Single Cell Battery Fuel Gauge with Integrated Protector

FEATURES

Highly Integrated Battery Fuel Gauge and
Protector for 1-Series Li-lon Applications
Fully Integrated 262.144 kHz Low frequency
Oscillator
Fully Integrated 50.33 MHz High Frequency
Oscillator
Integrated High Side NMOS Protection FET
Drive

- Integrated Charge Pump

— CHG/DSG FET drivers

~  Linear Charge Control

~  Minimum System Voltage Regulation
32-bit RISC ARM Cortex-M0+ CPU

-  Single-cycle 32-bit multiplier

~  24-bit SysTick timer

- Nested Vector Interrupt Controller

(NVIC)

- 2-wire serial debug (SWD)

- 192Kbytes of Flash memory with ECC

—  24Kbytes of RAM

-~ 32Kbytes of ROM
Host Communication Support

~ 12C (100 and 400kHz)
High Accuracy Analog Front End with Three
Independent ADC's

— 18 bit High Resolution Delta-Sigma ADC

for continuous current measurement

DESCRIPTION

The bq7037 is a highly integrated system on chip
for battery management and gas-gauge
applications.

In a single CMOS Integrated Circuit, the bq7037
combines high-accuracy analog measurement
capabilities with a low-power high-speed ARM
Cortex MO+ processor, integrated flash memory,
integrated LDO for core voltage operation and an
array of peripheral features and communication
ports. The program flash allows fast development of
custom implementations, and the low-power analog
peripherals improve accuracy beyond discrete
implementations. The integrated battery charge and
discharge protection feature eliminates the need for
an external protection device.

Device Information

Part Number Package | Body Size (Nom)
SN7037BOYFDR

YED-32 1610um x
SN7037BOYFDT 3410pm

~ 16 bit High Resolution Delta-Sigma ADc Simplified Schematic

for voltage/temperature measurement
— 16 (including sign) bit High Resolution
Delta-Sigma ADC for high frequency
current sample measurement
- Synchronous Measurement of
Voltage/Current
Programmable Current Protection
-~ Overcurrent in Discharge
- Overcurrent in Charge
Supports up to Two External Thermistor
measurements and an internal temperature
Sensor
Peripherals
—  Two 24-bit General Purpose Timers
- General Purpose 1/O's
~ CRC generator
—~  True Random Number Generator
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1 Pin Configurations and Functions
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Figure 1 Pin Configuration
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Table 1-1 Pin Functions

TERMINAL
110 DESCRIPTION
NAME PIN
PACK E2 P Device power from system when charger connected
PACK_SENSE E1 | Measurement. of the PACK voltage used for linear control of the charge
FET and A/D input
BAT F3 P Device power from cell
BAT_PROT G1 High impedance output pin with the same voltage as the BAT pin
RESETn B4 | Active Low Reset input with internal pull up.
CHG A3 o External high side N-channel Charge FET driver
DSG A2 (0] External high side N-channel Discharge FET driver
Pack side of the current sense resistor for the continuous current A/D
ISENSE+ H2 |
converter
ISENSE- H1 | Cell side of the current sense resistor for the continuous current A/D converter
SWCLK B3 | Serial Wire Debug Clock
SWDIO C3 110 Serial Wire Debug Data In/Out
HF_ISENSE+ H4 | Pack side of the current sense resistor for the High Frequency Current A/D
HF_ISENSE- H3 | Cell side of the current sense resistor for the High Frequency Current A/D
VCELL+ G3 | Positive terminal of the cell
VCELL- G2 | Negative terminal of the cell
VNTC1 C4 | A/D input designed to measure an external NTC thermistor
GPIO1/PLSR1 F1 e Pin con.flgurable as a} general pur.pose input/output or as a? pulser FET
gate driver synchronized to the high frequency A/D sampling
GPIO2/PLSR? F2 1o Pin configurable as a general purpose input/output, or as a driver
for a second pulser FET
GPIO3/VNTC2 B2 1o F’in configurable as a general purpose input/output. or as an AID
input designed to measure an external NTC thermistor
GPIO4/ADC/RTC co e Pin configura.ble as a general purpose ian.lt{output a§ an A/D input,
or as a real time clock for an external precision clock input
Pi fi | | i / he 12
GPIO5/12C_SDA/HDQ c1 1o _|n _con _|gurab e as_a genera p_ury_aose. input outpot, the 12C
- bi-directional data line, or the bi-directional HDQ line
GPIO6/I12C_SCL B1 1/0 General purpose input/output or the 12C clock line
G4 (0] Internal linear regulator(1.8V) supply connection to an external bypass capacitor
REG18_BYP
E3 (0] Internal linear regulator(1.8V) supply connection to an external bypass capacitor
CP_BYP A1 (0] Internal charge pump connection to an external bypass capacitor
F4 P Device Ground
D1 P Device Ground
GND
D4 P Device Ground
A4 P Device Ground
D2 (@] Internal linear regualtor (1.2V) supply connection to an external bypass capacitor
REG12_BYP D3 (0] Internal linear regualtor (1.2V) supply connection to an external bypass capacitor
E4 (0] Internal linear regualtor (1.2V) supply connection to an external bypass capacitor
PRODUCT PREVIEW infc ion concerns pi in the fi ive or design phase of development.
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*KEY: | =Input, O = Output, NC = No Connect, P = Power
Table 1-2 Pin Functions Ball Grids
Top View

A CP_BYP DSG CHG GND

B GPIO6/12C_SCL GPIO3/VNTC2 SWCLK RESETn

c GPIO5/12C_SDA/HDQ GPIO4/ADC/RTC SWDIO VNTC1

D GND REG12_BYP REG12_BYP GND

E PACK_SENSE PACK REG18_BYP REG12_BYP
F GPIO1/PLSR1 GPIO2/PLSR2 BAT GND

G BAT_PROT VCELL- VCELL+ REG18_BYP
H ISENSE- ISENSE+ HF_ISENSE- HF_ISENSE+

1 2 3 4
Bottom View

H ISENSE- ISENSE+ HF_ISENSE- HF_ISENSE+
G BAT_PROT VCELL- VCELL+ REG18_BYP
F GPIO1/PLSR1 GPI02/PLSR2 BAT GND

E PACK_SENSE PACK REG18_BYP REG12_BYP
D GND REG12_BYP REG12_BYP GND

c GPIO5/12C_SDA/HDQ GPI04/ADC/RTC SWDIO VNTC1

B GPI106/12C_SCL GPIO3/VNTC2 SWCLK RESETn

A CP_BYP DSG CHG GND

1 2 3 4
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2 Specifications

2.1 Absolute Maximum Ratings

SYMBOL PARAMETER VALUE UNITS
Vewr BAT, VCELL+, VCELL-, BAT_PROT -0.3t06 \
Vpack PACK, PACK_SENSE -0.3t06.5 \%

Vsr ISENSE+, ISENSE--, HF_ISENSE+, HF _ISENSE- -0.3to 6 \Y
RESETn, SWDIO, SWCLK, VNTC1, GPIO3/VNTC2,

Varioa GPIO4/ADC/RTC, GPIO5/12C_SDA/HDQ, -0.3t0 2.1 V

GPIO6/12C_SCL, GND, GND(TEST1)

Vapios GPIO1/PLSR1, GPIO2/PLSR2 -0.3to 6 \"

Vour CHG,DSG,CP_BYP -0.3t08.5 \

Vresizeve | REG12_BYP -0.3t0 1.40 \%

Vrestsave | REG18_BYP -0.3t0 2.1 \%

Ta Operating Ambient Temperature -40to 85 c

TsTorAGE Storage Temperature Range -65 to 150 °C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other conditions beyond those indicated under “recommended operating
conditions” is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

2.2 ESD Ratings

SYMBOL VALUE UNITS
Human Body Model (HBM), per JEDEC specification _
JESD22-A114 +-1500 v

Electrostatic

V(ESD) Discharge
Charged-device model (CDM),per JEDEC specification +/-500 v
JESD22-C101F -

PRODUCT PREVIEW infc ion concerns pi in the fi ive or design phase of development. Copyright © 2017, Texas Instruments Incorporated
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2.3 Recommended Operating Conditions

Typical values stated where Ta= 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

SYMBOL DESCRIPTION CONDITIONS MIN TYP™M MAX | UNITS
Vear Battery Input Voltage 2.0 5.0 \%
Vpack Pack Input Voltage 2.0 5.0 \%
VrwriTe VIN® Input Voltage Flash Erase and Write allowed 2.4 5.0 \Y;
Cear Battery Input Capacitor 0.08 0.1 0.12 uF
Crecis 1.8V LDO Bypass Capacitor 0.8 1 1.2 uF
Cep CP Bypass Capacitor 0.2 1 1.2 uF
Cowon | CHG FET ripple Capacitor ?\jq:i\zliffa'-_'ﬁ/FET Cos<1ONF |y 30 | 47 10 nF
Creci2 1.2V LDO Bypass Capacitor 0.8 1 1.2 uF
Crack PACK Capacitor 0.8 1 1.2 uF
Rpack PACK Series Resistor 180 200 220 Q
Resense PACK Sense Series Resistor 9 10 11 kQ

(1) Production test uses typical values
(2) If (BAT > 2V), VIN = BAT, else VIN = PACK

2.4 Thermal Information

SYMBOL PARAMETER VALUE UNITS
O Junction-to-ambient thermal resistance® 78.1
O Junction-to-case (top) thermal resistance® 0.3
O Junction-to-board thermal resistance 15.9
°C/W
W Junction-to-top characterization parameter® 0.2
JT
W Junction-to-board characterization parameter® 15.7
JB
©) Junction-to-case(bottom) thermal resistance™ NA
JCBOT

1. For more information about traditional and new thermal metrics, see the device Package Thermal Metrics application report,
SPRA953.

2. The junction-to-ambient thermal resistance under natural convection is obtained in a simulation on a JEDEC-standard, high-K
board, as specified in JESD51-7, in an environment described in JESD51-2a.

3. The junction-to-case (top) thermal resistance is obtained by simulating a cold plate test on the package top. No specific JEDEC-
standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

4. The junction-to-board thermal resistance is obtained by simulating in an environment with a ring cold plate fixture to control the
PCB temperature, as described in JESD51-8.

5.  The junction-to-top characterization parameter, W1, estimates the junction temperature of a device in a real system and is
extracted from the simulation data for obtaining ©a, using a procedure described in JESD51-2a (sections 6 and 7).

6. The junction-to-board characterization parameter, W g, estimates the junction temperature of a device in a real system and is
extracted from the simulation data for obtaining ©,a, using a procedure described in JESD51-2a (sections 6 and 7).

7. The junction-to-case (bottom) thermal resistance is obtained by simulating a cold plate test on the exposed (power) pad. No
specific JEDEC standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

PRODUCT PREVIEW infc ion concerns in the fi ive or design phase of development. i
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2.5 Supply Current

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=-25 °C to 65 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS

All Subsystems Enabled, Erasing Flash' 15 mA
AWAKE Mode ;

All Subsystems Enabled, No Flash Erase 1.7 mA

SLEEP1 - See Table 4-1 for blocks enabled/disabled’ 135 uA

SLEEP2 - See Table 4-1 for blocks enabled/disabled’ 134 MA
Sleep Mode

SLEEP3 — See Table 4-1for blocks enabled/disabled 102 A

SLEEP4 — See Table 4-1 for blocks enabled/disabled 47 MA
Test_Mode See Table 4-1 for blocks enabled/disabled 15 mA
Test_Init Mode See Table 4-1 for blocks enabled/disabled 600 pA
Reset Mode See Table 4-1 for blocks enabled/disabled 35 pA
Flash_Init Mode See Table 4-1 for blocks enabled/disabled 53 MA
Power_Ready Mode See Table 4-1 for blocks enabled/disabled 49 pA
Power_Off Mode See Table 4-1 for blocks enabled/disabled 3.5 MA

1. Both HF_I_ADC/HF_VT_ADC are assumed to be running with a Output Sample Rate of 256 Hz

2.6 Voltage References

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Coulomb Counter Reference .
Vec_rer Voltage Ta=25°C 1.00 1.16 1.34 \Y
Internal System Reference o
VReF1p0 Voltage y Ta=25°C 0.999 1.000 1.001 \
Voorer orier (ES)SEREF Reference Voltage Th = -25°C to 65°C +56 PPM/°C
lrecis = 10MA, Vgar >
) Power Supply Rejection Ratio 2.5V, Veatac £100mV
PSRRCC_REF (AVBAT/AVCC_REF) f - 0 to 20kHZ 40 50 60 dB
Ta=-25°C to 65°C
lcc rer 10 pA
Vhr_rer HF_ADC Reference Voltage Ta=25°C 1.00 1.21 1.36 \Y
VHF REF_DRIFT BEEADC Reference Voltage Ta=-25°C to 65°C +56 PPM/°C
lrec1s = 10MA, Vpar >
Power Supply Rejection Ratio 2.5V, Vgatac £100mV
PSRRyr_rer' 4 B
SRR rer (AVeat/AVie _rer) f=0 to 20kHz 0 %0 60 d
Ta=-25°C to 65°C
HF_ADC Mod Fs =
lie rer Current Consumption = odrs 35 MA
- 512k
(1) Specified by design. Not production tested
PRODUCT PREVIEW infc ion concerns pi in the fi ive or design phase of development.
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2.7 1.8V LDO Regulator (REG18)

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
2V <VIN'<5V, Igecis = 0 to 12
mA 1.75 1.8 1.85 \Y
Vreats Regulator output voltage 2-: V <VIN' <5V, lrgars = 0 to 22 ' ’ '
m
After trim is loaded -3 +3 %
Regulator output change with
AVRessTemp temperature lrects = 1 MA -1 1 %
(AVREG18/ VREG18)
Line regulation lrects = 22 mA
AV -2 2 %
REGIBLINE (AVRec1s/AVEar) Vear =2 to 5V °
Load regulation
AV, ! =0to 22 mA -2 2 %
REG18LOAD (AVRE(313/A|REG13) REG18 (1]
AVTRANSIENT Transient response load step Irec1z = 0 to 10 mA -55 45 mV
Irec1s_ExT External load capability Vpar = 2 to 5V 1 mA
Vree1s =0V 20 38 85 mA
IREG18_SHORT Short Circuit Current Limit
VREG18 =0 V, After trim is loaded 26 38 72 mA
IREG1B =10 mA, VBAT >2.5 V, f=1
Power Supply Rejection Ratio
PSRRrec1? PPl =9 Hz to 20 kHz, VIN® Ripple =100 | 30 40 50 dB
(AVBAT/ AVREG1 8)
mV
REG18 Good Threshold
VREG1 8TH+ .. POR E VREG18TH-+ VREG18HYS 1 73 V
Rising
REG18 Good Threshold
VReG18TH- . 1.63 1.7 1.77 \Y
Falling
VREG18HYS REG18 Good Hysteresis 10 30 50 mV
lrecis Current Consumption 6 HA

(1) If (BAT > 2V), VIN = BAT, else VIN = PACK
(2) Specified by design. Not production tested.

PRODUCT PREVIEW inft

ion concerns pi in the fi

ive or design phase of development.

Characteristic data and other specifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice.

Copyright © 2017, Texas Instruments Incorporated

13



W3 TEXAS INSTRUMENTS

bq7037- v0.84
October 2017

2.8 1.2V LDO Regulator (REG12)

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
1 _
2V <VIN <5V, lrecio = 010 10 115 | 12 | 125 | v
Vreei2 Regulator output voltage m
After trim is loaded -3 +3 %
Regulator output change with
AVReG12TEMP temperature lrRegi2 =1 MA -1 1 %
(AVREG12/ VREG12)
Line regulation lrec12 = 10 mMA
AV, -1 1 %
REGT2LINE (AVRec12/AVeat) Vear =2 to 5V °
Load regulation
AV, ! =0to 10 mA -1 1 %
REG12LOAD (AVRE(312/A|REG12) REG12 (]
AV TRANSIENT Transient response load step lrec12 = 0 to 10 mA -55 45 mV
IREG12_SHORT Short Circuit Current Limit VREG12 =0V 12 20 35 mA
. . . IREG1B =10 mA, VBAT >25 V, f=1
Power Supply Rejection Ratio
PSRRaee1? PPy el Hz to 20 kHz, VIN Ripple = 100 30 50 | 130 | dB
(AVBAT/ AVREG1 2)
mV
REG12 Good Threshold
VREG1 2TH+ . POR = VREG12TH-+ VREG12HYS 1 03 \Y
Rising
REG12 Good Threshold
VRec12TH- . 0.95 1 1.05 \Y
Falling
VReG12HYS REG12 Good Hysteresis 10 30 50 mV
lReG12 Current Consumption lrec12 = OMA 3.5 uA

(1) If (BAT > 2V), VIN = BAT, else VIN = PACK
(2) Specified by design. Not production tested.

2.9 Under Voltage Lock Out (UVLO)
Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
VLO D ion Vol Risi
Voworrs |40 ecs’h DR 2oe Risng Vexr O Veack. 21 | 235 | 26 v
UVLO Detection Voltage Falling Vear OF Vpack.
Vuwote- Threshold, Post Trim SCOMP_EN = 1 20 2.05 21 v
luvio Current Consumption 2 MA

2.10Pack Overvoltage Protection (OVP)
Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Vowm | P Detection Voltage Rising With respect to Veack sense 495 | 50 | 505 | Vv
tovp OVP Detection Time XYZ_FAST_EN = 3b100 180 250 us
lovep Current Consumption 3 MA
PRODUCT PREVIEW infc ion concerns pi in the fi ive or design phase of development.
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2.11Fast Reaction Current Safety Discharge (DSG_SFTY)

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
DSG_SFTY 1 Detection Voltage Visense+ - Visense-,
V oy’ -0.5 -62.5 mV
oce-THt Threshold DSG_SFTY_LVL1 = 1 to 127
DSG_SFTY 1 Detection Voltage
Vocp_thisT Threshold step size 250 500 750 uv
DSG_SFTY 2 Detection Voltage Visenses - Visense-,
V oy’ -0.5 -62.5 mV
oen-The Threshold DSG_SFTY_LVL2 = 1 to 127
DSG_SFTY 2 Detection Voltage
Vocp_THzsT Threshold step size 250 500 750 uv
DSG_SFTY 3 Detection Voltage Visense+ - Visense-,
V oy’ -0.5 -62.5 mV
oen-The Threshold DSG_SFTY_LVL3 = 1 to 127
DSG_SFTY 3 Detection Voltage
Vocp_THssT Threshold step size 250 500 750 uv
DSG_SFTY 4 Detection Voltage Visenses - Visense-,
V oy’ -0.5 -62.5 mV
oen-The Threshold DSG_SFTY_LVL4 = 1 to 127
DSG_SFTY 4 Detection Voltage
Vocp_tHasT Threshold step size 250 500 750 uv
Vocb_scALEERR DSG_SFTY Detection Scale Error 5 %
loco Current Consumption 1 MA
toco_pLy1 DSG Safety Time1 DSG_SFTY_TIME1 = 0 to 255 61 15600 us
toco_pLvi_ace DSG Safety Time1 Accuracy DSG_SFTY_TIME1 = 0 to 255 -15 15 us
toco_oLvz2 DSG Safety Time2 DSG_SFTY_TIME2 = 0 to 255 0.98 250 ms
toco_pLvs DSG Safety Time3 DSG_SFTY_TIME3 = 0 to 255 15.6 4000 ms
toco_pLva DSG Safety Time4 DSG_SFTY_TIME4 =0 to 255 15.6 4000 ms
focn.pLvasasce | DSG Safety Time2,3,4 Accuracy ZDSS5G—SFTY—T'ME2*3*4 =0t | 400 100 us

2.12Fast Reaction Current Safety Charge (CHG_SFTY)

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
CHG_SFTY Detection Voltage Vsense- - Visense+ ,
Voce_rw Threshold CHG_SFTY LVL'=1to 127 62.5 05 | mv
CHG_SFTY Detection Voltage
Vocc_thst Threshold step size 250 500 750 uv
Vocc_scALEERR CHG_SFTY Detection Scale Error 5 %
loce Current Consumption 1 MA
tocc_pLy CHG Safety Time CHG_SFTY_TIME = 0 to 255 15.6 4000 ms
toce_pLy_ace ChG Safety Time Accuracy CHG_SFTY_TIME = 0 to 255 -100 100 us
PRODUCT PREVIEW infc ion concerns pi in the fi ive or design phase of development.
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2.13PTAT Good Comparator (PTATDET)

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
TPTAT_TH PTAT Good Threshold 110 120 130 °C
Terat_tvs PTAT Good Hysteresis 10 °C
letar Current Consumption 0.8 pA

2.14Internal Temperature Sensor (INTTEMP)
Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
) Internal Temperature sensor } a } o
VinTremp voltage drift 1.5 1.9 2.3 mV/°C
Internal Temperature sensor o
VINTTEMP_ERR Accruracy peratur -3 +3 C
IinTrEMP Current Consumption 50 MA

1) Data to calculate slope is stored in the device see section 7.1.4.14

2.15Charger Detect (CD)

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

ICD

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Vep Charger Detect Threshold ZPQCK—SENSE = Vear CHGR_DET_EN 1 50 mv
CHGR_DET_DEBOUNCE = 0000 2 2 3
CHGR_DET_DEBOUNCE = 0001 4 4 5
CHGR_DET_DEBOUNCE = 0010 8 8 9
CHGR_DET_DEBOUNCE = 0011 16 16 17
CHGR_DET_DEBOUNCE = 0100 32 32 33
CHGR_DET_DEBOUNCE = 0101 64 64 65
CHGR_DET_DEBOUNCE = 0110 128 128 129
_ CHGR_DET_DEBOUNCE=0111 | 256 | 256 | 257 | giocks
once | SQERI" J0OU" TG CHGR_DET DEBOUNCE = 1000 | 512 | 512 | 513 @
CHGR_DET_DEBOUNCE = 1001 1024 1024 1025
CHGR_DET_DEBOUNCE = 1010 2048 2048 2049
CHGR_DET_DEBOUNCE = 1011 4096 4096 4097
CHGR_DET_DEBOUNCE = 1100 8192 8192 8193
CHGR_DET_DEBOUNCE = 1101 16384 | 16384 | 16385
CHGR_DET_DEBOUNCE = 1110 32768 | 32768 | 32769
CHGR_DET_DEBOUNCE = 1111 65536 | 65536 | 65537
Current Consumption CHGR_DET_EN =1 1 WA

(1) Clocks are those of the internal 32768 Hz clock derived from the Low Frequency Oscillator (LFO)

in the f
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2.16 Protected Battery Output (BAT_PROT)

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Vpsovin Input Voltage Range BAT_PROT_EN =1 2.0 5 \%
Rpeoron Resistance On BAT_PROT_EN =1 5000 Q
lpgolouT Output Current Drive Capability | BAT_PROT_EN =1 100 pA
T Reverse Current from BAT_PROT_EN =1 -20 pA

BAT_PROT to BAT BAT_PROT_EN=0 -1 YA
tet peT Fault detection time ?SJFPROT—EN =1, Caar_pror = 200 us
lpso Current Consumption BAT_PROT_EN =1 0.6 pA

2.17 Secondary Wakeup (SEC_WAKE)
Typical values stated where Ta= 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNITS
Reec. wake gzz%r:gsgémke up Series SCNDRY_WAKE_DATA = 1 400 | 550 | 800 Q
tsec_wake gzizgizgynv-:-lﬁ: up 45 5 55 ms

2.18Pack Clamp (PACK_CLAMP)
Typical values stated where Ta= 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Vesox ot Rising voltage on Pack leack Laup < TMA 53 v
- when clamp is active Ipack_cLawp < 150mA 53 v
Vpack = Vpack_sense SVpack_cLAMP(MAX) 0.5 W
p )@ Pack Clamp Power
PACK_CLAMP Dissipation Vpack = Vpack_sense 0.75 W
<Vpack_cLavp(uax), t =10 ms :
@ | Peak current consumption .
lpack_cLave_peak when clamp fully active For a time < 1ms 150 mA
Current consumption when
Ipack_cLaMP_oN clamp fully active 100 mA
Veack = Vpack_sense S
teac RE Ry Clamp activation slew rate | Veack_cLampax) 50 100 ns/\V
Crack =1 uF
lpack_cLaMP_oFF Current Consumption Not Clamping 0.1 WA

(1) Specified by design. Not production tested

(2) Simulated on a JEDEC-standard, high-K board, as specified in JESD51-7, in an environment described in JESD51-2a.
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2.19High Frequency Oscillator (HFO)

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
Frosc Operating Frequency After system calibration 48 50.33 51.5 MHz
After system calibration
25°C 10 65°C -1.5% 2.5%
Frosco” Frequency Drift After system calibration
-20°C to 55°C -1% 1%
FLL_TIGHT_LOCK =1
i ithi 0,
tHFO_START(z) HFO Start Up time gsﬁgﬁtiﬁ; Ifrequency within £3% 10 us
lhosc Current Consumption 24 A

(1) The frequency drift is included and measured from the trimmed frequency at Ta= 25°C

(2) Specified by design. Not production tested

2.20 Low Frequency Oscillator (LFO)

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta= —40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Operating Frequency' 260.18 262.144 | 2641 kHz
FLOSC

Trim Accuracy Ta=25°C -0.1% 0.1%

2 -25°C to 65°C (after system o o
Froscp Frequency Drift calibration) -0.4% 0.4%
[©) ! Oscillator frequency within

tLFO_START LFO Start Up time +£3% of nominal 80 us
Firowo” | LFO Watchdog Fault Frequency 116 212 238 kHz
lLosc Current Consumption 2.5 MA

(1) The raw LFO frequency will be will be divided to generate all the clocks for internal modules

(2) The frequency drift is included and measured from the trimmed frequency at Ta= 25°C
(3) Specified by design. Not production tested
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2.21 Continuous Current ADC (CC_ADC)

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta= —-25 °C to 65 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
CCun Input Voltage Range Visense+ - Visense- -62.5 62.5 mV
CCemope™ | Input Common Mode Range Visense. . GND 0 5 \Y
Post system calibration, .
CC_CAL_MUX = 2b00 18 bits
Pre system calibration, .
» CC_CAL_MUX = 2b00 16 bits
CCrr Effective Resolution "'®
Post system calibration, 165 bits
CC_CAL_MUX = 2b01 or 2b10 :
Pre system calibratio, .
CC_CAL_MUX = 2b01 or 2b10 'S bits
CC. Integral Non Linearity® © +20 LSB
Post system calibration, CC_CAL
MUX= 2500 & LSB
Pre system calibration, CC_CAL
cC Offset Error MUX=_2500 * LB
VOSER Post system calibration. £35 LSB
CC_CAL_MUX = 2b01 or 2b10 -
Pre system calibration,
CC_CAL_MUX = 2b01 or 2b10 4.5 LSB
Ta=-25 to 65°C, post system
. calibration £5 LSB
CC\/OS_DR Offset Error Drift( ) T2 65°C P
A=-25 to 65°C, Pre system
calibration 6 LSB
Post system calibration, o
© | CC_CAL_MUX = 2500 0.0016 AFSR
CCvos Offset Error across full scale .
Pre system calibration, 0.0023 %FSR
CC_CAL_MUX = 2b00 : °
CChoise Noise Floor®® 700 nV/VHz
Ta=-251065°C,2V<VIN® <5
" V, Post system calibration 16 LSB
CCeamer Gain Error® -
Ta=-251065°C, 2V <VIN® < 5 18 LSB
V, Pre system calibration
Ta=-251065°C, 2V <VIN® <5 .
s V, Post system calibration 5 LSB/IC
CCGAINER_DR Gain Error Drift(  5) -
Ta=-251065°C, 2V <VIN® < 5 6 LSBC
V, Pre system calibration
. Post system calibration 0.013 %FSR
CCoan Gain Error Across Full Scale®
Pre system calibration 0.014 %FSR
CCon Differential Non Linearity® ® Ta=-25 to 65°C -1 1 LSB
CCike Input Leakage 0.3 WA
loc Current Consumption® 26.5 pA
1. Input signal Vcell+ = 4.35, DC = +1mV, Harmonic Free Full Scale
2.  First order curve fit from —-FS to + FS
3. Specified by design. Not production tested
4.  Monotonic performance
5. Does not include CC Reference Gain Error
6. If (BAT > 2V), VIN = BAT, else VIN = PACK
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2.22High Frequency Current ADC (HF_I_ADC)

Typical values stated where Ta= 25 °C, Min/Max values stated where Ta=-25 °C to 65 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP | MAX | UNITS
HF'ADC|N Input Voltage Range VHF_ISENSE+ - VHF_ISENSE- -62.5 62.5 mV
HF lemope®™ Input Common Mode Range Ve isense. - GND 0 5 \Y
SNR and SFDR"® Modulator Clock = 524.288 kHz ,
HF'ADCREszse 15 bits
Sample Rate = 256 Hz HF_FIR_SEL = 2b00
SNR and SFDR"® Modulator Clock = 2097.152 kHz _
HF'ADCR531K 15 bits
Sample Rate = 1.024 kHz HF_FIR_SEL = 2b00
SNR and SFDR"® Modulator Clock= 4194.304 kHz
HFIADC 15 bits
RES2K | Sample Rate = 2.048 kHz HF_FIR_SEL = 2b00
SNR and SFDR"® Modulator Clock= 8388.608 kH
HFIADCresa an odutator Lioc z 14 bits
Sample Rate = 4.096 kHz HF_FIR_SEL = 2b11
SNR and SFDR"® Modulator Clock= 8388.608 kH
HFIADCressx an odutator Lioc z 14 bits
Sample Rate = 8.192 kHz HF_FIR_SEL = 2b11
SNR and SFDR™" ® Modulator Clock= 8388.608 kH
HFIADCRgsmK an odufator ~loc z 13 bits
Sample Rate = 16.384 kHz HF_FIR_SEL = 2b11
SNR and SFDR"® Modulator Clock= 8388.608 kH
HFIADCressax odvater V& & 13 bits
Sample Rate = 32.768 kHz HF_FIR_SEL = 2b11
SNR and SFDR"® Modulator Clock= 8388.608 kHz
HF'ADCRESMK 12 bits
Sample Rate = 65.535 kHz HF_FIR_SEL = 2b11
i Conversion Time® HF_FREQ = 3b000 3.90
i v . ms
fiadocom2ss Sample Rate =256 Hz HF_FIR_SEL = 2b00
. Conversion Time © HF_FREQ = 3b001 0.976 ms
hiiadcconviK Sample Rate =1.024 kHz HF_FIR_SEL = 2b00 '
. Conversion Time © HF_FREQ = 3b010 0.488 s
hiiadeconv2K Sample Rate =2.048 kHz HF_FIR_SEL = 2b00 '
. Conversion Time © HF_FREQ = 3b011 0.244 s
fadoconveK Sample Rate =4.096 kHz HF_FIR_SEL = 2b11 ‘
. Conversion Time © HF_FREQ = 3b100 122
i Vi S
fadeconveK Sample Rate = 8.192 kHz HF_FIR_SEL = 2b11 H
Conversion Time © HF_FREQ = 3b101
thriadcconviek ™ _ 61 MSs
Sample Rate = 16.384 kHz HF_FIR_SEL = 2b11
Conversion Time © HF_FREQ = 3b110
thriadcconvazk _ _ 31 Ms
Sample Rate = 32.768 kHz HF_FIR_SEL = 2b11
. Conversion Time © HF_FREQ = 3b111 15 <
hiadccon @4k Sample Rate = 65.535 kHz HF_FIR_SEL = 2b11 H
HF_FREQ = 3b000,
Integral Non Linearity® © =
HFIADC 256 Modulator Clock= 524.288 kHz -4 +4 LSB
Sample Rate = 256 Hz
HF_FIR_SEL = 2b00
HF_FREQ = 3b001
Integral Non Linearity® © =
HFIADC 1k Modulator Clock= 2097.152 kHz -4 +4 LSB
Sample Rate = 1.024 kHz
HF_FIR_SEL = 2b00
HF_FREQ = 3b010
Integral Non Linearity® © =
HFIADC ik Sample Rate = 2,048 kHz Modulator Clock= 4194.304 kHz -4 +4 LSB
P : HF_FIR_SEL = 2b00
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PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
HF_FREQ = 3b011
Integral Non Linearity® © =
HFIADC nLak Sample Rate = 4.096 kHz Modulator Clock= 8388.608 kHz -4 +4 LSB
P ' HF_FIR_SEL = 2b11
) ) HF_FREQ = 3b100
Integral Non Linearity
HFIADC nisk Modulator Clock= 8388.608 kHz -4 +4 LSB
Sample Rate = 8.192 kHz
HF_FIR_SEL = 2b11
HF_FREQ = 3b101
Integral Non Linearity® © -
HFIADC 16k Modulator Clock= 8388.608 kHz -4 +4 LSB
Sample Rate = 16.384 kHz
HF_FIR_SEL = 2b11
HF_FREQ = 3b110
Integral Non Linearity® © -
HFIADC N3¢ Sample Rate = 32.768 kHz Modulator Clock= 8388.608 kHz -4 +4 LSB
P ' HF_FIR_SEL = 2b11
HF_FREQ = 3b111
Integral Non Linearity® © -
HFIADCinsi San? ot " o '5’;5 s Modulator Clock= 8388.608 kHz 4 +4 LSB
P : HF_FIR_SEL = 2b11
Sample Rate =256 Hz, Modulator Clock=
524.288 kHz, To= -25 t0 65°C, 2 V<VIN® < 5 +2 LSB
o V, Post system calibration
HFIADCyoser | Offset Error®
Sample Rate =256 Hz, Modulator Clock=
524.288 kHz, Ty= -25 to 65°C, 2 V<VIN® < 5 £3 LSB
V, Pre system calibration
Ta=-251t065°C, 2V < VIN” <5V, Post 45 LSB
HFIADCyoser ) system calibration
- | Offset Error Drift -
oR Ta=-251065°C, 2 V< VIN? <5V, Pre 6 LSB
system calibration
Ta=-25t0 65°C, 2V < VIN < 5V, Post 0
. system calibration 0.03 %FSR
HFIADCyos Offset Error across full scale® c o
Ta=-251t065°C,2V<VIN"” <5V, Pre o
system calibration 0.04 #FSR
HFIADCyoise | Noise Floor® DC to Sample output rate /3 170 nV/VHz
Ta=-2510 65°C, 2V < VIN? < 5V, Post 16 LSB
o system calibration
HFIADCcaner | Gain Error®® -
Ta=-251065°C, 2V < VIN? <5V, Pre 118 LSB
system calibration
Ta=-251065°C, 2V < VIN? < 5V Post 5 LSBC
HFIADCop ) s system calibration
GAINER_ | Gain Error Drift © -
DR Ta=-251t065°C,2V<VIN? <5V, Pre 7 LSBC
system calibration
Ta=-25t0 65°C, 2V < VIN® < 5V, With in 0.25 %ESR
Gain Error across Full Scale system calibration
HF'ADCGA|N R ) (5) 7
ange Ta=-251065°C, 2V <VIN? <5V, Pre 0.5 %ESR
system calibration . °
HFIADCon. Differential Non Linearity® © HF_FREQ = 3b000 -1 +1 LSB
Sample Rate = 256 Hz,
HFIADC cc1 Modulator Clock= 524.288 kHz 157 HA
. HF_FIR_SEL = 2b00
Current Consumption®
Sample Rate= 1024 Hz,
HFIADC cc2 Modulator Clock= 2097.152 kHz 371 uA
HF_FIR_SEL = 2b00
PRODUCT PREVIEW infc ion concerns pi in the fi ive or design phase of development. Copyright © 2017, Texas Instruments Incorporated
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PARAMETER

TEST CONDITIONS

MIN TYP MAX UNITS

HFIADC ccs

HFIADC cc4

HFIADCccs

HFIADC ccs

HFIADC ccr

HFIADCccs

Sample Rate= 2048 Hz,
Modulator Clock= 4194.304 kHz
HF_FIR_SEL = 2b00

721 pA

Sample Rate= 4096 Hz
Modulator Clock= 8388.608 kHz
HF_FIR_SEL = 2b11

1421 pA

8388.608 kHz
HF_FIR_SEL = 2b11

Sample Rate= 8192 Hz, Modulator Clock=

1421 A

8388.608 kHz
HF_FIR_SEL = 2b11

Sample Rate= 16384 Hz, Modulator Clock=

1421 pA

8388.608 kHz
HF_FIR_SEL = 2b11

Sample Rate= 32768 Hz, Modulator Clock=

1421 pA

8388.608 kHz
HF_FIR_SEL = 2b11

Sample Rate= 65536 Hz, Modulator Clock=

1421 A

1) Input signal Vcell+ = 4.35, AC =t1mV, f = Sample Rate /4, Harmonic Free Full Scale

2) First order curve fit from -FS to + FS

3) Monotonic Performance
4) Does not include HF Reference Gain Error

5) Specified by design. Not production tested

6) Offset error is the standard deviation of the measured offset
7) If (BAT > 2V), VIN = BAT, else VIN = PACK
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2.23 High Frequency Voltage/Temp ADC (HF_VT_ADC)

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=-25 °C to 65 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNITS
Veew Range SAMPn_SEL = 4b0001 0 5 v
Veack_sense Range SAMPN_SEL =4b0011 0 5 \4
Vinrreme Range SAMPn_SEL = 4b0100 0 1.2 %
Verios Range SAMPn_SEL = 4b0101 0 1.8 v
SAMPn_SEL = 4b0110 or
Vnre Range 460111 0 1.8 \%
HFVTADCn Vioo_ 12 Range SAMPn_SEL = 4b1000 0 18 v
Vypp_ips Range SAMPn_SEL = 4b1001 0 1.8 \%
Vscowr Range SAMPn_SEL = 4b1010 0 1.8 v
Vir_vrer Range SAMPn_SEL = 4b1011 0 1.8 v
Vee_rer Range SAMPn_SEL = 4b1100 0 1.8 %
Veno Range SAMPn_SEL = 4b1101 0 1.8 v
SNR and SFDR"©® @ Modulator Rate = 524.288 kHz
HFVTADC . ’ 16 bits
Res2se Sample Rate = 256Hz HF_FIR_SEL = 2b00
SNR and SFDR"® @ Modulator Clock= 2097.152 kHz
HFVTADC ' ’ 16 bit
RESIK Sample Rate = 1.024 kHz HF_FIR_SEL = 2b00 "
SNR and SFDR"® @ Modulator Clock= 4194.304 kHz
HFVTADC : : 16 bits
REs2K Sample Rate = 2.048 kHz HF_FIR_SEL = 2b00 '
SNR and SFDR"®® Modulator Clock= 8388.608 kHz, )
HFVTADCresa Sample Rate = 4.096 kHz HF_FIR_SEL = 2b11 15 bits
SNR and SFDR"® @ Modulator Clock= 8388.608 kHz
HFVTADC : * 15 Bits
RESSK Sample Rate = 8.192 kHz HF_FIR_SEL = 2b11 I
SNR and SFDR" © @ Modulator Clock= 8388.608 kHz
HFVTADC : ’ 14 bits
Restex Sample Rate = 16.384 kHz HF_FIR_SEL = 2b11 |
SNR and SFDR"® @ Modulator Clock= 8388.608 kHz
HFVTADC ' ’ 14 bit
Resszx Sample Rate = 32.768 kHz HF_FIR_SEL = 2b11 -
SNR and SFDR" © Modulator Clock= 8388.608 kHz
HFVTADC ' |13 bit
& Sample Rate = 65.535 kHz HF_FIR_SEL = 2b11 -
t Conversion Time © HF_FREQ = 3b000 3.90 ms
hiladcoom2ss Sample Rate = 256Hz - '
Conversion Time ©
t HF_FREQ = 3b001 0.976 ms
A Sample Rate = 1.024 kHz -
. Conversion Time © HE FREQ = 35010 0.488
. = R m
hfvtadeconv2K Sample Rate = 2.048 kHz - ®
. Conversion Time © HF FREQ = 3b011 0.244 ms
hfvtadeconva Sample Rate = 4.096 kHz - '
t Conversion Time © HF_FREQ = 3b100 0.122 ms
itadeconeK Sample Rate = 8.192 kHz - '
Conversion Time ©
t v HF_FREQ = 3b101 0.061 ms
hivtadceonviei Sample Rate = 16.384 kHz -
Conversion Time ©
t v HF_FREQ = 3b110 0.031 ms
fvtadoconvazic Sample Rate = 32.768 kHz -
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PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Conversion Time ©
thivtadcconveak Sample Rate = 65,535 kHz HF_FREQ = 3b111 0.016 ms
HF_FREQ =
Integral Non Linearity® © —FREQ = 30000,
HFVTADC nL2s6 Sample Rate = 256 Hz Modulator Clock= 524.288 kHz -4 +4 LSB
P HF_FIR_SEL = 2b00
HF_FREQ = 3b001
Integral Non Linearity® © -
HFVTADC w1k 9 nearty Modulator Clock= 2097.152 kHz | -4 +4 | LsB
Sample Rate = 1.024 kHz
HF_FIR_SEL = 2b00
HF_FREQ = 3b010
Integral Non Linearity® © —FREQ
HFVTADC niak Sample Rate = 2.048 kHz Modulator Clock= 4194.304 kHz -4 +4 LSB
P ' HF_FIR_SEL = 2b00
HF_FREQ = 3b011
Integral Non Linearity® © —FREQ =360
HFVTADC niak Sample Rate = 4.096 kHz Modulator Clock= 8388.608 kHz -4 +4 LSB
P ' HF_FIR_SEL = 2b11
HF_FREQ = 3b100
Integral Non Linearity® © -
HFVTADC s Sanf - Rute ! 5 1'92 " Modulator Clock= 8388.608 kHz | -4 +4 | LsB
P ' HF_FIR_SEL = 2b11
HF_FREQ = 3b101
Integral Non Linearity® © -
HFVTADC n1ek Sample Rate = 16.384 kHz Modulator Clock= 8388.608 kHz -4 +4 LSB
P ' HF_FIR_SEL = 2b11
HF_FREQ = 3b110
Integral Non Linearity® © N
HFVTADC nia2x Sample Rate = 32.768 kHz Modulator Clock= 8388.608 kHz -4 +4 LSB
P ' HF_FIR_SEL = 2b11
HF_FREQ = 3b111
Integral Non Linearity® © 3
HFVTADC w64k Sample Rate = 65,536 KH2 Modulator Clock= 8388.60 8 kHz -4 +4 LSB
P ‘ HF_FIR_SEL = 2b11
Sample Rate =256 Hz,
Modulator Clock= 524.288 kHz,
Ta= -25t0 65°C, 2 V SVIN® < 5 2 LSB
HFVTADC osen Offset Error® V, Post system calibration
Sample Rate =256 Hz,
Modulator Clock= 524.288 kHz, +3 LSB
Ta=-251065°C, 2V <VIN® < 5
V, Pre system calibration
Ta=-25t065°C, 2V <VIN® < 5
P . -5 5 LSB
HFVTADCyos ok Offset Error Drift® V. Post system callbration
Ty=-251065°C, 2 V<VIN® <5 7 7 LSB
V, Pre system calibration
Ta=-251065°C, 2V <VIN® < 5 0.03
V, Post system calibration ’
HFVTADCyos gffset I(Elegr across Full Scale - %FSR
ange Ta=-251065°C, 2V <VIN® < 5 0.04
V, Pre system calibration ’
HFVTADChoise Noise Floor © DC to Sample output rate /3 7 uV/ANHz
Ta=-251065°C, 2V <VIN® < 5
V, Post system calibration 16
HFVTADCoaner Gain Error®® . LSB
Ta=-251065°C, 2V <VIN® < 5 +18
V, Pre system calibration
. L) ©) Ta=-25t065°C, 2V <VIN® < 5 .
HFVTADCcaner_or | Gain Error Drift V, Post system calibration 5 LSB/°C
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PARAMETER

TEST CONDITIONS

MIN

TYP

MAX

UNITS

Ta=-251t065°C, 2V <VIN® < 5
V, Pre system calibration

HFVTADCcan

Gain Error across Full Scale
Range® ®

Ta=-251065°C, 2V <VIN® < 5
V, Post system calibration

0.25

%FSR

Ta=-25t065°C, 2V <VIN® < 5
V, Pre system calibration

0.5

HFVTADCone

Differential Non Linearity

3) 5

HF_FREQ = 3b000

+1

LSB

HFVTADC cc+

HFVTADCcc2

HFVTADCccs

HFVTADCccs

HFVTADCccs

HFVTADCccs

HFVTADCccs

HFVTADCccr

Current Consumption®

Sample Rate= 256 Hz,
Modulator Clock= 524.288 kHz

HF_FIR_SEL = 2b00

157

MA

Sample Rate= 1024 Hz,
Modulator Clock= 2097.152 kHz
HF_FIR_SEL = 2b01

371

MA

Sample Rate= 2048 Hz
Modulator Clock= 4194.304 kHz
HF_FIR_SEL = 2b01

721

MA

Sample Rate= 4096 Hz
Modulator Clock= 8388.608 kHz
HF_FIR_SEL = 2b01

1421

MA

Sample Rate= 8192 Hz,
Modulator Clock= 8388.608 kHz

HF_FIR_SEL = 2b01

1421

MA

Sample Rate= 16384 Hz,
Modulator Clock= 8388.608 kHz

HF_FIR_SEL = 2b01

1421

MA

Sample Rate= 32768 Hz,
Modulator Clock= 8388.608 kHz

HF_FIR_SEL = 2b01

1421

MA

Sample Rate= 65536 Hz,
Modulator Clock= 8388.608 kHz

HF_FIR_SEL = 2b01

1421

MA

1) Input signal VCELL+ = 4.35 V, AC = +100 mV, f = Sample Rate /4, Harmonic Free Full Scale

2) First order curve fit from -FS to + FS
3) Monotonic Performance
4) Specified by design. Not production tested
5) Does not include HF Reference Gain Error
6) If (BAT > 2V), VIN = BAT, else VIN = PACK

7) Applicable to VCELL+ - VCELL- input channel
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2.24 Charge Pump (CP)

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Ch P Input Volt
Vepin . arge Fump input Volage 2.0 5.0 \Y
Highest of Vear or Veack
VIN® < 3.5V,
((DSG_CTRL=1 OR
CHG_CTRL =01,10,11) OR Vin+4.5 Vint+4.6 | Vin+4.7 \%
(DSG__CTRL=1 AND
CHG_CTRL =01,10,11))
Vep Charge Pump Voltage ”
VINY 235
((DSG_CTRL=1 OR
CHG_CTRL =01,10,11) OR 8.0 8.1 8.2 \
(DSG__CTRL=1 AND
CHG_CTRL =01,10,11))
. Hysteresis between the two
Vep_hvs Charge Pump Voltage Hysteresis CP modes 50 mV
Vep_rippLE Charge pump ripple +50 mV
lcporIVE_cHG g:::gz Pump Output Drive CHG_CTRL =01,10,11 6 uA
h P Dri
lcporIvE_DSG gisacrlgaerg eump Output Drive DSG_CTRL =1 6 MA
During turn On 16
Charge Pump Switching
Fer Frequency® When On and including linear 4 MHz
mode
. (DSG_CTRL=1 OR
lep Current Consumption per Output CHG_CTRL = 01,10,11) 6 uA

(1) V|N = Maximum of VBAT and VPACK-

(2) Specified by design, not production tested
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2.25Charge Pump Good (CPGOOD)

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER

TEST CONDITIONS

MIN

TYP

MAX

UNITS

Vep

Charge Pump Good

VIN® < 3.5V,

(DSG_CTRL=1 OR
CHG_CTRL =01,11) OR

(DSG_CTRL = 1 AND
CHG_CTRL =01,11)

VIN+4.4

VIN+4.5

VIN+4.6

Threshold for CHG and DSG

VIN® > 3.5
(DSG_CTRL=1 OR
CHG_CTRL = 01,11) OR
(DSG_CTRL = 1 AND
CHG_CTRL = 01,11)

7.9

8.0

8.1

2
VCPHYS( )

Charge Pump Good
Hysteresis

25

50

75

mV

ICPGOOD

Current Consumption

(DSG_CTRL=1 OR
CHG_CTRL = 01,11) OR

(DSG_CTRL = 1 AND
CHG_CTRL = 01,11)

WA

(1) If (BAT > 2V), VIN = BAT, else VIN = PACK
(2) Specified by design, not production tested
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2.26 CHG and DSG FET Drive

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
CHG Gate Drive Voltage | Ct = 10nF, VIN® <3.5v VIN+4.5 | VIN+4.6 | VIN+4.7 Vv
On C.=10nF, VIN® 2 3.5V 8.0 8.1 8.2 \Y
VEeTon _ @ VIN+ VIN+
(D)SG Gate Drive Voltage | Ct = 10nF, VIN® <3.5v 45 VIN+4.6 47 \Y
n
C. = 10nF, VIN® 2 3.5V 8.0 8.1 8.2 \Y
8:G Gate Drive Voltage (Vers — GND) C, = 10nF 0.0 0.1 v
Vrerore DSG Gate Drive Vol
of ate Drive Voltage |\, _ GND)C, = 10nF 0.0 0.1 v
o CL=10nF , 10% to 90% of
treToN FET Gate Rise Time Gate Drive 500 us
t FET Gate Rise Time CL=10nF,Ccp = 1F, 10% to 15 s
FETFULLON when using CP_BYP 90% of Gate Drive H
CHG Output Turn ON C_L=10nF,Ccp = 1pF,
. | Currentin Linear Mode | VIN® = 3.5V, Vou = 5V 33 44 55 WA
o G Output Tum OFF | Cu = 10nF Con = 19F
utput lurn L =10nF,Ccp = 1uF,
Current in Linear Mode Vere =2V 8:35 0.7 1.2 mA
Resistance between
RCPBYP_CHG CP_BYP and CHG when 700 1000 Q
path enabled
FET D wh CHG: CHG_CTRL = 2b00
rive current when ) A
IFETTURNOFE turning off the FET DSG: DSG_CTRL =0 6.5 12.5 18.5 mA
2V <Vo $5V
. | CHG: CHG_CTRL = 2b00
I !;EFTFPg't";ew”e”t whenin | hsG pSG CTRL=0 160 200 uA
Vo|_ =01V
Linear Regulation
Transconductance™ Measured at 1 kHz 4.5 16.5 25 mA/N
Open Loop Gain® 51 70 dB

(1) Specified by design. Not production tested

(2) VIN is the greatest of BAT or PACK
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2.27 Ideal Diode Detector (ID)

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
Ideal Diode Charge Detection CHG_CTRL = 2b11, Vi _isense+ -
Vieo used to turn FET OFF Vi sense- 250 500 750 wv
VCHG_RMVD Charger Removal Detection CHG_CTRL =2b1 1, VPACK < VBAT -10 -20 -30 mV
VPACK_SENSE < VBAT = VCHG_RMVD
tere_ruvo Charger Removal Detection Time when CHG_STS = 3b010 or 7 11 15 us
3b100
; : Veack_sense > Vear When
teHe_pet Charger Detection Time CHG_STS = 3b100 30 45 60 us
tere_cur per | Charger Current Detection Time 30 45 60 us
Io Current Consumption” CHG_CTRL = 2b11 6 A

1) Specified by design. Not production tested

2.28DACs
Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.
PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
Vinr_TGT LNR_TGT Output Range LNRTGT = 0x594 to Ox1BE6 1.0 5 \Y
VinR_pAc LNR_TGT DAC Output Range | LNRTGT = 0x594 to Ox1BE6 0.16 0.8 \%
Ving_RES LNR_TGT DAC Resolution® 80 112 150 uv
VLNR_GAIN LNR_TGT DAC OUtpUt Gain 6.25
VinR DN LNR_TGT DAC DNL® -1 1 LSB
ILnR_pac Current Consumption CHG_CTRL =2b10 50 HA
Vpack MmN PACK_MIN Output Range PACKMIN = 0x00 to 0x3F 2.0 5 \%
Veack_pac PACK_MIN DAC Output Range | PACKMIN = 0x00 to Ox3F 0.32 0.8 \Y
VPACK_RES PACK_M'N DAC Resolution 6 7.5 9 mV
VPACK_GAIN PACK_M'N DAC Output Gain 6.25
VeacknL PACK_MIN DAC IN® -2 2 bits
lpack_min Current Consumption CHG_CTRL =2b10 1 uA
2.0VsVINY <35V,
PUMPREFDAC_TRIM_LOW = 3.9 5.7 \%
0x00 to 0x31
Vep_rer CP REF Output Range
35V<VIN<5V,
PUMPREFDAC_TRIM_HIGH = 5.9 8.5 \%
0x00 to 0x31
PUMPREFDAC_HIGH or
Vep_ReFDAC CP REF DAC Output Range PUMPREFDAC_LOW = 0x00 to 0.55 0.8 \%
0x31
Vep_Rer_Res CP REF DAC Resolution® 3.75 5 6.25 mv
20V<VINY <35V 7.2
VCP_REF_GAIN CP REF DAC Output Gain
35V<VIN"<s5V 10.8
Vep_Rer_INL CP REF DAC INL? -2 2 bits
lcp_REFDAC Current Consumption” CHG_CTRL = 2b01,2b10, 2b11 5 pA

(1) The greater of VpACK or VBAT
2) Specified by design. Not production tested
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2.29 General Purpose Input Characteristics

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
PAD Voltage = REG18" 11 v
GPIO1...4, SWDIO, SWCLK, RESETn ’
) ) PAD Voltage = REG18" 0.7*
V High-level t volt ’
" igh-levelinput vollage | spios . GPIOG Voos®
PAD Voltage = BAT®, Vgar 23V, 04 v
GPIO1/PLSR1, GPIO2/PLSR2 ’
PAD Voltage = REG18™ , - v
GPIO1...6, SWDIO, SWCLK, RESETn ’
v Low-level input voltage PAD Voltage = REG18", 0.3,
" low GPIO5 , GPIO6 Vops'
PAD Voltage = BAT? , Vgar 23 V, 0.9 v
GPIO1/PLSR1, GPIO2/PLSR2 '
PAD Voltage = REG18™ 75 iy
. GPIO1...6, SWDIO, SWCLK, RESETn
Vionvs Hysteresis of Input® -
PAD Voltage = BAT? , Vear 23 V, 120 iy
GPIO1/PLSR1, GPIO2/PLSR2
Pin pulled to GND,
GPIO3...6, SWDIO, SWCLK. 18 50 kQ
PXWKPUIi] = 1 AND PXPDR[n] = 0
Internal pull down Pin pulled to GND PAD Voltage =
Reo resistance GPI%1/PLSR1 " | REG18™ 10 100 kQ
GPIO2/PLSR2, _
PXWKPUIi] = 1 gﬁ_‘ﬂz\)’ oltage = ; 50 @
AND PXPDRIN =0 | o o\,
Pin pulled to REG18,
GPIO3...4, SWDIO, SWCLK,
RESETn, 18 50 kQ
PXWKPUIi] = 1 AND PXPDR[n] = 1
Reu Internal pull up Pin pulled to PAD | PAD Voltage =
resistance Vloltg;e, REG18™" 9 10 100 kQ
GPIO1/PLSR1,
GPIO2/PLSR2, PAD Voltage =
PXWKPUIi] = 1 BAT 7 50 kQ
AND PXPDR[n]=1 | Vear23V
2,
[ eyl GeLll dowh SCL and SDA, PXALT[5:4] = 2b11 50 100 150 nA
current
VNTC1 and GPIO3/VNTC2 Only
Rurca® _ _ 9.3 12 15 kQ
Internal NTC Support RNTC_EN =1, RNTC_SEL_100K = 0
Resistance
(5) VNTC1 and GPIO3/VNTC2 Only
Rures RNTC_EN =1, RNTC_SEL _100K=1 | 105 | 130 | 160 kQ
Internal NTC Support VNTC1 and GPIO3/VNTC2 Only
Rnre_te Resistor Temperature RNTC_EN =1, RNTC_SEL_100K =0 0 ppm/°C
coefficient © or1
C Input capacitance 5 pF
lig Input leakage current 1.0 MA
(1) PXHDRV[1:0] = 2b00
(2) PXHDRV[1:0] = 2b11
(3) Specified by design. Not production tested
(4) Vpps is the pullup voltage
(5) This value is measured and stored in the device see section 7.1.6.2
PRODUCT PREVIEW infc ion concerns pi in the fi ive or design phase of development. Copyright © 2017, Texas Instruments Incorporated
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2.30 General Purpose Output Characteristics

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER

TEST CONDITIONS

MIN

TYP

MAX

UNITS

Von

Output voltage high

PAD Voltage = REG18™"

louwt = 450uA, GPIO1...4, SWDIO,
SWCLK

0.85*

VREG18

GPIO1/PLSR1,
GPIO2/PLSR2,
PAD Voltage =

Vear 2 3.3V, lout
=-2mA,

BAT®  C.=

1 10pF 20Vs VBAT <

33V, loy = -
100 pA,

0.85*
Vear

VOL

Output voltage low

PAD Voltage = REG18™

lowt = 450uA, GPIO1...6, SWDIO,
SWCLK

0.1*
VRrecis

VBAT 23.3 V, IIN
GPIO1/PLSR1, | =-2mA,

GPIO2/PLSR2

0.1*
Vear

2.0V < Vgar <
3.3 V, IIN =-100
VA,

PAD Voltage =
BAT?

100

mV

IOH

High-level output
current

PAD Voltage = REG18™"
GPIO3...6, SWDIO, SWCLK,
RESETn

-450

WA

PAD Voltage = BAT? | Vgar 23 V,
GPIO1/PLSR1, GPIO2/PLSR2

-2

mA

IOL

Low-level output
current

PAD Voltage = REG18"
GPIO1...6, SWDIO, SWCLK,
RESETn

450

A

PAD Voltage = BAT®
GPIO1/PLSR1, GPIO2/PLSR2

mA

tPULSERRISE

Pulser FET Gate Rise
Time

GPIO1/PLSR1, GPIO2/PLSR2,
PAD Voltage = BAT®, C_ = 110pF,
Qut= 1nC, 0% to 90% of Gate
Drive

s

tPuLsERFALL

Pulser FET Gate Fall
Time

GPIO1/PLSR1, GPIO2/PLSR2,
PAD Voltage = BAT® C_ = 110pF,
Qut= 1nC, 100% to 10% of Gate
Drive

us

(1) PXHDRV[1:0] = 2b00
(2) PXHDRV[1:0] = 2b11
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2.31Flash Memory

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

tor Data retention®” 10 100 Years

Flash programming write-cycles” 20000 Cycles
trowpros | Word (64 bits) programming time” 40 us
twasserase | Mass-erase time'” 14 500 ms
treerase | Sector-erase time 14 500 ms
Irean Flash Read Current!” 1600 pA
lerase Flash Erase Current® 14700 pA
lwrire Flash Write Current™ 13900 pA

1. Specified by design. Not production tested.
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2.32HDQ Timing
Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
teven Cycle time, host to bq7037 190 us
tcven) Cycle time, bq7037 to host 190 205 250 Hs
tewe Host sends 1 to bq7037 0.5 50 ks
tow bq7037 sends 1 to host 32 50 s
tewo) Host sends 0 to bq7037 86 145 s
towo bq7037 sends 0 to host 80 145 ks
trsps) Response time, bq7037 to host 190 950 s
te Break time 190 ks
ter) Break recovery time 40 s
trsm HDQ reset 1.8 2.2 s
trise) HDQ line rising time to logic 1 (1.2V) 1.8 us
teur Inter transaction time 210 us

| | | | l
— N N
e - -~ 1.2V
: ! T
(RISE)

g atEr >

(a) Break and Break Recovery (b) HDQ line rise time
| | I I | I | |
| | T I | I T |
i | | I | | | i
\/ N, o, VA
| t I I | f | |
o : | o : :
:471(HW0)4N : :dit(owo)4ﬂ :
- ticveHy > - tcvepy >!
(¢) Host Transmitted Bit (d) Slave Transmitted Bit
| BREAK | | 7-Bit Address | m | | 8-Bit Data |
| I
—tRrsps)—
(e) Slave to Host Response
I I
| BREAK | | Transaction 0 | | BREAK | | Transaction 1 |

i<-t(BUF)->i
(f) Host to Slave Inter Transaction Delay

(a) HDQ Breaking : !
(b) Rise time of HDQ line \i \/

(c) HDQ Host to Slave Communication h |

(d) Slave to Host Communication | : |

e) Slave to Host response format - (RST) !

(
(f) Host to Slave Inter Packet (9) HDQ Reset
(g9) HDQ Host to Slave

Figure 2 — HDQ Timing Diagram
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2.331C Timing — 100 kHz

Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
FscL Clock Frequency 12C_MODE =0 100 kHz
thp:sTA START Condition Hold Time 4.0 us
tLow Low Period of SCL Clock 4.7 us
thicH High Period of SCL Clock 4.0 us
tsu:sta Setup Time for repeated START 4.7 us
thp:DAT Data In Hold Time 0 us
tsupaT Data in Setup Time 250 ns
tvooar | Data Valid Time @ @ i, Ve
75 ns
twoack | Data Valid Acknowledge Time™ @ _° we
75 ns
te SDA and SCL Rise Time 30% to 70% 1000 ns
te SDA and SCL Fall Time 70% to 30% 300 ns
tsusto | STOP Condition Setup Time 4.0 us
taur Bus Free Time between STOP and START 4.7 us
trimeour | Error SCL Low Signal Detect Time 25 35 ms
Co Capacitive load for each bus line 400 pF

1. This maximum is only met if the device does not stretch the LOW period (t ow) of the SCL signal.
2. Specified by Design. Not production tested.
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2 ..
2.341°C Timing — 400 kHz
Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.
PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
FscL Clock Frequency 12C_MODE =1 400 kHz
thp:sTaA START Condition Hold Time 0.6 us
tLow Low Period of SCL Clock 1.3 us
thich High Period of SCL Clock 0.6 us
tsu:sTa Setup Time for repeated START 0.6 us
tHp:DAT Data In Hold Time 0 us
tsu:paT Data in Setup Time 100 ns
0.9 us
tyopar | Data Valid Time © @
75 ns
e 0.9 us
twoack | Data Valid Acknowledge Time™ @
75 ns
t; SDA and SCL Rise Time 30% to 70% 20 300 ns
70% to 30%, Vpu|_|_up is 20 *
te SDA and SCL Fall Time external pullup voltage 300 ns
source (VpuLLup /5.5)
tsu:sto STOP Condition Setup Time 0.6 us
taur Bus Free Time between STOP and START 1.3 us
trimeour | Error SCL Low Signal Detect Time 25 35 ms
Co Capacitive load for each bus line 400 pF
1. This maximum is only met if the device does not stretch the LOW period (t ow) of the SCL signal.
2. Specified by Design. Not production tested.
S S
tr —»| [ tow —
: | tr te :
l_ . L X X X 3 :
scL i | i
— tHD;STA — !
: : tHiGH |
| : tHD:DAT l— —> tsu;DAT |

|
'
'
L

REPEATED
START

Figure 3 — I°C Timing Diagram

2.35True Random Number Generator Timing

STOP

START

Typical values stated where Ta= 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
trNg) TRNG creation time $§mg—gg;\{1 =t°1 for 32-bits 50 ms
PRODUCT PREVIEW infc ion concerns pi in the fi ive or design phase of development. Copyright © 2017, Texas Instruments Incorporated
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2.36 Power Control
Typical values stated where Ta = 25 °C, Min/Max values stated where Ta=—40 °C to 85 °C unless otherwise noted.
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
IPWR_CTRL | Current Consumption” 3.5 pA

1. Specified by design. Not production tested.
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