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6 Pin Configuration and Functions
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# 6-1. Pin Functions
PIN
NAME . TYPE DESCRIPTION
o.
BQ79616

BAT 1 P Power supply input and top of module measurement input. Connect to the top cell of the
battery module.

NPN 48 Connect to the base of an external NPN transistor.

LDOIN 47 6-V preregulated analog power supply input/sense pin. Connect to the emitter of the external
NPN transistor and connect a 0.1-yF decoupling capacitor to CVSS.

AVDD 38 P 5-V regulated output. AVDD supplies the internal analog circuits. Bypass AVDD with a
capacitor to AVSS.

AVSS 39 GND Analog ground. Ground connection for internal analog circuits. Connect DVSS, CVSS,
REFHM, and AVSS externally.

NEG5V 44 P Negative 5-V charge pump used for daisy chain and Main ADC. Connect with a capacitor to
CVSS.

DVDD 49 P 1.8-V regulated output. DVDD supplies the internal digital circuits. Bypass DVDD with a
capacitor to DVSS.

DVSS 50 GND Digital ground. Ground connection for internal digital logics. Connect DVSS, CVSS, REFHM,
and AVSS externally.

CvDD 45 P 5-V daisy chain communication and 1/Os power supply. CVDD supplies the stack daisy chain
communication transceiver circuit and the 1/0 pins. This power supply also supports an
additional 10-mA external load in ACTIVE and SLEEP.

CVSs 46 GND Daisy chain communication ground. Ground connection for internal daisy chain transceivers.
Connect DVSS, CVSS, REFHM, and AVSS externally.

TSREF 51 P 5-V bias voltage for NTC thermistor. Connect TSREF to the top of the NTC resistor divider
network to the GPIOs when they are configured for NTC temperature monitoring. Bypass
TSREF with a capacitor to CVSS.

REFHP 37 P Precision reference output pin. Bypass with a capacitor to REFHM.

REFHM 36 GND Precision reference ground. Ground connection for the internal precision reference. Connect
DVSS, CVSS, REFHM, and AVSS externally.

VC16 3 | Cell voltage sense input. Connect to the positive terminal of cell 16. Connect a differential
RC filter to VC15. Tie unused NC pins to BAT pin as explained in Cell Connections.
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# 6-1. Pin Functions (continued)

PIN

NAME

BQ79616

No.

TYPE

DESCRIPTION

VC15

Cell voltage sense input. Connect to the positive terminal of cell 15. Connect a differential
RC filter to VC14.Tie unused NC pins to BAT pin as explained in Cell Connections.

vC14

Cell voltage sense input. Connect to the positive terminal of cell 14. Connect a differential
RC filter to VC13.Tie unused NC pins to BAT pin as explained in Cell Connections.

VC13

Cell voltage sense input. Connect to the positive terminal of cell 13. Connect a differential
RC filter to VC12. Tie unused NC pins to BAT pin as explained in Cell Connections.

VC12

1"

Cell voltage sense input. Connect to the positive terminal of cell 12. Connect a differential
RC filter to VC11.

VC11

13

Cell voltage sense input. Connect to the positive terminal of cell 11. Connect a differential
RC filter to VC10.

VvC10

15

Cell voltage sense input. Connect to the positive terminal of cell 10. Connect a differential
RC filter to VC9.

VC9

17

Cell voltage sense input. Connect to the positive terminal of cell 9. Connect a differential RC
filter to VC8.

VvC8

19

Cell voltage sense input. Connect to the positive terminal of cell 8. Connect a differential RC
filter to VC7.

VC7

21

Cell voltage sense input. Connect to the positive terminal of cell 7. Connect a differential RC
filter to VC6.

VC6

23

Cell voltage sense input. Connect to the positive terminal of cell 6. Connect a differential RC
filter to VC5.

VC5

25

Cell voltage sense input. Connect to the positive terminal of cell 5. Connect a differential RC
filter to VCA4.

VC4

27

Cell voltage sense input. Connect to the positive terminal of cell 4. Connect a differential RC
filter to VC3.

VC3

29

Cell voltage sense input. Connect to the positive terminal of cell 3. Connect a differential RC
filter to VC2.

vC2

31

Cell voltage sense input. Connect to the positive terminal of cell 2. Connect a differential RC
filter to VC1.

VC1

33

Cell voltage sense input. Connect to the positive terminal of cell 1. Connect a differential RC
filter to VCO.

VvCo

35

Cell voltage sense input. Connect to the negative terminal of cell 1. Connect a differential
RC filter to AVSS.

CB16

Cell balance connection. This pin is connected to the internal cell balancing FET. Connect
this pin to the positive terminal of cell 16 with a differential RC filter to CB15. The filter
resistor also sets the internal balance current. Tie unused CB16 pin via RC to BAT pin and
tie unused NC pins to BAT pin as explained in Cell Connections.

CB15

Cell balance connection. This pin is connected to the internal cell balancing FET. Connect
this pin to the positive terminal of cell 15 with a differential RC filter to CB14. The filter
resistor also sets the internal balance current. Tie unused NC pins to BAT pin as explained
in Cell Connections.

CB14

1’10

Cell balance connection. This pin is connected to the internal cell balancing FET. Connect
this pin to the positive terminal of cell 14 with a differential RC filter to CB13. The filter
resistor also sets the internal balance current. Tie unused NC pins to BAT pin as explained
in Cell Connections.

CB13

1’10

Cell balance connection. This pin is connected to the internal cell balancing FET. Connect
this pin to the positive terminal of cell 13 with a differential RC filter to CB12. The filter
resistor also sets the internal balance current. Tie unused NC pins to BAT pin as explained
in Cell Connections.

CB12

10

Cell balance connection. This pin is connected to the internal cell balancing FET. Connect
this pin to the positive terminal of cell 12 with a differential RC filter to CB11. The filter
resistor also sets the internal balance current.

CcB11

12

1/10

Cell balance connection. This pin is connected to the internal cell balancing FET. Connect
this pin to the positive terminal of cell 11 with a differential RC filter to CB10. The filter
resistor also sets the internal balance current.

CB10

14

110

Cell balance connection. This pin is connected to the internal cell balancing FET. Connect
this pin to the positive terminal of cell 10 with a differential RC filter to CB9. The filter resistor
also sets the internal balance current.

CB9

16

1’0

Cell balance connection. This pin is connected to the internal cell balancing FET. Connect
this pin to the positive terminal of cell 9 with a differential RC filter to CB8. The filter resistor
also sets the internal balance current.
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# 6-1. Pin Functions (continued)

PIN
NAME . TYPE DESCRIPTION
o.
BQ79616

CB8 18 I/0 Cell balance connection. This pin is connected to the internal cell balancing FET. Connect
this pin to the positive terminal of cell 8 with a differential RC filter to CB7. The filter resistor
also sets the internal balance current.

CB7 20 I/0 Cell balance connection. This pin is connected to the internal cell balancing FET. Connect
this pin to the positive terminal of cell 7 with a differential RC filter to CB6. The filter resistor
also sets the internal balance current.

CB6 22 I/0 Cell balance connection. This pin is connected to the internal cell balancing FET. Connect
this pin to the positive terminal of cell 6 with a differential RC filter to CB5. The filter resistor
also sets the internal balance current.

CB5 24 I/0 Cell balance connection. This pin is connected to the internal cell balancing FET. Connect
this pin to the positive terminal of cell 5 with a differential RC filter to CB4. The filter resistor
also sets the internal balance current.

CB4 26 I/0 Cell balance connection. This pin is connected to the internal cell balancing FET. Connect
this pin to the positive terminal of cell 4 with a differential RC filter to CB3. The filter resistor
also sets the internal balance current.

CB3 28 I/0 Cell balance connection. This pin is connected to the internal cell balancing FET. Connect
this pin to the positive terminal of cell 3 with a differential RC filter to CB2. The filter resistor
also sets the internal balance current.

CB2 30 I/0 Cell balance connection. This pin is connected to the internal cell balancing FET. Connect
this pin to the positive terminal of cell 2 with a differential RC filter to CB1. The filter resistor
also sets the internal balance current.

CB1 32 110 Cell balance connection. This pin is connected to the internal cell balancing FET. Connect
this pin to the positive terminal of cell 1 with a differential RC filter to CBO. The filter resistor
also sets the internal balance current.

CBO 34 I/0 Cell balance connection. This pin is connected to the internal cell balancing FET. Connect to
the negative terminal of cell 1 with differential RC filter to AVSS. The filter resistor also sets
the internal balance current.

BBP 64 | Bus bar connection. With BBP and BBN connecting to each end of a bus bar, this channel
provides a differential input to the ADC measurement with a 5x gain.

BBN 63 | Bus bar connection. With BBP and BBN connecting to each end of a bus bar, this channel
provides a differential input to the ADC measurement with a 5x gain.

RX 52 | UART receiver input. Pull up to CVDD with an external resistor and connect the device RX
to the TX output of the host MCU. If unused (for example, for stack devices), connect RX to
CVDD.

X 53 o UART transmitter output. Connect device TX to RX input of the host MCU and will be pulled
up from the host side. If unused (for example, for stack devices), leave it floating.

COMHP 43 I/0 Vertical bidirectional communication interface for daisy chain connection. High side (north

COMHN 42 0 side) differential I/0. Will connect to the low side (south side) COMLP and COMLN of the
lower adjacent device in the daisy chain configuration. If unused, connect COMHP and
COMHN with a 1-kQ resistor.

COMLP 40 /0 Vertical bidirectional communication interface for daisy chain connection. Low side (south

COMLN 1 o side) differential I/0. Will connect to the high side (north side) COMHP and COMHN of the
upper adjacent device in the daisy chain configuration. If unused, connect COMLP and
COMLN with a 1-kQ resistor.

NFAULT 62 (6] Fault indication output. Active low. If used on the base device, pull up NFAULT to CVDD with
a pullup resistor and connect NFAULT to host MCU GPIO. If unused, leave it unconnected.

GPIO1 61 I/0 General purpose input/output, configuration options are:

GPI02 60 1/0 *  For external NTC thermistor connection, connect NTC thermistor to the pin and pull up

GPIO3 59 1/0 to TSREF. Used as input to ADC and OT and UT hardware comparators

GPIO4 58 /O *  For external DC voltage measurement, configured as input to ADC

GPIO5 57 /0 «  Generic digital input/output

GPIO6 56 /0 * Use as I/O for SPI controller.

GPIO7 55 I/0

GPIO8 54 110
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7 Specifications
7.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
BAT, VC* (except VCO0), CB* (except CBO), 03 100 Vv
Input Voltage NFAULT, BBP, BBN to AVSS ) (3)
CBO0, VCO to AVSS -0.3 55 \Y
VCntoVCn-1,n=1t0 16 @ -80 80 v
CBnto CBn-1,n=1to0 16 ® -0.3 16 \Y;
BBP to BBN -80 80 \
LDOIN to AVSS -0.3 9 \
NPNB to AVSS -0.3 10 \
AVDD to AVSS -0.3 55 \Y
DVDD to DVSS -0.3 1.98 \Y
CVDD to CVSS -0.3 6 \Y
TSREF to AVSS -0.3 55 \
REFHP to REFHM -0.3 55 \
NEG5V to AVSS -5.5 0 \
TX, RX to AVSS -0.3 6 \
COMHP, COMHN, COMLP, COMLN to CVSS -20 20 \
COMHP to COMHN, COMLP to COMLN -5.5 55 \Y
GPIO* to AVSS -0.3 5.5 \Y
CB* current Max of 8 cell in balancing at 75°C ambient 240 mA
1/0 current GPIO*, RX, TX current 10 mA
Tore PROG ngice will not start OTP programming above 55 oc
- this temperature
Ta Ambient temperature —40 130 °C
T, Junction temperature —40 150 °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 Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

(2) VC pin voltage has to meet criteria of both VCn to AVSS as well as VCn to VCn-1.

(3) CB pin voltage has to meet criteria of both CBn to AVSS as well as CBn to CBn-1.

7.2 ESD Ratings

VALUE UNIT

Human body model (HBM) +2000
Vieso) E_Iectrostatlc Al Pins 2500 v
discharge Charged device model (CDM) Other pins (1, 16, 17, 32, 33, 48, 49, 64) 750
er pins (1, 16, 17, 32, 33, 48, 49, +

7.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VBAT_RANG | Total module voltage, full functionality, no OTP programming 9 80 \Y
E
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7.3 Recommended Operating Conditions (continued)

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Veat_otp R Total module voltage, full functionality, OTP programming allow 11 80 \Y
ANGE
VeELL_RAN VC, - VC,.1, where n = 2 to 16 -1 5 \Y
GE
VC1-VCo 0 \Y
VCO, CBO to AVSS -0.3 \
VC1, VC2, CB1, CB2 to AVSS -0.3 80 \Y
VCn, CBn to AVSS, where n =3 to 16 3 80 \Y
Ves_raNGE | VBBP— VBBN -600 800 mV
VCB_RANGE CBn - CBn_1, wheren =110 16 0 5 \%
Vio range |RX, TX, NFAULT 0 CVDD Vv
VGPIO_RAN | GpI0, input, where n = 1 o 8 0.2 48| v
GE
lio GPIO,, RX, TX, wheren=11t0 8 5 mA
Ta Operation temperature —40 105 °C
7.4 Thermal Information
BQ79616
THERMAL METRIC PAP (HTQFP) UNIT
64 PINS
Rgya Junction-to-ambient thermal resistance 21.6 °C/W
Rauctop) Junction-to-case (top) thermal resistance 8.7 °C/W
Reus Junction-to-board thermal resistance 7.9 °C/W
Wyt Junction-to-top characterization parameter 0.1 °C/W
WiB Junction-to-board characterization parameter 7.8 °C/W
ReJc(pot) Junction-to-case (bottom) thermal resistance 2.1 °C/W
7.5 Electrical Characteristics
over operating —40°C to 125°C free-air temperature range, VBAT = 9 V to 80 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
THERMAL SHUTDOWN
Thermal shutdown (rising o
TshuT direction) 130 137 152 C
Thermal shutdown (falling o
TsHUT_FALL direction) 12 129 C
Thermal shutdown (rising - falling o
TsHUT_Hvs direction) 20 C
Thermal warning Threshold o
TWARN_RANGE (rising direction) 85 15 C
T Thermal warning hysteresis 10 oc
WARN_HYS (falling direction)
TwARN_ACC Thermal warning accuracy () 5 °C
SUPPLY CURRENTS
ISHDN 2‘3‘3‘2” currentin SHUTDOWN I o both Igar and Ipom 16 23| A
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7.5 Electrical Characteristics (continued)

over operating —40°C to 125°C free-air temperature range, VBAT = 9 V to 80 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Baseline supply current in Sum of both Igar and Ipoin 120 160 A
| SLEEP mode. No fault, no Ta=-20°C to 65°C i
SLP(IDLE) protect.or comparator, no cell Sum of both Igar and I poin 220 A
balancing Ta = -40°C to 125°C H
Sum of both Igar @nd I poin
| Baseline supply current in No fault, no communication, no 104 1.6 mA
ACT(IDLE) ACTIVE mode protector comparator, no cell . :
balancing
-, At least 1 cell balancing FET is on,
lcs EN Additional _sup_ply current when OTcg is enabled. Other functions 1 1.5 mA
- cell balancing is on : .
are inactive
Additional suoply current when Either OV/UV/OT/UT protector is
lpPrOTCOMP PPy ) enabled. Other functions are 20 60 MA
protector comparator is on ) .
inactive
One ADC on, and conversion is in
progress. Other functions are 0.4 0.6 mA
| Additional supply current when  |inactive.
ADC ADC is enabled 2 ADCs on, and conversion is in
progress. Other functions are 0.6 0.9 mA
inactive.
ACTIVE mode 150 MA
IgaT Supply current goes into BAT pin | SLEEP mode 25 MA
SHUTDOWN mode 5 pA
Additional supply current during . .
lcomt daisy-chain broadcast read of (L:lJ:ii tfigg:ﬁ?:tzrﬁ'::;atlon for 10 mA
128-byte data 4 '
Additional supply current during | Use capacitor or capacitor and
lcome daisy-chain broadcast read of choke isolation for daisy-chain 10 mA
128-byte data interface.
Sink current for open wire test,
low_sink applies to VC1 to VC16 and CB1 380 500 600 MA
to CB 16
| Source current for open wire test, 380 500 600 A
OW_SOURCE applies to VCO and CBO H
LAk Leakage current on VC, CB pins VC, CB pins with ADC off. 0.1 MA
Supplies (LDOIN)
No OTP programming 5.9 6 6.1 \Y
VLDOIN LDOIN voltage -
OTP programming 7.9 8 8.1 V
Supplies (CVDD)
ACTIVE and SLEEP mode 4.9 5 5.1 \Y
SHUTDOWN mode, no external 3.05 6 v
Vevbp CVDD output voltage lload ’
SHUT_DOWN mode, max external 34 55 Vv
lload = 5mA
. ACTIVE/SLEEP mode, max
Vcvbb_LDRG CVDD load regulation external lload = 10mA -30 30 mV
ACTIVE/SLEEP mode, max
VCVDD_OV CVDD OV threshold external lload = 10mA 53 55 5.7 \
. ACTIVE/SLEEP mode, max
VCVDD_OVHYS CvDD OV Hysteress external lload = 10 mA 130 150 170 mV
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7.5 Electrical Characteristics (continued)

over operating —40°C to 125°C free-air temperature range, VBAT = 9 V to 80 V (unless otherwise noted)

range (not accuracy)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SHUTDOWN mode 3.5 \%
V CVDD UV threshold
CVDD_UV ACTIVE/SLEEE’ mode, max 43 4.45 4.65 vV
external lload = 10mA
VCVDD_UVHYS CvDD uv Hysteresis 260 mV
VCVDDfILIMIT CVDD current limit ACTIVE, SLEEP 35 60 85 mA
Supplies (AVDD)
VavpD AVDD output voltage CsuppLies = 1 MF, ACTIVE mode 4.85 5 5.21 \%
Vavbp_ov AVDD QV threshold CsuppLies = 1 WF, ACTIVE mode 5.25 5.5 5.7 \Y
VAVDD_OVHYS AVDD OV Hysteresis CSUPPLlES =1 [JF, ACTIVE mode 135 155 165 mV
VAVDD_UV AVDD UV threshold CSUPPLIES =1 [JF, ACTIVE mode 4.25 4.45 4.6 \%
VAVDD_UVHYS AVDD UV Hysteresis CSUPPLIES =1 IJF, ACTIVE mode 235 340 430 mV
VAVDD_ILIMIT AVDD current limit CSUPPLIES =1 uF 10 30 50 mA
Supplies (DVDD)
Vbvop DVDD output voltage CsuppLies = 1 WF, ACTIVE mode 1.65 1.8 1.95 \%
Vbvpp_ov DVDD OV threshold CsuppLies = 1 WF, ACTIVE mode 1.95 2.1 2.3 \Y
VDVDD_OVHYS DVDD OV Hysteresis CSUPPLlES =1 IJF, ACTIVE mode 40 65 120 mV
VDVDD_UV DVDD UV threshold CSUPPLIES =1 HF, ACTIVE mode 1.623 1.65 1.71 \%
VDVDD_UVHYS DVvDD uv Hysteresis CSUPPLIES =1 [JF, ACTIVE mode 15 50 73 mV
VDVDD_ILIMIT DVDD current limit 13 30 53 mA
Supplies (TSREF)
VTSREF TSREF output voltage CSUPPLIES =1 uF, ACTIVE mode 4.975 5 5.025 V
; lioad = 4 MA, CsyppLies = 1 MF, _
VTSREF_LDRG TSREF load regulation ACTIVE mode 30 30 mV
lioad = 4 MA, CsyppLies = 1 UF,
VTSREF oV TSREF OV threshold ACTIVE mode 5.2 5.6 5.8 \Y
. lioad =4 MA, C =1 uF,
VTSREF_OVHYS TSREF OV Hysteresis Aoéql'IVE o deSUPF’L'ES H 98 110 120 mv
lioad =4 MA, CsyppLies = 1 UF,
VTSREF_uv TSREF UV threshold ACTIVE mode 4.0 4.2 4.4 V
. lioad =4 MA, C =1 uF,
VTSREF_UVHYS TSREF UV HystereS|s AoéquVE modeSUPPLIES H 300 350 400 mV
VTSREF_ILIMIT TSREF current limit Device in ACTIVE Mode 15 30 52 mA
Negative Charge Pump (NEG5V)
VNEG5V NEG5V pin voltage CNEG5V =0.1yF -5.3 —-4.6 —4.0 V
VNEGSVﬁUV NEG5V UV threshold (rising) CNEGSV =0.1 yF —-4.1 -3.5 -3.0 \%
VNEGSV_UVRECOV NEG5V UV Recovery CNEGSV =01 HF 4.3 -3.8 -3.3 \Y
CELL BALANCE
VCn > 2.8V, wheren=11to 16; —
Rpson Internal cell balance FET Rdson 40°C<T, < 125°C 1.45 4.6 Q
VCB_DONE detection threshold
Ves_pone setting range (not accuracy) Step of 25 mV 245 4 v
VMB_DONE detection threshold
ViB_DONE setting range (not accuracy) Step of 1V 18 65 v
OTCB threshold setting range o o
Totcs (ﬂOt accuracy) Step of 2% 10 24 %
TeooLorr COOLOFF threshold setting Step of 2% 4 14 %
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7.5 Electrical Characteristics (continued)

over operating —40°C to 125°C free-air temperature range, VBAT = 9 V to 80 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
TCB_WARN CB TWARN threshold 105 °C
TCB_WARN_HYS CB TWARN hysteresis 10 °C
ADC Resolution
ENOByan tl\)/iltasm ADC Effective number of 16 bits
ENOBaux ﬁk)sx ADC Effective number of 14 bits
Main and AUX ADC Resolution
Viss_apc for VCELL measurement 190.73 HVILSB
Main and AUX ADC Resolution
Viss s8 for (BBP-BBN) measurement 30.52 HVILSB
VLSB_MAlN_DlETEMP’I DleTemp1 resolution (Main ADC) VAv:?f?OTgoaglgengnt is centered 0.025 °C/LSB
VLsB AUX_DIETEMP2 DieTemp2 resolution (AUX ADC) Qﬁfd;‘ggg‘f%?g”t Is centered 0.025 °C/LSB
. Applies to BAT voltage
VLSB_AUX_BAT BAT resolution (AUX ADC) measurement from AUX ADC 3.05 mV/LSB
GPIO resolution (Main and AUX
VLSB_GPIO ADC) ( 152.59 UV/LSB
VIsB_TSREF TSREF resolution (Main ADC) 169.54 uVILSB
Diagnostic measurements REFL, VBG2, LPBGS, VCM,
. AVAO_REF, AVDD_REF, all the
VisB DIAG resolution HW protector DAC 152.59 uVILSB
ADC Accuracy
| VCn to VCn-1 input current Ta=-20°C to 65°C 18| WA
VC_DELTA delta (when Main ADC is on) TA = —40°C to 105°C uA
VCn input current (when Main
ve ADC is on) 8 12| WA
CB pin input impedance (when
Ros_ineut AUX ADC is on) 16 MQ
2 V< Vg <4.5V; Tp=25°C -2.2 1.5 mV
2V < VgL <4.5V; —20°C<Tp <
65°C -3.0 2.4 mV
Total channel accuracy for main |2 V<VceLL< 4.5 V; —40°C<Tp < _35 26l mv
v ADC VCELL 105°C
ACC_MAIN_CELL measurement, LPF_VCELL[2:0] |2 v<Vcg <45 V; —
= ing: B aom -35 26| mv
0x03 setting; 40°C<Tp<125°C
1 V<VceLL < 5 V; —-40°C<Tp<125°C -3.7 2.8 mV
—2V<Vcg <5V;—
40°C<TA<125°C -4.5 3.2 mV
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7.5 Electrical Characteristics (continued)

over operating —40°C to 125°C free-air temperature range, VBAT = 9 V to 80 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
2 V<VCELL<4-5 V; TA:2500 -7.5 5.4 mV
2V <Vcg 1 <45V, -
200C<T ,<65°C -8.0 6.3 mV
2V<Vgg <45V, -
Total channel accuracy for AUX 40°C<9riL<L105°C -9.0 6.3 mV
Vacc AUX CELL ADC measurement (excluding PXVEY, 15V
S BAT and GPIO accuracy); <Vceu<4.5V, - _
Y) 40°C<T<125°C 9.0 6.5 mv
1 V<VceL < 5 V; —-40°C<Tp<125°C -9.0 6.6 mV
0V <Vcg<5V;-40°C <
Ta<t 25ggLL -9.0 66| mv
2V < Vg 1<4.5V; Tp= 25°C -7.1 6.1 mV
2 V<VgE 1 <4.5 V; —20°C<T<65°C -7.8 6.6 mV
Main - AUX measurement during |2 V<VceLL<4.5 V; - 78 66/ mv
v VCELL and OVDAC Reference |40°C<Ta<105°C
(MAIN-AUX) diagnostic. Same input voltage to | 2 v<v g <4.5 V; — v
both ADC under same Ty 40°C<T5<125°C -7.8 6.7 m
1 V<V < 5 V; -40°C<Tp<125°C -7.9 6.9 mV
0 V<VgE < 5 V; —40°C<Tp<125°C -7.9 6.9 mV
0.08 V<V|y<0.2 'V,
85°C<Tp<125°C —0.20 0.20 %
Measured GPIO from Main ADC/ o
VACC_MAIN_GPIO_RATIO measured TSREF from Main $.2<\1/gg/°|g<4.6 V, H40°C < -0.20 0.20 %
T ADC A
—40° —
42106;(\;/ <V|N<4.8 V, —40°C<Tp < -0.30 0.30 %
0.08 V<V|N<0.2 vV,
850C<T<125°C —0-20 0.20) %
Measured GPIO from AUX ADC/ o
VAcC_AUX_GPIO_RATIO measured TSREF from AUX $'2<\1/55\>{]'%<4'6 V, —40°C < -0.20 0.20 %
ADC A
0 -
4216602;/<V|N<4.8 V, —40°C < Tp< -0.30 0.30 %
(o]
%351\2/523/ n<0.2V, 85°C < —4.00 400| mv
Total channel accuracy for GPIO |0.2 V<V|y<4.6 V, —40°C < _
VACC_MAIN_GPIO_ABS measurement (Main ADC) Ta<105°C 5.00 3001 mv
—_40° _
‘z‘gf,g <ViN<4.8 V, —40°C<Tp < —4.00 400 mv
0.08 V <V|\<0.2V, 85°C < Tp <
125°C -6.00 6.00 mV
Accuracy from AUX ADC on 0.2V <V|<4.6V,-40°C <
VacC_AUX_GPIO_ABS GPIO y <t OSOC'N -6.00 6.00) mvVv
o<V ABYHATC<Ta<— | 600 600 mv
Total channel accuracy for (BBP-
VACC_MAIN_BB BBN) from Main ADCy ( LPF_BB[ZO] = 0x00 1.1 1.1 mV
Total channel accuracy for (BBP-
Vacc_aux_es BBN) from AUXADC -4 4 mv
AUX ADC measurement Vbat pack range: 32V to 72V, Tp
Vacc_aux_sat accuracy for BAT pin = —40°C to 125°C —225 135 mv
Vacc_AUX_REFL AUX ADC measurement result 1.092 1.1 1.106 V
Vacc_Aux_vBG2 AUX ADC measurement result 1.092 1.1 1.106 \%
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7.5 Electrical Characteristics (continued)

over operating —40°C to 125°C free-air temperature range, VBAT = 9 V to 80 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vacc_AUX_VCM AUX ADC measurement result 2.400 25 2550 \Y
VACC_AUX_AVAO_REF AUX ADC measurement result 2.400 247  2.550 \Y
Vacc_AUX_AVDD_REF AUX ADC measurement result 2.400 247  2.550 \%
Vacc_Aux_ovbac AUX ADC measurement result gseﬁté”g at4.475ViTa=-20Cto 4.450 4.500 \Y
VAGC_AUX_OVDAC AUX ADC measurement result ?ggi”cg at4.475ViTa=—40°Cto | 45 4500 Vv
VAGC_AUX_OVDAG AUX ADC measurement result ?;gjfég at44r5ViTa=—40°Cto | 4 45 4500 v
Vacc_AUX_OVDAC AUX ADC measurement result Setting at 3.8 V 3.770 3.825 \%
Vacc_AUX_OVDAC AUX ADC measurement result | Setting at 3 V 2.970 3.030 \Y
Vacc_AUX_UVDAC AUX ADC measurement result | Setting at 3.1 V 3.095 3.1 3.150 \Y
VACC_AUX_VCBDONEDAC AUX ADC measurement result Setting at4 vV 3.950 4 4.050 V
Vacc_AUX_OTDAC AUX ADC measurement result Setting at 39% 1.900 1.95 2.000 \%
Vacc_AUX_UTDAC AUX ADC measurement result | Setting at 80% 3.950 4 4.050 \Y
VAcc_MAIN_TSREF Main ADC measurement result 4.975 5 5.025 \%
VACG MAN  DIETEMP Total channel accuracy for Die 3 c
AN Temp1 measurement ()
VACG AUX DIETEMP Total channel accuracy for Die 6 c
A Temp2 measurement ()
Reference Voltages
VREFH REFHP to REFHM voltage 4.975 5 5.025 \
HW Voltage Comparator/Protector (CELL OV/UV)
OV comparator detection Step of 25 mV 2700 3000 mv
Vov_comP_RANGE threshold setting range (not Step of 25 mV 3600 3800 mV
accuracy) Step of 25 mV 4175 4500] mv
Vov comp_Hvs c(’)e\:e(;czgﬁarator hysteresis after 50 mv
Ta =—20°C to 65°C -24 24 mV
Vov_comp_acc OV comparator accuracy T = 40°C 0 105°C 28 2 py
UV comparator detection
Vuv_comP_RANGE threshold setting range (not Step of 50 mV 1200 3100 mV
accuracy)
e s o |
Vuv compP Acc UV comparator accuracy Ta=—20%Cto 85°C 3 35 mv
- - Ta =—40°C to 105°C -50 50 mV
HW Temperature Comparator/Protector (NTC OT/UT)
VoT COMP.RANGE c?eTt;gQr??rﬁghold setting range rSet:ge%ft :;/"T'gﬁié’lr:“emc with 10 9 %
(not accuracy)
Vor comp Hys oT compargtor hysteresis 2 %
- - after detection
Vot _comp_acc OT comparator accuracy -0.5 0.5 %
VUT CoMP RANGE uT comparator Step of 2%, ratiometric with 66 80 %
- - detection threshold range respect to TSREF
VUT comp Hys uT compar{:\tor hysteresis 2 %
- - after detection
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7.5 Electrical Characteristics (continued)

over operating —40°C to 125°C free-air temperature range, VBAT = 9 V to 80 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VuT_comp_acc ‘ UT comparator accuracy -0.5 0.5 %
Digital 1/0s (TX, RX, GPIO, SPI controller)
Vv Output as logic level high GPIO is configured as output. loyt |Vevop — Vv
OH (TX, GPIO as output) =1 mA 0.3
Vv Output as logic level low (TX, GPIO is configured as output. loyT 03 v
oL NFAULT, GPIO as output) =1mA :
v Input as logic level high (RX, GPIO is configured as input. loyt 0.75 x v
IH GPIO as fault input) =1mA Vevop
Vv Input as logic level low GPIO is configured as input. loyt 0.25 x Vv
I (RX, GPIO as fault input) =1mA Vevob
Rwk_pu GPIO weak pullup resistance 20 37 60 KQ
Rwk_pPp GPIO weak pulldown resistance 20 40 60 KQ
COML and COMH
R Transmitter output 18 Q
DCTX impedance (COML and COMH)
Common mode impedance
Rocewm (COML and COMH) 45 kQ
Common mode voltage (COML
Vbeem and COMH) 2.21 25 2.76 \
Receiver threshold range (Vcomp .
Vcomm_paTAt — Veomd) form communication CODE:0 0.4 12 v
Receiver threshold range (Vcomp .
Vcomm_TONEA —Veou) form Tone CODE:0 0.4 1.2 \Y
7.6 Timing Requirements
over operating -40°C to 125°C free-air temperature range, VBAT = 9V to 80V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN NOM MAX| UNIT
POWER STATE TIMING
Base device: From the end of WAKE
ping to the start of a forwarding WAKE 6 10 ms
¢ Startup from SHUTDOWN to ACTIVE |tone
SUWAKE_SHUT) mode Stack device: From the end of a
received WAKE tone to the start of a 6 10 ms
forwarding WAKE tone
Base device: From the end of
SLEEP2ACTIVE ping to the start of 230 us
¢ Startup from SLEEP to ACTIVE mode |the forwarding SLEEP2ACTIVE tone
SUSLPZACT) (with SLEEP2ACTIVE ping/tone) Stack device: From the end of
SLEEP2ACTIVE tone to the start of 230 us
the forwarding SLEEP2ACTIVE tone
Base device: From the end of WAKE
ping to the start of a forwarding WAKE 1 ms
¢ Startup from SLEEP to ACTIVE mode |tone
SUWAKE_SLP) (with WAKE ping/tone) Stack device: From the end of a
received WAKE tone to the start of a 1 ms
forwarding WAKE tone
From receiving SLEEP entry condition
tsLp From ACTIVE to SLEEP mode to enter in SLEEP mode 100 us
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7.6 Timing Requirements (continued)

over operating -40°C to 125°C free-air temperature range, VBAT = 9V to 80V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN NOM MAX| UNIT
From receiving SHUTDOWN entry
condition to enter in SHUTDOWN
tsSHTDN From ACTIVE to SLHUTDOWN mode mode (all LDOs in 10% of their 20 ms
nominal value)
. . CONTROL1[SOFT_RST] = 1 is sent to
trsT Reset time during ACTIVE mode a completion of the digital reset 1 ms
t The time device will be in HW reset, 75 ms
HWRST after HW reset ping/tone issued
SUPPLIES TIMING
tTSREFﬁON TSREF ramp up time (10%—90%) CTSREF =1uF 6 ms
trsrReF_oFF TSREF ramp down time (90%—-10%) |Ctsrer =1 WF 8 ms
PING SIGNAL TIMING
WAKE ping low time on RX pin; no
tHLD_wAKE external load on CVDD 2 25| ms
t SHUTDOWN ping low time on RX pin; 7 10 ms
HLD_SD no external load on CVDD
SLEEPtoACTIVE ping low time on RX
tuART(StA) pin ping 250 300 s
tHLD_HWRST HW_RESET ping low time on RX pin 36 ms
COML and COMH (PULSE and TONE TIMING)
¢ COMM: Pulse width of data (half bit 250 ns
PW_DC time) for communication
COMM: data reclocking delay
trRecLK_DC per device from COMH to COML or 4 5 us
vice versa
Time between pulses of comm tones
t (HFO based). Comm Tones are 1 15 s
COMTONE WAKE, SLEEPtoACTIVE, H
SHUTDOWN, HWRST tones
The HIGH time of each comms pulse
tcoMmTONE_HI (HFO base) P 0.92 1 1.08| ps
The LOW time of each comms pulse
tcommTONE_LO (HFO base) P 0.92 1 1.08| ps
Time between pulses of FAULT Tone
tFLTTONE (LFO based). Applies to FAULT Tone 11.5 us
and HEARTBEAT
t The HIGH time of each pulse of the 1 s
FLTTONE_HI tone couplet M
t The LOW time of each pulse of the 1 s
FLTTONE_LO tone couplet M
n Number of pulses to detect as a 60 ulses
WAKEDET WAKE tone p!
n Number of pulses to transit for a 20 ulses
WAKE WAKE tone P
n Number of pulses to detect as a 180 ulses
SHDNDET SHUTDOWN tone P
n Number of pulses to transit for a 270 Ises
SHON SHUTDOWN tone pu
n Number of pulses to detect as a 20 ulses
SLPtoACTDET SLEEPtoACTIVE tone P
n Number of pulses to transit for a 30 ulses
SLPIoACT SLEEPtoACTIVE tone P

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: BQ79616

Submit Document Feedback 15

English Data Sheet: SLUSF21


https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/bq79616?qgpn=bq79616
https://www.ti.com/ja-jp/lit/pdf/JAJSQ30
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSQ30&partnum=BQ79616
https://www.ti.com/product/ja-jp/bq79616?qgpn=bq79616
https://www.ti.com/lit/pdf/SLUSF21

13 TEXAS
BQ79616 INSTRUMENTS
JAJSQ30 — JUNE 2023 www.ti.com/ja-jp

7.6 Timing Requirements (continued)

over operating -40°C to 125°C free-air temperature range, VBAT = 9V to 80V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN NOM MAX| UNIT

n Number of pulses to detect as a 540 ulses
HWRSTDET HW_RESET tone P

n Number of pulses to transit for a 810 ulses
HWRST HW_RESET tone P

n HEARTBEAT: Number of pulses to 20 ulses
HBDET detect as a valid tone P

HEARTBEAT: Number of pulses
NHB 30 pulses

to transit for a tone

HEARTBEAT: Period

¢ between HEARTBEAT burst (from the
HB_PERIOD beginning of a HEARTBEAT to the
beginning of the next HEARTBEAT)

HEARTBEAT: Timeout to
the_TIMEOUT considered as not receiving 0.9 1 1.1 S
HEARTBEAT

HEARTBEAT: If HEARTBEAT

t is received within this time, it is
HB_FAST considered receiving HEARTBEAT too
fast

FAULT TONE: Number of pulses to
detect as a valid tone

FAULT TONE: Number of pulses
to transit for a tone

FAULT TONE: Period between
FAULT TONE Burst (from the
tFTONE PERIOD beginning of a FAULT TONE to the 50 ms
- beginning of the next
FAULT TONE)

360 400 440, ms

200 ms

NFTONEDET 60 pulses

NETONE 90 pulses

From time a device receive the tone to
trTs_LATENCY Fault tone latency in stack device the time the same device detects and 48 us
generate its fault tone

From the time a device receive the
trTB_LATENCY Fault tone latency in base device tone to the time the same device 24 us
detects and asserts NFAULT

MAIN and AUX ADC TIMING

Single conversion time (both Main and

tsar_conv AUX ADCs) 8 s
tmMAIN_ADC_CYCLE Single round robin cycle (Main ADC) 192 us
taux_abc_cycLE Single round robin cycle (AUX ADC) 192 us
Analog front end (level shifters)
tAFE SETTLE settling time whenever device enter 4 ms
- ACTIVE mode from SLEEP or
SHUTDOWN
tADG ACC This inc!udes mux r.o.und ‘robin, ADC 15 15 %
~ conversions, and digital filters.
BALANCING TIMING
tsaL_Acc Balancing timer accuracy -5 5 %
HW COMPARATORS/PROTECTORS TIMING
tov cycLe OV round robin cycle 8 ms
tuv_cvcLe UV round robin cycle 8 ms
tovuv_BisT cycLe | OV and UV BIST cycle 21.8 23 242 ms
tot_cvcLe OT round robin cycle 4 ms
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7.6 Timing Requirements (continued)

over operating -40°C to 125°C free-air temperature range, VBAT = 9V to 80V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN NOM MAX| UNIT

tut_cycLe UT round robin cycle 4 ms

Time needed for the power supply
tPwR_BIST CYCLE BIST to complete after the power BIST 10.9 11.5 121 ms

go command
tOTUT_BIST_CYCLE OT and UT BIST cycle 19 20 21 ms
t OV,UV,0OT,UT comparators 5 5 %
HW_COMP_ACC timing accuracy ¢
1/0 TIMING (TX, RX, GPIO, NFAULT)

e T Vevop > MIN Veypp, Croap = 150 pF,
tRise Rise Time GPIO in output mode 12 ns
. Vevop > MIN Veypp, Croap = 150 pF,
traLL Fall Time (exclude NFAULT) GPIO in output mode 7 ns
tFALL NFAULT Fall Time on NFAULT Vevop >_MIN Vevobs CLoap = 150 pF, 100 ns
- RpuLLup = 10 kQ

UART TIMING
UARTgAUD UART TX/RX Baud Rate 1 Mbps

UART RX baud rate error - o
UARTERR_BAUD(RX) requirement on the external host s 1 %
UARTERRiBAUD(TX) UART TX baud rate error -1.5 1.5 %

. bit
tuART(CLR) UART Clear low time 15 20 period
t After COMM CLEAR, wait this time 1 bit

UART(RX_HIGH) before sending new frame period
OTP NVM TIMING
Time to complete a single cycle of
tcre_cusT CRC check on the customer OTP 175 us
space
t Time to complete a single cycle of 16 ms
CRC_FACT CRC check on the factory OTP space :
SPI CONTROLLER TIMING
fscLk SCLK frequency 450 500 550| kHz
tHIGH, tLow SCLK dUty cycle 50 %
t SS HIGH latency time. Time 4 s
SS(HIGH) from register write high to SS pin high H
t SS LOW latency time. Time 4 s
Ss(Low) from register write low to SS pin low H
MISO input data setup time- -
tsumiso) requirement for target device MISO stable before SCLK transition 100 ns
tHomiso) MISO input data hold time MISO stable after SCLK transition 0 ns
OSCILLATOR
furo High frequency oscillator 31.52 32 3248| MHz
fLro Low frequency oscillator 248.9 262 275.1 kHz
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7.7 Typical Characteristics
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8 Detailed Description
8.1 Overview

The BQ79616 device is a stackable battery monitor that measures cell voltages and temperature. The device
supports 6-series to 16-series connected (6S to 16S) battery cells. It allows up to three bus bar connections and
measurements using cell sensing input channels or a dedicated bus bar channel maximizing the device flexibility
to support various battery module sizes.

Multiple devices can be connected in a daisy chain. Each device has a pair of high (north) and low (south)
vertical differential communication ports, requiring only one twisted pair cable. The device supports either
capacitive only, capacitive and choke, or transformer isolation. Communication is reclocked on each daisy-
chained device, ensuring communication integrity for long distances. An optional RING connection is supported
to reverse the daisy chain communication direction in case of cable failure. Each device includes a SPI controller
configured through the GPIOs.

The ADCs in the daisy-chained devices can be configured to align the start of cell voltage measurements and all
cell voltages can be measured within 128 ps. Each cell sensing channel includes with a post-ADC digital low-
pass filter (LPF) for noise reduction, as well as provides moving average measurement results. The device has
eight GPIOs, all of which are configurable for NTC thermistor connections or use as general purpose 1/O. All
eight GPIOs can be measured within 1.6 ms.

The device supports passive balancing through an internal cell balancing MOSFET (CBFET) for each cell. The
balancing function runs autonomously without microcontroller (MCU) interaction. The BQ79616 includes an
option to pause and then resume balancing based on a programmable threshold detected by the external
thermistor or if the die temperature is too high (greater than 105°C). Once balancing starts, the device tracks the
balancing time on each cell. MCU can read out the remaining balancing time at any time.

The device includes a hardware OVUV comparator and an OTUT comparator with user configurable thresholds.
These can be used as a second-level protector for cell over- and undervoltage and thermistor over- and
undertemperature detections independent of ADC measurements.

The device provides an option to embed fault status information to the communication frame. When a device in
the daisy chain detects a fault condition, this information is embedded and travels along the communication
response frame to the bottom device which can be configured to trigger an NFAULT pin as an interrupt signal to
the system. This provides a way to reduce communication overhead without adding an additional twisted pair
cable and isolation for faster fault detection.

The device has SLEEP and SHUTDOWN modes for lower power consumption. All functions work in ACTIVE
mode, and balancing and hardware comparators for OVUV and OTUT also work in SLEEP mode. While in
SHUTDOWN, all active functions are turned off. A HW reset function is available and can be activated by the
host MCU. The HW reset provides a POR-like event to the device without actual battery removal. This provides
a reliable, low cost, and recoverable option to improve overall system robustness.
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8.2 Functional Block Diagram
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8.3 Feature Description
8.3.1 Power Supplies
The device generates directly from the battery stack all required supplies for its operation. The following

subsections provide an overview of each internal supply block. See =7 =2 9 for the recommended component
connection. See 72 8.3.6.4 for diagnostic control and fault detection on the power supplies block.

8.3.1.1 AVAO_REF and AVDD_REF

The AVAO_REF block (analog voltage always on) is powered from the BAT pin. It powers the always-on low-
current circuits that are required for all power modes. This block also generates a preregulated reference,
AVAO_REF. The AVAO_REF voltage passes through a load switch controlled by the SHUTDOWN mode. The
reference voltage after the load switch is AVvDD_REF.

I Pre- AVAO_REF : AVDD REF — — — — — — |
BAT f regulation v @—|
[ I | Reference |
| | Systems [
I Shutdown I L |
I Loge | ' =————=
I |

B 8-1. AVAO Block

8.3.1.2 LDOIN

The device is powered from the battery module in which the current draw for each cell is the same. From the top
of the battery module, the device generates a 6-V regulated voltage (nominal) on the LDOIN pin through the
internal linear regulator and an external NPN transistor. The NPNB pin controls the external NPN transistor of
the regulator. The LDOIN output is the preregulated input to the rest of the internal low-dropout regulators
(LDOs). During OTP (One-Time Programmable) memory programming, the LDOIN pin will be regulated to 8 V
(nominal) to supply the programming voltage internally to the OTP programming. The LDOIN is turned off only
during HW reset or a POR event.

8.3.1.3 AVDD

The AVDD LDO is the supply for the analog circuits. It takes the input voltage from LDOIN and generates a
nominal 5 V. It will not be used to power any external circuit. This LDO is powered down in SHUTDOWN mode,
during HW reset, or a POR event.

8.3.1.4 DVDD

The DVDD LDO is the supply for the digital circuits. It takes the input voltage from LDOIN and generates a
nominal 1.8 V. It will not be used to power any external circuit. This LDO is powered down in SHUTDOWN
mode, during HW reset, or a POR event.

8.3.1.5 CVDD and NEG5V

The CVDD LDO is the supply for the daisy chain interface (or vertical interface, VIF) and the 1/O pins (RX, TX,
NFAULT, and GPIOs). It takes the input voltage from LDOIN and generates a nominal 5V. Besides providing
power for internal usage, this LDO can support an extra 10mA external load in ACTIVE and SLEEP mode,
whereas extra 5mA external load in SHUTDOWN mode.

There is a =5V charge pump used for the daisy chain interface (or vertical interface, VIF) and Main ADC blocks.
The NEG5V pin has a —4.6V output (nominal). It will be in a low-power burst mode when the device is in SLEEP
or SHUTDOWN mode.

8.3.1.6 TSREF

The TSREF is a 5-V buffered reference that can bias the external thermistor circuits, allowing the ADCs to
measure temperature and the OTUT protector to detect temperature faults. This reference is measurable by the
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Main ADC. Both TSREF and GPIO measured by the Main ADC give a ratiometric measurement for best
temperature measurement.

The TSREF is capable of supplying up to ltsrer wmit @nd will not be used to power any external circuit other
than the thermistor bias. The TSREF is off by default and can be enabled or disabled through the
CONTROL2[TSREF_EN] bit. The startup time of TSREF is determined by the external capacitance. The MCU
ensures TSREEF is stable before making any GPIO measurement or OTUT protector detection. After enabling
TSREF LDO, user shall wait 1.35ms before sending the next command.

8.3.2 Measurement System

There are two SAR ADCs in the device, a 16-bit Main ADC and a 14-bit AUX ADC; both use a precision
reference (REFH) for high-accuracy measurement. Each ADC has its own independent control and can be
enabled or disabled separately. The Main ADC is the main measurement for cell voltages (VCELL) and
temperature through thermistors connecting to the GPIOs. It also provides TSREF and die temperature
measurements. The AUX ADC is mainly used during diagnostic procedures such as providing measurements on
internal reference voltages or DAC output of the OVUV and OTUT comparators. It serves as a redundancy
measurement for cell voltage inputs and thermistor temperature input through the GPIOs.

The subsections below provide an overview of the Main and AUX ADCs measurement paths. See 73 =2~ 9 for

the recommended external component connection. See 75>~ 8.3.6.4 for the diagnostic control function and
status of this block.

8.3.2.1 Main ADC

There are total of 24 inputs (slots) multiplexed to the Main ADC ([X| 8-2). All inputs are measured in round robin
fashion (I 8-3). Each input takes 8 ys (nominal) to measure and a single round robin cycle completes in 192 us
(nominal). The inputs to the Main ADC are:

* Die temperature 1

+ TSREF

» Cell1 to Cell16 voltages through differential VC,_4 to VC,,, where n = 1 to 16

* Bus bar input through differential BBP—BBN pins

* Multiplexed GPIO1 through GPIO8

* Spares (RSVD)

All measurements are reported in 16-bit hexadecimal in 2s complement. Results are reported to the
corresponding *_HI (high-byte) and *_LO (low-byte) registers. First, convert the hexadecimal results to decimal
values. Follow the equations in 5% 8-1 to translate the result to uV or °C.

When the Main ADC is enabled, all Main ADC-related result registers shown in 3 8-1 are reset to the default
value 0x8000. The measured result is populated to the result registers as the main ADC makes its conversion
along the round robin cycle. When MCU reads the *_HI register, the device will pause the data refresh to the
associated *_LO register until that *_LO register is read.

£ 8-1. Main ADC Measurement Conversion Equations

Main ADC Inputs Result Registers Conversion Equations
. Resultin °C = VLSB_MAIN_DIETEMP'] * Result in decimal
Die Temperature 1 DIETEMP1_HI/LO 0x0000h is centered to 0°C.
TSREF TSREF_HI/LO Result in uV =V s tsrer * Result in decimal
Cell1 to Cell16 VCELL* HI/LO, where * =1 to 16 Result in pV = V| sg apc * Result in decimal
Bus Bar BUSBAR_HI/LO Result in pV = V| gg g * Result in decimal
GPIO1 to GPIO8 GPIO*_HI/LO, where *=11t0 8 Resultin pV = V| sg_gpio * Result in decimal
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DieTemp1 \ / p Die Temp1 register
TSREF » TSREF register

___KLFPisdisabled _______

VC16

: : : . | v
Veo fB"CI Level AAF SAR | | ‘
ilter shifter ADC + Digital [ VCELLA1...16 registers
BBP MUX

BBN De-MUX LPF
e » | » Busbar register
| ——— A

\‘ |___IfLFPisdisabled ____ J

GPIO8
: | GPIO MUX
GPIO1 » GPIO1..8 registers
8-2. Main ADC Measurement Path
MAIN ADC

Typ 192 s

>

-
Typ 8 us
+—>

Round robin 1 <DieTemp1>< Spare >< TSREF >< Cellt >< Cell16 >< Busbar >< GPIOT >< >< >
Round robin 8 <DieTemp1>< Spare >< TSREF >< Cellt >< Cell16 >< Busbar >< GPIO8 >< Spare >< Spare >

Round robin N

v

Spare Spare

8-3. Main ADC Round Robin Measurements

8.3.2.1.1 Cell Voltage Measurements
8.3.2.1.1.1 Analog Front End

The cell voltage measurements of the Main ADC are taken from the VCO through VC16 pins. The device allows
a minimum of 6 cells to a maximum of 16 cells to be measured. The VCO through VC16 pins are connected to
the analog front end which consists of a BCI filter, level shifter, and an anti-aliasing filter (AAF) on each VC input
channel. The BClI filter has a cutoff frequency (foutof) Of 100 kHz and the AAF has f. o Of 1.6 kHz. This filters out
high-frequency noise on the VC input before going to the high-voltage multiplexer and measured by the Main
ADC. The level shifter block is turned off to save power in SLEEP and SHUTDOWN modes.

8.3.2.1.1.2 VC Channel Measurements

The VC pins are the input channels for cell voltage measurements from the Main ADC measured in the Cell1 to
Cell16 slots of the round robin. The round robin timing is always the same even if fewer than 16 cells are
connected to the device (X 8-4). That is, for the inactive (or unused) VC channel, the device ignores the
respective cell slot, but it does not remove the slot from the round robin cycle. This keeps a consistent
measurement timing regardless of the cell number configuration. It also provides a consistent sampling time to
the post-ADC digital LPF input.

To determine the number of active VCELL channels for ADC measurement, the ACTIVE_CELL[NUM_CELL3:0]
parameter sets the highest active channel number. The device assumes any VC channel below the setting is
also active. For example, when a 14S is connected to the device, the MCU sets the [NUM_CELL3:0] to 14S, the
Main ADC ignores channel 15 and channel 16 measurements and takes measurements on channels 1 through
14.
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The measurement results are reported in the corresponding VCELL*_HI (high-byte) and VCELL* LO (low-byte)
registers, where * = 1 to 16. If the digital LPFs are disabled, the result registers are reported with the single ADC
conversion values; otherwise, the result registers are reported with filtered measurement values. For an inactive
VC channel, the respective _HI and _LO registers remain with the default value 0x8000.

MAIN ADC
Typ 192 ps

<l | .
| L
DieTemp1 < Cell14 >< Cell15 >< Cell16 >

| |

ACTIVE_CELL[NUM_CELL3:0] = 14S,
Indicating “Cell15” and “Cell16” are
Inactive channels

Inactive slots remain in the round robin, but device does not make the measurement

[ 8-4. Same Round Robin Timing for 6S Through 16S

8.3.2.1.1.3 Post-ADC Digital LPF

Each differential VC channel measurement is equipped with a post-ADC LPF. The LPFs have much lower cutoff
frequency (foutof). There are 7 fouof Options: 6.5 Hz, 13 Hz, 26 Hz, 53 Hz, 111 Hz, 240 Hz, and 600 Hz,
configurable through the ADC_CONF1[LPF_VCELLZ2:0] setting. Once an fy o value is selected and the LPFs
are enabled by setting ADC_CTRL1[LPF _VCELL _EN] = 1, the same f . Setting applies to all VC channel
measurements.

The digital LPF is implemented as single-pole filter which responds very similarly as an analog RC circuit. This
means the Main ADC will be running in continuous mode for the digital LPFs to produce effective filtered results.

The MCU should take into account the digital filter settling time when there is a step change in the input DC
voltage level. Equation below gives a typical estimate of digital filter settling time to hit settling accuracy
threshold for a step in VC voltage.

Digital Filter Settling Time ~ [ ({log10 (Settling Accuracy Threshold [mV] / Voltage Step in Input Voltage [mV])} /
{log10(1 - Filter Coefficient)}) - 1] x 0.192 ms

Fcutoff (Hz) 600 240 111 53 26 13 6.5

Filter Coefficient|0.5 0.25 0.125 0.0625 0.03125 0.015625 0.007813

For example: If VC step by 15mV, and user has to accommodate ~27ms settling time to within 1 LSB of input
step for 26Hz LPF setting.

When the LPF starts, from disabled to enabled state, it jumps to its first input value and starts the filtering from
that point. As compared to starting from 0 V or some mid-level voltage, this implementation allows a fast settling
time for Main ADC and LFP is just starting.

8.3.2.1.1.4 BBP and BBN Measurements

The BBP and BBN pins are the inputs for bus bar measurement from the Main ADC. The intent of the BB
channel is to enable the system to share a bus bar with a cell to a single VC channel, as the example shows in
8-5. Hence, similar to the VC inputs, the BBP/N inputs also have the BCI, Level-Shifters, and AAF filters in the
front end. The differential BB channel measurement also has an option to pass-through a post-ADC digital LPF.
With the same f s option as for the VC channel by using different configuration and enable control,
ADC_CONF1[LPF_BB2:0Jand ADC_CTRL1[LPF_BB_EN].
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BBP

BusBar

BBN

VC5

CB5
+

T

Eq 8-5. Simplified BBP and BBN Connections

The BB channel measurement is reported in the BUSBAR_HI (high-byte) and BUSBAR _LO (low-byte) registers.
If the digital LPF is disabled, the result registers are reported with the single ADC conversion value; otherwise,
the result is reported in the filtered measurement value. In [¥ 8-5, to obtain the actual Cell6 measurement, the
MCU takes the difference of (VCELL6 HI/LO measurement — BUSBAR_HI/LO measurement). If the BBP and
BBN pins are not used (floating), the BUSBAR_HI/LO register values are meaningless. The MCU will ignore
these register values.

8.3.2.1.2 Temperature Measurements
8.3.2.1.2.1 DieTemp1 Measurement

There are 2 die temperature sensors, DieTemp1 and DieTemp2. The DieTemp1 is routed to the Main ADC and it
is also used for the Main ADC gain and offset correction internally. The measurement is reported in the
DIETEMP1_HI (high-byte) and DIETEMP1_LO (low-byte) registers. The 0°C measurement is centered to hex
value 0x0000h, so a positive value represents a positive temperature and a negative value represents a
negative temperature. The measurement is also capped off to +200°C and —100°C.

8.3.2.1.2.2 GPIOs and TSREF Measurements

There are eight GPIOs. All GPIO inputs are available to be used for thermistor connections for temperature
measurements and be used as a simple, single-ended, voltage input measurement.

Rz
(optional) (OPTIONAL)

Device
______ I

I
I

TSReF [} ’
]
| 1pF Ry
i
[ —
I
I Rlﬂller

(optional)

GPIO1 ]
I
I
I
I
|

B 8-6. Thermistor Connection
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8-6 shows the thermistor circuit when GPIO is enabled for thermistor measurements. MCU ensures TSREF is
enabled by setting CONTROL2[TSREF _EN] = 1 and settled before taking the measurement value.

The GPIOs are multiplexed to one of the Main ADC MUX inputs. That is, in a single round robin cycle, only one
GPIO is measured. To complete all eight GPIO measurements, it takes eight round robin cycles.

To enable the GPIO for ADC measurement, the corresponding GPIO_CONFn[GPIO*2:0] (wheren=1to 4, * =1
to 8 for the corresponding GPIO) register is configured to ADC input or ADC and OTUT input. For example, to
enable GPIO1 for ADC measurement only, set GPIO_CONF1[GPIO12:0] to ADC input. See 73 2. 8.3.5 for
more details. If a GPIO is not configured for any ADC measurement, the device will ignore the corresponding
GPIO slot but does not remove the slot from the round robin cycle. See [X| 8-7 for an example when GPIO2 is
configured for non-ADC measurement.

MAIN ADC
Round robin 1 DieTemp1 .
Round robin 2 DieTemp!1 ..

& GPIO2 i inactive. ADC
measurement is ignored in this
slot

Round robin 3 DieTemp1 . .

Round robin 8 DieTempf .. GPIO8 ...

Round robin 9 DieTemp1 . caen
Round robin 10 DieTempf .. )

8-7. GPIO2 Not Configured for ADC Measurement

The measurements are reported in the corresponding GP/O*_HI (high-byte) and GP/O*_LO (low-byte) registers,
where * = 1 to 8. The measurement result is in yV. To achieve better temperature accuracy, the MCU can use a
ratiometric measurement by using both TSREF and GPIO measurement with the following formula: (GPIO_ADC/
TSREF_ADC) = RNTC/(RNTC + R1), where

* GPIO_ADC = ADC measurement on GPIO

» TSREF_ADC = ADC measurement on TSREF

* RNTC = NTC thermistor resistance

* ACTIVE_CELL register: Determine the inactive VC channel(s) and keep the result registers to default value
0x8000.

* R1 is the pull-up resistor as shown in [X| 8-6 with the assumption the R2 is not used

For an inactive GPIO channel, the respective _HI and _LO registers remain with the default value 0x8000.
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8.3.2.1.3 Main ADC Operation Control
8.3.2.1.3.1 Operation Modes and Status

To start the Main ADC, the host MCU sets ADC_CTRL1[MAIN_GO] = 1. When the device receives the GO
command, it first samples the following settings to determine Main ADC configuration and then operates the
Main ADC accordingly. Any change of the settings below requires the MCU to resend another GO command to
implement the new settings.

« ADC _CTRL1[MAIN_MODE1:0J. three run modes. See & 8-2 for details.

* ADC CTRL1[LPF _VCELL EN]J. LPF for VC channels. Setto ADC_CONF1[LFP_VCELL2:0] f; o if enabled.

* ADC CTRL1[LPF BB EN]J. LPF for BB channel. Set to ADC_CONF1[LFP_BB2:0] f; . if enabled.

« ADC_CONF2[ADC_DLY5:0]: Delay the start of the Main ADC. Use to align the ADC start time among the
daisy-chained devices.

* ACTIVE_CELL register: Determine the inactive VC channel(s) and keep the result registers to default value
0x8000.

* GPIO_CONF1 to GPIO_CONF4: Determine the inactive GPIO channel(s) and keep the result registers to
default value 0x8000.

* MAIN_ADC_CAL1, MAIN_ADC CAL2,CS ADC CAL1,CS ADC CAL2, ADC_CTRL1[CS_DR] register

T
When using the MAIN ADC with the LPF Filter enabled and an ADC reset is desired, it is important
that the LPF_VCELL_EN bit, LPF_BB_EN bit and MAIN_GO bit is set to 0 and again set to 1 before

running the MAIN ADC again, due to needed re-initialization of the internal LPF buffer. If this
procedure is omitted then an LPF_FAIL status bit can occur on the following MAIN ADC activation.

There are two status bits to indicate the Main ADC status:

* DEV_STAT[MAIN_RUN]J: indicates if the Main ADC is running or not.
« ADC _STAT1[DRDY_ MAIN_ADC]J. set when at least eight round robin cycles have completed indicating all
active GPIO channels and all other Main ADC inputs have at least one measurement completed.

£ 8-2. Summary of Main ADC Run Modes

[MAIN_MODE1:0] Run Mode Description
0b00 Stop Main ADC Stop the Main ADC
Main ADC runs for eight round robin cycles then stops. This gives a single
0b01 8 RR Run (eight round measurement on all cell voltages and all GPIO inputs to the system. Filtered
robin cycles) measurements are not effective under run mode. For example, use as a quick

burst read when MCU is periodically awake during system idle state.

Main ADC runs in continuous mode and stops if [MAIN_MODE1:0] = 0b00 and a
0b10 Continuous Run GO is sent. For example, must use this mode if LPF is enabled. Also use in
diagnostic operation.

The level shifter is enabled for the number of channels specified in the ACTIVE_CELL[NUM_CELL3:0] when
device enters ACTIVE mode. MCU shall wait for targ_setTLE time before starting the Main ADC whenever the
device enters ACTIVE mode or when [NUM_CELL3:0] setting is changed.

The Main ADC operates in ACTIVE mode only. If the ADC is running while the device goes into SLEEP, the Main
ADC will be “frozen” (that is, ADC is stopped but device still remembers the operational state). When the device
returns to ACTIVE mode without any digital reset event, the Main ADC will restart and continues from its “pre-
frozen” state. In this condition, the cell voltage measurements are off during the tare setTLE time because input
voltage to the ADC is not settled yet. MCU can ignore these measurements or send a new GO command to
restart the Main ADC after tAFE_SETTLE-

8.3.2.2 AUXADC

There are a total of 24 inputs (slots) multiplexed to the AUX ADC ([X] 8-8). All inputs are measured in round robin

fashion (1| 8-9). Each input takes 8 ys (nominal) to measure and a single round robin cycle completes in 192 us
(nominal). The inputs to AUX ADC are:
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* Die temperature 2

* Multiplexed differential CB,_4 to CB, (AUXCELL1 to AUXCELL16), where n = 1 to 16 and differential bus bar
input through the BBP to BBN pins.

¢« MISC measurements:
— BAT pin

— REFL, internal reference
— VBG2, internal bandgap

— VCM, common voltage on Main ADC
— AVAO_REF, always-on block reference

— AVDD_REF

— OV DAC from OV protector

— UV DAC from UV protector

— VCBDONE DAC from UV protector

— OT or OTCB DAC from OT protector
UT DAC from UT protector

. Mul’uplexed GPIO1 to GPIO8

» Spares (RSVD)

All measurements are reported in 16-bit hexadecimal in 2s complement.

Results are reported to the

corresponding *_HI (high-byte) and *_LO (low-byte) registers. It first converts the hexadecimal results to decimal

values. Follow the equations in 5% 8-3 to translate the result to uV or °C.

When the AUX ADC is enabled, all AUX ADC related result registers shown in & 8-3 are reset to the default
value 0x8000. The measured result is populated to the result registers as the AUX ADC makes its conversion

along the round robin cycle. When MCU reads the

associated *_LO register until that * LO register is read.

# 8-3. AUX ADC Measurement Conversion Equations

*_HI register, the device will pause the data refresh to the

AUX ADC inputs

Result Registers

Conversion Equations

Die Temperature 2

DIETEMP2_HI/LO

Result in °C = VLSB_AUX_DIETEMPZ * Result in decimal
Note: 0x0000h is centered to 0°C.

Multiplexed AUXCELL1 to
AUXCELL16 and BB channel

AUX_CELL_HI/LO, when CB MUX is

locked to a single channel

Result in pV = V| sg_apc * Result in decimal

BAT AUX_BAT_HI/LO Result in uV =V sg_aux_gat * Result in decimal
REFL AUX_REFL_HI/LO

VBG2 AUX_VBG2_HI/LO

VCM AUX_VCM_HI/LO

AVAO_REF AUX_AVAO_REF_HI/LO

AVDD_REF AUX_AVDD_REF_HI/LO

OV DAC AUX_OV_DAC_HILO Result in pV = V| sg_aux_piag * Result in decimal
UV_DAC AUX_UV_DAC_HI/LO

VCBDONE DAC

AUX_VCBDONE_DAC_HI/LO

OT or OTCD DAC

AUX_OT_OTCD_DAC_HI/LO

UT DAC

AUX_UT_DAC_HI/LO

Multiplexed GPIO1 to GPIO8

AUX_GPIO_HI/LO

Resultin pV =V s gpio * Result in decimal
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DieTemp2 \ / P Die Temp2 register
CB16 ——
. » AUX_CELL regist
CBO ,\,?UBX BGl filter ] Sl_rﬁ:‘ltzlr —1 aaF » o register
BBP ———
BBN ——— SAR
JA ﬁgé ADC [}
. De-MUX
AUX_SETTLE options MUX
MISC1 to MISC12 . X > MISC1 to MISC12
inputs | :  registers
Ll
GPIO8 7\‘
: | GPIO MUX » AUX_GPIO register
GPIO1 72

8-8. AUX ADC Measurement Path

Typ 192 ps
AUX ADC < >
Typ 8 us

DieTemp2 ><3 Spare sIots><)‘B MUX 0Utpl>< MISC 1 > < MISC 12 >< GPIO1 ><6 Spare slots>

Round DieTemp2 3 Spare slots CB MUX output MISC 1 MISC 12 GPIO8 6 Spare slots
robin 8
Round <

DieTemp2 3 Spare slots CB MUX output MISC 1 MISC 12 GPIOn 6 Spare slots
robin n
tauxcs SeTTLE / '\

ADC_CONFI[AUX_SETTLET.0] o fioured through [AUX_CELL_SEL4:0] bits

A

Round
robin 1

0x00 = cycle through the active cells The MISC channels are:
0x01 = lock to Busbar (BBP-BBN) MISC1 = BAT
0x02 = lock to AUXCELL 1 MISC2 = REFL
0x03 = lock to AUXCELL 2 MISC3 = VBG2
: MISC4 = Spare
0x11 = lock to AUXCELL 16 MISC5 = VCM

MISC6 = AVAO_REF

MISC7 = AVDD_REF

MISC8 = OV DAC (HW protector)

MISC9 = UV DAC (HW protector)

MISC10 = VCBDONE DAC (HW protector)
MISC11 = OT or OTCB DAC (HW protector)
MISC12 = UT DAC (HW protector)

& 8-9. AUX ADC Round Robin Measurements

8.3.2.2.1 AUX Cell Voltage Measurements
8.3.2.2.1.1 AUX Analog Front End

The AUX ADC path serves as a redundancy path to the Main ADC measurement on cell voltage measurements
and bus bar measurements. It also has the front end filters of a BCI filter and an AAF filter in the AUX ADC path.
The AUXCELL channel and differential BB channel (taken from BBP and BBN pins) in the AUX path are
multiplexed (shown as the CB MUX in [¥] 8-8) to share a single BCI filter and AAF filter. The CB MUX output
after the front end filters is then going into one of the AUX ADC MUX and to