KA93
Cs 0603 1uF, 16V MURATA GRM185R61C105KE44
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Schematic diagram
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Component Size Value Supplier Part number
Co 0603 1uF, 16V MURATA GRM185R61C105KE44
L2 2.5*2 mm 1uH, 22 A TDK VLS252012ET-1RON
R1 0603 1kQ
Rz 0603 1 MQ
Rs 0603 1 MQ
R4 0603 1 MQ
Rs 0603 1 MQ
Re 0603 1 MQ
R7 0603 0Q
Rs 0603 OPEN
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Input / Output connections
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3 Input / Output connections

Table 2: Input and output connections

Reference designator

Name

Description

J1

Input Voltage

J1_1: GND power
J1_2: DCIN power

J2

LDO

J2_1:LDO pin
J2_2: GND

J3

12C

J3_1: SDA pin
J3_2: SCL pin
J3_3: GND

J4

18V

J4_1: GND
J4_2: VDIG pin

J5

IRQN

J5_1: IRQn pin
J5_2: GND

J6-7

SHDN-/CENnN

J6_1: GND
J6_2: CENn pin
J6_3:

VDIG

J6_4: GND
J6_5: SHDN pin
J6_6:

VDIG

J8

USB DATA (not used)

J8_1: D-
J8_2:
D+

J9

Battery

J9_1: RID pin

J9_2: VCELL+ pin
J9_3:

R_SNS_N pin / Battery+
J9_4: GND / Battery-
J9_5: VCELL- pin

J10

MICRO USB Input
Voltage

J10_1: GND
J10_2: NC
J10_3: D+ (to J8)
J10_4: D- (to J8)
J10_5: DCIN pin

6/26
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UM1993 Connections

4 Connections

Figure 3: Input / Output connections

GND  V,=5V,1A

Eln RIO|C

SUCELL+ C

Battery4| C
Battery C‘
sueaL-{

STEVAL-1SB033V1
FOR EVALUATION
PURPCSE ONLY

USB-GPIO
Us=2q1:4 USB to PC

1. Connect a power supply source between DCIN (J1_2) and GND (J1_1) pins;
otherwise plug the USB cable to a USB wall adapter.

2. Connect a battery between Battery+ (J9_3) and Battery- (J9_4) pins and connect the
Battery sensing wire VCell+ (J9_2) and VCell- (J9_5) directly on the battery poles.

3. Connect the board to the ST USB-GPIO interface through the SDA (J3_1), SCL (J3_2)
and GND (J3_3) pins.

4. Connect the ST USB-GPIO interface to the PC to drive the STBCFGO01 with the
STBCFGO01 GUI described in Section 5: "GUI description”.

3
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GUI description UM1993

5 GUI description

The STBCFGO01 GUI (Graphical User Interface) can be used to read, check, modify and
write all the STBCFGO1 registers and simplifies register table control, thanks to its user-
friendly Windows®-based graphical interface.

All the STBCFGO01 parameters are programmable through Slider, Check-LED and Text
inputs in the GUI.

The STBCFGO01 GUI is connected to the STBCFGO01 application board through an STUSB-
GPIO interface that provides the correct I2C protocol to drive the DUT (Device Under Test).

The evaluation kit consists of:

. ST USB-GPIO hardware
e  Graphic User Interface setup file
. USB drivers
. User manual
51 How to start
Figure 4: How to Start
ST USB-GPIO
I2C Cable
4+—>
5.1.1 Installation

Some software installation is required to run the STBCFGO01 GUI.
Figure 5: GUI installation

Setup will install STECFGO GUI to the following location.

To install ta this location, click Next.

To install to a different location, click Browse and select another
location.

‘You can choose hot to install STBCFGOT GUI by clicking Cancel
ta exit this installation

Install to

C:A\Program Files (8655 TMi.. \STBCFGO Browse |
Cancel

Run the installation package to start the guided software setup procedure.

3
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UM1993 GUI description

When the GUI installation finishes, the USB driver installation shown below commences
automatically. Wait until this window closes to complete the installation.

Figure 6: USB driver installation

FTDI CDM drivers

Click ‘Extract’ to unpack version 2.08.28 of FTDI's Windows
driver package and launch the installer.

www ftdichip com

Cancel I

e  Connect the ST USB-GPIO interface to the PC via the USB cable. The supply voltage
is provided by the USB connection.

e  Start the STBCFGO01 GUI.

e At startup, the GUI should automatically connect the ST USB-GPIO interface; if it
doesn't, press the "Search Device" button and wait few seconds until the "ST-USB-
GPIO Device Connected" status indicator turns on, as shown in the figure below. This
indicator can either be:

— light green if the ST USB-GPIO interface is connected;
— dark green if the ST USB-GPIO interface wasn't retrieved.

Figure 7: ST USB-GPIO interface connection

5 STBCFGO1 GUI- VL0.C (20-12-2013) ke

File Setting Help
USB interdace modue
4. - : Deata tiansfer Stotus 12C Stehus
P Search Dmi ) STUSBGPIO device connected QRTXOK ACK OK

W Application * FUEL GAUGE REG. | % CHARGER REG. | B L0G.Tab.

If the board isn't connected (status indicator is unlit), try the following:

. Check the USB cable connection between the PC and the ST USB-GPIO interface;
. Press the "Search Device" button on the GUI and wait a few seconds.

If the board is connected (status indicator lit), the GUI can be used to control the DUT as
described as below.

e  Connect the control board to the I2C pin using a short cable (max. length 30 cm) as
shown below.

3
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GUI description UM1993

Figure 8: STBCFGO1 demo board

STBCFGO01

SVCELL+ pin is sensing
of Battery+ pin

(connect this pin as much as possible close)

SVCELL- pin is sensing
of Battery- pin

(connect this pin as much as possible close)

12C Cable ——»

e The "Data Transfer Status" indicator is refreshed when read or write commands are
sent to the DUT; it can be:
— green (RTX OK) for correct data transfer between the GUI and the ST-USB-GPIO

interface;

— red (RTX Error) for incorrect data transfer between the GUI and the interface

e  The "I2C Status" indicator shows the acknowledge status from the 12C bus; it is
refreshed when read or write commands are sent to the DUT; it can either be:
— green (ACK OK) to indicate correctly Acknowledged,;
—  red (ACK Fail) to indicate not Acknowledged.

Do NOT disconnect the USB connection while the GUI is open as this causes a
software error. Be sure to quit the GUI before disconnecting the USB cable.

)

5.2 General description

The GUI figured below has several tabs and sections.

3
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Figure 9: GUI: main page
rﬂ_l STBCFGO1 GUI- V1.0.1C (20-12-2013) e b
File Setting Help
~USB interface module |
~ Datatransfer Status — 12CStatus
# Search Device| ) ST-AISB-GPID device comnecled @ AT 0K ACK OK
W Application * FUEL GAUGE REG. | % CHARGER REG. | I L0G.Tab. |
SP—
eyt $ 3
VOLTAGE
L g
el ==
0402 .
$01:FG CTRL Reg (ALARM REG.)
@ |00DATA: ALM pin status
B @ RSTO: OCY measurement status
I ,l,AGNO = & @
—0 o ] a2
- ANALOG & VR T P @ BAT_Fail(Bat Removed)/(Bat.Connected)
I L, [ "l' o @ POR_Det: POR Event occurred YES/NO
. wcuo = L hvRee | ome @ ALRM_SOC: (Low SOC)/(SOC OK)
[ l = 1 @ ALRM_VOLT:Low Battery Voltage Alarm
[ L 0402
ul L -2 @ RSTI: OCY measurement abort
L CHARGER } +—2—> System
+ FUEL GAUGE
R 3.8153
Y "RSNSN SOC VBat
[P Auto Read Enable
| "mRead | |"™Write Shadow |
5.2.1 USB interface module
This block is used to connect and check the ST USB to GPIO operation.
5.2.2 TAB overview

3

The GUI offers several tabs which you can interact with to manipulate the registers:

Application: shows the STBCFGO01 Application Schematic. The "Auto Read Enable"”
allows the status of battery to be displayed, as shown below.
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Figure 10: Auto read enabled

-
37 STBCFGO1 GUI- V1.0.1C (20-12-2013) — e
e e——

File Setting Help

e Datatansfer Status  12CStatus
| whr ) STAUSB-GPID device conmected (3 ATy 0K | ACK OK

W Application . FUEL GAUGE REG. | % CHARGER REG. | I L0G.Tab. |

Srungy

€1 =
0402 . L

Py ~$01:FG CTRL Reg (ALARM REG.)
po l | @ ID0DATA: ALM pin status

” ‘1 . - @ RSTO: OCY measurement status
- x = a2 &

: L1 L

@ BAT_Fail(Bat Removed)/(Bat.Connected)

ANALOG & VR
@ POR_Det: POR Event occurred YES/NO

| o, PGNO o | @ ALRM_SOC: (Low SOC)/(SOC OK)
[ os0s < @ ALRM_VOLT:Low Battery Voltage Alam
ut | @ RSTI: OCY measurement abort
i CHARGER 0 Spem

FUEL GAUGE

FUEL GAUGE REG.: shows the fuel gauge register tab, where you can enable several

functions like OTG. You can also read the battery value and state of charge (SOC).
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UM1993 GUI description

Figure 11: Fuel gauge register tab

r N
&7 STBCFGO1 GUI- V1.0.1C (20-12-2013) { = ﬁ

File Setting Help
USB interface module

Data transter Status 12C Status

¢ _) ST-USB-GPIO device connected QRTXOK ACK OK
‘W Application ‘ » FUEL GAUGE REG. % CHARGER REG. ‘ B L06.Tab. ‘
$00:FG mode Reg $01:FG CTRL Reg $02+$03: SOC REGISTER

. @ ID0DATA: IRQ Status/Control '— $00=0=0.00%

] [T
- @ OCY_RUNNING: OCY measurerr.;ent status $09-$03 VBAT REGISTER
@ @ RID_STATUS: ID Battery Detection
@ ALM_ENA: Enable Fuel Gauge &larm @ BAT_Fail(Bat Removed)/(Bat Connected) (I 500=0=0.0000V
@ GG_RUN: Enable FuslGauge @ POR_Det: POR Event occurred YES/NO $00+$0E; OCV REGISTER
@ DIS_LPM: disable Low Power Mode @ ALRM_SOC: (Low SOCMSOC OK) ‘""m" T $00=0=0.00V
@ EN_OTG: Enable OTG @ ALRM_VOLT:Low Battery Voltage Alam $11+$12. ¥YM_CMF RCOMP REGISTER
@ LUT_WRITE_ENABLE @ 0CV_LOOP_DIS: OCV t loop e
514 1=021=321.00V
$13: ALARM SOC REGISTER $14: ALARM VOLTAGE REGISTER $1810 NUMBER

' =22  E— =170= 14=20
(RERNNARNRRNRNN] Joz=2=0.01 [NARRNRRRN. AN $AA=170=3.65V $

l "B Read ] |"B Write Shadow

.

Register content changes can be viewed in the register map, which is displayed by
checking "Show Bit Table" in the settings, as shown below.

When you mouse over a control slider, the corresponding bits in the register table are
highlighted yellow. This table is editable, with any changes made to the bits in the register
reflected in the control sliders, and vice versa.

3
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Figure 12: "Show Bit Table" set

File Setting Help
USB intedace module

5

, Seaich Device| ) ST-USBGPID device connected @RTX0K
[ﬁ Application /* FUEL GAUGE nec[ 9 CHARGER nscl B LOG.Tab.I

Data ransfer Status 12C Status

ACK OK

$00:FG mode Reg
Q-
@

@
@ ALM_ENA: Enable Fuel Gauge Alam
Q GG_RUN: Enable FuelGauge

@ DIS_LPM; disable Low Power Mode
@ EN_OTG: Enable 0TG

@ LUT_WRITE_ENABLE

____$13 ALARM SOC REGISTER

SULES GERLCen $02+$03 SOC REGISTER
zuoumu 1RQ Status/Control - Sas 10623 00%

ocv_| ocv status '
@ RID_STATUS: ID Battesy Detaciion SR NUAT R TER
@ BAT_Fat(BatRemoved)(Bat Connected] 1 1 1 1 1 (W | S582+1410:37885V
@ POR_Det POR Event occured YES/NO $0D+$0€: OCV REGISTER

oun‘sm M SOCV[SOC OKI AR $1SCEsSS82e3.75V
gm_vm Low Baltery Vokage Alem  §11.$12 VM_CNF RCOMP REGISTER
0CV_LOOP_DIS: OCV. koop
| S—
$14; ALARM VOLTAGE REGISTER $181D NUMBER

SAA=17043 65V $14-20

P00 0000C0000000000000-~00000~0 ok
P P00 00C00OO 0000000000000 ~00e ok
PC0O0ON00C000000000000OCOCCOOCOOOS Ok
P 0000~ 0000000000000 0000000 =00~

P00 CC0000000000000~0000~00 -k
P P00 PP~00000000000ROO~00000 -0 o
PP0000000000-~0000000~~0000 ===

Read All | Write All

0 Read % Write Shadow

The first column contains the register address and the second contains its value in
hexadecimal format; columns b7....b0 show the same value in binary format, as shown

below.

Figure 13: Register map detail

a:d'n i.g Save

Res.s | [b7[56[bS b4 b3 b2(bi (b0 [AcK.
19 a

®®
@ o

508
508
508
500
500
$08
541
501
508
500
$00
500
500
§14
§00
§00
508
508
s00
0]

Read All | Write All

P00 ~00080 —
P00 ~0000000090000 =00
D000 00RO 0006®
POOOOO~00000OO00ORDOO0DO0DDDOO 00~
COOOOCOOODOO0OCODDO0O00~0DO0~0®
POOOOC ~ 000000000000 ~D0TO0~00®
P00 -~ROOE~O
D000 R0~ ~0000000=~00080=0 =~

You can select one or more bits, click the right mouse button and select the write or read
command. By selecting a specific register, you can write its value directly in the white text

box.

14/26
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The "$" character indicates hexadecimal notation.

CHARGER REG.: shows the charger register, where the "REGISTER $90+$95" button

gives access to several protection functions and charge current and voltage manipulation.

Figure 14: Charger register tab

-
iy STBCFGO1 GUI- V1.0.1C (20-12-2013)

(=] e

-

File Setting Help
USB interface module

# Search Device| ) STUSB-GPID device comnected | ) g1 oK
. Application| . FUEL GAUGE REG. || % cHARcER Rec. I LOG.Tab.

12C Status
ACK OK

Data transfer Status

| Bl REGISTERS $90 + $95 REGISTERS $96 + $9A |

$90: CHG CURRENT REGISTER
I B4-B7:ITERM

||||'|||||| S

B3IPRE
@ 100mA(1)/450mA(0)
BO-B2IFAST

'||||||7| 050 A

$93:GEN_CFGI

(O TPRE: Precharge timer en.

@ TFAST: Fast-Charge timer en.

© THERM_LODP_en

@ PreB_en: Pre-Bias enable

@ WD: Watchdog Timer Function En.
@ LDO_UVLO_th 4.75v/38Y

O LDO_en: LDO Dut. Enable

@ RID_STATUS: RID Failure

$91: CHG VOLTAGE REGISTER $92: INPUT CURRENT REGISTER

B7IRO_CLR BE-B7-IBATLIM
@ Propagate Int (1) / Clear Int (0) [HEETSIEEEY
B6:RACHG_AUTO

B4-B5:VDICL dinamic input voltage limit

) Enabled (1) / Disabled (0) 10:4.50v(default)

',lm.lll.l,u.l.l.l.l,l.lll.

$94: GEN CFG2/BST STATUS
B7:BST_short_flag at beginning

BO-B2lin_lim input curtent limit (DT IN)

007:max 500ma (default)

O:not activi

$95: STATUS1 REGISTER
B3-B7:.CHG STATUS

own

B4-BE:BST_Status

000:1dle n

B3:VFLOAT_ad|_max
O:disabled, max value from OTP(default) n

B2:PreB_St pre Bias curient Sink status |

|
B1:PreB pre Bias current Activation ‘

0: Not active ‘

BO:Alarm State

B2:DICHG _ad_en
1: enabled (default)

B1:FSW switching frequency

1:3MHz
BO:CHG_rst Charger Reset

1: alarm active

O:no action (default)

"ocod | [YBWerite Shadow |

\

Initially, the registers are set to the default value (see datasheet). The registers must be set
according to the type of battery used (see below).

DocID028691 Rev 1

15/26




GUI description

UM1993

16/26

Figure 15: Register setting

(BRI =—=)

-
57 STBCFGO1 GUI- V1.0.1C (20-12-2013) -

File Setting Help
USB interface module

4 Search Devicel ) ST-USB-GPIO device connected @RTXOK
. Application| * FUEL GAUGE REG. || % cHARGER REG. HI LOG.Tab.

12C Status
ACK OK

Data transfer Status

| EI REGISTERS $90 = $95 [l REGISTERS $96 + $94 |

$90: CHG CURRENT REGISTER

I B4-B7ITERM
|| o 0 T 0 o AT
I B3IPRE
@ 100mA(1)/450mA(0)
! BO-B2IFAST
| (Bt o B foe Pt | R
$93:GEN_CFGI

< TPRE: Precharge timer en.

D TFAST: Fast-Charge timer en.
 THERM_LOOP_en

D PreB_en: Pre-Bias enable

@ WD: Watchdog Timer Function En.
@ LDO_UVLO_th: 4.75V/3 BV

@ LDO_en: LDO Out. Enable

@ RID_STATUS: RID Failure

$92: INPUT CURRENT REGISTER

$91: CHG VOLTAGE REGISTER

B7IRO_CLA BE-B7:IBATLIM
@ Propagate Int (1) / Clear Int (0) [IEENE ]
B&RCHG_AUTO B4-B5VDICL dinamic input vokage fimit
) Enabled (1) / Disabled (0) 10:4.50Vdefaull
BO-BSVFLOAT B3:DICL_en Dinamic input current limit enable
$29=41=4 34V

—
L
$94: GEN CFG2/BST STATUS
B7:BST_short_flag at beginning
ult)
B4-BE:BST_Status

000:Idle H 00111

ESELOAT = mar B2PreB_St pre Bias current Sink stalus ‘

BO-B2lin_lim input current imit (OC IN)

100:no limit

$95: STATUS1 REGISTER
B3-B7.CHG STATUS

Shutdown

TR
BZDICHG_ odi_en B1:PreB pre Bias current Activation |

1: enabled (default)

B1:FSW switching frequency
1:3MHz

BO:CHG_rst Charger Reset

alarm active

0:no action (default)

"Read | |*mWrite Shadow |

S

The "REGISTER $96+$9A" allows you to enable and view INTERRUPT states (on/off).
"INT STATUS" shows the active interrupts, while "INTERRUPT ENABLE" renders the
specific interrupt visible on IRQ pins.
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Figure 16: Interrupt status

-
i STBCFGO1 GUI- V1.0.1C (20-12-2013)

(=] ]

File Setting Help
USB interface module
Data transfer Status

@ Search Device| ) 5T-USB-GFIO device connected @ RTXOK

REGISTERS $90 + $95|| ] REGISTERS $96 + $9A

$96: STATUSZ REGISTER
BE-B7: SHDCENTST
11: CENn/SHD forced high [chg dis

$97: INTERRUPT ENABLE 1

@ IN_UVLD: charger input voltage mask
@ IN_OVP charger input voltage mask
@ ASD: automatic shutdown condit. mask

BS: TEST_DEGL Deglich reduction to 1us
ed (default)

B4: SPEEDUF_TIM test mode threshold
0: TFAST_TH=360min/TPRE_TH=45min [l
B3 TEST_DIS_TIMER

0: Timer enabled (default)

B2: DET_KO Battery detection result
0: Battery Go ected)

@ wD: Watchdog timer expiration mask
@ Bat_OVP: Battery over voltage prot. mask
@ EOC: End of charge mask

$99: INT STATUS 1
@ IN_ULVD: Input V is Below/dbove UVLD'
@ IN_OVP: Input ¥ is Above/Below OVP

= @ ASD: Input V is Below/above ASD
B1: DET_RUN charger battery detection status @ Pre_TMR: timer Expired/Running
0: Battery Detection not running [~ ||| @ Fast_TMR: timer Expired/Running
@ wD: Watchdog timer Expired/Running
@ Bat_OVP: Batt V is Above/Below OVP
@ EOC:Temin. Current Reached Yes/Not

12C Status
ACK OK

. Application | . FUEL GAUGE REG. || % cHARGER Rec. HI LOG.Tab.

$98: INTERRUPT ENABLE 2

@ Bat_UVLO: OTG Battery UVLD Int. En.
o TSHDN:Therm.BC/OTG/LDO shdnntEn.
@ VBus_OVP OTG Boost out OVP Int, En,

@ Pre_TMR: pre-charge timer expiration mask | 4@ IBat_Lim: OTG battery avg. cument Int. En.
@ Fast_TMR:fast-chaige timer expiration mask| @ OTG_SHORT: OTG USB short Int. En,

@-
@ CHG_ON:Good Charge Start IntEn.
@ DETECTION_FAIL:Batt det Failure Int.En.

$9A: INT STATUS 2
@ BAT_UVLO: OTG Battery UVLD
@ TSHDN_BC_OTG:Thermal BC/OTG shdn.
@ VBus_0OVP: DTG OVP Protection
@ IBat_Lim: OTG Battery avg. current limit
@ OTG_SHORT:OTG USB Shart
@ TSHDN_LDO: Thermal LDO shdn.
@ CHG_ON: Good charge start
@ DETECTION_FAIL: Battery detect. Failure

[ Read

| [%®write Shadow|

8

A

Log: the LOG tab opens a log of the events occurring during operation, very useful for

debugging the D.U.T. and the GUI.

The "Save Log" button saves the content of the Log window, while the "Clear Log" button

clears the window.

The ST-USB-GPIO info block provides information related to the USB-GPIO interface, such

as the firmware version.

3

DocID028691 Rev 1

17/26




GUI description

UM1993

Figure 17: Log window
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6 Application information

6.1 Operation description

6.1.1 Battery charger

The STBCFGOL integrates a high efficiency 1.2 A battery charger implementing the CC/CV
charging algorithm for single cell Li-lon battery powered applications. The switching
frequency can be either 2 MHz or 3 MHz, according to platform noise requirements, and
the inductor value is 1 pH. The charging current sensing resistor is integrated.

When the battery is heavily discharged (VCELL+ < Vrk, VTre = 2 V) the device enters
trickle charge mode and charges the battery in linear mode with a low current (Itrc = 45
mA) up to the trickle charge threshold.

As soon as the battery voltage enters the pre-charge range (Vtrk < VCELL+ < Vprg, Vrre =
3 V), the device commences switch mode charging and increases the charging current up
to the pre-charge current level (Irre) so the system voltage quickly rises to a level which
allows the system to wake up.

The typical value for the pre-charge current is 450 mA, but this value can be decreased to
100 mA through the I12C compatible interface.

A 45 minute (typ.) safety timer is active during both trickle charge and pre-charge modes.

When the battery voltage rises above the pre-charge threshold, the STBCFGO1 enters fast
charge mode and increases the charging current up to the Irast value. The fast charge
current can be set through the 12C compatible interface to between 550 mA and 1.2 A in
100 mA steps.

A soft-start function forces the battery current to change gradually when the charging
current is altered.

The constant voltage mode is triggered when the battery voltage reaches the
programmable floating voltage threshold (VrLoar = 3.60 V to 4.70 V in 20 mV steps). In this
mode, the charging current tapers down to the termination current threshold, where the
charging process stops. The termination current is programmable from 50 mA to 300 mA in
25 mA steps.

A 360 minute (typ.) safety timer is active when the fast charge starts.

The charger can be disabled pulling the charger enable input (CENn) high and is
automatically stopped under automatic shutdown conditions [ASD, (Vocin - Veat) < Vasbp].

Figure 18: CC/CV charging cycle

| BAT
VBAT

CC =Constant current

CV = Constant voltage
VFLOAT

TRK = Trickle charge (linear)

PRE = Pre-charge
FAST = Fast charge
TAPER = Taper charge
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= Linear charging
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Plot NOT to scale!
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6.1.2

6.1.3

20/26

Input current limit

The STBCFGO1 implements a programmable input current limitation to prevent the battery
charger from exceeding the DCIN voltage source current capacity. The current limit can be
set through [12C to 100 mA, 500 mA, 800 mA and 1.2 A maximum values. A "no limit" option
is also available.

Dynamic input current limit (DICL)

Regardless of the chosen input current limit, a dynamic input current limit loop can also be
enabled through the I2C compatible interface (DICL_en bit). When DICL is active, an
analog loop limits the input current when the input voltage drops to a programmable
threshold (VoicL = 4.0 V to 4.75 V in 250 mV steps).

Figure 19: DICL activation
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When a valid input source is connected to DCIN, DICL is only enabled if the input voltage is
higher than VpicL for a deglitch time (toic.c=100 ms). The user can check the enabling status
of DICL function by reading DICL status bit. Once DICL is enabled, it can be disabled
through the DICL_en bit.
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Figure 20: DICL enable strategy
Vbein
DICL_EN bit = 1
lcHe Il I I
| | |
: I/ i i VDC|N is hlgher than VD|CLfOI’
VpieL : I, I : more than tp e (100 ms):
E/ : : DICL is enabled, the
1/1 |
VinuvLo : : l charger starts after the hold-
: : : : off time.
11 | |
11 |
11 |
| l
>
t
Vbein
DICL_EN bit = 1
lcHG (I I !
| : |
: : : : Vpcnis higher than Vp, for
VpicL L/ \ ! i less than tp,c, (100 ms):
E/. A : DICL is disabled, the
1/1 |
ViNuVLO ! : l charger starts after the hold-
: : : : off time.
11 | |
11 |
11 |
| l
>
t GSPG0112151625SG
6.1.4 Automatic recharge
When the charging cycle is over, the device continues monitoring the battery voltage: if the
voltage drops below the auto-recharge threshold (VrcHe = VFLoaT - 120 mV), a new
charging cycle begins to maintain the battery at maximum capacity. The automatic
recharge function can be disabled through I2C.
6.1.5 Battery detection
The battery charger IC features a battery detection function to determine whether a battery
is inserted before starting the charging cycle and to ensure that charging is interrupted
when a battery is disconnected.
If a battery is not detected when the input voltage is valid, the device keeps running the
detection sequence until a battery is inserted. The battery detection outcome is given by
the DET_ok bit. If the battery detection function or RID comparator detects battery
disconnection, a BAT_Fail interrupt is generated. See the battery detection algorithm
flowchart for more details.
6.1.6 Battery overvoltage protection

3

If the battery voltage exceeds the battery overvoltage protection threshold
(Veatovp=VFLoaT+100 mV) for more than tsove, the charging cycle stops and an alarm is
generated.
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The battery overvoltage protection is only active when the charger is enabled. The charger
automatically restarts when the battery voltage falls below the battery overvoltage
protection threshold.

3
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Board layout
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Board layout
Figure 21: Assembly layer
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Figure 22: Top layer
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Figure 23: Bottom layer

24/26

DocID028691 Rev 1

3




UM1993

Revision history

8

3

Revision history

Table 3: Document revision history

Date

Revision

Changes

16-Dec-2015

1

Initial release.
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST
products before placing orders. ST products are sold pursuant to ST's terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the
design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2015 STMicroelectronics — All rights reserved
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