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FAIRCHILD.

FFG1040UC003X
Single-Cell Fuel Gauge

Features

®  Optional Battery Characterization Supported
®  Typical Relative SOC Error = 1%

®  Support Rsense down to 3 mQ to Reduce System
Loss

®  Low Power: <3 pA Shutdown Current
100 pA Active Current

" |ntegrated I°C Slave

" Interrupt Pin to Alert the Host Processor of Syst-
Events (e.g. Low Battery, Low SOC)

®  Capable of measuring both on-die and ~ttery ack
temperature using external thermistor

"  Host Side or Battery Pack Ga* jing L »at
= |°C relay Master to Sur=ort & ~ondary lave

®  Autonomous contr¢ Hf pack siac 23105 hattery
monitor and ™ with anfigur Hle auto railinig

=  Configure e I*C.2ace. .onite: for Auto

Shutt wn
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Description
The FFG1040 fuel gauge is very  ccurate SOC
reporting gauge designed< be ed wi cell phoiies,

tablets and other port=" _ devices. us . a prcorietary
algorithm that track~ the =" _ry to a _urately reneit the
Relative State-of-C »rge. RSQ7 . TheF-G1040 also
reports Use. State- Chc = (USOC). which is an
adjusted” SO« value| atis designed-io be intuitive to

the.ond us = Tv .ET J1040-works with 1sXp (multiple
ara v, % configuratars. [ 0 0 (k0
T b 5104u incluges—an inttg:aed temuerature

sei vt .t can<e'corifigured-tc rzad teraperzture from
an e .ernal “henwistor. The. F-G1040 algorithm uses
hattery valtage; currentiana temptreture to provide the
most “raccurate  “State-of-Cherge! 'to a user. The
tenwerature _readings arc-accessible via I2C for other
aystem ley¢l decision

In 2¢dition'to RSO <& USOC, the FFG1040 also reports
hattery voltaos, current, capacity, cycle count and
batiery resiclance.

The FrG1040 has the unique capability to relay I1°C
ceinmands to a secondary slave device.

When used in autonomous mode the FFG1040 can
directly control the FFG3105 pack side monitor and ID
device and report the temperature and cell voltage
information directly from the battery pack.

The FFG1040 utilizes a 3 x 4 ball, 0.5 mm pitch,
WLCSP with nominal dimensions of 1.51 x 1.96 mm.

Ordering Information

Operating Packing
Part Number Temperature Range FEEER Method
FFG1040UC003X -40 to 85°C 1.51 x 1.96 mm, 12-Ball CSP, 0.5 mm Ball Pitch Tape and Reel

abneo |and [|#5-916uIS — XE00DNO0Y0TO44
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Figure 1. sigy Yents
Ball Descriptions
Name Position Type | Descript.on
VBAT A1 Pown- RE asitive valtage input.
1 armistor g2nze circuit Dias 1esistoroupul. Ry should be the same
R \ vaiue as.tae thermistor a: room temuerature. This pin should be left
/AR B2 b & floatina (now connzciad) if the N1'Cifeature is not used. This pin should
rio. be loaded with 'more thar“4.nF of capacitance.
DGND c3 Dic al Ground'| Giound
AGND/ SN . Analoga.Ground ‘Aralug Groundard battery sense resistor negative input
cRP A” Ariaiog Input | Sense resistoi~sonnection to negative battery terminal
TBA A2 D Analod troui Batter/ thermistor input. If the NTC feature is not used, this pin should
~ be cannected to GND.
| N 11 Zpen Drair: 4‘ Interrupt output pin, LOW asserted. This pin should be connected to
- Rigital Output”| the VDD_IO through a pull-up resistor.
oL co Cip:n Srain I°C clock input pin. This pin should be connected to the VDD 10
N Digital I/0 through a pull-up resistor.
| SDA ca | Open Drain I°C data 1/0 pin. This pin should be connected to the VDD _|O through
Digital I/0 a pull-up resistor.
Internal LDO voltage. An external decoupling capacitor of at least
VLDO B1 Power 0.1 pF should be connected between VLDO and GND. No external
load should be connected to this pin.
RMSCL D2 Open Drain 1’c Relay Master SCL - RMSCL. This pin should be connected to the
Digital 1/0 VBAT through a pull-up resistor.
RMSDA D3 Open Drain 1’c Relay Master SDA - RMSDA. This pin should be connected to the
Digital 1/0 VBAT through a pull-up resistor.
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not recommended.
In addition, extended exposure to stresses above the recommended operating conditions may affect device reliability.
The absolute maximum ratings are stress ratings only.

Symbol Parameter Min. Max. Unit
VBaT Positive Battery Supply Voltages Venp- 0.5 Venp + 6.0 \%
Vsrp Negative Battery Supply Voltages Venp- 0.5 Venp + 2.0 \%
Vipo Positive Core Digital Supply Voltages Venp - 0.5 Venp + 2.0 \%
Venp Negative Analog Supply Voltage VpaT- 6.0 VeaT+ 0.5 \%

Vio All Digital Input / Output Signals Vpoeno- 0.5 | Voeno +6.0 \4
V1BAT Temperature Bridge Input Voltage Vsrp - 0.5 Vi o+ 0. \%

Ta Operating Free-air Temperature -40 5 °C \
Tumax Maximum Junction Temperature -40 ’ +15 \ 1 )
Tsta Storage Temperature Range - - 220 _E:

TL Lead Soldering Temperature, 10 Seconds | h | ) +262 __T ) °C

Human-Body Model (HBM-JESD22-A114), All Pins 2000 \Y,
cap | Charged Device Model (COM-JESD22-C101) . R A v
IEC 61000-4-2 System ESD" [ o2Py AT, AT o) a\y
y
Contac;, V. AT, Tb. T A 8_ A | kv

Note:
1. Testing is performed with a TVS devicc

Recommended Operatin® <. xdi ‘9ns

The Recommended Operating C 1ditions  able defines. tha conditicr's ior actual evice operation. Recommended
operating conditions are - iea >.ensu  optima periormance. to the datactize specifications. Fairchild does not
recommend exceeding/ iem or dec _ g to_Absoluie Maximum Ratings. The recommended operating conditions
assume the followina: Vi +=25 t04.5V, Vg =1.8Vi0 4.8V, Ta=-40°C to 85°C, unless otherwise noted.

Symbol Parameter Min. Max. Unit
Vgat “atterv Su iy Voltage(_z)— \J" e 25 4.5 V
| vswe S se resistorinput Voltaga - N\ Vacno — 0.052 | Vawp +0.052 |V
| st | Thermistor Biicige Inpit Valiage . . Viens/2-05 | Vigas/2+05 | V
|\ |12G Pull-up Voltage. - /N 1.62 3.63 Vv
VAT ] Rattery Supply VultageSlew-Rate 0.4 V/ms
Cvino. - 'External LDO Deccugiing Capacitor between VLDO and DGND 90 110 nF
Crems | TBIAS Referénce Decoupling Capacitor 420 520 nF
" Crear | TBAT filter Capacitor 200 250 nF
Rsense | External Sense Resistor between SRP and AGND® 3 20 mQ
V| rance | Current Sense Voltage Range -51.2 +51.2 mV
Rteias | Battery Thermistor Bias Resistance' 1.5 100 kQ
Ricpu :;%Aggl'la\;lp Resistor to Vpy (SDA, SCL, INT_N, RMSCL, 5 20 KO
Ta Operating Free-air Temperature -40 +85 °C
Ty Operating Junction Temperature -40 +85 °C

Notes:

2. Vgat can tolerate £200 mV system switching noise transients which are less than 50 ps in duration.

3. The value of the Rsensk resistor should be chosen such that the maximum differential voltage across the resistor
is less than 51 mV. This should include the voltage created by any peak currents.

4. A nominal value of Rtgias = 10 kQ is recommended to minimize thermistor temperature measurement current.
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DC Electrical Characteristics

The Recommended Operating Conditions for DC Electrical Characteristics assume Vgar = 2.5V to 4.5V and
Ta = -20°C to 70°C, unless otherwise noted. Typical values are at Ta = 25°C, Vgar = 3.8V, Vpy = 1.8 V. Min./Max.
values are guaranteed by design and/or characterization for process variations and the temperature range of Ta = -
20°C to 70°C.

Symbol Parameter Conditions Min. Typ. Max. Unit
VBAT =25t04.5V,
VLDO |LDO Output Voltage CVLDO = 100 nF 1.7 1.8 1.9 \%
IIN Input Leakage Current on Digital |VBAT =2.5t04.5V, +1 A
/O pins 0 <VIN < VBAT = H
IOFF Power-Off 10 Leakage Current XB5AJ R UT = +1 MA
Shutdown Mode Average \
2.6
Current
Rest/Off/Hibernate Mode !
72
Average Current
ICC VIN = VBAT or GND ——— W YN | WA
Active Mode Average Current® | 101 l
_ 9 ——
Autonomous Master® | [ 1597 |
_ N | \ o\
SCL, SDA, INT_N Pins (Ta = -40°C to 85°C)
Vi | Input High Voltage® | 11 4 Vo055V
Vi Input Low Voltage® OB | 0.65 V
— —- _ QY —- -
= oA, Voy > 2.V 0.4
VoL Output Low Voltage S LR S\ - —~|— Vi \%
loc=2nA, oy <2V | 0.2
_ e : —-—
Input Currer o1 SDA < 04X Vet < Vig< 0.9 x ,
v SCLPins M . -10 L ey
Ca aan “SD/ .nd
C < D‘:,. ance an 10 oF
RMSCL ar. RMSDA F 15 (Ta =.-40°C to 85°C) \ VY
. " 0.65
< Vi Tln, * High Vdltage . S VBATX Vear Vv
|
InnUt LovwVoltage Vbenp 0.35x
\ A\ _ o (o Veat
VoL |O Itput Low Voltage Typical 1 mA 0.4
i Input Current of RMSDA Pin 3‘1 X Vear < Vin < 0.9 x -10 10 HA
A A BAT
e Capacitance of RMSDAPIn® 10 pF

Continued on the following page...
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DC Electrical Characteristics (Continued)

The Recommended Operating Conditions for DC Electrical Characteristics assume Vgar = 2.5V to 4.5V and
Ta = -20°C to 70°C, unless otherwise noted. Typical values are at Ta = 25°C, Vgar = 3.8V, Vpy = 1.8 V. Min./Max.
values are guaranteed by design and/or characterization for process variations and the temperature range of Ta = -

20°C to 70°C.
Symbol Parameter Conditions Min. Typ. Max. Unit
PGA/ADC Characteristics
IGerr | Current Sense Gain Error -1.0 1.0 Y
VGerr | Voltage Sense Gain Error -0.85 0.85 °
Thermistor Characteristics
Ta=+25°C -2 > <.
Ta=+0°C® -3 +3
. |
Toie Accuracym) Ta = +50°C® -3 v \@
Ta = -40°C (Tain) © -4 +4
Ta = +85°C (Tuax) © ¢ | 44
TBATorr | TBAT Amplifier Offset Error A | N\ Y0 mv
TBATcerr | TBAT Amplifier Gain Error Ta=-30 to +873°C .75 | +0:75 %
TBAT.ss |ADC TBAT Measurement LSB _T _IL Sy 2 o I _p\.'
Notes:
5. Guaranteed by design or characterization.
6. SCL, SDA only.
7. Vii(max) = Vpy + 0.5V or Vear whichev e
8. Itis assumed that the SCL, an<” __. niny re op..i drain wiva externai-null-ups resisions tied to an external
supply Veu.
9. ViandV, have been~hase. 2 be fu compliantio ’c specificaiion at Vg2 1.8 V £ 10%.
At2.25V<sVpy <3/ s vineV, ..r vides>200mV orinoice margin tothe required VoLmax) of the
transmitter.
10. I12C standar"  =cifi Vo | for Vpi'= 2.0V to be 9.2 X Vpu.
11. Accuracy’ :xprescad. "~ = thedifference betwaon the F-G1940 output temperature and the measured
temp atu
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AC Electrical Characteristics (I1°C Controller SDA, SCL)

The AC electrical characteristics assume VBAT = 2.5V to 4.5V and Ta = -40°C to 85°C, unless otherwise noted.
Min./Max. values are guaranteed by design and/or characterization for process variations and the temperature range
of Ta =-40°C to 85°C.

Fast Mode
Symbol Parameter
Min. Max. Unit
fscL SCL Clock Frequency 0 400 kHz
tip:sta | Hold Time (Repeated) Start Condition 0.6 V]
tiow |Low Period of SCL Clock 1.302 us
thnien | High Period of SCL Clock 0.6 us
tsu:sta | Set-up Time for Repeated Start Condition 0.6 V&
tho:.oat | Data Hold Time (see Figure 11) e (] s _l
tsupar | Data Set-up Time (see Figure 11) 00" A\ K ns ]
tps Set-up Time Required by SDA Input Buffer (Receiving Data) A & \V ns
teH Out Delay Required by SDA Output Buffer (Transmitting Data) _3L B 3\ ns
t  |Rise Time of SDA and SCL Signals T 20 G T 300 ns
t  |Fall Time of SDA and SCL Signals T [ 2040405747 < 300 ns
tsusto | Set-up Time for Stop Condition 2 VO Y diK# 3.6_ | \ us
teur Bus Free Time between a Stop and Stan _or. ‘ions A I— 1.3 < \J| us
tsp Pulse Width of Spikes that Must Be Su, resseua ' the Inpu’ Fllt:r_| (,_ . N 5 ns

Notes:

12. The FFG1040 can acceptcloc!™ . 'sw 2 tiow o low asii1lys, previdec tnat thie veceived SDA signal
thp.patt tr/f < 1.1 us. The FF 1040 fe  ure 2 0 ns SDA v put set-up tire; thetefore; this parameter is not
included in the above a~atic

13. A Fast-Mode 12C B w aevice .k« ised iria Standarcd=ilode 12C ks sysiem, but the requirement that
tsu.pat = 250 ns mu t be met*: This is the.Casa il the devica zioes riot sireich the LOW period of the SCL signal. If

adevice dr . .etc he LC V perioc o/ the SCLisignel, it must outnut the next data bit to the SDA line tr_max +
tsupar.=1 )0+77Q= ~ ns (according to.the Ciandard-Moa= 12C Bus specification) before the SCL line is
relea. .

14. S equ s thetot< Capacitance-of one bus iine inzf. if mixed with High-Speed Mode devices, faster fall times
are  'ow ‘'accordingio tha 12C spazification

1 . Thet G1u 0 ensuies that the E5A signalout raust coincide with SCL low for worst-case SCL t; max. time of
200 r . This requirement nievziiis data losc by preventing SDA-out transitions during the undefined region of the

" .J edgelof SCL. Cansequently -the rFG1040 fulfills the following requirement from the 12C specification

(page 77, Note 2): “A rdevice must internally provide a hold time of at least 300 ns for the SDA signal (referred to
the V/:4min Of the SCL signal}ic Lricge the undefined region of the falling edge of SCL.”

16. =FG1040 12C slave is fuity campliant the NXP(Phillips) I12C specification, Rev. 0.3 UM10204 (2007) for both
Swandard Mode and a5t Mode.

17 The FFG1040 doas‘nct'support 1 Mbps/s Fast Mode Plus or 3.4 Mbits/s High Speed Mode.
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System Applications Diagram

WALL ADAPTER

1

SCL

BATTERY spa

A

A

CHARGER

BATTERY PACK

APPl ATION
Bar H% B CESSUR

Figura 2.
Functiona De~~rip. .

Overview

T ¢ FF '04 uses arn_Analog-te-Digitel Corvaiter
(+ C) to oniwor the baticiy terminal voltage. battery
cur. 1t, ~ J temperature to accurately pioviae RSOC
and ©~ _OC values. With, only” gerieral information
provided akout ‘the seiacted batteries, 'the FFG1040
gives_.accurate results.  The <« EFG4040 tracks and
compensates for battery agiag effects. This information
is~used by a proprietary prognostication algorithm to
automatically comperisate” the SOC estimation. The
FFG1040 also provides a low SOC and Zero SOC alert
using the host interrupt pin. The Low_SOC_Alarm level
is programmable as a function of the percentage of
SOC. The FFG1040 has user programmable low-
voltage, and over and under-temperature thresholds.
When these limits are exceeded these events are
reported to the host system using the interrupt pin.

Voltage Monitoring

The integrated ADC allows battery terminal voltage
monitoring with a high degree of accuracy (< 1% error).

Apolications'Diagram

Zurrent Monitoring

The FFG1040 uses differential sensing and an external
sense resistor to monitor the current flowing in and out
of the battery. Coulomb counting is performed using the
highly accurate, digitally filtered ADC output and internal
time base.

Relative State-of-Charge (RSOC) Error

Typical RSOC errors are < +1%. The FFG1040 provides
RSOC reporting error of less than 1% while tracking
actual load profiles.

Device Reset

The FFG1040 can be reset by the host processor using
an I°C write command to a register. Upon this change,
the FFG1040 is reset and all register values return to
default values. In this case, the fg_rdy_for_config_int
bit is set to 1 as soon as the reset sequence completes.
Forcing it into SHUTDOWN can also reset the fuel
gauge. See description of Mode below. Finally removing
and reconnecting the VBAT supply can reset the
device. Waking from reset is described below.

© 2014 Fairchild Semiconductor Corporation
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Power-Up, Leaving Reset or Leaving
Shutdown

Upon receiving a valid Vbat supply or a device reset, the
FFG1040 immediately powers the VBAT portion of the
design and enter the SHUTDOWN state where it can
monitor the 12C interface. The Host must wake up the fuel
gauge by addressing it via 12C. The fuel gauge then
wakes up and sets the fg_rdy_for_config_int bit in the
SOC_INTERRUPTS register and the fuel gauge signals
the host with an interrupt. The system driver can then use
I2C commands to configure the fuel gauge registers.
Once the registers have been configured the host writes a
bit in the SOC_MODE register and the FFG1040 will start
fuel gauging. The FFG1040 will then assert status in the
SOC_STATUS register to indicate that it is fuel gauging.

Key

After Gauging is Started

After completing the startup and configuration sequence
the only registers that should be modified are the
FG_RUNTIME_INPUT_CONFIG,
FG_BATTERY_TEMP_RUNTIME_INPUT,
SOC_INTERRUPT_MASKS,

SOC_INTERRUPT_CLRS, and the SOC_MODE
registers. All other registers should remain unchanged
as they were programmed during device configuration.
Once gauging has started performing writes to registers,
0x20 to Ox3F are disabled, Writes to the reserved FG_
registers are also ignored while gauging. These
registers cannot be updated until gauging has stopped.

System Action

FFG1040

Action

Figure 3.

Power Up and Configuration Sequence

resets device. or .
shutdown com »nd
i~sued

_ |

b

User installs batter:. ‘

i Pow=i\ode /

'\ Host addresses the Fuel
Gauge '2C pbus

=

FFG10404n
Shutdowin

Y

FFG1040 wakes up,
fg_rdy_for_config bit set,
Interrupts host

Y

Host configures the
FFG1040 and writes
fg_config_done bit in

SOC_MODE

Y

FFG1040 start gauging
asserts fg_status bits to
2'b11 in SOC_STATUS
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Power Modes

The FFG1040 chip has three configurable power modes.
The host system requests the device to enter a power
mode by writing bits in the SOC_MODE register.
Following is a brief description of each of these modes:

Active Power Mode (ACTIVE)

In the ACTIVE mode the FFG1040 is able to actively
monitor the battery voltage and current, run the
algorithm, and communicate status and results to the
system.

Hibernate Power Mode (HIBERNATE)

Registers can be accessed and read or written to in
HIBERNATE. The AFE is not powered up and the
FFG1040 processor is not clocking. During this mode
internal state is retained for memory and registers.

Shutdown Power Mode (SHUTDOWN)

In SHUTDOWN, the FFG1040 is off. No fuel gauging or
monitoring is taking place and no registers can be read
or written in SHUTDOWN. In SHUTDOWN the internal
state of the memory and registers is not maintained.
Once in SHUTDOWN, the host can awaken the
FFG1040 with an I°C read addressing the FFG104°
device. The FFG1040 does not acknowledge the < ac
but wakes up if Vear is available and transi 'ns to
ACTIVE. When this process is complete t>= FF\ '040
interrupts the host processor letting it kri -t s
awake and ready to be config- v ting 2
fg_rdy_for_config_int bit in th SOC_ 'TE RUPTS
register. The fuel gauge then in rrupts { : host. See
Figure 3 above for confic’ auun se :ence

Fuel Gauge SOC Reporting

State-of-Charge (SOC)

There are two types of SOC values reported by the fuel
gauge. They are the RSOC and a USOC. The Relative
SOC is accurate with respect to the present temperature
and load conditions. USOC filters out rapid or
unexpected changes in RSOC and adjusts RSOC to
make sense to an end user.

Relative SOC (RSOC)

RSOC takes into account the battery load or charge
current and the temperature to calculate the SOC as a
function of usable capacity. The FFG1040 tracks recent
battery usage to determine availav" "~ acity.

100% RSOC is reported «'ur
conditions for end of ch=" je have  »en r iched.7This i
when Vbat > (full charg ot j¢ — . in), Ibatand-ibat
Average are both = ar. - char~» complete cuirent.

0% RSOC is

charc '\g when the

achea hern
the <

¢ average attery terminal
voltage 1. che stdown «aitage. The impact of
the <ten. -eric stances ave also accounted for
‘he. ...~ ‘ition is detemiined

L 2r . 0C (USOCQC)

USC s a filtered, 1ule basza vilue. USOC, tiiters RSOC
so the resuiis make seriz= to an <crouser. The USOC
eportad by ihe fuel gauge exh.vits rnonotonic behavior
duiing its charge on discharge“trzjectory as long as the
sign of the average currant flow remains constant.

For_czxample: withisui @ charger attached, the reported
SOC cannot.increase. User SOC rules are configurable.
‘the followinig are the default set of rules governing
USOLC reoorting:

\Vken 'no charger is attached the phone status is
discharging and the User SOC will never increase.

Abrupt changes in environmental and load conditions
will not result in abrupt changes in USOC. USOC
outputs cannot change more than the values
programmed in the FG_USOC_CHG_SLEW_LIMIT and
FG_USOC_DISCHG_SLEW_LIMIT.

1. 100% USOC is reported as a scaled value of
RSOC where the upper bound is defined as 100%
RSOC - FG_SOC_FS DELTA. For example if
FG_SOC_FS_DELTA=2% then the USOC=100%
when RSOC >=98%.

2. When a charger is removed USOC will decrease
proportionally to the load even if the RSOC level
exceeds the USOC 100% threshold.

3. 0% USOC is the lower bound and is defined by
the same rules as 0% RSOC.
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Description of Status, Alarms and Interrupts

The following status bits and alarms appear in the
FG_STATUS register and provide the host system with
status of the battery management system.

Charger Present Status

Reports the charger attach status as provided by the
system driver via the runtime input.

Discharging Status

If the battery is discharging the discharging bit is set.

Low Voltage Alarm

The FFG1040 has a low voltage alarm which uses the
FG_LOW_VOLTAGE_SET register. This alarm is set
when the average measured battery terminal voltage
(FG_AVG_VOLTAGE) falls below the threshold set. The
alarm is cleared when the battery terminal voltage rises
above the value in the FG_LOW_VOLTAGE_CLEAR
register.

This alarm generates an interrupt and sets the
fg_uv_int bit in the SOC_INTERRUPTS register.

Temperature Out of Range Alarms
The fuel gauge notifies the system if the temper=’

exceeds the battery over-temperature or. under-
temperature user-defined thresholds set 1 . the
FG_BATTERY_TEMP_MAX nd
FG_BATTERY_TEMP_MIN reciatars, 2
FG_TEMPERATURE registe: pooviac an
instantaneous value of the temp ature ¢ de..imined

by the source (external f* sto. on die amperaiure,
or host input) as specif d in the t _NFIG (register
and is used to triccer t 5 alarn’ This alarn gericrates

an interrupt an® sew the ot~ ¢ orfg_wting alarmiin
the SOC.INT P7° 'S jcyster_depending (on \the
cause of i alarimn.

Z..0c C. lanm

Ti. . Zero 30C alarm adGicates (that «he baitery 'has

rea. d< ro SCC fullowing adiscnarge. 7he'\alarm can
be triy ,cred by either the RSOC-0r USOC vaiue. Setting
a bit in the "CG_CONFIG register cicoses the reference
SOC wvalve.-This alarm generaizs-aiinterrupt and sets
the 1a _s50c_zero_int bit-inthe SOC_INTERRUPTS
1cyister.

Low SOC Alarm

The Low SOC alarm indicates that the battery has
reached the Low SOC threshold during discharge. This
alarm can be triggered by either the RSOC or USOC
value. The reference SOC value is chosen by setting a
bit in the FG_CONFG register. This threshold is defined
by the FG_LOW_SOC_THRESH register. The alarm
generates an interrupt and sets the fg_soc_lItset_int bit
in the SOC_INTERRUPTS register. During charge when
the SOC level exceeds the FG_LOW_SOC THRESH
level the fg_soc_ltclr bit in the SOC_INTERRUPTS
register is set and a second interrupt is generated to
inform the host that the low SOC state no longer exists.

High SOC Alarm

The High SOC alarm is set when the SOC has risen to
or above the High SOC Threshold level in the
FG_HIGH_SOC_THRESH register. It is cleared when
the SOC has fallen 1% or more below the High SOC
Threshold level. The SOC compared to the threshold
can be the USOC or RSOC as determined by a bit in
the FG_CONFIG register. Entry into this alarm condition
will  set the fg_high_soc_int bit in the
SOC_INTERRUPTS register.

Almost Full Alarm

The Almost Full Alarm is set wher .. OC approaches
the full condition. This is prov. d to i 0 the system
know when the full condit” .'is L ng ap oached. (ihis
alarm is reported wher® . average ol je is above the
FG_FULL_VULTAZE a '* .nthe ¢ .rent and average
current are positive hut' dlow e charae teimination
current con. red _CHG-COMPLETE plus
some ma._in.

Fu

The kK Avam

's & tmis  ct and’the oauge furnton stoppea.when
ar. of e following' exceed fir21: speciiea bounds:
FG_ OLTAGE, FG_AVG VCU1AGE; FC CURRENT,
FG_AVG.COURRENT, FG . TEMPERATURE,
JG_DIEL TEMPERATUREL,
FC_FULL_CHARG=Z_CAPATUIEY. NOM,

F& FULL_CHARGE_CAPACITY, and FG_RO_NOM
cntry. “into “this._ “alarm  condition will set the
fa_dimit_check_int “oit in the SOC_INTERRUPTS
legister and _.he reason for the alarm is stored in
=G_SW/EKR_CODE. The gauge function is stopped
and ‘the TFG1040 transitions into the HIBERNATE
jrower state when this alarm is asserted.

Battery Present Alarm

The Battery Present Alarm reports the state of battery
presence as provided by the system driver via the
runtime input.

Fuel Gauging Status

The Device Status bits indicate if the algorithm is in the
Device Active (11), Device Resting (10) or the Device
Off (01) state. The fuel gauge activity status is
determined by the values set in the FG_REST_TIME,
FG_REST_CURRENT, and FG_OFF_CURRENT
registers. Figure 4 describes how the fuel gauge
transitions between each of these states. (Note the
device must be ACTIVE Power Mode and Gauging must
be enabled before the algorithm can be started and thus
enter into any of these states). When the FFG1040
enters the Device Resting and Device Off states the
data acquisition rate of the gauge and the SOC
calculations are slowed to a lower rate.

Watch Dog Timer (WDT)

Internal to the FFG1040 there is a watch dog timer that
tracks the progress of system and the fuel gauging
engine. If this progress is interrupted for any reason,
causing the internal the WDT to expire the fg_wdt_int
bit will be set in the SOC_INTERRUPTS register.
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Battery Detection
FG_STATUS Bits
15:14 =00

Gauge started

Device Active
FG_STATUS Bits
15:14 =11

FG_AVG_CURRENT <
FG_REST_CURRENT
for FG_REST_TIMER

FG_AVE_CURRENT >
FG_REST_CURRENT

Device Resting
FG_STATUS Bits
15:14 =10

FG_CURRENT <
FG_OFF_CURRENT
for FG_REST_TIMER

FG_CURRENT >
FG_OFF_CURRENT

Device Off
FG_STATUS Bits
15:14 =01

Figure 4.  Gauging Modes

Interrupt Operation

The INT_N pin is an active LOW-asserte’ ~nen
output that requires an external pull-tin res C. .
The FFG1040 uses this pin to sigr . ai. cter ntto wie
processor or any external device' nen an_ ser. »ccurs.
For example: immediatelv.=™~r ¢ ‘ecting, low batieny
voltage, the FFG1040 w' es tne co. == uing bitinthe
SOC_INTERRUPTS rei ster andasserts the INT_N pin

ain
')

by pulling it LC ne . C_IN ZRRUFRTS registerbit
remains HIGH ntil#==ho.  _cesssr wriies a 1.fC th»
correspofi. g .. In. _he SOC_INTERRUPT CLRS

regis*>= Th. “FG*047 ses a.wrnie/1 to_clear® schems.

I~ _irup. ar  eaye-triggerea. events. ~The infe'pt
¢ aut INT N, .ice asszarted, is held~LCW until all the
int. upts’ ire serviced and _cieared by ths-external

proc. .. Interiupt;signaling i¢ asynchrensus to the 1°C
SCL une. All' interruptst a'e\ 5y defauit enabled. Each
interrupt bas a corresporiding rmiask bit and clear bit in
the SOC_INTERR%ET. MASKS and
50C iINTERRUPT_CLRG registers. The host system
may disable indivicuzl vinterrupts by writing the
corresponding mask »it for each interrupt in the
SOC_INTERRUPT_MASKS register.

In all, there are 16 interrupts with mask and clear bits.

Interrupt Bits

The following interrupt bits are contained in the
SOC_INTERRUPTS register and reported to the host.

Bit0 —fg_ot_int — Over-Temperature Interrupt

Bit1 —fg_pack_commerr_int — Pack Comm Error Interrupt
Bit2 —fg_uv_int — Under-Voltage Interrupt

Bit3 —fg_high_soc_int — High SOC

Bit4 —fg_ut_int — Under-Temperature Interrupt

Bit5 —fg_heartbeat — Heart Beat Interrupt

Bit6 —fg_limit_check — Limit Check Interrupt

Bit7 —fg_soc_zero_int—Zero SOC  rupt

Bit8 —fg_soc_ltset_int—Low T. shold £ Interrupt

Bit9 —fg_soc_ltclr_int.~ ow Threc ~d C' ur Interrupt

Bit 10 —fg_soc_act e I ~uve Inte. upt

Bit 11 —fg_rf for_c  fig_ .cady fer Genfig Interrupt
Bit 12 —i_ wd. t—W :h Dog Timer \ntzrrupt
Bit fq . »ms.._ .- I’*C¥lester interrupt
14" fg_a st_fullZirt — Almost Frti \nzrrupt
Bit. ° — . pack-vtltage_int — Pa =« Vvoltage literrupt

Each interrapt kit has ~, corresporiting: mask bit and
Jlear bty in thes, SQL_INTZRRUPT_MASKS and
SCC._INTERRUFRIL CLRS reaisters respectively.
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Fuel Gauge Configurations and Features

Save and Restore Feature

The FFG1040 has a feature which improves fuel-
gauging startup performance immediately after
removing and reinserting the same battery. This feature
is called the ,save and restore" feature and allows the
fuel gauge to resume gauging from where it left off prior
to battery removal, provided the same battery is
reinserted. If the system designer chooses to use this
feature, the host processor saves off the values in the
Save and Restore registers, 0x65-0x71 at some interval.
The recommended interval is once per 1% change in
SOC state or once every 10 minutes when the gauge is
in the Active Device state and once per hour when the
gauge is in the Resting device state. After each and
every fuel gauge reset the driver configures the fuel
gauge by writing the recently stored values from system
memory back into the fuel gauge Save and Restore
registers. When started, the fuel gauge algorithm
determines if the newly inserted battery is the same
battery that was most recently gauged. If so it uses the
restored values allowing the fuel gauge to benefit from
past learning to more accurately report the RSOC of the
reinserted battery. For systems with a captive battery,
the learned battery parameters can be restored '
setting a bit in the FG_CONFIG register before ste ung
the gauge.

Temperature Sensing and Repor.

The FFG1040 has three possib/® e ds 2 obwain
temperature information used | iy the ‘ue:. augina
algorithm. The first methe” ‘=~ tc neasur’ an exteiiiai
thermistor using the on” sara ADC =4 e TBAT nin.
The FFG1040 supp fs cornecting an _extzrnal
thermistor and« _ .des< Ye ar ‘opriate hias-voltage,
Vreias, from tI - TR!AS p, he thermistor netviors,
The secc 1 n....od | sies the suel gauges internal
temromature  ensina < pabilite_invkoth of these cases,
t= U sys. 1 C ) reau the~measured temperature from
t. FG_1 MP. RATURE reyister. The)tiird method is
for e sv am to provide a teriperature reaiing to the
fuel .Jge . by ; vwriting <to- the- “Juer gauge
FG_BATTERY_TEMP_RUNTHVE_INPU | register.

By agefallly the FFG1040.-incasdres the internal
temperawre using its onboerd temperature sensor. It
rieasures and reports-tiiisivaiue once every 10 seconds
1n the “Device Active” itaie and once every 20 seconds
in the “Device Resting” state and uses this value as an
input to the fuel gauge algorithm. For batteries or
systems with a thermistor available, the FFG1040 can
measure temperature using the thermistor as requested
by setting the appropriate bit in the FG_CONFIG
register. Additionally, the thermistor Beta value must be
set in the FG_BATTERY_THERM_TEMPCO register, to
configure temperature calculation.

Relay Master

In this mode the system level host, which controls the
FFG1040, can use a series of register to “relay” I°C read
and write commands to the relay master port. This port
contains its own Relay Master Serial Clock (RMSCL),
and Relay Master Serial Data (RMSDA). The system
host sends and receives data from a downstream
slave(s) connected to these two pins.

The relay master relies on the 12C_MSTR_ set of
registers. These registers are a subset of the registers
included in the FFG1040. The registers use the last
seven addresses of the register spa==/0xF9-0xFF).

Autonomous Master

In this mode, the FFG1£2 _, utilize its ir .rnal firrnwar:
and controls the FFC 105 o re. = e batery.-cell
voltage and pack mpe uJre. This is dcne o reduce
the system *ast inv ven ot _aring. cnfical times like
battery ¢"arg. ', whe  knowing«thz cell voltage and

temperatu i rove the charging process. The
FFC "2 v ' acc .o as corfiguration inputs a pack
‘arn. ‘one_ 2 pack. polling rate valiage, a staw poll
re . in. wval in 50 maosteps, a fagr pail rate-inteival in
50 s s Zps,_&na, a maximurbattery. ‘em.perature.

Once given ‘a-siait signai, tie FFEG1040 I°C master
~apability’, is) used_to (trgger myasurements by the
FFG3:Ch, 0 real the voltage and temperature and
rousit them invoufput registers. If the voltage is below
the polling rate voltace tnen the next reading will occur
after the slow intarval, otherwise it will occur after the
fastinterval.

F&liing will centinue until either;
2) /A stop signal is given

L)~ The battery temperature exceeds the maximum
temperature

c) The battery voltage exceeds the alarm voltage

d) A communication error occurs on the I°C interface
between the FFG1040 and the FFG3105

e) The FFG3105 does not respond with a valid
temperature/voltage within 100 ms of the
measurement trigger.

While polling is active the host cannot trigger 1’c relay
master transactions. Host writes to the I°C master
register space will corrupt on-going transactions. A
status bit is set to indicate to the host that automatic
polling is in progress and I2C Master functionality is not
currently available.

Upon termination of polling, an interrupt is set to indicate
polling ceased due to a voltage or temperature alarm,
and a second interrupt is set to indicate polling ceased
due to a communication error or FFG3105 timeout.
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1°C Interface

The FFG1040° serial interface is compatible with
Standard and Fast I°C bus specifications. The
FFG1040° SCL line is an input and its SDA line is a bi-
directional open-drain output; it can only pull down the
bus when active. The SDA line only pulls LOW during
data reads and when signaling ACK. All data is shifted
in MSB (bit 7) first.

The FFG1040UCO003X uses power from the VBAT node
to power itself. When the battery is removed and the
VBAT node is pulled low, the fuel gauge will hold SDA,
SCL and INT_N low. Thus if the mobile device is
expected to operate from a charger even if the battery is
removed, it is recommended to connect the SDA and
SCL to a separate 12C bus and the INT_N pin to its own
GPI on the system processor. Please contact your
Fairchild representative for questions pertaining to
operation without a battery.

Slave Address

The FFG1040 slave address in hex notation is
0x70 = 01110000; where the device is addressed
assuming a 0 LSB. This is the 7-bit slave address
followed by the read/write bit. To read from the device
use 01110001, and to initiate a write, use 01110000.

Table 1. I°C Slave Address Byte

Bit |7]6|5]a]3|2][

Value 0 1 1 1 0 v 0 R/vv

Other slave addresses can be iccomn Jat - upon
request. Contact your Fair “rep 'sentat 2.

Bus Timing

As shown in Fi* ure 0, da ‘s n< nally transfarred when

SCL is LCW.' ~* 'oCkeu IN Ori 1he rising 2age of

SCL. Typ:r ly, uata t' nsitions at ¢r shortly afte! the

fali  'ge " SC allow cmrle time-for the dataio
«up be re. »next SCL rising edge:

s ~[12ta ciiange allowe &

Figure 5. Data Transfer Timing
Each bus transaction begins and ends with SDA and
SCL HIGH. A transaction begins with a START
condition, which is defined as SDA transitioning from 1
to 0 with SCL HIGH.

SDA Trosm / Vi X
SCL / \
Figure 6. START Bit

A transaction ends with a STOP condition, which is
defined as SDA ftransitioning from 0 to 1 with SCL

HIGH.
tHD:STO !

on 7Y I

Figure 7.  STOP Bit
During a read from the FFG104£° ..C

Slave Releases | Master Drives

ACK(0) or
NACK(1)

naster issues a

Repeated Start after sending v regis.  address and
before resending the slave™ .udre.  The  :peated Gtart
is a 1-to-0 transition or” VA while . TL< AIGH.

Slave k tes 5 t '
] Tl hosTAL i

- Y Y4
v i -
SCL ﬁ‘ / - \\ </7

repeated S 'CP Timing

CK(0) or
SK(1)

Tigure 8.

I°C . iave !nactivity

The FFG104) contains =1 inactivity fimer that monitors
the-slave interface i the timé between 1°C writes to the
davice exceads  the ' \wvalue  set in  the
FS_INACTWITY_REGET-TIME the part will put itself
into..the SHUTDCGWA 'state. This feature acts like a
“heep alive” wwhere the host system must do a write to
the/ FFG7847 o prevent it from going into shutdown.
Setting o _bit in the FG_CONFIG register enables this
feature.

A wwrite to any register in the address range 0x40 to
OxFF is sufficient to reset the timer. It,s suggested that
the FG_RUNTIME_INPUT_CONFIG or
FG_RUNTIME_TEMPERATURE registers be used as
the registers to be written by the host as these are
normally run-time written registers. Reads from any
register or writes to any registers outside of the address
range 0x40 to OxFF will not cause the timer to be reset,
so they do not count as 1’c activity for this feature.

12C Master

The FFG1040 contains firmware that allows the device
to use the RMSCL and RMSDA pins to communicate
with external 1°C slaves. This interface is mastered by
the FFG1040 in two different ways. The first, a more
general use is as a “Relay Master’. The second, the
FFG3105 specific mode is as an “Autonomous Master”.
The external system host can enable the FFG1040 to
use either of these modes and can control which mode
the FFG1040 is in.

Refer to the FFG1040 Users Reference Manual for a
detailed description of this functionality.
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I2C Read Write Procedures

Figure 9 and Figure 10 illustrate compatible I°C write and read sequences. Register addresses are one byte (8-bits)
and register data is 2 bytes (16-bits).

7-bits 0 8-bits 0 8-bits 0 8-bits 0

S Slave Address 1(A Register Address A Data Byte 1 A Data Byte 0 AlP]

Note: Single register read is initiated by Master with P immediately following second data byte
[ ] From Master to Slave S Start Condition N NOT Acknowledge (SDA High)

|:| From Slave to Master A Acknowledge (SDA Low) P Stop Condition

Figure 9. I°C Write Sequence

PN ‘
7-bits 0 8-bits 7-bits 0 8-bits- —— - ,-oits_— N »1 °
S Slave Address 0]A Register Address A|R Slave Address 1]A Data. =21 J_A I Data By'e 0 | N | P |
Note: Register address to read is specified with write. If register is not specified Master wii.  ginr.from the irrent register.
[ ] From Master to Slave S Start Condition N_. NC swle 2 (SO gn) - NACK
|:| From Slave to Master A Acknowledge (SDA Low) R oeal.  Start

P Stop Condition
Fiure 1 I’C. ad Sequance

|
1 | — @ W\
soa |\ | | x
s A a2 ON f
frfe [t et 2 supAT] Y tsp trpe
|1 l_ ' i |
R — :
SCL | J J i
i | _ i
O N & e\ I
[ L n = te s tey )
Lt i D;STA T DDAT N SULSTA SU;STO L
Eigdre 11. ~Delinition of Timing for Full-Speed Mode Devices on the I°C Bus
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Register Information

Table 2. Register Map

The Fuel Gauge has registers that are used to conflgure it and provide information to an external host. These
registers are accessible to the host through the 1°C slave controller and defined below. Any registers or bit fields
marked as RESERVED or reserved should be left at their default values and not modified.

Name Address | Type Description
System on Chip (SoC) Registers
SOC_MODE 0x00 R/W | SoC Mode for power mode control
SOC_STATUS 0x01 RO |[SoC Status
SOC_INTERRUPTS 0X0A RO |Interrupt Status
SOC_INTERRUPT_MASKS 0x0B RW |Interrupt Mask
SOC_INTERRUPT_CLRS 0x0C R/\él/S Interrupt Cle~
SOC_PART_ID 0XOF RO |PartIn A e\
AFE_OSC_TRIM 0x2C RW [AFE C. figu ‘ior \ ¥
Fuel Gauge System Related Driver Configuration Registers \ A
FG_CONFIG 0x40 2w Sor . uon Options
FG_RSENSE_RESISTANCE 0x42 1 Vv B nse Res sto Jalue i in nms
FG_FULL_VOLTAGE 43 R\ |FulloCVVoltage Lzve! \"
FG_VOLTAGE_SHUTDOWN ox W _[Systern Shutdown Voltage .
FG_BATTERY_THERM_TEMPCO_LSW/A' W | %46-0x 7 | R/W. |Thermistol Tsmperatiize Coefficient
FG_VOFFSET_CORRECTION_LSW/'SW |~ 8-0x49 | RW TASE Voltage Cirrestion Factor
FG_IOFFSET CORRECTION_ LS V/MSV. . | Ox4A-GxR T—R/V\ | AFE Cuitent-Orfset Correction Factor
FG_PACK_ALARM_VOLT ™" = [ foxte’ [ RW |Pack aiarm Voltage (mV)
FG_PACK_POLLRATE. 'OLTAR= |F OxAL) #»R/\’v i :a‘t‘gez?nevt;reshold for determining pack poll
FG_RSERIES AD! "W/ . © Luxaz-0x4F | Pw |Rsense Adjustment Factor
'FG_REST. "URRENT ) D 0\ S RW | Rest Carent Threshold (MA)
F—’_ru:\f_'l‘ —'E ~ N\ < _ﬂ'i 0—51— R/W | Min. duration to be considered at rest (s)
_FL FF JQRENT \ - DY NV, 0x52 RIW E):g?:tir:grc?i?go(lﬁmlgw to determine if the
FG_UoOC_CHG-SLEW LIMIT_ ~ 0x53 RW |USOC Slew Rate Limit during Charge
FG_ UQO” DISCHG SLEW_ LI \/IIF y 0x54 R/W | USOC Slew Rate Limit during Discharge
[FG_USOC_FS_DELTA _ 0x55 RMW | Full Scale Delta for 100% USOC Calc (%)
: FG_USOC_OERR_PT 0x56 RIW ?ﬁ;%cgrzﬁ/l‘c))r discharge scaling from full

Continued on the following page...
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Name Address | Type Description

Fuel Gauge Alarm Configuration Registers

FG_LOW_VOLTAGE_SET 0x57 R/W | Low Voltage Alarm Set Threshold (mV)
FG_LOW_VOLTAGE_CLEAR 0x58 R/W | Low Voltage Alarm Clear Threshold (mV)
FG_HIGH_SOC_THRESH 0x59 R/W | High SOC Alarm Threshold (%)
FG_BATTERY_TEMP_MAX Ox5A R/W | Max. Temperature Alarm Level (0.1°C)
FG_BATTERY_TEMP_MIN 0x5B R/W | Min. Temperature Alarm Level (0.1°C)
FG_LOW_SOC_THRESH 0x5C R/W | Threshold for Low SOC Alarm (%)

Fuel Gauge Run Time Input Registers

FG_RUNTIME_INPUT_CONFIG 0x5D R/W | Run Time Configuration Options
FG_BATTERY_TEMP_RUNTIME_INPUT Ox5E R/W | Run Time Temper: .re Va > Input (0.1°C)
Fuel Gauge Output Registers ) \l
FG_STATUS 0x5F  |[RW™® [output St s~ L Alai s
FG_CURRENT 0x60 | RW™ [instan. seo. Batt-, Current (mA)
FG_VOLTAGE 0x61 RW™® || tantar. wus  attery eitage (mV)
FG_TEMPERATURE 0x62 | 2w lins. ~tar Lus Tempsrature (0.1°C)
FG_FULL_CHARGE_CAPACITY 0x63 ’ oy V:Lg';f:%i:',;z%y at Cirent
FG_FIRMWARE_REV ¢4 W | Firmware Revision J
FG_CC 0xr R/WE EEGmb count LTL]tpL'* \
FG_DIE_TEMPERATURE A i:* 0xDB +j{pm“|D@jj§;;éung N
FG_SW_ERR_CODE A | uxF1_ W\ R[\/V“?J;Co‘huareﬂ‘(l “odes for diagnostics

Fuel Gauge Save and Restore F gisters

FG_AVG_CURRENT o L__T&éé R [average Battery Current (mA)
FG_AVG_VOLTARFE , 086 R/ Average Battery Voltage (mV)
FG_RSOC O < %5(6_7 "~ | R | Relative State-of-Charge (%)

FG_USOL N T S Toxes | I RwW™ [user State-of-Charge (%)

= FUL 'Ci RGE_CAPACITY NOM | (oksA | R ?"n?Aaﬁ;”ed Full CEEISERERERE IS "C
_F(;_ ~YC! ,_?OUN L N3 0x6B RwW® Battery Cycle Counter

FG_F —_NOM \J / \Z 0x6C RW!® | Measured Battery Resistance at 25°C
Fuel Gaqqe_Dﬁver ConT._gEred A'gorithm Inputs

FG _R;__II\ET N OX72 RIW l;llgr;m:irtwr?rlT]b(:ar:]tgr)y resistance seed value for
TIZG_QCAPACITY_DES_lG_N 0x73 RIW Z\ln:)'&nrir)wal battery capacity per manufacturer
FG_ICHG_COMPLETE 0x74 R/W | Charge Current Complete (mA)
FG_AUTO_SD_VOLTAGE 0xCD R/W | Auto Shutdown Voltage Threshold (mV)
FG_CAPEST_STARTING_RATIO 0xDO R/W | Scaling Ratio for Design Capacity
FG_RSOC_SD_CAP OxE3 R/W | Max. RSOC Relaxation at Shutdown

Continued on the following page...
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Name Address Type Description

Fuel Gauge Driver Configured Algorithm Inputs (Continued)

0x75-0xCC,

0xCE-0xCF,

. oo 0xD1-0xDA, Algorithm configuration parameters

To be supplied by Fairchild oxDC-0xE2 | R | supplied by Fairchild for driver.

0xE4-0xFO

0xF2-0xF5,

. 2 . .
FG_I2C_INACTIVE_RESET_TIME OXF6 Rw | 1ime between I'C writes to device before
inactivity reset if enabled (s)

FG_TYPICAL_LOAD OXF8 RIW l(_n(:%i used for RSOC during Charging
I2C_MSTR_CONTROL 0xF9 R/W |12C Relay Master untro.
I2C_MSTR_CONFIG OxFA R/W |12C Relay M« er ¢ nfigurc on
I2C_MSTR_STATUS OxFB RW® |12C Rele Mas*  sta.
12C_MSTR_DATAO OxFC R/W [12C+ 'ay. ‘ster” taByte?)
[2C_MSTR_DATA1 OxFD R °C Rei. Mz cr Data BRyie 1
I2C_MSTR_DATA2 OxFE RMW. |l Rel® Master Laix Byte 2
I2C_MSTR_DATAS3 OxFF L O 2C Relay viasiei-Data Evte 3
Notes:
18. Device output register. Writes to this register ha” . effect. in../nal operation and valt=3 will be, cve! -written

by the device normal operation.

19. Save and restore input/output register. Malue: hould « 'v be writian (0vinese re(is ers beftre gauging is started.
After the gauge has been started write. ‘= ister have ncefiact on internal operaiion; Hut values will be
over-written by the device norm<"  ~rau .

Table 3. Register Tyr=Nes ciption

Mnemonic Type Description
. -  These registers are read only. Their values are
R Ned 9 updated only by internal hardware
N Read/\Wiite These registers can be written or read
N/ | ReacWrite/SSIf Cioar These register bits self clear to a 10 after being
A ! SV written 1'D1.
R Raad These registers should only be read. Attempting a

write may cause unpredictable behavior
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Detailed Interrupt and Alarm Register Definitions

Detailed bit descriptions for select registers are included in this section. For a complete description of all register bit
mappings, refer to the FFG1040 Users Reference Manual.

Interrupt Requests (SOC_INTERRUPTYS)
Table 4. SoC Interrupts Register

SOC_INTERRUPTS (0x0A) DataType = 16bit
Bit 15 14 13 12 11 10 9 8
Location
fg_pack_ fg_almost | fg_i2cmstr . fg_rdy_for fg_ fg_soc_ltclr | fg_soc_
Parameter voltage_int _full_int _int [aREnt _config_int | active_int _int Itset_int
Default 0 0 0 0 0 0 0
Type RO RO RO RO RO R~ | RC R2 !
SOC_INTERRUPTS (0x0A)
. T | N J
Bit
Location v 6 2 E K | { 0
N - AN
. fg_limit_ fg_ - hig ~J_pack_ .
Parameter |[fg_soc_zero_int chack_int | heartbeat_int fg_ut ot o in J_uvint dommerr int fg_ot_int
a . =\
Default 0 0 0 . 0| [0
Type RO RO RC RC RO RO | RO _‘ RO
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Bit(s) Name Description
0 fq of int Fuel Gauge Over-Temperature (OT) Interrupt
9oL 0 = cleared, 1 = Set when battery pack is over-temperature
1 fa pack commerr int Fuel Gauge Pack Communications Error Interrupt
g_pack_ - 0 — cleared, 1 — Set when 12C error using internal master
2 fq uv int Fuel Gauge Under-Voltage (UV) Interrupt
9_uv_ 0 = cleared, 1 = set when battery pack experiences under-voltage
. . Fuel Gauge High SOC Interrupt
3 fg_high_soc_int 0 = cleared, 1 = set when SOC meets or exceeds the alarm threshold
Fuel Gauge Under-Temperature (UT) Interrupt
4 fg_ut_int 0 —cleared, 1 = Set when battery pack is under-temperat::=a
Description: This bit is set when an Under-Temperati:© Ala: s declared.
. Fuel Gauge Heart Beat Interrupt
S jgllieaibeat int 0 = cleared, 1 = set by fuel gauge firmware
- . Fuel Gauge Limit Check Interrupt
6 fg_limit_check_int 0 = cleared, 1 = set when limit chz k thre. old. -~ _sed.
7 fa soc zero int Fuel Gauge Zero SOC Interruy
9._socC_ . O =cleared, 1 =setbyv nZe. SO " .nisgeclared
Fuel Gauge SOC".0 Thr. hoiu Interrspt
8 fg_soc_ltset_int 0 =cleared, 1= setwl. » Su * has met or‘allen belo:tne FG low Giate-Of-
Charge thre .nc
Fuel Gau,  SOC . w Threshald Cicar Interrupt
9 fg_soc_ltclr_int 0= =2q, ' = set when 3QUC Vises hack above the #G Low State-Of-
“ha, 21un ld
L Fu ' Ge ge Active lnterrupt
1 fg_active_int 0: leared, i aet whern fuel gauge is 4ctive.
) -uel Gauge Ready for Configuraiion
11 fgdy_fR configggint 0.=riearad, 1 = se*wnen fue. gauge ready for configuration
12 dt int Fuel Gauye Watch Dao-Tinier Interrupt
> 0 = ciearad, 1 = sat whaii fuel gauge WDT has expired
13 fa i2craete int |Fuel Gauge;12C Master Interrupt
g_lecrase_n 0= cleaied. |1 = set when 12C master transaction completed
fq .altnost. fullint ‘F'ne' Gauge Almost Full Interrupt
9. &mOSL UL IRC 10 = cieared, 1 = set when SOC Almost Full
o | f0 pack volteas s | Fuel Gauge Pack Voltage Interrupt
{ ‘ 9_pack_VOllase s | g = cleared, 1 = set when pack voltage exceeds threshold
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Interrupt Masks (SOC_INTERRUPT_MASKS)
Table 5. SoC Interrupt Masks Register

SOC_INTERRUPT_MASKS (0x0B) DataType = 16bit
Bit 15 14 13 12 11 10 9 8
Location
fg_pack_ fg_almost fg_i2cmstr fg_wdt fg_rdy_for | fg_active | fg_soc_ltclr | fg_soc_
Parameter . . ; : 7= . ) :
voltage_intm| _full_intm _intm _intm |_config_intm| _intm _intm Itset_intm
Default 0 0 0 0 0 0 0 0
Type R/W R/W R/W R/W R/W R/W R/W R/W
SOC_INTERRUPT_MASKS (0x0B)
Bit 7 6 5 4 3 2 0
Location
fg_soc_zero fg_limit fg_ . fg_high ; a1nt kK fg_of
Parameter _intm _check_intm | heartbeat_intm gLl _soc_intrm Vi e Acr_intmjr wintm
Default 0 0 0 0 9 | C 0
Type R/W R/W R/W R/W R J R\ | R/W R/W
Bit(s) Name L .cription
0 fa ot intm Fuel Gaug o r-Tem, -att.e (OT; Inierrupt Mask y J
9ot 0 =inte uptenc =d, 1= interruptinasked
. F° " %aug Pack \ smmunications Erron Inteirupt Mask
1 fg_pack_commerr_intm \ a |\
0= . ‘nabled. 4 = interrupt. mas<ea
. ol < ruge UndarVoltage (UT) Interrupt Viask
2 fg_uv_intm 0 interupt eiatled, 1 = interrupt maskea
. A " .el Gauge High SGC Inw=rrupt Niask
€ fg_higlsoc_intm 0 =interrupt enakiiea; 4 = inteimupt rasked
4 £t rucl.Gauge undei-Temperature (UT) Interrupt Mask
— 0 = inteirunt enablec. * = interrupt masked
- i beat ¥ty Fu_e!Gauge H?an‘Beat I_nt.errupt Mask
A W ~ |0_— |merrﬂ'rie|.ab.ed, 1 = interrupt masked
N fa <fait MK intn o | Fuel Cauge Limit Check Interrupt Mask
9.IpIt_Shk_Ips 0= 1atesrupt enabled, 1 = interrupt masked
7 0 CMA :Z’c-,ro SOC Interrupt Mask
'9_s0c_zerot U = interrupt enabled, 1 = interrupt masked
8 fa soc leeRehi SOC Low Threshold Set Interrupt Mask
9_soc_teeiu 0 = interrupt enabled, 1 = interrupt masked
| 9 fa soe ltclr intm SOC Low Threshold Clear Interrupt Mask
9_soc_flelr_ 0 = interrupt enabled, 1 = interrupt masked
10 fa active intm Fuel Gauge Active Interrupt Mask
9 - 0 = interrupt enabled, 1 = interrupt masked
AL Fuel Gauge Ready for Config Interrupt Mask
" fg_rdy_for_config_intm 0 = interrupt enabled, 1 = interrupt masked
. Fuel Gauge Watch Dog Timer Interrupt Mask
12 fg_wdt_intm 0 = interrupt enabled, 1 = interrupt mask
. . 12C Master Interrupt Mask
13 fg_i2emstr_intm 0 = interrupt enabled, 1 = interrupt masked
. Fuel Gauge Almost Full Interrupt Mask
14 fg_almost_full_intm 0 = interrupt enabled, 1 = interrupt masked
. Fuel Gauge Pack Voltage Interrupt Mask
15 fg_pack_voltage_intm 0 = interrupt enabled, 1 = interrupt masked
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Interrupt Clears (SOC_INTERRUPT_CLRS)
Table 6. SoC Interrupt Clears Register
SOC_INTERRUPT_CLRS (0x0C) DataType = 16bit
B't. 15 14 13 12 11 10 9 8
Location
fg_pack_ fg_almost_ | fg_i2cmstr | fg_wdt_ | fg_rdy_for_ | fg_active |fg_soc_ltclr| fg_soc_
Parameter : . - - S - - .
voltage_int_clr| full_int_clr _int_clr int_clr |onfig_int_clr| _int_clr _int_clr |ltset_int_clr
Default 0 0 0 0 0 0 0 0
Type R/W/SC R/W/SC R/W/SC | RW/SC R/W/SC R/W/SC R/W/SC R/W/SC
SOC_INTERRUPT_CLRS (0x0B)
Bit 7 6 5 4 3 2 1 0
Location 1 '
fg_soc_zero fg_limit_ fg_heartbe | fg_ut_int |fg_high_soc| fg_1 . pack. om| fg_sot
Parameter f . . ; : . .
_int_clr check_int_clr | at_int_clr _clr _int_clr _clr i i” clr| <nt_clr
Default 0 0 0 0 0 g 0 |10
Type R/W/SC R/W/SC R/W/SC | RW/SC RN SC | W, | RAV/SC ’ R/W/SC
Bit(s) Name D ey
. Fuel Gauge Over T np atu. (O, .errup#Ci=sar
g QIECEt cir 0 = no-operatior =seh ~ar. ‘self and.coriesponding bic[u] in Feg: CAh
1 fa pack commerr int clr Fuel Gaug' Pack C mmunic .tions Errorilriterrupt.Ciac
9_pack_ — =710 =nec-operc on, 1= lIf clears itseif and corresponding kit |2]in Reg. 0Ah
. Fuel C 1yo ©  =2rVoltagz (UT) interrupt Clear
2 [uv_int_clr v~ 9-C_oration, 1 = self ci=ars itseimand corresoor aing bit [2] in Reg. 0Ah
3 fq high so-ir Fuel | auge High 3QC interrupt Clear
9_high_ 0 =r -operation, 1 = selfclears itself anc, corresponding bit [3] in Reg. 0Ah
4 - ol Fuel Gauge !nder Temuerature (L) Interrupt Clear
— 0 =ac-opcration, 1'=self clears itsclf and corresponding bit [4] in Reg. 0Ah
) . | Fuel Gaugs keart Bea® interrupt Clear
E L (ROt int r ['0 = no-Operation, 1+=self Clears itself and corresponding bit [5] in Reg. 0Ah
6 fo mit chedieint dr Fu=i"Gauge Li‘nit Check Interrupt Clear
o. - ' - |0 = no-operaticn, 1 = self clears itself and corresponding bit [6] in Reg. 0Ah
; ta GoaMoro it X Fuel Gauge Zero SOC Interrupt Clear
‘ N — S\ = _‘_C =-pe-operation, 1 = self clears itself and corresponding bit [7] in Reg. 0Ah
Q I fa soc ltset it ' Fuel Gauge SOC Low Threshold Set Interrupt Clear
9_soc_flsel_Int_%v 0 = no-operation, 1 = self clears itself and corresponding bit [8] in Reg. 0Ah
| 9 fa soc €M cir Fuel Gauge SOC Low Threshold Clear Interrupt Clear
9_80C_dermt_ 0 = no-operation, 1 = self clears itself and corresponding bit [9] in Reg. 0Ah
10 fq active int cIr Fuel Gauge Active Interrupt Clear
9 - = 0 = no-operation, 1 = self clears itself and corresponding bit [10] in Reg. OAh
: Fuel Gauge Ready for Config Interrupt Clear
" fg_rdy_for_config_clr 0 = no-operation, 1 = self clears itself and corresponding bit [11] in Reg. 0Ah
12 fa wdt int clr Fuel Gauge Watch Dog Timer Interrupt Clear
9_wat_int_ 0 = no-operation, 1 = self clears itself and corresponding bit [12] in Reg. 0Ah
13 fa i2emstr clr 12C Master Interrupt Clear
9 - 0 = no-operation, 1 = self clears itself and corresponding bit [13] in Reg. 0Ah
14 fq almost full int clr Fuel Gauge Software Interrupt Clears
9 - == 0 = no-operation, 1 = self clears itself and corresponding bit [14] in Reg. 0Ah
15 fa pack voltage int clr Fuel Gauge Pack Voltage Interrupt Clear
9_pack_ ge_Int_ 0 = no-operation, 1 = self clears itself and corresponding bit [15] in Reg. 0Ah
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High SOC Alarm Threshold (FG_HIGH_SOC_THRESH)
Table 7. FG High SOC Alarm Threshold Register

FG_HIGH_SOC_THRESH (0x59) DataType = Short (unsigned)
Bit Location 15 14 13 12 11 10 9 8
Parameter fg_high_soc_thresh[15:8]
Driver Default 0x00
Type R/W
FG_HIGH_SOC_THRESH (0x59) Units = %
Bit Location 7 6 5 4 3 2 _I [ 0 {
Parameter fg_high_soc_thresh[7:0]
Driver Default O0x5A A AKe\dH
Type R/W A Q¢ N

Note:
20. Driver Default: 90 (90%).

Battery Temperature Alarm Level Maxi* .um -G SATTERY TEMP-i4AX)

Table 8. FG Battery Temperature Alarm: “hrest. 'd Ma. .mum<Register

g - o\
FG_BATTERY_TEM  'AX 9x5A) | DataTvne= Snhort (unsigned)
B W N J D " End
Bit Location 15 y B T AWM (T 10 \ 9 8
Parameter faLpatiery femp_max[15:3]
Driver Default 0x02
Il\‘l\
LY Ml < X Ry
G ATTERY_TEMP_AMAX (OX5A) Units = 0.1°C
e 6 ]I_ 5 I\ 4 3 2 1 0
\ rame' - ‘ fg_battery_temp_max[7:0]
Drive efaul’ | 0x26
Tyog T R/W

Note:
21 Driver Default: 55°C.
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Battery Temperature Alarm Level Minimum (FG_BATTERY_TEMP_MIN)

Table 9. FG Battery Temperature Alarm Threshold Maximum Register

FG_BATTERY_TEMP_MIN (0x5B) DataType = Short (unsigned)
Bit Location 15 14 13 12 11 10 9 8
Parameter fg_battery_temp_min[15:8]
Driver Default 0x00
Type R/W
FG_BATTERY_TEMP_MIN (0x5B) Units = 0.1°C
Bit Location 7 6 5 4 3 2 _l [ 0 {
Parameter fg_battery_temp_min[7:0]
Driver Default 0x00 A AKe\2H
Type RW A N

19-91BuIS — XE000N0Y0TO4S

-
v

Note:
22. Driver Default: 0°C.

Low State-of-Charge Alarm Threshold* G_. Y\ SOC THRXESH)

Table 10.FG Battery Temperature Alarmi “hrest. 'd Ma. .mum Rﬂgioter

abneo |and ||

FG_LOW_SOC _Tk. ~H, x5C) | DaLaTvm = Short (unsigned)
A U N J ) "Gnd
Bit Location 15 . B A (™ ] E: 8
Parameter 1gow_se¢_thresh[15:8]
Driver Default OXOO
Il\‘l\
Type P A . -~ FAN
FC LOW_SOC_THRESIH (Dx5C) Units =%
" . T Wi 6 ]I_ 5 | 4 3 2 1 0
i\ rame’ - ‘ fg_low_soc_thresh[7:0]
Drive _efaul” 0x0A
T\’O\ T R/W

Nute.
23 Driver Default: 10%
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Run Time Input Registers

Implementation Overview

The FFG1040 has been optimized for system side fuel
gauging applications internal to mobile phone or tablet.
It can be used with both embedded and removable
single-cell battery packs. That is the application
example shown below. Additionally the fuel gauge can
be used internal to a battery pack.

Internal to system the FFG1040 is connected to an
Applications Processor that uses embedded firmware to
control and access the device via I°C. The Applications
Processor contains the 1°C Master that uses read and
write transactions to initiate commands and read from

Typical Application

and write data to the device. The FFG1040 contains an
I°C slave used to respond to these commands and data
requests.

Figure 12 below shows the FFG1040 and the external
components used to support its connection to the host
and to the battery pack. The recommended values for
the external components are shown below in Table 11.
The recommended value for battery decoupling
capacitance is dependent on the system and charger
and is not defined below.

THRM

RSENSF ?

rX= 1

N
—

Figure 12. Simplified Schematic
Table 11.Recommended External Components
Component Description Typical Unit
Cveat CVBAT Decoupling Capacitor 100 £10% nF
Cvioo VLDO Compensation Capacitor 100 +10% nF
Rsense External Sense Resistor between SRP and AGND 5+1% mQ
Rreias Battery Thermistor Bias Resistance 10 +1% kQ
Rson Rsct, Ruson. |12 pull up Resistor to Vey (SDA, SCL, INT_N) 10 £10% kQ
MSCL, RINT
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«\e\\he table below perta@'f%e packaging information on the following page.

gure 13.

Package Specific Dimensions

Recommended Layout

abneo |an4 ﬁzs-alﬁms — X€000N0Y0TO44

D (mm)

E (mm)

X (mm)

Y (mm)

1.960

1.510

0.255

0.230
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