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6 Pin Configuration and Functions

PW Package
24-Pin TSSOP
Top View
VCCPACK [ |1 @ 24 ]vce
Ne []2 23| JcHe
ver []3 22 ]NC
vez []4 21[ ] CHGOR
ves [ |5 20| |REG27
vca |6 19| ] GND
srRP [ |7 18| _JRBI
SRN |8 17 [_JLLEN
s ]9 16| ]ScL
ves [ |10 15| _JFAULT
cHeLvLo [] 11 14[]sbA
CHGLVL1 [] 12 13| | VC5BAL

Pin Functions

PIN 1
TYPE® DESCRIPTION
NAME NO.
CHG 23 (0] P-Channel FET drive for controlling charge
CHGLVLO 11 (0] Charge Control Output 0
CHGLVL1 12 (0] Charge Control Output 1
CHGOR 21 | CHG Over Ride input. If not used connect to VSS
FAULT 15 (0] Active high output to indicate fault condition.
GND 19 P Ground
LLEN 17 (0] Learn Load Enable Output
NC 2 (0] Not used and must be connected to VCC
NC 22 - No connect, leave pin floating
RBI 18 = RAM backup pin to provide backup potential to the internal DATA RAM if power is momentarily lost by using
a capacitor attached between RBI and GND
REG27 20 P Internal power supply 2.7-V bias output
SCL 16 I/OD | Serial clock input: Clocks data on SDA
SDA 14 I/OD | Serial Data: Transmits and Receives data
SRN 8 A Analog input pin connected to the internal ADC peripheral for measuring a small voltage between SRP and
SRN where SRN is the bottom of the sense resistor.
SRP 7 A Analog input pin connected to the internal ADC peripheral for measuring a small voltage between SRP and
SRN where SRP is the top of the sense resistor.
TS 9 1A Thermistor input
Sense voltage input terminal and external capacitor voltage balancing drive output for the 5th series
VC1 3 1A capacitor, and stack measurement input. See Series Capacitor Configuration for systems with less than 5
series
VC2 4 A Sense voltage input terminal and external capacitor voltage balancing drive output for the 4th series
capacitor. See Series Capacitor Configuration for systems with less than 5 series
Sense voltage input terminal and external capacitor voltage balancing drive output for the 3rd series
VC3 5 1A f ; . - : . -
capacitor. See Series Capacitor Configurationfor systems with less than 5 series
(1) 1= Input, O = Output, P = Power, IA = Analog Input, OD = Open Drain

Copyright © 2011-2015, Texas Instruments Incorporated
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Pin Functions (continued)

PIN 1
TYPE® DESCRIPTION

NAME NO.

vCa 6 A Sense voltage input terminal and external capacitor voltage balancing drive output for the 2nd series
capacitor. See Series Capacitor Configuration for systems with less than 5 series

VC5 10 A Sense voltage input terminal and external capacitor voltage balancing drive output for the 1st capacitor. See
Series Capacitor Configuration for systems with less than 5 series

VC5BAL 13 (0] Cell balance control output for the least positive capacitor (only used in 5-series capacitor configuration)

VCCPACK 1 P Power supply from the supercaps. The top of the supercap stack must be connected to this pin.

VCC 24 P Positive input from power supply

7 Specifications

7.1 Absolute Maximum Ratings
Over operating free-air temperature range (unless otherwise noted)™®

MIN MAX UNIT
Vmax Supply voltage VCC w.r.t. GND -0.3 34 Y,
Vyc2—0.3  Vycp +850r
VC1, VCC 34, whichever \%
is lower

VC2 Vycsz — 0.3 Vycs + 8.5 \

VC3 Vycs — 0.3 Vycq + 8.5 \
Vin Input voltage VC4 Vsrp—0.3  Vsgp + 8.5 v

SRP, SRN -0.3 VReG27 v

SDA, SCL -0.3 6.0 \

CHGOR -0.3 VCC \

TS, VC5, CHGLVLO, CHGLVL1, FAULT -0.3 VRegz7 + 0.3 \Y

CHG -0.3 VCC \
Vo Output voltage VC5BAL -0.3 VRego7 + 0.3 \Y

RBI, REG27 -0.3 2.75 \%
Iss Maximum combined sink current for input pins 50 mA
Trunc Functional temperature -40 110 °C
Tstg Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

7.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(® +2000
V(Esb) Electrostatic discharge - — 2 \%
Charged-device model (CDM), per JEDEC specification JESD22-C101? +500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

Copyright © 2011-2015, Texas Instruments Incorporated
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7.3 Recommended Operating Conditions
Over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX | UNIT
VCC 25
Supply voltage vee 38 Voes + 5 Y,
VsTARTUP Start up voltage at VCC 5.2 5.5 \
VsHuTDOWN VCC or VCC, whichever is higher 3 3.2 3.3 \
VC1, VCC Vvc2 Vyc2 + 5
VC2 Vvcs Vycz +5
VC3 Vvca Vvca + 5
VC4 Vsrp Vsrp + 5 \Y
VN Input voltage VCn-VC(n+1),(n=1,2,3,4) 0 5
VC5 0 1
VCC 25
CHGOR 0 VCC -0.3 \
SRP to SRN -0.3 1 \%
CreG27 External 2.7-V REG capacitor 1 uF
Torr Operating temperature -40 85 °C
7.4 Thermal Information
bq33100
THERMAL METRIC® PW (TSSOP) UNIT
24 PINS
Rgia Junction-to-ambient thermal resistance 83.6 °C/W
Raic(top) Junction-to-case (top) thermal resistance 16.5 °C/W
Rgig Junction-to-board thermal resistance 39.4 °C/W
Wit Junction-to-top characterization parameter 0.4 °C/W
Wig Junction-to-board characterization parameter 38.8 °C/W
Raic(bot) Junction-to-case (bottom) thermal resistance — °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report, SPRA953.

7.5 Electrical Characteristics: General Purpose 1/0O

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to

85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)

VCHGOR hlgh

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Viy High-level input voltage SDA, SCL, TS, VC5 2 \%
Vi Low-level input voltage SDA, SCL, TS, VC5 0.8 \%
. SDA, SCL, VC5BAL, CHGLVLO, CHGLVL1, LLEN,
VoH Output voltage high FAULT, I = -0.5 mA VReg27 — 0.5 \Y
SDA, SCL, VC5BAL, CHGLVLO, CHGLVL1, LLEN,
VoL Low-level output voltage FAULT, I = 7 mA 0.4 \%
Cin Input capacitance 5 pF
SDA, SCL, TS, VC5, CHGLVLO, CHGLVL1, LLEN,
likg Input leakage current FAULT 1 HA
SDA and SCL pulldown disabled
CHG Over Ride active 0.8 P 39 v

Repimexy  SDA and SCL pulldown | T = —40°C to 100°C

600 950 1300 kQ

Rpap Pad resistance TS

87 110 Q

Copyright © 2011-2015, Texas Instruments Incorporated
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7.6 Supply Current

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to
85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Icc Normal mode Firmware running, no flash writes 660 MA
IsHUTDOWN Shutdown mode Ta =-40°C to 110°C 0.5 1 MA

7.7 REG27 LDO

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to
85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VREG— Regulator output voltage IRegz7 = 10 mA ‘ Ta =—-40°C to 85°C 2.5 2.7 2.75 \%
VREG27IT— Negative-going POR voltage | At REG27 2.22 2.35 2.34 \%
VREG27IT+ Positive-going POR voltage | At REG27 2.25 2.5 2.6 \%
Regulator output change with o o

AV ReGTEMP) ten?perature P 9 lrec = 10 MA Ta = —40°C to 85°C +0.5%

AV(REGLINE) Line regulation IREG =10 mA +2 +4 mV
AV(REGLOAD) Load regulation IREG =0.2to 10 mA +20 +40 mV
I(REGMAX) Current limit 25 50 mA

7.8 Coulomb Counter

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to
85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Input voltage range -0.2 0.25 \%
Conversion time Single conversion 250 ms
Effective resolution Single conversion 15 Bits
Integral nonlinearity Ta =-25°C to 85°C +0.007 +0.034 %FSR
Offset error® Ta = —25°C to 85°C 10 pv
Offset error drift 0.3 0.5 pv/°C
Full-scale error® —-0.8% 0.2% 0.8%
Full-scale error drift 150 PPM/°C
Effective input resistance 2.5 MQ

(1) Post Calibration Performance
(2) Uncalibrated performance. This gain error can be eliminated with external calibration.

7.9 ADC

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to
85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)

PARAMETER TEST CONDITION MIN TYP MAX UNIT
Input voltage range TS, VC5 -0.2 0.8 x VReg27 \Y
Conversion time 315 ms
Resolution (no missing codes) 16 Bits
Effective resolution 14 15 Bits
Integral nonlinearity +0.02 %FSR
Offset error® 70 160 uv
Offset error drift 1 uv/eC
Full-scale error V=1V —0.8% +0.2% 0.4%
Full-scale error drift 150 PPM/°C
Effective input resistance 8 MQ

(1) Channel to channel offset

6 Copyright © 2011-2015, Texas Instruments Incorporated
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7.10 External Capacitor Voltage Balance Drive

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to
85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Capacitor voltage balance ON for VC1, 57
VCi—VCi+1=4V,wherei=1to approximately 4 '
Internal pulldown Capacitor‘ voltage balance ON‘ for VC2, ‘ 37
R _ resistance for VCi—-VCi+1=4V, where =i=1 to approximately 4 K
BAL_drive external capacitor | capacitor voltage balance ON for VC3, 175
voltage balance | ycj_ vCi+ 1 =4V, where =i = 1 to approximately 4 :
Capacitor voltage balance ON for VC4, 0.85
VCi—VCi+1=4V,where =i=1to approximately 4 ’

7.11 Capacitor Voltage Monitor

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to
85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Ta =-10°C to 60°C +10 +20
CAPACITOR Voltage Measurement Accuracy mv
Ta =—-40°C to 85°C +10 +35

7.12 Internal Temperature Sensor

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to
85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

TremP) Temperature sensor accuracy +3% °C

7.13 Thermistor Measurement Support

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to
85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Rerr Internal resistor drift -230 ppm/°C
R Internal resistor TS 17 20 kQ

7.14 Internal Thermal Shutdown

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to
85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)

PARAMETER® TEST CONDITIONS MIN TYP MAX | UNIT
Tmax Maximum REG27 temperature 125 175 °C
TRECOVER Recovery hysteresis temperature 10 °C

(1) Parameters assured by design. Not production tested.

7.15 High-Frequency Oscillator

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to
85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
foosc) Operating frequency of CPU clock 2.097 MHz
1 Ta =-20°C to 70°C —2% +0.25% 2%
f(ei0) Frequency error®
Ta =-40°C to 85°C —-3% +0.25% 3%
t(sx0) Start-up time® Ta = —25°C to 85°C 3 6 ms

(1) The frequency drift is included and measured from the trimmed frequency at VCC = VCC = 14.4 V, Tp = 25°C
(2) The start-up time is defined as the time it takes for the oscillator output frequency to be +3% when the device is already powered.

Copyright © 2011-2015, Texas Instruments Incorporated 7
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7.16 Low-Frequency Oscillator

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to
85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
fiosc) Operating frequency 32.768 MHz
) Ta =-20°C to 70°C -15% +0.25% 1.5%
fLeio) Frequency error — N S
Ta =-40°C to 85°C -25% +0.25% 2.5%
t1Lsx0) Start-up time®@ Ta = —25°C to 85°C 100 ms

(1) The frequency drift is included and measured from the trimmed frequency at VCC = VCC = 14.4 V, T, = 25°C.
(2) The start-up time is defined as the time it takes for the oscillator output frequency to be +3%.

7.17 RAM Backup

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to
85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VRel > Vreymin: VREG27 < VREG27IT-»
o T = 70°C to 110°C 20 1500
I(RBI) RBI data-retention input current nA
VRel > V®reimiN: VREG27 < VREG27IT-» 500
Ta =-40°C to 70°C
V(ra)) RBI data-retention voltage (V) 1 \%

(1) Specified by design. Not production tested.

7.18 Flash

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to
85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)

PARAMETER® TEST CONDITIONS MIN TYP MAX UNIT
Data retention 10 Years
Flash programming write-cycles 20k Cycles
tROWPROG) Row programming time 2 ms
t(MASSERASE) Mass-erase time 250 ms
{(PAGEERASE) Page-erase time o5 ms
lccProG) Flash-write supply current 4 6 mA
lccEerase) Flash-erase supply current T =—40°C 10 0°C 8 22 mA
Ta=0°C to 85°C 3 15

(1) Specified by design. Not production tested

8 Copyright © 2011-2015, Texas Instruments Incorporated
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7.19 Current Protection Thresholds

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to
85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
. ) RSNS =0 50 200
V(ocp) OCD detection threshold voltage range, typical m Py 100 mV
. RSNS =0 10
AV(ocpty  OCD detection threshold voltage program step m 5 mV
V(sceT) SCC detection threshold voltage range, typical M . . ~100 ~300 mV
RSNS = 1 RSNS is set in _50 225
STATE_CTL
AV(sccT) SCC detection threshold voltage program step M register 0 mV
RSNS =1 -25
V(scoT) SCD detection threshold voltage range, typical M 100 450 mV
RSNS =1 50 225
. RSNS =0 50
AV(scp) SCD detection threshold voltage program step m Py mV
Viorrsery  SCD, SCC and OCD offset -10 10 v
V(scale Emy SCD, SCC and OCD scale error -10% 10%

7.20 Current Protection Timing

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to
85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)

MIN NOM MAX | UNIT
tocob) Overcurrent in discharge delay 1 31 ms
tocop_sTEP) OCDD step options 2 ms

S AFE.STATE_CNTL[SCDDx2] = 0 0 915
t(scop) Short circuit in discharge delay us
AFE.STATE_CNTL[SCDDx2] = 1 0 1830
; SCDD st ’ AFE.STATE_CNTL[SCDDx2] =0 61
step options s
(SCDD_STEP) pop AFE.STATE_CNTL[SCDDx2] = 1 122 H
t(scco) Short circuit in charge delay 0 915 us
t(sccp_sTep) SCCD step options 61 us
; Vsrp-srN = VTHRESH + 12.5 MV,
toeTeCT) Current fault detect time Th = ~40°C t0 85°C 35 160 us
o Accuracy of typical delay time with WDI active -20% 20%
t Overcurrent and short circuit - - -
ACC delay time accuracy ACCL:racy of typical delay time with no WDI _50% 50%
inpu

Copyright © 2011-2015, Texas Instruments Incorporated 9
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7.21 Timing Requirements: SMBus

Typical values stated where T, = 25°C and VCC = VCC = 14.4 V, Minimum and maximum values stated where T, = —40°C to
85°C and VCC = VCC = 3.8 V to 25 V (unless otherwise noted)

MIN NOM MAX | UNIT
fsve SMBus operating frequency Slave mode, SCL 50% duty cycle 10 100 kHz
fvas SMBus master clock frequency Master mode, no clock low slave extend 51.2 kHz
tBUF Bus free time between start and stop 4.7 us
tHD:STA Hold time after (repeated) start 4 us
tsu:sTA Repeated start setup time 4.7 us
tsu:sto Stop setup time 4 us
tHD:DAT Data hold time Receive mode 0 ns

' Transmit mode 300
tsu:DAT Data setup time 250 ns
tIMEOUT Error signal and detect See @ 25 35 ms
tLow Clock low period 4.7 us
thicH Clock high period See @ 4 50 us
L ow-SExT g#]renulative clock low slave extend See @ 25 ms
oW MEXT t(i:rlTJ1re\1uIative clock low master extend See @ 10 ms
te Clock and data fall time See ® 300 ns
tr Clock and data rise time See © 1000 ns

(1) The bg33100 times out when any clock low exceeds trveout

(2) tyign maximum is the minimum bus idle time. SCL = SDA = 1 for t > 50 ps causes reset of any transaction involving bg33100 that is in
progress.

(3) tLow:sext is the cumulative time a slave device is allowed to extend the clock cycles in one message from initial start to the stop.

(4) tLow:mexT is the cumulative time a master device is allowed to extend the clock cycles in one message from initial start to the stop.

(5) Rise time tR = VILMAX - 015) to (VIHMIN + 015)

(6) Fall time te = 0.9Vpp to (VILMAX - 015)

r==5 r=-=- T

[}
I:% thp:sTA
!

5

tsu:sto

’
;

4

:

(N7

|

[ ]

|

e - ————

Figure 1. SMBus Timing
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7.22 Typical Characteristics

Temperature (°C)

Figure 3. Low Frequency Oscillator (LFO) Value Across
Temperature With REG27 =25V
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40
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Figure 4. REG27 Output Voltage Variation Across
Temperature With a Nominal Load of 2 mA
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8 Detailed Description

8.1 Overview

The bg33100 is a Super Capacitor monitor, balancing controller and overall system manger. The device can
individually monitor up to 5 series capacitors and up to 9 when monitoring the total stack.

The device can also interact with a external charging solution to provide Capacitance and Effective Series
Resistance (ESR) data on the stack.

NOTE
The following notation is used in this document, if SBS commands and Data Flash values
are mentioned within a text block:

» SBS commands are set in italic, for example: Voltage

* SBS bits and flags are capitalized, set in italic and enclosed with square brackets, for
example: [SS]

« Data Flash values are set in bold italic, for example: OV Threshold

« All Data Flash bits and flags are capitalized, set in bold italic and enclosed with square
brackets, for example: [OV]

All SBS commands, Data Flash values and flags mentioned in a chapter are listed at the
beginning of each chapter for reference.

The reference format for SBS commands is:
SBS:Command Name(Command No.):Manufacturer Access(MA No.)[Flag], for example:

SBS:Voltage(0x09), or SBS:ManufacterAccess(0x00):Seal Device(0x0020)

8.1.1 Super Capacitor Measurements

The bg33100 measures the series capacitor voltages or stack voltage, current and temperature using a delta-
sigma analog-to-digital converter (ADC). The bg33100 uses this measured data and advanced algorithms to
determine the State-of-Health and available capacitance of the Super Capacitor.

8.1.1.1 Voltage

The bg33100 has two separate modes, Normal mode and Stack mode, where measurements and taken and
managed differently. The setting of Operation Cfg [STACK] to 1 enables Stack mode otherwise the bq33100
operates in normal mode.

The bg33100 updates the individual series capacitor voltages and stack voltage at one (1) second intervals when
in Normal mode and measurers the stack voltage at one (1) second intervals when in Stack mode. The internal
ADC of the bg33100 measures the voltage, scales, and offsets, and calibrates it appropriately. To ensure an
accurate differential voltage sensing, the IC ground must be connected directly to the most negative terminal of
the Super Capacitor stack, not to the positive side of the sense resistor. This minimizes the voltage drop across
the PCB trace.

8.1.1.2 Current, Charge and Discharge Counting

The delta-sigma ADC measures the system current of the Super Capacitor by measuring the voltage drop across
a small-value sense resistor (typically 5 mQ to 20 mQ typical) between the SRP and SRN pins. The ADC
measures bipolar signals from —0.20 V to 0.25 V.

8.1.1.3 Device Calibration

The bg33100 requires voltage calibration to maximize accuracy of the monitoring system, the bg33100
evaluation software can perform this calibration. The external filter resistors, connected from each capacitor to
the VCx input of the bq33100, are required to be 1 kQ.

The bg33100 can automatically calibrate its offset between the A to D converter and the input of the high voltage
translation circuit during normal operation for maximum capacitor voltage measurement accuracy.
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Overview

(continued)

8.1.1.4 Temperature

The bg33100 has an internal temperature sensor and input for an external temperature sensor input, TS. The
external input is used in conjunction with an NTC thermistor (default is Semitec 103AT) to sense the Super
Capacitor temperature. The bg33100 can be configured to use internal or external temperature sensors.

8.1.1.5 Series Capacitor Configuration

The bg33100 can be used to monitor 2, 3, 4 or 5 capacitors in series. The appropriate connectivity for the
different options are detailed in Table 1.

Table 1. Series Capacitor Connectivity

bg33100 PIN | 5-SERIES 4-SERIES 3-SERIES 2-SERIES
VC1 P of Top (5th) Cap P of 4th Cap Short to VC2 Short to VC2
vC2 P of 4th Cap, N of 5th Cap E;’F‘: 3rd Cap, Nof4th |5 a4 cap Short to VC3
VC3 P of 3rd Cap, N of 4th Cap E:; 2nd Cap, N of 3rd P of 2nd Cap, N of 3rd Cap P of 2nd Cap
P of Bottom (1st) Cap, N | P of Bottom (1st) Cap, N of 2nd | P of Bottom (1st) Cap, N of 2nd
VC4 P of 2nd Cap, N of 3rd Cap of 2nd Cap Cap Cap
VC5 gn%f CB;)gom (st) Cap, N of N of Bottom Cap (1st) N of Bottom Cap (1st) N of Bottom Cap (1st)
VSS N of Bottom Cap (1st) Short to VC5 Short to VC5 Short to VC5

configuration.

NOTE
The CCO0...CC2 bits in Operation Cfg must be programmed to match the corresponding

When in Stack mode (Operation Cfg [STACK] =1) VC1 must be connected to VC2 and VC3 connected to VC4.
Additionally a divide-by-2 resistor divider must connect between the top and bottom of the capacitor array with
VC1,2 being the top and VC3,4 being the middle and VSS being the bottom. In this configuration pins VC5 and
VC5BAL are not used and must be connected to VSS.

Copyright © 2011-2015, Texas Instruments Incorporated
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8.2 Functional Block Diagram
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8.3 Feature Description

8.3.1 Capacitance Monitoring and Learning

8.3.1.1 Monitoring and Control Operational Overview

The bg33100 periodically determines the capacitance and equivalent series resistance (ESR) of the super
capacitor array during normal operation. The Learning Frequency is a register that sets the time between
automatic learning cycles of the Super Capacitor which can also be manually executed by issuing a Learn
command. The bg33100 uses the learning cycles to update the Capacitance and ESR registers accordingly and
both are accessible through the SMBus interface.

Learning process is a multi-step procedure fully controlled by the bg33100 that will perform the following
sequence to learn Capacitance and ESR:

1. Charge to V Learn Max

2. Discharge using constant current load to a minimum voltage of the present charging voltage and internally
record voltage and time

3. Charge to V Learn Max

4. Discharge using constant current load and internally record current and time

5. Calculate Capacitance and ESR based on recorded voltage and current

6. Determine new Charging Voltage
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Feature Description (continued)
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Figure 5. Voltage as Current During Learning
where:
C = I x (t{D]-[C]/(VIC]-VID]) @
and
ESR = (V[A]-V[B])/I (2

8.3.1.2 Main Monitoring Registers

Capacitance represents the total capacitance in the capacitor array and presents the value in units of F (Farads)
to 1 decimal place.

On initialization, the bg33100 sets Capacitance to the data flash value stored in Initial Capacitance. During
subsequent learning cycles, the bg33100 updates Capacitance with the last measured capacitance of the . Once
updated, the bg33100 writes the new Capacitance value to data flash to Capacitance. Capacitance represents
the full Super Capacitor reference for relative state of charge calculations.

InitialCapacitance — The first updated value of Super Capacitor capacitance and represented in units of F.

RelativeStateOfCharge (RSOC) represents the % of available energy. Use Equation 3 to calculate the RSOC.
(Voltage — Min voltage) / (Charging Voltage — Min voltage) 3)

Learning Frequency — The Learning Frequency register sets the time between automatic learning cycles of the
Super Capacitor which can also be manually executed by issuing a ManufacturerAccess Learn command. The
bg33100 uses the learning cycles to measure the Super Capacitor capacitance and update the Capacitance
register accordingly. When the bg33100 is in Unsealed Mode then a value of 250 is used to set the Learning
Frequency to 10 minutes for test purposes.
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Feature Description (continued)
8.3.1.3 Initial Capacitance at Device Reset

The bg33100 estimates the initial capacitance of a at device reset, which is the case when the capacitors are first
attached to the application circuit. This gives a reasonably accurate Capacitance and RSOC value, however,
Super Capacitor capacitance learning is required in order to improve the accuracy of Capacitance and RSOC.

8.3.1.4 Qualified Capacitance Learning

The bg33100 updates Capacitance with an amount based on the value learned during a qualified learning cycle.
Once updated, the bg33100 writes the new Capacitance value to data flash to Capacitance.

The bg33100 sets [CL] = 1 and clears [LPASS] in Operation Status when a qualified capacitance learning cycle
begins. The period of time that the learning takes is set by CL Time although the first learning cycle after a
device reset will not occur until after an elapsed time of Learning Frequency. When a qualified learn has
occurred [LPASS] in Operation Status is set.

During the learning process there are specific timeouts to protect from over charge or over discharge of the
super capacitor array. At the beginning of each phase of charge and discharge a timer is started. If the timer
exceeds Max Discharge Time during the discharging phase then Operation Status [LDTO] is set if the timer
exceeds Max Charge Time for the charging phase then Operation Status [LCTQ] is set. the flags are cleared
upon the beginning of the next learning cycle.

8.3.1.5 Health Determination

The bg33100 uses Equation 4 to determine the relative health of the capacitor.
Health = (Capacitance / InitialCapacitance) (4)

The bg33100 will determine a new ChargingVoltage at end of the learning cycle based on the newly learned
Capacitance. The following warnings will be set based on the changes in ChargingVoltage and the capacitors
ability to provide the minimum power needs.

ChargingVoltage = V Chg Nominal then SafetyStatus[HLOW)], [HWARN] and [HFAIL] are cleared.
If ChargingVoltage is set to V Chg A or V Chg B then SafetyStatus[HLOW] is set.
If ChargingVoltage is set to V Chg Max then SafetyStatus [HWARN] is set.

If ChargingVoltage is set to V Chg Max and the bg33100 determines that the newly learned Capacitance cannot
provide the minimum power requirements then SafetyStatus [HFAIL] is set.

The minimum power requirements is determined by the Min Power, Required Time and Min Voltage data flash
values.

If the corresponding [HLOW], [HWARN] or [HFAIL] bits are set in FAULT when the SafetyStatus[HLOW] or
[HWARN] bit is set then the FAULT pin is set.

8.3.1.6 ESR Measurement

The bg33100 measures the voltage on the capacitor stack when the LLEN pin (pin 17) is high with the initial
learned value stored in Initial ESR which is only updated once. The LLEN pin is controlled by firmware to enable
a circuit that presents a constant current load to the full capacitor stack. With the known voltage and known
current the ESR of the capacitor array can be determined. The final reported value of ESR is also adjusted by
the data flash value of ESR Offset. The original value of the capacitor array ESR is stored in Desigh ESR but is
not used by the bq33100.

The final value of ESR can be read from the bg33100 through ESR which is in mQ.

8.3.1.7 Monitor Operating Modes

Entry and exit of each mode is controlled by data flash parameters. In Discharge Mode, the [DSG] flag in
Operation Status is set. Discharge mode is entered when Current goes below (-)Dsg Current Threshold.
Discharge mode is exited when Current goes above Chg Current Threshold threshold for more than 1 second.

Charge mode is entered when Current goes above Chg Current Threshold. Charge mode is exited when
Current goes below Dsg Current Threshold for more than 1 second.
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Feature Description (continued)
8.3.2 Capacitor Voltage Balancing

Capacitor voltage balancing in the bgq33100 is accomplished by connecting an external parallel bypass load to
each capacitor, and enabling the bypass load depending on each individual capacitors voltage level. The bypass
load is typically formed by a P-ch MOSFET and a resistor connected in series across each capacitor. The filter
resistors that connect the capacitor tabs to VC1 to approximately VC4 pins of the bq33100 are required to be 1 k
ohms to support this function on all capacitors other than the lowest. The lowest capacitor bypass is enabled
through the VC5BAL pin. Capacitor Voltage Balancing is only operational after the ManufacturerAccess Lifetime
and Capacitor Balancing Enable (0x21) command is sent to the bg33100.

Using this circuit, the bg33100 balances the capacitors during charge and after charge termination by
discharging those capacitors with voltage above the threshold set in CB Threshold and if the AV in capacitor
voltages exceeds the value programmed in CB Min. During capacitor voltage balancing, the bq33100 measures
the capacitor voltages periodically (during which time the voltage balancing circuit is turned off) and based on the
capacitor voltages, the bq33100 selects the appropriate capacitor to discharge. When AV of
CapacitorVoltage5...1 < CB Min then capacitor voltage balancing stops. Capacitor voltage balancing restarts
when AV of CapacitorVoltage5...1 = CB Restart to avoid balancing start-stop oscillations.

Capacitor voltage balancing only occurs when:

» Charging current is detected (Current > Chg Current Threshold OR
» The [FC] flag in OperationStatus has been set AND
» ACapacitorVoltage5...1 = CB Restart

Capacitor voltage balancing stops when:

» ACapacitorVoltage5...1 < CB Min
» Discharging current detected (Current > Dsg Current Threshold)

This feature is disabled when in Stack mode, when Operation Cfg [STACK ] =1.

8.3.3 Charge Control

The bg33100 supports two main charge control architectures, discrete control and smart control. In a discrete
charge control implementation the CHGLVLO and CHGLVL1 pins can be used to adjust the charging voltage of
an external supply (see reference schematic for example).

As the super capacitors age a higher charging voltage can be configured to offset the deteriorating super
capacitor ESR and Capacitance due to aging. With the discrete control method there are 4 levels of charging
voltages that can be chosen, V Chg Nominal, V Chg A, V Chg B and V Chg Max. The setting of the charging
voltage is determined by the value of the latest determined required Charging Voltage.

The CHGLVLO and CHGLVL1 pin states are defined by the V Chg X parameters selected per Table 2:

Table 2. ChargingVoltage Parameters

CHARGINGVOLTAGE CHGLVL1 (PIN 12) CHGLVLO (PIN11)
V Chg Nominal 0 0
V Chg A 0 1
V Chg B 1 0
V Chg Max 1 1

In a smart control architecture the bg33100 makes the appropriate maximum charging current and charging
voltage per the charging algorithm available through the ChargingCurrent and ChargingVoltage SMBus
commands respectively. This enables either an SMBus master or smart charger to manage the charging of the
super capacitor pack.
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8.3.3.1 Charge Termination
The bg33100 determines charge termination if:

 The average charge current < Taper Current during 2 consecutive Current Taper Window time periods,
AND

» Voltage + Taper Voltage = ChargingVoltage

NOTE
To make sure that the charge terminates properly, TI recommends that Taper Current be
set to a value greater than the maximum charger voltage inaccuracy. In other words, the
charger taper current must be set to a lower value than the taper current programmed in
the dataflash to ensure proper charge termination and the FC bit gets set.

The bg33100 sets the [FC] flag in Operation Status when a valid charge termination occurs and cleared when
RelativeStateOfCharge is less than FC Clear %.

The taper voltage must be set to a value less than the OV threshold. This prevents an over voltage condition
from occuring after the CL bit clears upon learning completion.

The bg33100 can also determine charge termination if the RSOC is at a value equal to or greater than FC set %.
If this is not the desired means of charge termination, FC set % must be set to -1%.

8.3.3.2 CHG Over Ride Control

During the normal operation of the bgq33100 the CHG output of the bq33100 is typically controlled automatically
but can be over ridden through the CHGOR pin (pin 21). On a low-to-high transition the CHG output is released
turning off the external CHG FET and on a high-to-low transition the CHG output is pulled low after a
programmable delay CHG Enable Delay. If CHG Enable Delay is programmed to O the delay is a maximum of
250 ms. If the CHG over ride function is not needed then the CHGOR pin must connect to VSS.

8.3.4 Lifetime Data Gathering

8.3.4.1 Lifetime Maximum Temperature

During the operation lifetime of the bg33100 it gathers temperature data. During this time the bq33100 can be
enabled to record the maximum value that the measured temperature reached. If the [LTE] flag is set in
OperationStatus, Lifetime Max Temp value is updated if one of the following conditions are met:

* internal measurement temperature — Lifetime Max Temp > 1 °C.
* internal measurement temperature > Lifetime Max Temp for a period > 60 seconds
* internal measurement temperature > Lifetime Max Temp AND any other lifetime value is updated.

Table 3. Lifetime Maximum Temperature

SUBCLASS | SUBCLASS SIZE IN MIN MAX | DEFAULT
ID AP e e HOLGAL BYTES VALUE | VALUE vaLUE | UNIT
59 Lifetime Data | 0 L'fetT'g‘niF')V'aX Integer 2 0 1400 350 0.1°C

8.3.4.2 Lifetime Minimum Temperature

During the operation lifetime of the bg33100 it gathers temperature data. During this time the bq33100 can be
enabled to record the Minimum value that the measured temperature reached. If the [LTE] flag is set, Lifetime
Min Temp is updated if one of the following conditions are met:

o Lifetime Min Temp — internal measurement temperature > 1 °C.
» Lifetime Min Temp > internal measurement temperature for a period > 60 seconds
» Lifetime Min Temp > internal measurement temperature > AND any other lifetime value is updated.

18
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Table 4. Lifetime Minimum Temperature

SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NaE | AREE RIS SOV BYTES VALUE | VALUE vaLUE | UNIT
59 Lifetime Data 2 L'feﬁg‘nfp'\’“” Integer 2 -600 1400 50 0.1°C

8.3.4.3 Lifetime Maximum Capacitor Voltage

During the operation lifetime of the bg33100 it gathers voltage data and if in Single mode (Operation Cfg
[STACK ] =0). During this time the bq33100 can be enabled to record the Maximum value that the measured
voltage reached. If the [LTE] flag is set, Lifetime Max Capacitor Voltage is updated if one of the following
conditions are met:

» any internally measured capacitor voltage — Lifetime Max Capacitor Voltage > 25 mV
» any internally measured capacitor voltage > Lifetime Max Capacitor Voltage for a period > 60 seconds

» any internally measured capacitor voltage Lifetime Max Capacitor Voltage AND any other lifetime value is
updated.

Table 5. Lifetime Max Capacitor Voltage

SUBCLASS| suBcLASS SIZE IN MIN MAX DEFAULT
ID s | SRR s FOIRLAT BYTES VALUE | VALUE VALUE | UNIT
Lifetime Max
59 Lifetime Data 4 Capacitor Integer 2 0 32767 0 mV
Voltage

8.3.5 Safety Detection Features

The bg33100 supports a wide range of Super Capacitor and system safety detection and protection features that
are easily configured or enabled through the integrated data flash. These features are intended, through various
configuration options, to provide a level of safety from external influences causing damage to components with
the power path, for example: limiting the period of time the CHG FET is exposed to high current pulse charge
conditions

8.3.5.1 Capacitor Overvoltage (OV)

The bg33100 can detect capacitor overvoltage condition and protect capacitors from damage.

When any CapacitorVoltage5...1 exceeds (ChargingVoltage / number of capacitors (see Operation Cfg
[CC2,1,0] ) + OV Threshold) the [OV] flag in SafetyAlert is set.

When any CapacitorVoltage5...1 exceeds (ChargingVoltage / number of capacitors (see Operation Cfg
[CC2,1,0] ) + OV Threshold) for a period greater than OV Time the [OV] flag in SafetyStatus is set.

When the bg33100 is configured for Pack Mode, when Operation Cfg [STACK] =1, then a fault is detected
when Voltage exceeds (ChargingVoltage + OV Threshold) the [OV] flag in SafetyAlert is set.

When the bg33100 is configured for Pack Mode, when Operation Cfg [STACK] =1, then a fault is detected
when Voltage exceeds (ChargingVoltage + OV Threshold) for a period greater than OV Time the [OV] flag in
SafetyStatus is set.

This function is disabled if OV Time is set to zero.

In an overvoltage condition charging is disabled and the CHG FET is turned off, ChargingCurrent and
ChargingVoltage are set to zero.

The bg33100 recovers from a capacitor overvoltage condition if all CapacitorVoltages5..1 are equal to or lower
than (ChargingVoltage / number of capacitors (see Operation Cfg [CC2,1,0] ) + OV Recovery. If the bg33100 is
configured for Pack Mode then the recover occurs when Voltage is equal to or lower than (ChargingVoltage + OV
Recovery.

On recovery the [OV] flag is reset, and ChargingCurrent and ChargingVoltage are set back to appropriate values
per the charging algorithm.
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NOTE
When ChargingVoltage has been set to 0 due to a detected condition then the capacitor
overvoltage function is suspended.

8.3.5.2 Capacitor Voltage Imbalance (CIM)

The bg33100 starts capacitor voltage imbalance detection when Current is less than or equal to CIM Current
AND ALL CapacitorVoltage5..1 > Min CIM Check Voltage.

When the difference between highest capacitor voltage and lowest capacitor voltage exceeds CIM Fail Voltage
the [CIM] flag in SafetyAlert is set.

When the difference between highest capacitor voltage and lowest capacitor voltage exceeds CIM Fail Voltage
for a period greater than CIM Time the [CIM] flag in SafetyStatus is set and ChargingCurrent and
ChargingVoltage are set to 0 and the CHG FET is turned off. SafetyStatus() [CIM] is cleared and CHG FET is
allowed to turn ON when the differences between the highest capacitor voltage and lowest capacitor voltage is
less than CIM Recovery.

This function is disabled if CIM Time is set to zero.

The capacitor voltage imbalance detection is cleared when the difference between highest capacitor voltage and
lowest capacitor voltage is less than CIM Fail Voltage. When this is detected then the CHG FET is allowed to be
turned on, if other safety and configuration states permit, ChargingCurrent and ChargingVoltage are set to the
appropriate value per the charging algorithm, and the [CIM] flag in SafetyStatus is reset.

8.3.5.3 Weak Capacitor (CLBAD)

When the capacitor array has been fully charged (indicated by OperationStatus [FC] being set) then it is
monitored for excessive leakage.

When Current exceeds CLBAD Current the [CLBAD] flag in SafetyAlert is set.
When Current exceeds CLBAD for a period greater than CLBAD Time the [CLBAD] flag in SafetyStatus is set.
This function is disabled if CLBAD Time is set to zero.

In a weak capacitor condition charging is disabled and the CHG FET is turned off, ChargingCurrent and
ChargingVoltage are set to zero.

The weak capacitor fault is cleared when Current falls equal to or below the CLBAD Recovery limit. When the
recovery condition is detected, then the CHG FET is allowed to be turned on, if other safety and configuration
states permit, ChargingCurrent and ChargingVoltage are set to the appropriate value per the charging algorithm,
and the [CLBAD] flag in SafetyStatus is reset.

8.3.5.4 Overtemperature (OT)

The bg33100 has overtemperature protection to prevent charging at excessive temperatures.

When Temperature exceeds OT Chg the [OT] flag in SafetyAlert is set.

When Temperature exceeds OT Chg for a period greater than OT Chg Time the [OT] flag in SafetyStatus is set.
This function is disabled if OT Chg Time is set to zero.

In an overtemperature condition charging is disabled and the CHG FET is turned off, ChargingCurrent and
ChargingVoltage are set to zero.

The overtemperature fault is cleared when Temperature falls equal to or below the OT Chg Recovery limit.
When the recovery condition is detected, then the CHG FET is allowed to be turned on, if other safety and
configuration states permit, ChargingCurrent and ChargingVoltage are set to the appropriate value per the
charging algorithm, and the [OT] flag in SafetyStatus is reset.

8.3.5.5 Overcurrent During Charging (OC Chg)

The bg33100 has an independent level of recoverable overcurrent protection during charging.

When Current exceeds OC Chg the [OCC] flag in SafetyAlert is set.
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When Current exceeds OC Chg for a period greater than OC Chg Time the [OCC] flag in SafetyStatus is set
and ChargingCurrent and ChargingVoltage are set to 0.

This function is disabled if OC Chg Time is set to zero.

The overcurrent fault is cleared when Current falls below OC Chg Recovery. When a charging-fault recovery
condition is detected, then the CHG FET is allowed to be turned on, if other safety and configuration states
permit, ChargingCurrent and ChargingVoltage are set to the appropriate value per the charging algorithm, and
the [OCC] flag in SafetyStatus is reset.

8.3.5.6 Overcurrent During Discharging (OC Dsg)

The bg33100 overcurrent is discharge detection executed by the integrated AFE is configured by the bq33100
data flash OC Dsg and OC Dsg Time registers.

When the integrated AFE detects a overcurrent in discharge condition the charge FET is turned off and the
[OCD] flag in SafetyStatus is set, the internal current recovery timer is reset and ChargingCurrent and
ChargingVoltage are set to 0.

The recovery is controlled by the bg33100 and requires that Current be < OC Dsg Recovery threshold and that
the internal AFE current recovery timer = Current Recovery Time.

When the recovery condition is detected, ChargingCurrent and ChargingVoltage are set to the appropriate value
per the charging algorithm, and the [OCD] flag inSafetyStatus is reset.
8.3.5.7 Short-Circuit During Charging (SC Chg)

The bg33100 short-circuit during charging protection is executed by the integrated AFE is configured by the
bg33100 data flash SC Chg Cfg register.

When the integrated AFE detects a short circuit fault the charge FET is turned off and the [SCC] flag in
SafetyStatus is set, the internal current recovery timer is reset and ChargingCurrent and ChargingVoltage are set
to O.

The recovery is controlled by the bq33100 and requires that AverageCurrent be < SC Recovery threshold and
that the internal AFE current recovery timer = Current Recovery Time.

When the recovery condition is detected, ChargingCurrent and ChargingVoltage are set to the appropriate value
per the charging algorithm, and the [SCC] flag inSafetyStatus is reset.
8.3.5.8 Short-Circuit During Discharging (SC Dsgq)

The bg33100 short-circuit during discharging detection is executed by the integrated AFE is configured by the
bg33100 data flash SC Dsg Cfg register.

When the integrated AFE detects a short circuit fault the charge FET is turned off and the [SCD] flag in
SafetyStatus is set, the internal current recovery timer is reset and ChargingCurrent and ChargingVoltage are set
to O.

The recovery is controlled by the bg33100 and requires that Current be < SC Recovery threshold and that the
internal AFE current recovery timer = Current Recovery Time.

When the recovery condition is detected, ChargingCurrent and ChargingVoltage are set to the appropriate value
per the charging algorithm, and the [SCD] flag inSafetyStatus is reset.

8.3.5.9 AFE Watchdog (WDF)

The integrated AFE automatically turns off the CHG FET and sets the [WDF] flag in SafetyStatus if the integrated
AFE does not receive the appropriate frequency on the internal watchdog input (WDI) signal.

8.3.5.10 Integrated AFE Communication Fault (AFE_C)

After a full reset the bg33100 and the AFE offset and gain values are read twice and compared. The AFE Init
Limit sets the maximum difference in A/D counts of two successful readings of offset and gain, which the device
still considers as the same value. If the gain and offset values are still not considered the same after AFE Init
Retry Limit comparison retries, the device reports a permanent failure error by setting SafetyStatus() [AFE_C].
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Additionally, the bg33100 periodically validates its read and write communications with the integrated AFE. If
either a read or write verify fails, an internal AFE_Fail_Counter is incremented. If the AFE_Fail_Counter reaches
AFE Fail Limit, the bgq33100 sets the [AFE_C] flag in SafetyStatus. An AFE communication fault condition can
also be declared if, after a full reset, the initial gain and offset values read from the AFE cannot be verified.
These values are A to D readings of the integrated AFE VCx signal. The integrated AFE offset values are verified
by reading the values twice and confirming that the readings are within acceptable limits. The maximum number
of read retries, if offset and gain value verification fails and [AFE_C] fault is declared, is set in AFE Fail Limit If
the AFE Fail Limit is set to O, this feature is disabled.

8.3.5.11 Data Flash Fault (DFF)

The bg33100 can detect if the data flash is not operating correctly. A permanent failure is reported when either:
(i) After a full reset the instruction flash checksum does not verify; (i) if any data flash write does not verify; or (iii)
if any data flash erase does not verify

When a data flash fault is detected then the [DFF] flag in SafetyStatus is set.

8.3.5.12 FAULT Indication (FAULT Pin)

The bg33100 provides the status of the safety detection through SafetyStatus. To provide an extra indication of a
fault state ( SafetyStatus # 0x00) the bg33100 will set the FAULT pin (pin 15) if the corresponding SafetyStatus
bit is set in Fault.

8.3.6 Communications

The bg33100 uses SMBus v1.1 for host communications although an SMBus slave can be communicated with
through an 1°C master.

8.3.6.1 SMBus On and Off State

The bg33100 detects a SMBus off state when SCL and SDA are logic-low for = 2 seconds. Clearing this state
requires either SCL or SDA to transition high. Within 1 ms, the communication bus is available.

8.3.7 Security (Enables and Disables Features)

There are two levels of secured operation within the bg33100, Sealed and Unsealed. To switch between the
levels, different operations are needed with different codes.

1.Unsealed to Sealed — The use of the Seal command instructs the bg33100 to limit access to the SBS
functions and data flash space and sets the [SS] flag. In sealed mode, available standard SBS functions have
access per the Smart Battery Data Specification (SBS). Extended SBS Functions and data flash are not
accessible. Once in sealed mode, the part can never permanently return to Unsealed mode.

2. Sealed to Unsealed — Instructs the bgq33100 to extend access to the SBS and data flash space and clears the
[SS] flag. In unsealed mode, all data, SBS, and DF have read and write access. Unsealing is a 2 step command
performed by writing the 1st word of the UnSealKey to ManufacturerAccess followed by the second word of the
UnSealKey to ManufacturerAccess. The unseal key can be read and changed through the extended SBS block
command UnSealKey when in Unsealed Mode. To return to the Sealed mode, either a hardware reset is needed,
or the ManufacturerAccess Seal command is needed.

8.3.8 Measurement System Calibration

The bg33100 does not require calibration, but can be calibrated for improved measurement accuracy.

8.3.8.1 Coulomb Counter Deadband

The bg33100 does not accumulate charge or discharge for monitoring when the current input is below the
Deadband threshold which must be set sufficiently high to prevent false signal detection with no charge or
discharge flowing through the sense resistor.

8.3.8.2 Auto Calibration

The bg33100 provides an auto-calibration feature to cancel the voltage offset error across SRP and SRN for
maximum charge measurement accuracy. The bq33100 performs auto-calibration when the SMBus lines stay
low continuously for a minimum of 5 s and Temperature is within bounds of 5°C and 45°C.
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8.3.8.3 Current Gain
Current Gain sets the mA current scale factor for the coulomb counter. Use calibration routines to set this value.

Table 6. Current Gain

SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NAME SEEE AalilS ROIRLIAF BYTES VALUE VALUE VALUE Inlir
104 Data 0 Current Gain | Floating point 4 1.0E-01 4.0E+00 0.9419 mQ

8.3.8.4 CC Delta
CC Delta sets the mF capacitance scale factor for the coulomb counter. Use calibration routines to set this value.

Table 7. CC Delta

SUBCLASS SUBCLASS SIZE IN DEFAULT
D NAME OFFSET NAME FORMAT BYTES MIN VALUE | MAX VALUE VALUE UNIT
104 Data 4 CC Delta Floating point 4 2.9826E+04 | 1.193046E+06 | 280932.825 mQ

8.3.8.5 Capl K-factor

This register value stores the ADC voltage translation factor for the top capacitor (Capacitor 1), which is
connected between the VC1 and VC2 pins. By default, this value is not used and the factory calibration are in
effect. This value overrides the factory calibration when the K-factor Override Flag is set to 0x9669 by the
software calibration process. The calibration routine sets this value, however the value can be manually modified
according to Equation 5:

New StackVoltageKfactor = Existing StackVoltageKfactor x Actual Applied Voltage / Reported Voltage (5)
Table 8. Capl K-factor
104 Data 8 C;F;Of' Integer 2 0 32767 20500

8.3.8.6 Cap2 K-factor

This register value stores the ADC voltage translation factor for Capacitor 2, which is connected between the
VC2 and VC3 pins. By default, this value is not used and the factory calibration are in effect. This value overrides
the factory calibration when the K-factor Override Flag is set to 0x9669 by the software calibration process. The
calibration routine sets this value, however the value can be manually modified according to Equation 6:

New StackVoltageKfactor = Existing StackVoltageKfactor x Actual Applied Voltage / Reported Voltage (6)
Table 9. Cap2 K-factor
SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NAME S NGRS FOIRIATT BYTES VALUE VALUE VALUE Nl
104 Data 10 CfapZ K- Integer 2 0 32767 20500
actor

8.3.8.7 Cap3 K-factor

This register value stores the ADC voltage translation factor for Capacitor 3, which is connected between the
VC3 and VC4 pins. By default, this value is not used and the factory calibration are in effect. This value overrides
the factory calibration when the K-factor Override Flag is set to 0x9669 by the software calibration process. The
calibration routine sets this value, however the value can be manually modified according to Equation 7:

New StackVoltageKfactor = Existing StackVoltageKfactor x Actual Applied Voltage / Reported Voltage @)
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Table 10. Cap3 K-factor

SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NaE | AREE RIS SOV BYTES VALUE | VALUE vaLUE | UNIT
104 Data 12 CfapS K- Integer 2 0 32767 20500

actor

8.3.8.8 Cap4 K-factor

This register value stores the ADC voltage translation factor for Capacitor 4, which is connected between the
VC4 and VC5 pins. By default, this value is not used and the factory calibration are in effect. This value overrides
the factory calibration when the K-factor Override Flag is set to 0x9669 by the software calibration process. The

calibration routine sets this value, however the value can be manually modified according to Equation 8:

New StackVoltageKfactor = Existing StackVoltageKfactor x Actual Applied Voltage / Reported Voltage (8)
Table 11. Cap4 K-factor
104 Data 14 C;‘é‘t‘of' Integer 2 0 32767 20500

8.3.8.9 Cap5 K-factor

This register value stores the ADC voltage translation factor for the bottom capacitor (Capacitor 5), which is
connected between the VC5 and VSS pins. The calibration routine sets this value, however the value can be
manually modified according to Equation 9:

New StackVoltageKfactor = Existing StackVoltageKfactor x Actual Applied Voltage / Reported Voltage 9)
Table 12. Cap5 K-factor
104 Data 16 C;‘éfo*f' Integer 2 0 32767 20500

8.3.8.10 K-factor Override Flag

This register value is by default 0, indicating that the factory calibrated K-factors are being used. If this register is
set to 0x9669, Capl to approximately Cap5 K-factors in the data flash are used for voltage translation.

Table 13. K-factor Override Flag

SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NAME cuEEr iElilE Ot BYTES VALUE VALUE VALUE U
104 Data 18 K-factor Hex 2 0x0 Oxffff 0x0
Override Flag

8.3.8.11 System Voltage K-factor

This register value stores the scale factor for the PackVoltage, voltage measured at the VCCPACK pin of the
bg33100. The calibration routine sets this value, however the value can be manually modified according to
Equation 10:

New StackVoltageKfactor = Existing StackVoltageKfactor x Actual Applied Voltage / Reported Voltage (10)
Table 14. System Voltage K-factor
SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NAME SEE Al SOV BYTES VALUE VALUE VALUE iy
System
104 Data 20 Voltage K- Integer 2 0 32767 24500
factor

24

Copyright © 2011-2015, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/bq33100?qgpn=bq33100
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
bq33100

www.ti.com.cn ZHCSEJ8B —JANUARY 2011 —-REVISED DECEMBER 2015

8.3.8.12 Stack Voltage K-factor

This register value stores the scale factor for the Stack Voltage, voltage measured at the VCC pin of the
bg33100. The calibration routine sets this value, however the value can be manually modified according to
Equation 11:

New StackVoltageKfactor = Existing StackVoltageKfactor x Actual Applied Voltage / Reported Voltage (12)
Table 15. Stack Voltage K-factor
SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
1D NAME Q=T bl FORLIAT BYTES VALUE VALUE VALUE LT
Stack
104 Data 22 Voltage K- Integer 2 0 32767 24500
factor

8.3.8.13 K-factor Stack Override Flag

This register value is by default 0, indicating that the factory calibrated stack K-factor is being used. If this
register is set to 0x9669, Stack Voltage K-factor in the data flash are used for stack voltage translation.

Table 16. K-factor Stack Override Flag

SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NAME CIEREEr iElilE POlRbiLT BYTES VALUE VALUE VALUE UIs
K-factor stack
104 Data 24 Override Flag Hex 2 0x0 Oxffff 0x0

8.3.8.14 CC Offset

This register value stores the coulomb counter offset compensation. It is set during CC Offset calibration, or by
automatic calibration of the bq33100 before the gauge enters shutdown. Tl does not recommend to manually
change this value.

Table 17. CC Offset

SUBCLASS| suBCLASS SIZE IN MIN MAX DEFAULT
ID RPN s S HORGEAT BYTES VALUE | VALUE vALUE | UNIT
104 Data 20 CC Offset Integer 2 -32768 32767 —7744 (mV)

8.3.8.15 Board Offset

This register value stores the compensation for the PCB dependant coulomb counter offset. TI recommends to
use characterization data of the actual PCB to set this value.

Table 18. Board Offset

SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NAME OFFSET NAME FORMAT BYTES VALUE VALUE VALUE UNIT
104 Data 22 Board Offset Integer 2 -32767 32767 0 uv
8.3.8.16 Int Temp Offset
This register value stores the internal temperature sensor offset compensation. Use calibration routines to set
this value
Table 19. Int Temp Offset
SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NAME Sl NAME Aol BYTES VALUE VALUE VALUE SO
104 Data 24 Int Temp Integer 1 ~128 127 0 0.1°C
Offset
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8.3.8.17 Extl Temp Offset

This register value stores the temperature sensor offset compensation for the external temperature sensor 1
connected at the TS pin of the bq33100. Use calibration routines to set this value

Table 20. Ext1l Temp Offset

SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NAME Sae NAME JOLRLT BYTES VALUE VALUE VALUE UNIT
Extl Temp _ o
104 Data 25 Offset Integer 1 128 127 0 0.1°C
8.3.8.18 CC Current
This value sets the current used for the CC calibration when in calibration mode.
Table 21. CC Current
SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID Name | OFFSET | NAME sl BYTES | VALUE | VALUE | vaLue | UNIT
105 Config 0 CC Current Integer 2 0 32767 3000 mA
8.3.8.19 Voltage Signal
This value sets the voltage used for calibration when in calibration mode.
Table 22. Voltage Signal
SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NAME Sl NAME Aol BYTES VALUE VALUE VALUE SO
105 Config 2 Voitage Integer 2 0 32767 12600 mv
Signal
8.3.8.20 Temp Signal
This value sets the temperature used for the temperature calibration in calibration mode.
Table 23. Temp Signal
SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NAME SIS NAME Ao BYTES VALUE VALUE VALUE S
105 Config 4 Temp Signal Integer 2 0 32767 298 0.1°K

8.3.8.21 CC Offset Time

This value sets the time used for the CC Offset calibration in calibration mode. More time means more accuracy.
The legitimate values for this constant are integer multiples of 250. Numbers less than 250 will cause a CC
Offset calibration error. Numbers greater than 250 will be rounded down to the nearest multiple of 250.

Table 24. CC Offset Time

SUBCLASS | SUBCLASS SIZE IN MIN MAX | DEFAULT

ID panE | GFFEET | R AR BYTES | VALUE | VALUE | vaLue | UNIT

105 Config 6 CC Offset Unsigned 2 0 65535 250 s (ms)
Time Integer

8.3.8.22 ADC Offset Time

This constant defines the time for the ADC Offset calibration in calibration mode. More time means more
accuracy. The legitimate values for this constant are integer multiples of 32. Numbers less than 32 will cause an
ADC offset calibration error. Numbers greater than 32 will be rounded down to the nearest multiple of 32.
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Table 25. ADC Offset Time

SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NaE | AREE RIS SOV BYTES VALUE | VALUE vaLUE | UNIT
105 Config 8 ADC Offset Unsigned 2 0 65535 32 ms
Time Integer

8.3.8.23 Current Gain Time

This constant defines the time for the Current Gain calibration in calibration mode. More time means more
accuracy. The legitimate values for this constant are integer multiples of 250. Numbers less than 250 will cause a
Current gain calibration error. Numbers greater than 250 will be rounded down to the nearest multiple of 250.

Table 26. Current Gain Time

SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NAME Shhe NAME RO BYTES VALUE VALUE VALUE Sl
) Current Gain Unsigned
105 Config 10 Time Integer 2 0 65535 250 ms

8.3.8.24 Voltage Time

This constant defines the time for the voltage calibration in calibration mode. More time means more accuracy.
The legitimate values for this constant are integer multiples of 1984. Numbers less than 1984 will cause a

voltage calibration error. Numbers greater than 1984 will be rounded down to the nearest multiple of 1984.

Table 27. Voltage Time

SUBCLASS| suBcLASS SIZE IN MIN MAX DEFAULT
ID AT s S FORLAT BYTES VALUE | VALUE vALUE | UNIT
105 Config 12 | Voltage Time | Unsigned 2 0 65535 1888 ms
Integer

8.3.8.25 Temperature Time

This constant defines the time for the temperature calibration in calibration mode. More time means more
accuracy. The legitimate values for this constant are integer multiples of 32. Numbers less than 32 will cause a
temperature calibration error. Numbers greater than 32 will be rounded down to the nearest multiple of 32.

Table 28. Temperature Time

SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
1D NAME CIEREEr iElilE POlRbiLT BYTES VALUE VALUE VALUE UIs
) Temperature Unsigned
105 Config 14 Time Integer 2 0 65535 32 ms
8.3.8.26 Cal Mode Timeout
The bg33100 will exit calibration mode automatically after a Cal Mode Timeout period.
Table 29. Cal Mode Timeout
SUBCLASS SUBCLASS SIZE IN DEFAULT
D NAME OFFSET NAME FORMAT BYTES MIN VALUE | MAX VALUE VALUE UNIT
) Cal Mode ;
105 Config 17 Timeout Unsigned Integer 2 0 65535 38400 1/128 s (s)
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8.3.8.27 Ext Coef al..ab, bl..b4, Ext rc0, Ext adcO

These values characterize the external thermistor connected to the TS pin of the bq33100. The default values
characterize the Semitec 103AT NTC thermistor. Do not modify these values without consulting TI.

Table 30. Ext Coef al..ab, bl..b4, Ext rc0, Ext adcO

SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NAME CIRAS=I NAME ol BYTES VALUE VALUE VALUE Al
0 Ext Coef al -11130
2 Ext Coef a2 19142
4 Ext Coef a3 -19262
6 Ext Coef a4 28203
8 Ext Coef a5 892
106 Temp Model 10 Ext Coef bl Integer 2 -32768 32767 328 num
12 Ext Coef b2 —-605
14 Ext Coef b3 —2443
16 Ext Coef b4 4696
18 Ext rcO 11703
20 Ext adcO 11338
8.3.8.28 Rpad
This value characterize the pad resistance of the bq33100. Do not modify without consulting TI.
Table 31. Rpad
SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NAME SEE e RO BYTES VALUE VALUE VALUE AT
106 Temp Model 22 Rpad Integer 2 -32768 32767 87 Q
8.3.8.29 Rint
This value characterize the internal resistance of the bg3100. Do not modify without consulting TI.
Table 32. Rint
SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID Name | OFFSET | NAME FORMAT BYTES | VALUE | VALUE | vaLue | UNIT
106 Temp Model 24 Rint Integer 2 -32768 32767 17740 Q
8.3.8.30 Int Coef 1..4, Int Min AD, Int Max Temp

These values characterize the internal thermistor of the bg33100. Do not modify these values without consulting

TI.
Table 33. Int Coef 1..4, Int Min AD, Int Max Temp
SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NAME CiFFsiEr RblE FOlRbiLT BYTES VALUE VALUE VALUE UINT
26 Int Coef 1 0
28 Int Coef 2 0
30 Int Coef 3 -12263 S
106 Temp Model Integer 2 -32768 32767
32 Int Coef 4 6106
34 Int Min AD 0
36 Int Max Temp 6106 0.1°K
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8.3.8.31 Filter

Filter defines the filter constant used in the AverageCurrent calculation, Equation 12:

AverageCurrent new = a x AverageCurrent old + (1 — a) x Current

where
e a=<Filter>/ 256; the time constant = 1 sec/In(1/a) (default 14.5 sec) (12)
Table 34. Filter

107 Current 0 Filter Ul?]féggrgd 1 0 255 239
8.3.8.32 Deadband
Any current within £tDeadBand will be reported as 0 mA by the Current function

Table 35. Deadband
107 Current 1 Deadband Ul’gjégg’:jd 1 0 255 0 mA

8.3.8.33 CC Deadband

This constant defines the Deadband voltage for the measured voltage between the SR1 and SR2 pins used for
capacitance accumulation in units of 294 nV. Any voltages within +CC Deadband do not contribute to
capacitance accumulation.

Table 36. CC Deadband

SUBCLASS | SUBCLASS SIZE IN MIN MAX DEFAULT
ID NAME LiEReEr EliIE POlRbLTT BYTES VALUE VALUE VALUE s
107 Current 2 Deadband Unsigned 1 0 255 10 294 nv
Integer

8.4 Device Functional Modes
The bg33100 supports 2 different power modes:

* In Normal Mode, the bg33100 performs measurements, calculations, protection decisions and data updates in
1 second intervals. Between these intervals, the bq33100 is in a reduced power mode.

e In Shutdown mode the bg33100 is powered down with only a voltage based wake function operating
8.4.1 Operating Power Modes

The bg33100 has two operating power modes, Normal and Shutdown Mode.

Normal Mode — During normal operation, the bg33100 takes Current, Voltage and Temperature measurements,
performs calculations, updates SBS data, and makes protection and status decisions at one-second intervals.
Between these periods of activity, the bg33100 is in a reduced power state.

Shutdown — The bg33100 enters Shutdown mode if the following conditions are met:

*  Vycc £ Minimum Operating voltage
» ManufacturerAccess: Shutdown command received AND Current = 0 AND Voltage < Shutdown Voltage
threshold.

Upon initial power up or a reset of the bq33100, application of a voltage > Vsrartup Must be applied to the
VCCPACK pin. The bg33100 will then power up and enter Normal Mode.
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8.5 Programming

8.5.1 Communications
The bg33100 uses SMBus v1.1 with optional packet error checking (PEC) per the SMBus specification.

8.5.1.1 bqg33100 Slave Address
The bg33100 uses the address 0x16 on SMBus for communication.

8.5.1.2 SMBus On and Off State

The bg33100 detects an SMBus off state when SCL and SDA are logic-low for = 2 seconds. Clearing this state
requires either SCL or SDA to transition high. Within 1 ms, the communication bus is available.

8.5.1.3 Packet Error Checking
The bg33100 can receive data with or without PEC.

In the write-word protocol, the bq33100 receives the PEC after the last byte of data from the host. If the host
does not support PEC, the last byte of data is followed by a stop condition. After receipt of the PEC, the bg33100
compares the value to its calculation. If the PEC is correct, the bq33100 responds with an ACKNOWLEDGE. If it
is not correct, the bg33100 responds with a NOT ACKNOWLEDGE.

8.5.2 SBS Commands

All SBS Values are updated in 1-second intervals. The extended SBS commands are only available when the
bg33100 device is in unsealed mode.

8.5.2.1 SBS Command Summary

Table 37. SBS Commands

SBS CMD | MODE NAME FORMAT SBI\%'IEEIS VXIITJE V'\A/IfEJ(E DEFAULT VALUE UNIT
0x00 R/W | ManufacturerAccess hex 2 0x0000 Oxffff —
0x08 R Temperature unsigned int 2 0 65535 — 0.1°K
0x09 R Voltage unsigned int 2 0 65535 — mV
Ox0a R Current signed int 2 -32768 32767 — mA
0x0b R ESR unsigned int 2 0 65535 — mQ
0oxod R RelativeStateOfCharge unsigned int 1 0 100 — %
0x0e R Health unsigned int 1 0 100 — %
0x10 R Capacitance unsigned int 2 0 65535 — F
0x14 R ChargingCurrent unsigned int 2 0 65534 — mA
0x15 R ChargingVoltage unsigned int 2 0 65534 — mV
0x3b R CapacitorVoltage5 unsigned int 2 0 65534 — mV
0x3c R CapacitorVoltage4 unsigned int 2 0 65535 — mV
0x3d R CapacitorVoltage3 unsigned int 2 0 65535 — mV
0x3e R CapacitorVoltage2 unsigned int 2 0 65535 — mV
0x3f R CapacitorVoltagel unsigned int 2 0 65535 — mV

Table 38. Extended SBS Commands

SBS CMD M(E)D NAME FORMAT SBI\%'IEEIQ MIN VALUE | MAX VALUE D\EE'EHET UNIT
0x46 R/W | FETControl Hex 2 0x0000 Ox(ffff —
0x50 R SafetyAlert Hex 2 0x0000 Oxffff —
0x51 R SafetyStatus Hex 2 0x0000 Oxffff —
0x54 R OperationStatus Hex 2 0x0000 Oxf7f7 —
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Table 38. Extended SBS Commands (continued)

SBS CMD M(E)D NAME FORMAT g'fEE'g MIN VALUE | MAX VALUE Dssz”éT UNIT
Ox5a R SystemVoltage unsigned int 2 0 65535 — mV
0x60 | RMW |UnSealKey Hex 4 | 0x00000000 |  Oxffff —
0x70 R/W | Manufurerinfo String 31+1 — — —

8.5.2.2 SBS Command Details

The following provides detailed descriptions of the SBS Commands

8.5.2.2.1 ManufacturerAccess (0x00)

This read- or write-word function provides Super Capacitor data to system along with access to bq33100 controls
and security features.

Table 39. ManufacturerAccess

oo | MoDE NAME FORVAT | SYEI | minvaLue | maxvarue | PERACET UNIT
0x00 R/W ManufacturerAccess hex 2 0x0000 Oxffff —
Table 40. MAC Command Summary Table
SBS CMD MODE NAME DESCRIPTION
0x0001 R Device Type Returns the IC part number.
0x0002 R Firmware Version Returns the firmware version.
0x0003 R Hardware Version Returns the hardware version
0x0004 R DF Checksum Generates a checksum of the full Data Flash (DF) array
0x0020 W Seal Sg;i;s Sealed mode with limited access to the extended SBS functions and data flash
0 = Disables logging of lifetime data to non-volatile memory and disables capacitor
0x0021 RIW Lifetime a_nd Capacitor | balancing _ o _ _
Balancing Enable 1 = Enables logging of lifetime data to non-volatile memory and enables capacitor
balancing
0x0022 R IF Checksum Returns the value of the Instruction Flash (IF) checksum
0x0023 W Learn I;&Te\évég% ;léﬂgtri](ég E;tg:;:s the bg33100 to enter a capacitance learning
0x0024 W Learn Value Reset ;I'g;sp\évcrii:: r:gg)ctl(;)?n:gz}rggg Jlr;ev 2&3(;3;.100 to reset the capacitance learned values
owo2s | w | e mlzmion | o e e e e e S
0x0030 W FAULT Activation Drives the FAULT pin high
0x0031 W FAULT Clear Sets FAULT pin low
0x0032 W Charge Level Nominal | Drives the CHGLVLO,1 pins low
0x0033 W Charge Level A Drives the CHGLVLO,1 pins high, low
0x0034 W Charge Level B Drives the CHGLVLO,1 pins low, high
0x0035 W Charge Level Max Drives the CHGLVLO,1 pins high
0x0036 R Read AD Current Read A-to-D Converter Current Measurement
0x0037 w Learn Load Activation Drives the LLEN pin high (does not activate actual learning algorithm, see 0x0023)
0x0038 w Learn Load Clear Sets the LLEN pin low
0x0040 W Calibration Mode Places bg33100 into calibration mode
0x0041 W Reset bg33100 undergoes complete reset
UEZ‘;aI w Unseal Device Enables access to SBS and DF space
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Table 40. MAC Command Summary Table (continued)
SBSCMD | MODE NAME DESCRIPTION
Extended Extended SBS
SBS R/W Commands Access to Extended SBS commands
8.5.2.2.1.1 Device Type (0x0001)
Returns the IC part number.
Table 41. Device Type
SBS SIZE IN DEFAULT
CMD MODE NAME FORMAT BYTES MIN VALUE | MAX VALUE VALUE UNIT
0x0001 R Device Type Hex 2 — — —

8.5.2.2.1.2 Firmware Version (0x0002)

Returns the firmware version. The format is most-significant byte (MSB) = Decimal integer, and the least-
significant byte (LSB) = sub-decimal integer, for example: 0x0120 = version 01.20.

Table 42. Firmware Version

SBS SIZE IN DEFAULT
CMD MODE NAME FORMAT BYTES MIN VALUE MAX VALUE VALUE UNIT
0x0002 R Firmware Version Hex 2 — — —

8.5.2.2.1.3 Hardware Version (0x0003)
Returns the hardware version stored in a single byte of reserved data flash, for example: 0x00a7 = Version A7.

Table 43. Hardware Version

SBS SIZE IN DEFAULT
CMD MODE NAME FORMAT BYTES MIN VALUE MAX VALUE VALUE UNIT
0x00 R Hardware Version Hex 2 — — —

8.5.2.2.1.4 DF Checksum (0x0004)

This function is only available when the bg33100 is in unsealed mode, indicated by the [SS] OperationStatus
flag. A write to this command forces the bq33100 to generate a checksum of the full Data Flash (DF) array. The
generated checksum is then returned within 45 ms.

NOTE
If another SMBus command is received while the checksum is being generated, the DF
Checksum is generated but the response may time out.

Table 44. DF Checksum

SBS SIZE IN DEFAULT
CMD MODE NAME FORMAT BYTES MIN VALUE MAX VALUE VALUE

0x0004 R DF Checksum Hex 2 — — —

UNIT

8.5.2.2.1.5 Seal Device (0x0020)

Instructs the bg33100 to limit access to the extended SBS functions and data flash space, sets the [SS] flag. This
command is only available when the bg33100 is in Unsealed mode. See Security (Enables and Disables
Features) for detailed information.

8.5.2.2.1.6 Lifetime and Capacitor Balancing Enable (0x0021)
Enables and Disables the logging of Lifetime data to non-volatile memory and Capacitor balancing
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8.5.2.2.1.7 FAULT Activation (0x0030)

This command drives the FAULT pin high. This command is only available when the bg33100 is in Unsealed
mode.

8.5.2.2.1.8 FAULT Clear (0x0031)

This command sets the FAULT pin back to low. This command is only available when the bq33100 is in
Unsealed mode.

8.5.2.2.1.9 CHGLVLO Activation (0x0032)

This command drives the CHGLVLO pin high. This command is only available when the bg33100 is in Unsealed
mode.

8.5.2.2.1.10 CHGLVLO Clear (0x0033)

This command sets the CHGLVLO pin back to low. This command is only available when the bg33100 is in
Unsealed mode.

8.5.2.2.1.11 CHGLVL1 Activation (0x0033)

This command drives the CHGLVLO pin high. This command is only available when the bg33100 is in Unsealed
mode.

8.5.2.2.1.12 CHGLVL1 Clear (0x0034)

This command sets the CHGLVLO pin back to low. This command is only available when the bg33100 is in
Unsealed mode.

8.5.2.2.1.13 Learn Load Activation (0x0037)

This command drives the LLEN pin high. This command is only available when the bg33100 is in Unsealed
mode.

8.5.2.2.1.14 Learn Load Clear (0x0038)

This command sets the LLEN pin back to low. This command is only available when the bq33100 is in Unsealed
mode.

8.5.2.2.1.15 Calibration Mode (0x0040)

Places the bg33100 into calibration mode. This command is only available when the bg33100 is in Unsealed
mode

8.5.2.2.1.16 Reset (0x0041)

The bg33100 undergoes a full reset. The bgq33100 holds the clock line down for a few milliseconds to complete
the reset. If ChargingVoltage < Voltage after a reset, then the pack is discharged using the capacitor voltage
balancing circuitry. This command is only available when the bgq33100 is in Unsealed mode.

8.5.2.2.1.17 Unseal Device (UnsealKey)

Instructs the bg33100 to enable access to the SBS functions and data flash space and clear the [SS] flag. This 2
step command needs to be written to ManufacturerAccess in the following order: 1st word of the UnSealKey
followed by the 2nd word of the UnSealKey. If the command fails 4 seconds must pass before the command can
be reissued. This command is only available when the bg33100 is in Sealed mode. See Security (Enables and
Disables Features) for detailed information.

8.5.2.2.1.18 Extended SBS Commands

Also available through ManufacturerAccess in unsealed mode are some of the extended SBS commands. The
result of these commands need to be read from ManufacturerAccess after a write to ManufacturerAccess.
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8.5.2.2.2 Temperature (0x08)

This read-word function returns an unsigned integer value of the temperature in units of 0.1°K, as measured by
the bg33100. It has a range of 0 to 6553.5°K. The source of the measured temperature is configured by the
[TEMP1] and [TEMPQ] bits in the Operation Cfg register.

Table 45. Temperature

SBS SIZE IN DEFAULT

ovb | MODE NAME FORMAT ovTEs | MINVALUE | MAX VALUE VALUE UNIT

0x08 R Temperature Unsigned 2 0 65535 — 0.1°K
Integer

8.5.2.2.3 Voltage (0x09)

This read-word function returns an unsigned integer value of the capacitor stack array (voltage at the VC1 input)
in mV with a range of 0 to 20000 mV

Table 46. Voltage

SBS SIZE IN DEFAULT

CMD MODE NAME FORMAT BYTES MIN VALUE MAX VALUE VALUE UNIT
Unsigned

0x09 R Voltage Integer 2 0 20000 — mV

8.5.2.2.4 Current (0x0a)

This read-word function returns a signed integer value of the measured current being supplied (or accepted) by
the super capacitor pack in mA, with a range of —32768 to 32767. A positive value indicates charge current and a
negative value indicates discharge.

Any current value within the Deadband will be reported as 0 mA by the Current function.

Table 47. Current

SBS SIZE IN DEFAULT

CMD MODE NAME FORMAT BYTES MIN VALUE MAX VALUE VALUE UNIT
Unsigned

0x0a R Current Integer 2 -32768 32767 — mA

8.5.2.2.5 ESR (0x0b)

This read-word function returns an unsigned integer value of the Super Capacitor array total ESR in mQ with a
range of 0 to 65535 mQ

Table 48. ESR
SBS SIZE IN DEFAULT
omb | MODE NAME FORMAT ovTEs | MINVALUE | MAX VALUE VALUE UNIT
0x0b R ESR Unsigned 2 0 65535 — mQ
Integer

8.5.2.2.6 RelativeStateofCharge (0x0d)

This read-word function returns an unsigned integer value of the predicted remaining super capacitor
capacitance expressed as a percentage of Capacitance with a range of 0 to 100%, with fractions of % rounded
up.

If the [RSOCL] bit in Operation Cfg is set then RelativeStateofCharge is held at 99% until primary charge
termination occurs and only displays 100% upon entering primary charge termination.

If the [RSOCL] bit inOperation Cfg is cleared then RelativeStateofCharge is not held at 99% until primary
charge termination occurs. Fractions of % greater than 99% are rounded up to display 100%.
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Table 49. RelativeStateofCharge

SBS SIZE IN DEFAULT

cMD MODE NAME FORMAT BYTES MIN VALUE | MAX VALUE VALUE UNIT

ox0d R RelativeStateofCh Unsigned 1 0 100 . %

arge Integer

8.5.2.2.7 Health (0x0e)

This read-word function returns an unsigned integer value of the predicted health of the super capacitor pack
expressed as a percentage of Capacitance / InitialCapacitance with a range of 0 to 100%, with fractions of %
rounded up.

Table 50. Health

SBS SIZE IN DEFAULT

CMD MODE NAME FORMAT BYTES MIN VALUE MAX VALUE VALUE UNIT
Unsigned o

0x0e R Health Integer 1 0 100 — %

8.5.2.2.8 Capacitance (0x10)

This read- or write-word function returns an unsigned integer value, with a range of 0 to 65535, of the predicted
full charge capacitance in the super capacitor pack. This value is expressed in F.

Table 51. Capacitance

SBS SIZE IN DEFAULT

oMb | MODE NAME FORMAT | pY=-C | MINVALUE | MAX VALUE VALUE UNIT

0x10 RIW Capacitance Unsigned 2 0 65534 — F
Integer

8.5.2.2.9 ChargingCurrent (0x14)

This read-word function returns an unsigned integer value of the desired charging current, in mA, with a range of
0 to 65534.

Table 52. ChargingCurrent

SBS SIZE IN DEFAULT

CMD MODE NAME FORMAT BYTES MIN VALUE MAX VALUE VALUE UNIT
. Unsigned

0x14 R ChargingCurrent Integer 2 0 65534 — mA

8.5.2.2.10 ChargingVoltage (0x15)

This read-word function returns an unsigned integer value of the desired charging voltage, in mV, where the
range is 0 to 65534.

Table 53. ChargingVoltage

SBS SIZE IN DEFAULT

omp | MODE NAME FORMAT | Bvros | MINVALUE | MAXVALUE | “oxiE UNIT

0x15 R ChargingVoltage Ulns'gned 2 0 65534 — mv
nteger

8.5.2.2.11 CapacitorVoltage5..1 (0x3b..0x3f)

These read-word functions return an unsigned value of the calculated individual capacitor voltages, in mV, with a
range of 0 to 65535. CapacitorVoltagel corresponds to the bottom most series capacitor element, while
CapacitorVoltage5 corresponds to the top most series capacitor element.
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Table 54. CapacitorVoltage5..1

353 MODE NAME FORMAT E'fTEE'g MIN VALUE | MAX VALUE DEZ/:SET UNIT
0x3b Capacito5rVoItage
0x3c CapacithrVoItage
oot | |Gl usged | o e | -
Ox3e Capacitc;rVoItage
0x3f CapacitoeroItage

8.5.2.2.12 Extended SBS Commands

Also available through ManufacturerAccess in sealed mode are some of the extended SBS commands. The
commands available are listed below. The result of these commands need to be read from ManufacturerAccess

after a write to ManufacturerAccess.

8.5.2.2.12.1 FETControl(0x46)

This write- and read-word function allows direct control of the CHG FET for test

overrides this command unless in normal mode.

Table 55. FETControl

purposes. The bg33100

SBS SIZE IN DEFAULT
cl MODE NAME FORMAT BvTES | MINVALUE | MAXVALUE VALUE UNIT
0x46 R FETControl hex 2 0x0000 Oxffff —
Figure 6. FETControl Registers
15 14 12 11 10 9 8
RSVD RSVD RSVD RSVD RSVD RSVD RSVD RSVD
7 6 4 3 2 1 0
RSVD RSVD RSVD RSVD RSVD CHG RSVD RSVD

LEGEND: All Values Read-Only

CHG — Charge (CHG) FET Control

0 = CHG FET is turned OFF.
1 = CHG FET is turned ON.

8.5.2.2.12.2 SafetyAlert (0x50)

This read-word function returns indications of pending safety issues,

Table 56. SafetyAlert

such as running safety timers, or fail
counters that are nonzero but have not reached the required time or value to trigger a SafetyStatus failure.
These flags do not cause the FAULT pin to be set.

SBS SIZE IN DEFAULT
CMD MODE NAME FORMAT BYTES MIN VALUE MAX VALUE VALUE UNIT
0x50 R SafetyAlert hex 2 0x0000 Oxffff —
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Figure 7. SafetyAlert Registers
15 14 13 12 11 10 9 8
CLBAD RSVD RSVD RSVD RSVD oTC CIM ov
7 6 5 4 3 2 1 0
RSVD RSVD RSVD RSVD occ 0oCD scc SCD

LEGEND: All Values Read-Only

CLBAD 1 = Excessive capacitor leakage alert

OoTC 1 = Charge overtemperature alert

CiM 1 = Capacitor voltage Imbalance permanent failure alert
ov 1 = Capacitor overvoltage alert

ocCcC 1= Overcurrent during charge alert

OCD 1= AFE overcurrent during discharge alert

SCC 1= AFE short circuit during charge alert

SCD 1= AFE short circuit during discharge alert

8.5.2.2.12.3 SafetyStatus (0x51)

This read-word function returns the status of the safety features. These flags do not cause the FAULT pin to be

set unless the corresponding bit in FAULT is set.

Table 57. SafetyStatus

SBS SIZE IN DEFAULT
CMD MODE NAME FORMAT BYTES MIN VALUE MAX VALUE VALUE UNIT
0x51 R SafetyStatus hex 2 0x0000 Oxffff —
Figure 8. SafetyStatus Registers
15 14 13 12 11 10 9 8
CLBAD HFAIL HWARN HLOW RSVD oT CIM oV
7 6 5 4 3 2 1 0
DFF RSVD AFE_C WDF OoCcC OCD SCC SCD

LEGEND: All Values Read-Only

CLBAD 1 = Excessive capacitor leakage fault
HWARN 1 = Health low warning

HLOW 1 = Health low indication

HFAIL 1 = Health failure

oT 1 = Charge overtemperature fault

CIM 1 = Capacitor voltage Imbalance fault

ov 1 = Capacitor overvoltage fault

DFF 1 = Data Flash Fault permanent failure fault
AFE_C 1 = Permanent AFE Communications failure fault
WDF 1 = AFE Watchdog fault

ocCcC 1= Overcurrent during charge fault

OCD 1= AFE overcurrent during discharge fault
SCC 1= AFE short circuit during charge fault
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SCD 1= AFE short circuit during discharge fault
8.5.2.2.12.4 OperationStatus (0x54)
This read-word function returns the current operation status.
Table 58. OperationStatus
SBS SIZE IN DEFAULT
CMD MODE NAME FORMAT BvTES | MINVALUE | MAXVALUE VALUE UNIT
0x54 R OperationStatus hex 2 0x0000 Oxf7f7 —
Figure 9. OperationStatus Registers
15 14 13 12 11 10 9 8
RSVD DSG Ss FC LTE RSVD CHGOR CB
7 6 5 4 3 2 1 0
LDTO LCTO LPASS CL RSVD CFET RSVD RSVD

DSG Discharging
0 = bq33100 is in charging mode
1 = bg33100 is in discharging mode, relaxation mode, or valid charge termination has

occurred
SS 1 = Sealed security mode
FC 1 = Fully Charged
LTE 1 = Lifetime data and CHG FET operation enabled
CHGOR 1 = Charge Override Enabled
CB 1 = Capacitor voltage balancing in progress
CL 1 = Capacitance learning in progress
LPASS 1 = Learning complete and successful
LCTO 1 = Learning charging phase time out
LDTO 1 = Learning discharging phase time out

8.5.2.2.12.,5 SystemVoltage (0x5a)

This read-word function returns an unsigned integer value of the voltage at VCC (pin 24) in mV with a range of 0
to 20000 mV.

Table 59. SystemVoltage

SBS SIZE IN DEFAULT

oMb | MODE NAME FORMAT avTEs | MINVALUE | MAX VALUE VALUE UNIT

0x5a R SystemVoltage Unsigned 2 0 20000 — mv
Integer

8.5.2.2.12.6 UnSealKey(0x60)

This read- or write-block command allows the user to change the Unseal key for the Sealed-to-Unsealed
security-state transition. This function is only available when the bg33100 is in the Unsealed mode, indicated by
a cleared [SS] flag.

The order of the bytes, when entered in ManufacturerAccess, is the reverse of what is written to or read from the
part. For example, if the 1st and 2nd word of the UnSealKey block read returns 0x1234 and 0x5678, then in
ManufacturerAccess, 0x3412 and 0x7856 must be entered to unseal the part.
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Table 60. UnSealKey
SBS SIZE IN DEFAULT
cMD MODE NAME FORMAT BYTES MIN VALUE | MAX VALUE VALUE UNIT
0x60 R/W UnSealKey Hex 4 0x00000000 Oxffffffff —

8.5.2.2.12.7 ManufacturerIinfo(0x70)

This read and write block function returns the data stored in Manuf. Info where byte 0 is the MSB with a
maximum length of 31 data + 1 length byte. When the bg33100 is in Unsealed mode, this block is read and write.
When the bg33100 is in Sealed mode, this block is read only.

Table 61. Manufacturerinfo

SBS SIZE IN DEFAULT
CMD MODE NAME FORMAT BYTES MIN VALUE MAX VALUE VALUE UNIT
0x70 R/W Manufacturerinfo String 31+1 — — —

8.5.3 Data Flash

NOTE
Take care when mass programming the data flash space using previous versions of data
flash memory map files (such as *.gg files) to make sure that all public locations are
updated correctly.

Data Flash can only be updated if Voltage = Flash Update OK Voltage. Data flash reads and writes are verified
according to the method detailed in the Data Flash Fault (DFF) section of this data sheet.

8.5.3.1 Accessing Data Flash

In different security modes, the data flash access conditions change. See Security (Enables and Disables
Features) and ManufacturerAccess (0x00) sections for further details.

8.5.3.2 Data Flash Interface

The bg33100 data flash is organized into subclasses where each data flash variable is assigned an offset within
its numbered subclass. For example: the OT Time location is defin