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1 General description

The BMI7014 is a SMARTMOS lithium-ion battery cell controller IC family designed for industrial applications,
such as energy storage systems (ESS) and uninterruptible power supply (UPS) systems.

The device performs ADC conversions of the differential cell voltages and battery temperature measurements.
The information is transmitted to MCU using one of the microcontroller interfaces (serial peripheral interface
(SPI) or transformer physical layer (TPL)) of the IC.

2 Features

* 9.6 V< Vpyr <63V operation, 75 V transient

7 to 14 cells management

Isolated 2.0 Mbps differential communication or 4.0 Mbps SPI

* Addressable on initialization

* Bidirectional transceiver to support up to 63 nodes in daisy chain

* 0.8 mV maximum total voltage measurement error

* Averaging of cell voltage measurements

* Total stack voltage measurement

» Seven GPIO/temperature sensor inputs

5.0 V at 5.0 mA reference supply output

» Automatic over/undervoltage and temperature detection routable to fault pin
* Integrated sleep mode over/undervoltage and temperature monitoring
Onboard 300 mA passive cell balancing with diagnostics

* Hot plug capable

Detection of internal and external faults, as open lines, shorts, and leakages
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3 Simplified application diagram
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Figure 1. Simplified application diagram, SPI use case
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Figure 2. Simplified application diagram, TPL use case
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4 Applications

14 cells battery cell controller IC

* Energy storage systems
* Uninterruptible power supply (UPS)

5 Ordering information

5.1 Part numbers definition

MBMI7014 T Ay AE/R2
Table 1. Part number breakdown
Code Option Description

T TPL communication type
A A (silicon revision)

y ) y =1 (Premium accuracy performance)

y = 2 (Standard accuracy performance)

AE Package suffix
R2 Tape and reel indicator
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5.2 Part numbers list

This section describes the part numbers available to be purchased along with their differences. Valid orderable

part numbers are provided on the web. To determine the orderable part numbers for this device, go to http://
WWW.NXp.com.

Table 2. Advanced orderable part table
Temperature range is —20 °C to 85 °C
Package type is 64-pin LQFP-EP

Orderable part Description
BMI7014TA1AE
BMI7014TA2AE

Premium cell voltage accuracy performances

Standard cell voltage accuracy performances
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14 cells battery cell controller IC

|
: |DGND
VPWR1 : VPRE VPWR OV/LV/ !VANA
VPWR?2 TSD UVPOR t
} BMI7014 VPRE, VCOM | aGND
| VCP VANA, VbgHP t
| low frequency clock IVCOM
I STACK !
I VOLTAGE ™ IcGND
CT.141 :RESET
T
100 kQ |
I Ly CB CONTROL I
I AND DIAGNOSTICS I
cB_14:13_cl |
T
VCP_CNTL
| . CB CONTROL L= !SPLCOMfEN
| AND DIAGNOSTICS |
cB_13l 100 kQ |
crial |
CT_12) RDTX_OUT-
12) %ES*
cB_12]
.
| CB CONTROL
| AND DIAGNOSTICS
CB_12:11_C|
r L 4; RDTX_OUT+
| CB CONTROL
| AND DIAGNOSTICS I
CB_11) I S/RDTX_IN+
CT_M1 | ADC >
4 T VANA
| I >
\ L TEMP | MUX
| L. —=
| ] VBGP
ver 2l
= 4; SCLK/RDTX_IN-
CB_2,
| Vcom :
I CB CONTROL DIGITAL CONTROL
I AND DIAGNOSTICS DATA REGISTERS |
CB_2:1_C |
_ 1 AND CSB
| COMMUNICATION
I CB CONTROL INTERFACE v |
| AND DIAGNOSTICS com |
CB 1 'ADC |
S N
CT_1) Iso
CT_REF|I :
T
ANO_GPI00 | J% :
i
AN1_GPIO1 |
AN2_GPIO2| VPRE :
AN3_GPIO3| GPIO PORT |
AN4_GPIO4 CONTROL | !
AN5_GPIO5 |
AN6_GPIO6 |
I e
|
| Vcom
|
| 100 kQ | {100 kQ I
|
SDA
GNDFLAG | L
I | IscL
GNDREF i
DoREF, |
e o e o — — — —— — — — — — — ——————————— ————————————— i
v aaa-054691
Figure 3. Simplified internal block diagram
BMI7014 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.

Product data sheet

Rev. 3 — 8 August 2024

Document feedback
6/115


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_BMI7014

NXP Semiconductors

BMI7014

7 Pinning information
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7.1 Pinout diagram
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Figure 4. Pinout diagram
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7.2 Pin definitions

Table 3. Pin definitions

Number Name Function Definition

1 VPWR2 Input Power input to the BMI7014

2 VPWRA1 Input Power input to the BMI7014

3 CT 14 Input Cell pin 14 input. Terminate to LPF resistor.

4 CB_14 Output Cell balance driver. Terminate to cell 14 cell balance load resistor.

5 CB_14:13 C Output Cell balance 14:13 common. Terminate to CB_14:13_C balance load
resistor.

6 CB_13 Output Cell balance driver. Terminate to cell 13 cell balance load resistor.

7 CT 13 Input Cell pin 13 input. Terminate to LPF resistor.

8 CT 12 Input Cell pin 12 input. Terminate to LPF resistor.

9 CB_12 Output Cell balance driver. Terminate to cell 12 cell balance load resistor.
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Table 3. Pin definitions...continued
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Number Name Function Definition

10 CB_12:11_C Output Cell balance 12:11 common. Terminate to CB_12:11_C balance load
resistor.

11 CB_11 Output Cell balance driver. Terminate to cell 11 cell balance load resistor.

12 CT_ 1 Input Cell pin 11 input. Terminate to LPF resistor.

13 CT_10 Input Cell pin 10 input. Terminate to LPF resistor.

14 CB_10 Output Cell balance driver. Terminate to cell 10 cell balance load resistor.

15 CB_109 C Output Cell balance 10:9 common. Terminate to CB_10:9_C balance load
resistor.

16 CB_9 Output Cell balance driver. Terminate to cell 9 cell balance load resistor.

17 CT.9 Input Cell pin 9 input. Terminate to LPF resistor.

18 CT_8 Input Cell pin 8 input. Terminate to LPF resistor.

19 CB_8 Output Cell balance driver. Terminate to cell 8 cell balance load resistor.

20 CB_ 87 C Output Cell balance 8:7 common. Terminate to CB_8:7_C balance load resistor.

21 CB_7 Output Cell balance driver. Terminate to cell 7 cell balance load resistor.

22 CT 7 Input Cell pin 7 input. Terminate to LPF resistor.

23 CT_ 6 Input Cell pin 6 input. Terminate to LPF resistor.

24 CB_6 Output Cell balance driver. Terminate to cell 6 cell balance load resistor.

25 CB_ 65 C Output Cell balance 6:5 common. Terminate to CB_6:5_C balance load resistor.

26 CB_5 Output Cell balance driver. Terminate to cell 5 cell balance load resistor.

27 CT_ 5 Input Cell pin 5 input. Terminate to LPF resistor.

28 CT 4 Input Cell pin 4 input. Terminate to LPF resistor.

29 CB_4 Output Cell balance driver. Terminate to cell 4 cell balance load resistor.

30 CB 43 C Output Cell balance 4:3 common. Terminate to CB_4:3_C balance load resistor.

31 CB_3 Output Cell balance driver. Terminate to cell 3 cell balance load resistor.

32 CT_3 Input Cell pin 3 input. Terminate to LPF resistor.

33 CT 2 Input Cell pin 2 input. Terminate to LPF resistor.

34 CB_2 Output Cell balance driver. Terminate to cell 2 cell balance load resistor.

35 CB 21 C Output Cell Balance 2:1 common. Terminate to CB_2:1_C balance load resistor.

36 CB_1 Output Cell balance driver. Terminate to cell 1 cell balance load resistor.

37 CT 1 Input Cell pin 1 input. Terminate to LPF resistor.

38 CT_REF Input Cell pin REF input. Terminate to LPF resistor.

39 SPI_COM_EN Input SPI communication enable. Pin must be high for the SPI to be active.

40 FAULT Output Fault output dependent on user defined internal or external faults. If not
used, it must be left open.

41 CSB Input SPI chip select

42 SO Output SPI serial output

43 VCOM Output Communication regulator output
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Table 3. Pin definitions...continued

Number Name Function Definition

44 CGND Ground Communication decoupling ground. Terminate to GNDREF.

45 RDTX_OUT- I/O Receive/transmit output negative

46 SCLK/RDTX_IN- |I/O SPI clock or receive/transmit input negative

47 SI/RDTX_IN+ I/O SPI serial input or receive/transmit input positive

48 RDTX_OUT+ I/O Receive/transmit output positive

49 GPIO0 I/O General purpose analog input or GPIO or wake-up or fault daisy chain

50 GPIO1 I/O General purpose analog input or GPIO

51 GPIO2 I/O General purpose analog input or GPIO or conversion trigger

52 GPIO3 I/O General purpose analog input or GPIO

53 GPIO4 I/O General purpose analog input or GPIO

54 GPIO5 I/O General purpose analog input or GPIO

55 GPIO6 I/O General purpose analog input or GPIO

56 GND Ground Ground

57 GND Ground Ground

58 AGND Ground Analog ground, terminate to GNDREF

59 DGND Ground Digital ground, terminate to GNDREF

60 VANA Output Precision ADC analog supply

61 SCL /0 I°C clock

62 SDA /0 I°C data

63 RESET Input RESET is an active high input. RESET has an internal pull down. If not
used, it can be tied to GND.

64 GNDREF Ground Ground reference for device. Terminate to reference of battery cluster.

65 GNDFLAG Ground Device flag. Terminate to lowest potential of battery cluster.

8 General product characteristics

8.1 Ratings and operating requirements relationship
The operating voltage range pertains to the VPWR pins referenced to the AGND pins.

Table 4. Ratings vs. operating requirements
Handling range — no permanent failure

Fatal range Fatal range

¢ Permanent
failure might
occur

Lower limited operating range
* No permanent failure,
but IC functionality is not
guaranteed

Normal operating range
* 100 % functional

Upper limited operating range
* IC parameters might be out
of specification

¢ Detection of Vpyr
overvoltage is functional

¢ Permanent
failure might
occur

Vpwr <-0.3V

76V<Vpyr<9.6V
Reset range:
-03V=s VPWR <76V

9.6V <Vpyr <63V

63V <Vpyr <75V

75V < Vpwr
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In both upper and lower limited operating range, no information can be provided about IC performance. Only the
detection of Vpyr overvoltage is guaranteed in the upper limited operating range.

Performance in normal operating range is guaranteed only if there is a minimum of seven battery cells in the

stack.

8.2 Maximum ratings

Table 5. Maximum ratings

All voltages are with respect to ground unless otherwise noted. Exceeding these ratings may cause a malfunction or

permanent damage to the device.

Symbol Description (rating) ‘ Min ‘ Max ‘ Unit
Electrical ratings
VPWR1, VPWR2 Supply input voltage -0.3 75 \Y
CT14 Cell terminal voltage -0.3 75 \%
VPWR to CT14 Voltage across VPWR1,2 pins pair and CT14 pin -10 10.5 \Y
CTn to CTn-1 Cell terminal differential voltage Ml 03 6.0 \%
CTrer to GND Cell terminal reference to ground — 5 \%
CTyn to GND Cell terminal voltage to ground (N =1to 4 or N =6 to 14) — (N+1)*5 \Y
Cell terminal voltage to ground (N = 5) — 27.5 \%
CTN(CURRENT) Cell terminal input current — +500 A
CBn to CBin-1 ¢ Cell balance differential voltage — 10 \%
CBn:n-1_c to CBn4
CB;, to GND Cell balance voltage to GND (n =1 to 7) — (2n+1).5 \Y
CByn+1 to GND Cell balance voltage to GND (n = 0 to 6) — (2n+1).5 \Y
CBon:2n-1_c to GND | Cell balance voltage to GND (n = 1 to 6) — 2n.5 \%
CBn:n-1_c to CTn-1 | Cell balance input to cell terminal input -10 10 \%
VCOM Maximum voltage may be applied to VCOM pin from external — 5.8 \%
source
VANA Maximum voltage may be applied to VANA pin — 3.1 \%
Verioo GPIOO pin voltage -0.3 6.5 \%
Vepiox GPIOx pins (x = 1 to 6) voltage -0.3 VCOM \%
+0.5
Vpig Voltage 1’c pins (SDA, SCL) -0.3 VCOM \%
+0.5
VRESET RESET pin -0.3 6.5 \Y
Vess CSB pin -0.3 6.5 \Y
VspI_comMm_EN SPI_COMM_EN -0.3 6.5 \Y
Vso SO pin -0.3 VCOM \Y
+0.5
FAULT Maximum applied voltage to pin -0.3 7.0 \%
Ipin_unpowered Input current in a pin when the device is unpowered -2 2 mA
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Table 5. Maximum ratings...continued

All voltages are with respect to ground unless otherwise noted. Exceeding these ratings may cause a malfunction or
permanent damage to the device.

Symbol Description (rating) Min Max Unit
Vecoum Maximum voltage to pins RDTX_OUT+, RDTX_OUT-, -10.0 10.0 \Y
SI/RDTX_IN+, SCLK/RDTX_IN-
VEsD1 ESD voltage \%
Human body model (HBM) — +2000
Charge device model (CDM) — +500 12
Charge device model corner pins (CDM) — +750
Vesp2 ESD voltage (VPWR1, VPWR2, CTx, CBx, GPIOx, RDTX_OUT+, ! Y
RDTX_OUT-, SI/RDTX_IN+, SCLK/RDTX_IN-) versus all ground
pins — | £4000
Human body model (HBM)
VEsD3 ESD voltage (CTREF, CTx, CBx, GPIOx, RDTX_OUT+, RDTX_ v
OUT-, SI/RDTX_IN+, SCLK/ RDTX_IN-)
IEC 61000-4-2, Unpowered (Gun configuration: 330Q / 150pF) — +8000
HMM, Unpowered (Gun configuration: 330Q / 150pF) — +8000
ISO 10605:2009, Unpowered (Gun configuration: 2 kQ / 150pF) — +8000
ISO 10605:2009, Powered (Gun configuration: 2 kQ / 150pF) — +8000

[11 Adjacent CT pins may experience an overvoltage that exceeds their maximum rating during OV/UV functional verification test or during open line
diagnostic test. Nevertheless, the IC is completely tolerant to this special situation.

[2] For CT_REF pin applicable limit is +450 V.

[3] ESD testing is performed in accordance with the human body model (HBM) (Czap = 100 pF, Rzap = 1500 Q), and the charge device model (CDM) (Czap =
4.0 pF).

[4] These voltage values can be sustained only if ESD caps are used as described in Section 12.2

8.3 Thermal characteristics

Table 6. Thermal ratings

All voltages are with respect to ground unless otherwise noted. Exceeding these ratings may cause a malfunction or
permanent damage to the device.

Symbol Description (rating) ’ Min ‘ Max ‘ Unit
Thermal ratings

Operating temperature o
T, Junction!” 40 | +150 | ©
Tste Storage temperature -55 | +150 °C
TppRT Peak package reflow temperature IO - 260 °C
Thermal resistance and package dissipation ratings
RoJs Junction-to-board (bottom exposed pad soldered to board) 64 LQFP EP 2l - 10 °C/W
Reua Junction-to-ambient, natural convection, single-layer board (1s) 64 LQFP EP ower| 59 °C/W
Reua Junction-to-ambient, natural convection, four-layer board (2s2p) 64 LQFP EP ower| 27 °C/W
Royctop Junction-to-case top (exposed pad) 64 LQFP EP e — 14 °C/W
RoyceoTtom | Junction-to-case bottom (exposed pad) 64 LQFP EP L2l - 0.97 | °C/W
Y+ Junction to package top, natural convection L — 3 °C/W
[1]1  The user must ensure that the average maximum operating junction temperature (TJ) is not exceeded.
BMI7014 Allinformation provided in this document is subject to legal disclaimers. ©2024 NXP B.V. All rights reserved.
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[2]
3]

[4]
(5]

[6]
[71

8]
[9]
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Pin soldering temperature limit is for 10 seconds maximum duration. Not designed for immersion soldering. Exceeding these limits may cause a
malfunction or permanent damage to the device.

NXP’s Package Reflow capability meets Pb-free requirements for JEDEC standard J-STD-020C. For Peak Package Reflow Temperature and Moisture
Sensitivity Levels (MSL), go to www.nxp.com, search by part number (remove prefixes/suffixes) and enter the core ID to view all orderable parts and
review parametrics.

Thermal resistance between the die and the printed circuit board per JEDEC JESD51-8. Board temperature is measured on the top surface of the board
near the package.

Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site (board) temperature, ambient
temperature, air flow, power dissipation of other components on the board, and board thermal resistance.

Per JEDEC JESD51-6 with the board (JESD51-7) horizontal.

Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883 Method 1012.1), with the cold plate
temperature used for the case temperature.

Thermal resistance between the die and the solder pad on the bottom of the package based on simulation without any interface resistance.

Thermal characterization parameter indicating the temperature difference between the package top and the junction temperature per JEDEC JESD51-2.

8.4 Electrical characteristics

Table 7. Static and dynamic electrical characteristics

Characteristics noted under conditions 9.6 V < Vpyr < 63V, =20 °C < T, < 85 °C, GND = 0 V, unless otherwise stated. Typical values refer
to Vpwr =56 V, T, = 25 °C, unless otherwise noted.

Symbol Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit
Power management
Y Supply voltage v
PWR(FO) Full parameter specification 9.6 — 63
Supply current (base value)
Normal mode, cell balance OFF, ADC inactive, SPI — 54 8.5
lvPWR communication inactive, IVCOM =0 mA mA
Normal mode, cell balance OFF, ADC inactive, TPL — 8.0 10.0
communication inactive, IVCOM = 0 mA
lvPWR(TPL_TX) Supply current adder when TPL communication active — — 16 mA
lvPwR(CBON) Supply current adder to set all 14 cell balance switches ON — 0.97 — mA
| Delta supply current to perform ADC conversions (addend) m mA
VPWR(ADC) ADC1-A,B continuously converting — 3.0 5.0
Supply current in sleep mode and in idle mode, communication 2
inactive, cell balance off, cyclic measurement off, oscillator monitor
on
SPI mode (Tp =25 °C) _ 40 _
VPWR(SS) SPI mode (Ta = —20 °C to 60 °C) BMI7014TA1 _ _ 75 bA
SPI mode (Ta =-20 °C to 60 °C) BMI7014TA2 _ _ 10
TPL mode (TA =25 °C) 64 _ 108
TPL mode (Tp =-20 °C to 60 °C) 54 _ 15
IvPWR(CKMON) Clock monitor current consumption — 5 8 uA
Voltage drop across CT14 and VPWR without accuracy degradation Bl
vV 3.0V <Vcg L -3.0 o 3.0 Vv
VPWR_CT 25V < Vgg <3.0V -2.0 — 2.0
VeelL <25V -1.5 — 15
VPWR(OV_FLAG) Vpwr overvoltage fault threshold (flag) 63 65 68 \%
VPWR(LV_FLAG) Vpwr low-voltage warning threshold (flag) 1.7 12 12.3 \
VPWR(UV_POR) Vpwr undervoltage shutdown threshold (POR) 7.6 8.5 9.6 \
VPWR(HYS) Vpwr UV hysteresis voltage 100 200 — mV
tVPWR(FILTER) Vpwr OV, LV filter — 50 — us
BMI7014 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.
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Table 7. Static and dynamic electrical characteristics...continued

Characteristics noted under conditions 9.6 V < Vpyr < 63 V, =20 °C < T, < 85 °C, GND = 0 V, unless otherwise stated. Typical values refer
to Vpwr = 56 V, T = 25 °C, unless otherwise noted.

Symbol Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit
VCOM power supply
Veom VCOM output voltage 4.9 5.0 5.2 \
lvcom VCOM output current allocated for external use — — 5.0 mA
Veomuy) VCOM undervoltage fault threshold 4.2 4.4 4.6 \Y
Vcom Hys VCOM undervoltage hysteresis — 100 — mV
tyCOM(FLT_TIMER) VCOM undervoltage fault timer — 10 — us
tyCOM(RETRY) VCOM fault retry timer — 10 — ms
Veomov) VCOM overvoltage fault threshold 5.4 — 5.9 \
lLim_vcom(oc) VCOM current limit 65 — 140 mA
Rvcomss) VCOM sleep mode pulldown resistor 1.0 2.0 5.0 kQ
bvcon VCOM rise time (for Vewr > 10V and CL = 2.2 yF (ceramic X7R e _ 440 us
only) in parallel with 220 pF)
VANA power supply
Vana VANA output vo!tage (not used by external circuits) Vv
Decouple with 47 nF X7R 0603 or 0402 2.6 2.65 2.7
VaNAUY) VANA undervoltage fault threshold 2.28 2.4 25 \Y
VANA_HYS VANA undervoltage hysteresis — 50 — mV
VANA(FLT_TIMER) VANA undervoltage fault timer — 11 — us
Vana(ov) VANA overvoltage fault threshold 2.77 2.8 2.85 \Y
tVANA(RETRY) VANA fault retry timer — 10 — ms
ILim_vana(oc) VANA current limit 5.0 — 10 mA
RvaNA_RPD VANA sleep mode pulldown resistor — 1.0 — kQ
tuaNA VANA rise time (CL = 47 nF ceramic X7R only) N — 400 us
ADC1-A, ADC1-B
CTheeakace) Cell termin.al input leakage current (except in Sleep mode when cell — 10 100 nA
balancing is ON) _
CTney) Cell terminal input current - functional verification — 0.365 0.5 mA
CTn Cell terminal input current during conversion — 50 — nA
Rpp Cell terminal open load detection pulldown resistor 850 950 1250 Q
VvPWR_RES VPWR terminal measurement resolution — 2.44141 — mV/LSB
VVPWR_RNG VPWR terminal measurement range 9.6 — 75 V
VPWRTERM_ERR VPWR terminal measurement accuracy -0.5 — 0.5 %
Vet RNG ADC differential input voltage range for CTn to CTn-1 Bl 0.0 — 4.85 \%
VcT AN RES Cell voltage and ANXx resolution in 15-bit MEAS_xxxx registers — 152.58789 — uWVILSB
VN RATIO_RES ANX resolution in 15-bit MEAS_xxxx registers in ratiometric mode — (3\(105?;\/;.8) — LV/LSB
VERRISRT BMITO14TAT Cell voltage measurement error 617 "y
- Veel =33V, Ta=25°C -0.8 0.4 0.8
VeRRaat 1 BMITO14TAZ Cell voltage measurement error 617 mv
- Vee =33V, Tp=25°C -1.0 — 1.0
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Table 7. Static and dynamic electrical characteristics...continued

Characteristics noted under conditions 9.6 V < Vpyr < 63 V, =20 °C < T, < 85 °C, GND = 0 V, unless otherwise stated. Typical values refer
to Vpwr = 56 V, T = 25 °C, unless otherwise noted.

14 cells battery cell controller IC

Symbol Parameter Min Typ Max Unit
v Cell voltage measurement error (61781 "y
ERR_1_BMI7014TA1 0.1V < Vg £4.3V,-20°C<T,;<85°C -3.0 +1.0 3.0
v Cell voltage measurement error (6178l mv
ERR_1_BMI7014TA2 0.1V<Vgg £4.3V,-20°C<Tj<85°C -9.0 - 9.0
v Cell voltage measurement error [6171(8] 50 3 50 Y
FRR_2_BMITO14TA2 0.1V S Vg $37V,0°C<Tj<65°C ' '
v Cell voltage measurement error (61181191 mv
ERR_A_BMI7014TA1 after aging, 0.1V < Veg 4.3V, -20°C < T,<85°C -5.0 +1.0 5.0
Magnitude of ANXx error in the entire measurement range: [s1e]
Ratiometric measurement — — 16
Absolute measurement after soldering and aging, input in the — — 10
Vv \
ANx_ERR range [1.0, 4.5] V m
Absolute measurement after soldering and aging, input in the -8.0 — 8.0
range [0, 4.85] V, for —40 °C < Tp <60 °C
Single channel net conversion time
13-bit resolution — 6.77 —
tvconv 14-bit resolution — 9.43 — us
15-bit resolution — 14.75 —
16-bit resolution — 25.36 —
Conversion noise
13-bit resolution — 1800 —
Vv_NoIsE 14-bit resolution — 1000 — pVrms
15-bit resolution — 600 —
16-bit resolution — 400 —
ADCcik ADC1-A,B clocking frequency 5.7 6.0 6.3 MHz
Diagnostic thresholds
Cell terminal open load V detection threshold (o
1.5V <Veg L s27V — 50 —
VoL petect 25V < Vg $3.7V — 100 - mv
25V <Vcg L 43V — 150 —
VLEAK Cell terminal leakage detection level (6l =27 — 27 mV
<ion di : Q]
VRer 70 Pre<:|.S|on dlagl')OSt.IC Zener reference for cell voltage channel 4.45 46 4.85 Vv
= functional verification
Cell voltage channel functional verification allowable error in CT © 22 — 6.0
Vevev e mV
verification measurement
Vgep Voltage reference used in ADC1-A,B functional verification — 1.18 — \Y
ADC1-A and ADC1-B functional verification
ADC1apy, ADC1bgy Maximum tolerance between ADC1-A, B and diagnostic -5.25 — 5.25 mv
reference (1.5V < Vcg £4.3V)
Undervoltage functional verification threshold in Diagnostic mode (1]
1.5V <sVegLs27V 390 — —
Tx_UV_TH \
CTx_UV_ 25V < Ve, <37V 650 — - m
25V <VggLs43V 1200 — —
Overvoltage functional verification threshold in Diagnostic mode (101
1.5V <Vcg L s27V — — 1800
CTx OV_TH 25V < Vg $3.7V — — a00 | ™
25V <Vgg L 43V — — 4000
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Table 7. Static and dynamic electrical characteristics...continued

Characteristics noted under conditions 9.6 V < Vpyr < 63 V, =20 °C < T, < 85 °C, GND = 0 V, unless otherwise stated. Typical values refer
to Vpwr = 56 V, T = 25 °C, unless otherwise noted.

14 cells battery cell controller IC

Symbol Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit
Cell balance drivers
Vbs(cLAMP) Cell balance driver VDS active clamp voltage 10 11 12 \
Output fault detection voltage threshold
VOUT(FLT_TH) Balance off (open load) 0.3 0.55 0.75 \%
Balance on (shorted load)
R Output OFF open load detection pulldown resistor KQ
PD_CB Balance off, open load detect disabled 1.7 2.0 29
Output leakage current
louT(Lka) . _ pA
Balance off, open load detect disabled at Vpg = 4.0 V — — 1.0
Drain-to-source on resistance
R lout =300 mA, T, =85 °C — — 0.80 0
DS(on) lout = 300 mA, T, =25 °C — 0.5 —
IOUT =300 mA, TJ =-20°C —_— 0.4 —_—
ILm_cB Driver current limitation 310 — 950 mA
¢ Cell balance driver turn on s
ON R =150 — 350 450 H
¢ Cell balance driver turn off s
OFF R =150 — 200 — H
tBAL DEGLICTH Short/open detect filter time 19 20 421 us
Internal temperature measurement
IC_TEMP1_ERR IC temperature measurement error -3.0 — 3.0 K
IC_TEMP1_RES IC temperature resolution — 0.032 — K/LSB
TSD_TH Thermal shutdown 155 170 185 °C
TSD_HYS Thermal shutdown hysteresis 5.0 10 12.2 °C
Default operational parameters
Verov(r) Cell overvoltage threshold (8 bits), typical value is default value after 0.0 49 5.0 Vv
RESET
VCToV(RES) Cell overvoltage threshold resolution — 19.53125 — mV/LSB
Cell undervoltage threshold (8 bits), typical value is default value
VeTuv(ThH) after RESET 0.0 2.5 5.0 \Y
VCTUV(RES) Cell undervoltage threshold resolution — 19.53125 — mV/LSB
v GPIOx configured as ANx input overtemperature threshold after . 116 . v
GPIO_OT(TH) RESET .
VGPIo_OT(RES) Temperature voltage threshold resolution — 4.8828125 — mV/LSB
GPIOx configured as ANx input undertemperature threshold after
VGPIO_UT(TH) — 3.82 — \Y
RESET
VGPIO_UT(RES) Temperature voltage threshold resolution — 4.8828125 — mV/LSB
General purpose input/output GPIOx
Vig Input high-voltage (3.3 V compatible) M 20 — — Vv
Vi Input low-voltage (3.3 V compatible) ] — — 1.0 \%
Vuys Input hysteresis ] — 100 — mV
| Input leakage current nA
I Pins tristate, Vi = Veom of AGND -100 — 100
BMI7014 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.

Product data sheet

Rev. 3 — 8 August 2024

Document feedback
15/115


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_BMI7014

NXP Semiconductors

BMI7014

Table 7. Static and dynamic electrical characteristics...continued

Characteristics noted under conditions 9.6 V < Vpyr < 63 V, =20 °C < T, < 85 °C, GND = 0 V, unless otherwise stated. Typical values refer
to Vpwr = 56 V, T = 25 °C, unless otherwise noted.

14 cells battery cell controller IC

Symbol Parameter Min Typ Max Unit
Vor Output high-voltage loy = —0.5 mA \—/Coog — — Vv
VoL Output low-voltage o = +0.5 mA — — 0.8 \%
Vapc Analog ADC input voltage range for ratiometric measurements AGND — Veom \%
VoL(TH) Analog input open pin detect threshold 0.1 0.15 0.23 \%
RopenPD Internal open detection pulldown resistor (2 3.8 5.0 6.2 kQ
tapioo wu GPIO0 WU de-glitch filter 47 50 85 us
terioo_FLT GPIOO0 daisy chain de-glitch filter both edges 19 20 48 us
tepio2_soc GPIO2 convert trigger de-glitch filter 1.9 2.0 21 us
tepiox DIN GPIOx configured as digital input de-glitch filter 2.5 — 5.6 us
Reset input
VIH_RsT Input high-voltage (3.3 V compatible) 2.0 — — \%
VIL_RsT Input low-voltage (3.3 V compatible) — — 1.0 \%
Vhys Input hysteresis — 0.6 — \%
tRESETFLT RESET de-glitch filter — 100 — us
RRESET PD Input logic pull down (RESET) — 100 — kQ
SPI_COM_EN input
Viy Input high-voltage (3.3 V compatible) 2.0 — — \Y
Vi Input low-voltage (3.3 V compatible) — — 1.0 \%
Vhys Input hysteresis — 450 — mV
Rspi_com EN_PD Input pulldown resistor (SPI_COM_EN) — 100 — kQ
Digital interface
VEAULT HA FAULT output (high active, IOH = 1.0 mA) 4.0 4.9 6.0 \Y
IFAULT cL FAULT output current limit 3.0 — 40 mA
RrauLT PD FAULT output pulldown resistance — 100 — kQ
Voltage threshold to detect the input as high
ViH_comm SI/RDTX_IN+, SCLK/RDTX_IN—, CSB, SDA, SCL (NOTE: needs — — 2.0 \%
to be 3.3 V compatible)
Vi comm Voltage threshold to detect the input as low v
- SI/RDTX_IN+, SCLK/RDTX_IN—, CSB, SDA, SCL 0.8 — —
Vivs Input hysteresis Y
SI/RDTX_IN+, SCLK/RDTX_IN-, CSB, SDA, SCL 30 80 130
lLoiC Ss Sleep state input logic current nA
- CSB -100 — 100
RscLk_Pp Input logic pulldown resistance (SCLK/RDTX_IN—, SI/RDTX_IN+) — 20 — kQ
R pu Input logic pullup resistance to Vcom (CSB, SDA, SCL) — 100 — kQ
Iso_TRI Tristate SO input current 0 V to Vcom -2.0 — 2.0 A
Vso, HicH SO high-state output voltage with IsorigH) = =2.0 mA \_/Cégx — — Vv
Vso Low S0, SDA, SLK low-state output voltage with IsoHigH) = —2.0 mA — — 0.4 \%
CSBwuy_FLT CSB wake-up de-glitch filter, low to high transition — — 80 us
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Table 7. Static and dynamic electrical characteristics...continued

Characteristics noted under conditions 9.6 V < Vpyr < 63 V, =20 °C < T, < 85 °C, GND = 0 V, unless otherwise stated. Typical values refer
to Vpwr = 56 V, T = 25 °C, unless otherwise noted.

Symbol Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit
System timing
Time needed to acquire all 14 cell voltages after an on-demand (13l
conversion
13-bit resolution 56 59 62
foELL_conv 14-bit resolution 76 80 84 HS
15-bit resolution 117 123 129
16-bit resolution 197 208 218
tyPWR(READY) Time after VPWR connection for the IC to be ready for initialization — — 5.0 ms
twaKE-UP Power up duration — — 440 us
twaAKE DELAY Time between wake pulses 500 600 700 us

t Time, starting from the first SOM received, to go back to Sleep/Idle . . 13 ms
NOWUP mode time after receiving incomplete TPL bus wake-up sequence :

tioLE Idle timeout after POR 57 60 64 s
tBALANCE Cell balance timer range 0.5 — 511 min
tcycLe Cyclic acquisition timer range 0.0 — 8.5 s
; Fault detection to activation of fault pin s
FAULT Normal mode — — 56 H
tbiac Diagnostic mode timeout 0.047 1.0 8.5 s
SOC to data ready (includes post processing of data, ADC_ (3]
CFGIAVG] = 0)
¢ 13-bit resolution 140 148 156
EoC 14-bit resolution 190 201 211 HS
15-bit resolution 291 307 323
16-bit resolution 494 520 546
tseTTLE Time after SOC to begin converting with ADC1-A,B 13 1167 12.28 12.90 us
Time needed to send an SOC command and read back 96 cell
voltages, 48 temperatures, and ADC1-A,B configured as follows
(with ADC_CFG[AVG] = 0):
tvs_MEAST 13-b!t resolut!on _ 4.67 _ ms
14-b!t resolut!on - 4.73 _
15-b!t resolut!on . 4.83 .
16-bit resolution _ 5.05 _
Time needed to send an SOC command and read back 96 cell
voltages, and ADC1-A,B configured as follows (with ADC_CFG[AVG]
=0):
tsvs_ MEAS? 13-b!t resolut!on _ 324 _ ms
14-b!t resolut!on — 3.39 —
15-b!t resolut!on - 3.40 _
16-bit resolution . 3.61 .
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Table 7. Static and dynamic electrical characteristics...continued

Characteristics noted under conditions 9.6 V < Vpyr < 63 V, =20 °C < T, < 85 °C, GND = 0 V, unless otherwise stated. Typical values refer
to Vpwr = 56 V, T = 25 °C, unless otherwise noted.

14 cells battery cell controller IC

Symbol Parameter Min Typ Max Unit
Time needed to send an SOC command and read back 14 cell
voltages, 7 temperatures, with TPL communication working at 2.0
(l\)/I)F)ps and ADC1-A,B configured as follows (with ADC_CFG[AVG] =
teLsT TPL 13-bit resolution _ 085 o ms
{5 it st — | o | -
16-bit resolution o 1101 B
— 1.22 —
Time needed to send an SOC command and read back 14 cell
voltages, 7 temperatures, with SPI communication working at 4.0
(l\)/I)F)ps and ADC1-A,B configured as follows (with ADC_CFG[AVG] =
teLsT spi 13-bit resolution _ 057 o ms
{5 it st — | e | -
16-bit resolution o 0.76 B
— 1.03 —
ti2c_DOWNLOAD Time to download EEPROM calibration after POR — — 1.0 ms
fpe ACCESS EEPROM access time, EEPROM write (depends on device . 50 . ms
— selection)
fWAVE DG BITx Daisy chain duty cycle off time us
- twave_bc_BITx = 00 450 500 550
fWAVE DG BITx Daisy chain duty cycle off time ms
- twave pc_BITx =01 0.9 1.0 1.1
fWAVE.DC_BITx Dais;y chain duty cycle off time . i § ms
WAVE_DC_BITx = 10
fWAVE DG BITx Daisy chain duty cycle off time ms
- twave_pc_BITx = 11 90 100 110
twavE_DC_ON Daisy chain duty cycle on time 450 500 550 us
tcom_Loss Time out to reset the IC in the absence of communication — 1024 — ms
SPI interface
tspi_TD Sequential data transfer delay in SPI mode (N) (4 1.0 — — us
Fsck SCLK/RDTX_IN- frequency na — 4.0 MHz
tsck _H SCLK/RDTX_IN- high time (A) 4 125 — — ns
tsck L SCLK/RDTX_IN- high time (B) 4 125 — — ns
tsck SCLK/RDTX_IN- period (A+B) n4 - 250 — — ns
teaLL SCLK/RDTX_IN- falling time L - — 15 ns
trise SCLK/RDTX_IN- rising time L — — 15 ns
tseT SCLK/RDTX_IN- setup time (O) 4 29 — — ns
thoLp SCLK/RDTX_IN- hold time (P) L R — — ns
ts|_sETUP SIRDTX_IN+ setup time (F) 4 40 — — ns
tsi_HOLD SI/RDTX_IN+ hold time (G) n4 40 — — ns
50, VALID SO data valid, rising edge of SCLK/RDTX_IN- to SO datavalid (1) | — — 40 ns
tso_EN SO enable time (H) L — — 40 ns
ts0_DISABLE SO disable time (K) L — — 40 ns
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Table 7. Static and dynamic electrical characteristics...continued

Characteristics noted under conditions 9.6 V < Vpyr < 63 V, =20 °C < T, < 85 °C, GND = 0 V, unless otherwise stated. Typical values refer
to Vpwr = 56 V, T = 25 °C, unless otherwise noted.

Symbol Parameter Min Typ Max Unit
tcsB_LEAD CSB lead time (L) 4 100 — — ns
tcsB_LAG CSB lag time (M) 4 100 — — ns
TPL interface (MCU)
T— ;\I’/llrcr:lteJ between two consecutive message request transmitted by (1l 4.0 . . us
fU Wi Time the MCU shall wait after sending first wake-up message per (16l 0.75 . . ms
- BMI7014 IC
TPL interface (BMI7014)
trpL_TD Sequential data transfer delay in TPL mode (sl 3.8 4.0 4.25 us
trpL Transmit pulse duration — 210 — ns
toort_delay Port delay introduced by each repeater in BMI7014 (el — — 0.95 us
tres Slave response after read command 201 4.0 5.0 9 us
VRoTX INTH_TA1 Differential receiver threshold 480 580 680 mV
VRDTX INTH_TA2 Differential receiver threshold 480 580 720 mV
teom Message timeout duration 211 23g 250 — us

(11

[2]

3]

[4]
[5]
[6]

[71
(8]

9]
[10]

(1]
[12]
[13]
[14]
[18]
[16]

7]
[18]

[19]

Use of ADC1-A,B can be performed with a duty cycle of tgoc/period (us). For example, SYS_CFG1[CYCLIC_TIMER] = 010, corresponding to 100000

us period, and ADC_CFG[ADC1_A_DEF] = ADC_CFG[ADC1_B_DEF] = 11, corresponding to 16 bits and therefore tgoc = 520 ps, given a duty cycle of
0.0052 (or ROM). When an ADC is configured in continuous mode, the duty cycle is equal to 1, resulting in high-current consumption.

To calculate the current consumption in sleep mode, the following formula has to be used: Is gep_mope = (1 — TNoRmAL) - lvPwR(ss) + TNORMAL- [lvPwR

+ IVPWR(ADC)] + IVPWR(CBON) (not zero only if SYS_CFG1[CB_DRVEN] = 1), where tnormaL = (tvcom + teoc)/period (us), where tgoc depends on the
selected number of bits for the ADCs (see ADC_CFG[ADC1_A_DEF, ADC1_B_DEF] fields) and period (us) depends on SYS_CFG1[CYCLIC_TIMER],
as explained in note [1] . Evidently Is_eep_mope = lvpwRr(ss) only if no conversion is requested in sleep mode (for example, SYS_CFG1[CYCLIC_TIMER] =
000) and if the cell balancing is OFF.

If the battery stack has at least eight cells and if =1.5 V < Vpywr — Vet 14 < =0. 7 V, each cell voltage has to be greater than 2.0 V to meet the accuracy
spec. If the battery stack has seven cells and if —1.5 V < Vpyr — Vot 14 < —0. 7 V, each cell voltage has to be greater than 2.3 V to meet the accuracy
spec.

5 % to 95 % rise time

ADC1-A/B may clamp when the voltage of the Cellx or ANx is over 4.85 V.

The cell voltage error includes all internal errors, for example; ADC offset, gain error, INL and DNL. Single shot measurements are affected by noise,
which has zero mean and standard deviation given by VV_NOISE and is not included in the cell voltage error. In order to reduce it, SW implemented IIR
or FIR low-pass filters may be used; example, a moving average, whose length is N samples, has output standard deviation VOUTPUT_NOISE = VV_
NOISE /sqrt(N). Performance can be granted only if ADC1-A,B are configured at 16-bits resolution (ADC_CFG[ADC1_A_DEF] =ADC_CFG[ADC1_B_
DEF] = 11) and if -100 mV < CTREF - GND < 100 mV.

Inaccuracies from soldering or aging are not included.

If the battery stack has at least eight cells, for all accuracy ranges, the accuracy for a given cell can be guaranteed if all other cells are at least at 1.2 V. If
the battery stack has seven cells, for all accuracy ranges, the achievement of the accuracy spec for a given cell can be guaranteed if all other cells are at
least 1.8 V.

Inaccuracies from soldering (MSL3 preconditioning) and aging (after 3000 h HTOL at Ta = 125 °C) are included.

Only one of the three threshold values shall be selected, dependent on the voltage range in which the cell is typically working, provided a 5 KQ resistor is
used for the input cell low pass filter. Using a dynamic selection of the threshold, depending on the measured voltage is not allowed.

For GPIOO0 configured as wake-up, transition time must be shorter than 100 ps

During internal open detection, an internal pullup current of 10 pA typical is generated in the pin.

See the ADC conversion sequence in Figure 10

See the timing diagram in Figure 5

It is the time which MCU shall wait for sending new message request to BMI7014.

The waiting time for MCU after transmitting the first wake-up message is dependent on the number of BMI7014 in daisy chain. If the number of nodes in
daisy chain is N, then the total waiting time for MCU after sending first wake-up message is N*twy wait

See the waveforms diagram in Figure 26 B

trpL D is the time between two consecutive response messages at the node which is initiating transmission. This time could vary when measured at other
forwarding nodes in daisy chain.

The expected waiting time for MCU, to get the response from BMI7014 is dependant on number of BMI7014 used in daisy chain. The repeater of each
node imposes a delay of tyor_gelay for both request and respose. Example: if 24, BMI7014 ICs are used in a daisy chain, the last node (24th BMI7014)
receives the request in (24*0.95)us = 22.8 ps.

[20] tres is the time between request received and response transmitted by the slave device, which is addressed in the read command. This time could vary
when measured at other forwarding nodes in daisy chain.

[21] The EOM timeout counter starts/restarts after reception of SOM. This means that the maximum length of allowed message frame is tgopm. If a valid EOM is
not received in this time frame, the message frame is discarded and the device is ready for new reception.
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8.5 Timing diagrams
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Figure 5. Low-voltage SPI interface timing

Start of Bit47 | Bit 46 Bit 2 Bit 1 Bit 0 End of
RDTX IN+ 3.25V message Logic 1| Logic1 | Logic1 | Logic 0 | Logic 0 |message

RDTX_OUT+
25V .
h— ///‘_
RDTX_IN- 175V ’

RDTX_OUT-

aaa-032610

Figure 6. Transformer communication signaling

9 Functional description

9.1 Introduction

The BMI7014 contains all circuit blocks necessary to perform battery voltage measurements, cell temperature
measurement and integrated cell balancing. These features along with high speed communication make the
BMI7014 ideal for industrial Lithium-ion battery monitoring. In addition to the battery management functions,
the BMI7014 is designed to monitor many internal and external functions to validate the integrity of the
measurements and the measurement system. The following section describes in detail the features, functions
and modes of operation of the device. Table 8 summarizes the IC measurement capability depending on the
operating mode. Following terms, phrasings and conventions are used in this document:

User: this word denotes the battery pack controller, including at least one MCU, where the intelligence of
the system is located. The pack controller uses one or more BMI7014 to sense the physical quantities of a
battery.

User parameter (or simply parameter): it is a datum memorized in the IC registers that is readable or
writable by the user and is denoted by an identifier within square brackets preceded by a prefix, for example,
REGISTER_NAME[FIELD_NAME], where REGISTER_NAME is the symbol for the intended register and
FIELD_NAME is the symbol for the parameter itself, which is, in general, a portion of the 16-bit register data.
Channel: it is a signal, which can be measured. There are external channels, for example, cell voltages and
temperatures, and internal channels, for example, die temperature, and voltage diagnostic references.
Conversion: this word denotes an analog to digital conversion performed by an ADC and is often meant as
measurement of a given channel.

Sequence: this term denotes a scan of channels that enter some multiplexers to be routed to the ADCs
according to a certain sequence. During the scan, each ADC performs subsequent data conversions,
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where each conversion affects a predetermined channel. Sequences are necessary because the number of
channels is much greater than the number of ADCs.
» Cyclic measurement: this means the bank of ADCs perform sequences autonomously, for example, with no
intervention requested to the user. The user has to do a single programming of an internal timer by providing
it with the period value. Then the timer provides the periodic trigger starting each measurement sequence.
For example, the period may be 100 ms, while the sequence duration is order of magnitudes shorter. The
main purpose of performing cyclic measurements is to carry out automatic comparisons of some measured
channels against predefined tunable thresholds, so some fault bits can be set accordingly. Fault bits are
readable by the user by accessing the proper fault registers through the ordinary communication channel; or
the fault bits may be used to assert the FAULT pin, for the information be propagated to the user through the

fault line of daisy chained devices.

* On-demand measurement: this means the bank of ADCs perform a sequence when triggered by a SOC
command, where SOC means start of conversion. Typically, the user periodically sends a SOC command
followed by the reading of the measured values of the most important channels, namely all cell voltages and

temperatures.

Table 8. Working mode versus measurements

Operating mode On-demand measurements Voltage/temperature cyclic measurements Reference
Normal mode Available Available, if SYS_CFG1[CYCLIC_TIMER] # 0 Section 9.3.4
Diagnostic mode Available Not available Section 9.3.6
Sleep mode Not available Available, if SYS_CFG1[CYCLIC_TIMER] # 0 Section 9.3.5
Other modes Not available Not available

9.2 Power supplies and reset

9.2.1 Decoupling of power supplies

The recommended decoupling of power supplies is shown in Figure 7 The capacitors should be placed close to

the IC pins.

VPWR1

VPWR2
C1 Cc2

-LIJ

battery
reference

VCOM
VCOM T
C3 l 'L Cc4
CGND T T
VANA ©o l battery
1] reference
AGND
DGND
BMI7014 7 batiery
GNDREF reference

aaa-054821

Figure 7. Recommended decoupling of power supplies
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Table 9. Recommended capacitor values for power supply decoupling

ID Value Units Comments

C1 220 nF —

Cc2 1 nF —

C3 2.2 uF Ceramic capacitor
c4 220 pF —

C5 47 nF Ceramic capacitor

9.2.2 VPWR overvoltage, low-voltage

The BMI7014 incorporates comparators to monitor VPWR pins for overvoltage and low-voltage conditions.
In the event the voltage on VPWR pin is above the overvoltage threshold Vpwr(ov_Fiag) for greater than the
typwR(Filter) P€ri0d, the overvoltage fault flag is set in FAULT1_STATUS[VPWR_OV_FLT].

When unmasked by FAULT_MASK1[MASK_12_F], the FAULT1_STATUS[VPWR_OV_FLT] bit sets the FAULT
output pin high. An overvoltage condition on the VPWR pin does not cause the BMI7014 to perform a shutdown.
The pack controller may clear the FAULT1_STATUS[VPWR_OV_FLT] bit when Vpwg returns to the normal
operating range by writing logic 0 to the FAULT1_STATUS[VPWR_OV_FLT] bit.

A low-voltage condition on VPWR pin causes the FAULT1_STATUS[VPWR_LV_FLT] bit to be set. The
FAULT1_STATUS[VPWR_LV_FLT] bit may be cleared when the normal operating range voltage resumes on the
VPWR pin and by writing 0 to the FAULT1_STATUS[VPWR_LV_FLT].

9.2.3 VCOM supply

The VCOM supply is a linear regulator used to supply power for communication, GPIOx, SPI interface, external
temperature sensor reference, and optional external EEPROM.

The VCOM supply is monitored by the BMI7014 for undervoltage. Excessive load on the VCOM pin
activates VCOM current limit causing an undervoltage fault condition to occur. During the event, the
FAULT2_STATUS[VCOM_UV_FLT] fault bit is set and the regulator enters tycomreTry) Shutdown/retry strategy.

Undervoltage shutdown of the VCOM supply directly affects communication, GPIO outputs and external
temperature measurements. In addition to setting the individual fault bits for each ANx/GPIO, multiple faults
may be set in the FAULTx_STATUS register.

Faults may be cleared by the pack controller when communication resumes. VCOM also has a comparator
that monitors for overvoltage. In the event the voltage on VCOM becomes greater than Vcom(ov), the
FAULT2_STATUS[VCOM_OV_FLT] fault flag is set.

9.2.4 VANA supply

The VANA supply is an internal 2.5 V supply used by the BMI7014 for analog control. No circuits other than the
decoupling capacitor should be terminated to the VANA pin. The VANA supply is monitored by the BMI7014
for undervoltage. External load on the VANA pin activates the VANA current limit causing an undervoltage fault
condition to occur. During the event, the FAULT2_STATUS[VANA_UV_FLT] fault bit is set and the regulator
enters tyana(retry) Shutdown/retry strategy.

Undervoltage shutdown of the VANA supply directly affects the performance of the analog to digital converters
generating fault condition. Additionally, VANA is monitored by the ADC converter for an overvoltage condition
each time a conversion sequence is performed. In the event VANA exceeds the Vana(ov) threshold, the
FAULT2_STATUS[VANA_OV_FLT] is set.
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9.2.5 Power-on reset (POR)

The BMI7014 has two sources of POR in the IC system. An undervoltage condition on the VPWR pin causes
the BMI7014 to reset. Upon returning from undervoltage, the BMI7014 performs a POR.

The second source of potential POR occurs during transient conditions when the internal digital logic supply
voltage drops below the critical threshold where logic states cannot be guaranteed. In this case, the BMI7014
performs a POR.

POR is indicated by the FAULT1_STATUS[POR] bit. In the event of a POR, all registers in the BMI7014 are set
to their POR state and the FAULT pin becomes active.

9.2.6 Hardware and software reset

An active high on the RESET pin for greater than the tresetr,T filter time causes the BMI7014 to reset. Software
resets are performed when the BMI7014 receives a message written to the SYS_CFG1[SOFT_RST] bit.
Hardware and software resets are indicated by the status of the FAULT1_STATUS[RESET_FLT] bit, and the
FAULT pin becomes active. After a HW or SW reset, it is necessary to wait for the time interval typwrREADY)
before being possible to reprogram the part.

9.3 Modes of operation

From RESET mode, the BMI7014 must be initialized with a cluster ID before the device is allowed to enter
Normal mode. After initialization, the BMI7014 enters Normal mode. In Normal mode the device is in full
operation performing on-demand conversions. When commanded to Sleep mode, the device will have reduced
current consumption. Diagnostic mode provides a method for diagnosing the integrity of many functions as well
as internal or external faults that may have occurred. If properly configured, if there is no traffic during Normal
mode on the bus during tcom_Loss, the BMI7014 will reset.

In the event the device is powered up and not initialized, the BMI7014 enters the low-power IDLE mode after

a tp e timeout period. Detecting a wake-up pattern transfers the BMI7014 to the initialization state INIT where
the CID can be programmed. In Figure 8, an integer number enclosed in round brackets close to a transition
arc indicates the priority of such a state transition in case the conditions are verified at the same time. The lower
the number is, the higher is the priority, so if several conditions are true at the same time, the one with lowest
priority number determines the state transition; a boolean condition is enclosed between square brackets. A

list of actions after the state transition condition is preceded by the slash symbol. Symbol "t" represents the
absolute time, symbol ty stays for a variable having the dimension of time.
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NOTE: the condition POR=0 means the power on reset is active

Figure 8. Operating mode state diagram

Table 10. Power supply mode operation
Normal/lnit mode

VCOM = ON, VANA = ON

Cyclic WUP

VCOM = ON (during cycle)
VANA = ON (during cycle)

Sleep/ldle mode
VCOM =0, VANA =0

Diagnostic mode

VCOM = ON, VANA = ON

Supplies active

Communication enabled Wake-up function only

(during cycle)

Communication |Communication enabled Communication enabled

9.3.1 Reset mode

The table in Figure 8 provides information about the mapping between all possible values of the
SYS_CFG2[FLT_RST_CFG] field, which may be written and read by the user, and the corresponding values of
the following internal bits, which are not user readable:

« CommResetEN: If it is equal to 1, the IC reset due to a communication timeout in Normal mode is enabled,
else it is disabled

» OscResetEN: If it is equal to 1, the IC reset due to the detection of a defective oscillator in Sleep mode is
enabled, else it is disabled

» OscMonitorEN: If it is equal to 1, the oscillator monitoring is enabled, else it is disabled

The value "others" readable in the column labeled as SYS_CFG2[FLT_RST_CFG] refers to values that are
different from those listed above.

The registers are reset to their default values, except some bits of the FAULT1_STATUS register.
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9.3.2 Idle mode

The BMI7014 enters IDLE mode from INIT mode when the communication bus is not active for the tp g time
period. While the BMI7014 is in IDLE mode, no messages are recognized, only a valid wake-up sequence
lets the device transition from IDLE mode to INIT mode. When the BMI7014 is configured as a SPI interface
and enters IDLE mode, the device transitions from IDLE mode to INIT mode if CSB duration is larger than
CSBywy_rLT maximum value, otherwise the pulse will be considered as a glitch and then filtered.

9.3.3 Init mode

After a POR or reset (Soft RST or pin RESET), the BMI7014 enters INIT mode. The BMI7014's cluster ID is 0
(unassigned CID). All registers, except the INIT register, are read-only. In INIT mode, any unassigned BMI7014
does not forward any message and responds (if needed) only on the side that received a request. The user has
to assign a cluster ID between 1 and 63, to enter Normal mode. This assignment is mandatory for both SPI and
TPL communication. If the assignment of a cluster ID is not performed within the tjp g timeout, IDLE mode will
be entered to reduce current consumption.

9.3.4 Normal mode

In Normal mode, on reception of a valid message, the BMI7014 executes the commanded operation. Device
configuration registers control the operating characteristics of the BMI7014 and are all programmed while the
device is in Normal mode. Once programmed, the BMI7014 performs control operations like overvoltage and

undervoltage in the background without further instruction from the pack controller.

To accomplish the control operations in Normal mode, the BMI7014 performs a cyclic conversion sequence

at the programmed timed interval. In the event the BMI7014 receives an on-demand conversion request from
the pack controller during a cyclic conversion, the device stops the cyclic conversion and immediately starts
the on-demand conversion cycle. Halting the cyclic conversion and performing the on-demand conversion
allows all BMI7014 devices in the system to achieve measurements. From Normal mode, the BMI7014 may be
commanded to Sleep mode or DIAG mode. If instructed by a proper value of the SYS_CFG2[FLT_RST_CFG]
field, the part automatically resets whenever the communication is absent for longer than tcom | oss-

9.3.5 Sleep mode

Sleep mode provides a method to significantly reduce battery current and the overall quiescent current
of the battery management system. In Sleep mode, the overvoltage, undervoltage, overtemperature, and
undertemperature circuitry can remain cyclically active1, as well as the monitoring of Vpyr.

Based on the CYCLIC_TIMER setting, the BMI7014 may continue performing cyclic conversions in Sleep mode.
This is the meaning of the dotted bubble labeled as CYCLIC_WUP in the state diagram shown in Figure 8. The
permanence time in the CYCLIC_WUP transient state is really short; it is basically the time needed to turn on
the VCOM power supply and to acquire 20 channels.

In the event a conversion value is greater than or less than the threshold value and the particular wake-up/fault
is unmasked, the BMI7014 performs a bus wake-up and can activate the FAULT pin.

To instruct the BMI7014 to enter the Sleep mode, the user sets the SYS_CFG_GLOBAL[GO2SLEEP] bit to
logic 1. If the communication type is TPL, only a global write command can be used, while in case of pure

SPI communication, a local write command is necessary. In case the ADCs are performing acquisition (for a
single sample or an average of N samples), the transition is delayed until the ongoing sequence is completed.
It means that a single sample will be correctly acquired while an average will be potentially interrupted; in this
latter case MEAS_CELL registers cannot be updated (DATA_RDY bit stays at 0 until the completion of the next
average).

1 The cyclic measurement is disabled by default. Cyclic measurement can be activated by writing to SYS_CFG1[CYCLIC_TIMER].
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Exit from Sleep mode is possible if one of the following occurs:

» Upon detection of a bus wake-up sequence, in TPL mode only

* By transitioning the CSB pin from low state to high state (shortly referred to as CSB wake-up)

» Upon detection of at least one out of a certain number of fault conditions (see FAULT1_STATUS,
FAULT2_STATUS and FAULT3_STATUS along with their associated wake-up mask registers
WAKEUP_MASK1, WAKEUP_MASK2 and WAKEUP_MASK3)2

* Depending on the content of SYS_CFG2[FLT_RST_CFG] field, it is possible to set the OscResetEn variable
to 1.

* Wake-up by GPIOO0.

The CSB wake-up capability imply some system considerations when SPI communication is used. Assumed the
CSB line is pulled up to the same power supply used by the MCU. When the MCU commands the BMI7014 to
go sleep and then the MCU itself goes to sleep, both devices sleep until the time the MCU wakes up. However,
when this happens, the BMI7014 wakes up, because the CSB line transitions from low state to high state. To
avoid this behavior, the MCU has to take care to force the CSB line to the high state during the entire sleep
time.

9.3.6 Diagnostic mode

In Diagnostic mode, the system controller has extended control of the BMI7014 in order to execute performance
integrity checks of the device. It is critical to note that when the BMI7014 is in Diagnostic mode, cyclic
conversions are halted and OV/UV/OT/UT detection is not performed automatically. To perform OV/UV/OT/UT
or any other protection feature that requires a conversion, an on-demand conversion message must be sent by
the pack controller.

To prevent the BMI7014 from remaining in Diagnostic mode without automatic OV/UV/OT/UT detection, a
protection DIAG_TIMEOUT timer has been implemented. In the event of the timeout, the BMI7014 reverts to
Normal mode and sets the bit FAULT3_STATUS[DIAG_TO_FLT] to logic 1.

To enter Diagnostic mode, the user must set the SYS_CFG1[GO2DIAG] bit to logic 1. To exit Diagnostic mode,
the user must clear the GO2DIAG bit.

Note: If cyclic acquisition is enabled, before transitioning to Diagnostic mode, the cyclic acquisition needs to be
disabled. Disabling of cyclic acquisition and GO2DIAG should be two separate commands sent by MCU.

9.4 Analog to digital converters ADC1-A, ADC1-B

At the heart of the BMI7014 are two hybrid ADCs using a 6.0 MHz clock and having two modes of operation,
called phases:

* Incremental phase: it is necessary to compute the most significant bits. During this first phase, the ADC
operates as shown in Figure 9 (left part). It appears equal to a 1st order XA, but it has no memory, as the
initial state is always 0.

* The second phase, referred to as cyclic phase, is needed to extract the least significant bits. During this
phase, the converter is blind to the input (but not to the reference) and performs the conversion of the residual
error.

This ADC, which is built around a switched capacitor integrator, is much faster than a A, an essential feature
when the input comes from a multiplexer and the channel switching has to be very fast. There is no decimation
downstream the ADC.

2 The wake-up performed by BMI7014 under the detection of internal fault is disabled by default. It can be activated by writing to
registers WAKEUP_MASK1, WAKEUP_MASK2 and WAKEUP_MASKS.
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Figure 9. ADC converter: incremental phase (left) and cyclic phase (right)

The ADC architecture affords the user the flexibility to select the speed vs. accuracy. Conversion resolution
setting for ADC1-A and ADC1-B are programmable from 13 to 16 bits (see Section 11.7 "ADC configuration
register — ADC_CFG"). ADC1-A and ADC1-B settings must be equal to each other.

9.4.1 High precision voltage reference

To guarantee the accuracy of all ADC conversion data, the BMI7014 integrates a high precision fully
compensated voltage reference.

9.4.2 Measurement sequence

The BMI7014 performs on-demand differential measurements of external inputs and internal measurements
using two ADC converters for measurement, calibration, and diagnostics. Once the device is initialized, on-
demand conversions are initiated by writing to the ADC_CFG [SOC] convert register or a GPIO2 input trigger.

The ADC_CFG register contains the conversion parameters for ADC1-A and ADC1-B converters and the

start conversion bit for synchronization. Writing a logic 1 to the SOC bit initiates the conversion sequence.
Conversions in progress may be interrupted by reinitiating a new conversion. Measurements for each ADC
converters in the BMI7014 have a predefined measuring sequence. Voltage conversions coming from ADC1-A
and ADC1-B are synchronized.

SOC EOC

i teell_conv i
teoc

tsettle >

~— tvcony .
Channel 1X2>E3;(4X5X6X7X8 9X10)(20>
ADC1A Tice X Tice X Vee1 X Veeiz X_Veeis X Veea X Veetis X _Veelis ANO X AN1_J(internal )
ADC1B Veellz X Veellg X Veellg X Veell10 X Veell11 X Veell12 X Veell13 X Veell14 Vstack+ X Vstack- )( internal)

aaa-054685

Figure 10. ADC conversion sequence in normal mode

Immediately after receipt of a conversion request, there is a dead time tsgrr g, after which ADC1-A and ADC1-
B converters start their conversion sequence as shown in Figure 10.

At time tceLL_conv, all voltage samples are frozen and then post-elaborated. Offset is measured and canceled,
a multiplicative correction with a gain depending on the IC die temperature is performed. The completion of
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the entire sequence, whose length is equal to 20 time slots, occurs at time tgoc. All results are stored into user
registers and their associated data ready bits are set to Logic 1. Channels identified as "internal” are used for
calibration purposes and are performed at each conversion sequence. Information on how the data is tagged
and stored is provided in Section 10. On-demand conversions are not only used for storing measurement
results in user registers, but also for OV/UV/OT/UT comparisons.

In addition to on-demand conversion requests, the BMI7014 provides timing control for cyclic measurements,
that is, conversions occurring with no need for the pack controller to repeatedly send SOC commands.

Cyclic measurements are useful for automatic OV/UV/OT/UT check. The user may select the cycle period by
programming register SYS_CFG1[CYCLIC_TIMER]. The effective duration of a cyclic sequence is given by
the teoc parameter. A cyclic sequence does not affect the content of the measurement registers (namely, of
registers MEAS_ xxxx), while it has effect on the content of CELL_OV_FLT, CELL_UV_FLT, AN_OT_UT_FLT
and FAULTx_STATUS registers.

9.4.2.1 Voltage averaging

The BMI7014 provides a feature of on-demand, on-chip voltage averaging. Using this feature, cell terminal
voltage, Vstack voltage, and VrefA and VrefB voltages can be averaged for a configured number of samples.
Averaging makes the measurement data more robust to noise, the averaging feature acts as a digital low pass
filter. The on-chip averaging feature of BMI7014 reduces the MCU load by performing the averaging on-chip
and also reducing the number of communication frames to be exchanged between master and slave.

After initialization of BMI7014, averaging can be triggered by configuring the ADC_CFG register as described

in Section 11.7 "ADC configuration register — ADC_CFG". The number of samples to be averaged is chosen

by writing to bit-field ADC_CFG[AVG] and accumulation of samples to be averaged is initiated by setting bit-
field ADC_CFG[SOC] to logic 1 or by triggering GPIO2 input. Once the averaging is started the BMI7014
accumulates the configured number of samples and divides the accumulated value by the number of configured
samples. The final value is updated in MEAS_CELLXX registers.

Ongoing accumulation of samples can only be interrupted by the GO2SLEEP and GO2DIAG commands.
However, the averaging can be restarted with a new SOC command. On reception of a new SOC command, the
BMI7014 discards the ongoing measurement (accumulation) and starts the new measurement. It is to be noted
that the feature of voltage averaging is not available for cyclic measurement.

In Normal mode, during ongoing averaging the device can interrupt the voltage averaging and change its
mode of operation. However, the GO2SLEEP and GO2DIAG commands have certain priority over averaging.
The BMI7014 performing averaging is able to transition to Sleep or Diagnostic mode on reception of a valid
GO2SLEEP or GO2DIAG command but only after completion of the ongoing sequence of measurement.

9.5 Cell terminal voltage measurement

Cell terminal voltages are monitored differentially, level shifted and multiplexed to the ADC1-A and ADC1-B
converters. Conversion results of the cells are available in MEAS_CELLXx registers.

Unused cell terminal (CTx) inputs may be terminated as shown in Figure 1 or as described in Section 12.2.2
"Unused cells". Overvoltage and undervoltage of unused inputs should be disabled through the
OV_UV_ENI[CTx_OVUV_EN] bits to prevent the input from triggering fault events. Conversions performed on
unused inputs result in nearly zero ADC values.

The differential measurement of each cell terminal input is designed to function in conjunction with external anti-
aliasing filter (see Section 12.2 "BMI7014 external components").
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Figure 11. ADC1-B voltage measurement chain

Cell terminal CT7 through CT14 have the same type input structure as CTref through CT6 and are multiplexed
to ADC1-B.
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Figure 12. ADC1-A voltage measurement chain
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9.6 GPIOx port control and diagnostics

For user flexibility, the BMI7014 has seven GPIO to support voltage measurements referenced to GND -

typically coming from NTC based circuits used to extract temperature information, for example, that of cells -
or to drive external circuits. All GPIOs may be individually configured as digital inputs or output ports, wake-up
inputs, convert trigger inputs, ratiometric analog inputs with reference to VCOM, or analog inputs with absolute
measurements. With the exception of the GPIOOQ, no external voltage must be applied on GPIOx pins when the
device is off or in Sleep mode.
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14 cells battery cell controller IC

GPIO port GPIO Anx
Standard GPIO Wup and daisy Convert trigger Absolute Ratiometric
chain

0 X X X X
1 X X X
2 X X X X
3 X X X
4 X X X
5 X X X
6 X X X
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Figure 13. GPIO internal input structure
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9.6.1 GPIOx used as digital /10

Setting the GPIO_CFG1[GPIOx_CFG] bits to 10 or 11 configures the specific port as an input or output.

Pins configured as outputs are driven high or low by writing to the GPIO_CFG2 register. Status of the ports,
regardless of the digital configuration, is provided in the GPIO_STS register, which is a feedback of the actually
commanded output.

Ports configured as GPIO outputs are diagnosed by the BMI7014. An output state GPIO_STS[GPIOx_ST],
which is opposite of the commanded state GPIO_CFG2[GPIOx_DR], is considered to be shorted. Each
short fault bit GPIO_SHORT_ANx_OPEN_STS[GPIOx_SH] associated with each GPIOx is OR wired to the
FAULT2_ STATUS[GPIO_SHORT_FLT] bit. Each GPIO_SHORT_ANx_OPEN_STS[GPIOx_SH] bit when
unmasked activates the FAULT pin.

9.6.2 GPIOO0 used as wake-up input or fault pin activation input

Setting the GPIO_CFG1[GPIO0_CFG] bits to 10 is used to configure a GPIOO0 port as an input. To program
GPIOO0 as wake-up input, the user must set the GPIO_CFG2[GPIO0_WU] bit to logic 1. In this case, the device
performs a wake-up on the rising or falling edge.

By setting the GPIO_CFG2[GPIO0_FLT_ACT] to logic 1, the GPIOO0 port may be used to activate the FAULT pin
in normal, sleep, and diagnostic modes of operation. This feature allows the user to daisy chain the FAULT pin
in high-voltage battery pack applications.

9.6.3 FAULT pin daisy chain operation

The FAULT pin may be programmed to provide the battery management system with a diagnostic feedback.
Two behaviors are possible. One is based on logic levels: low level indicates normal condition, high level
reveals a faulty condition. The other possibility is based on the heartbeat signal, a periodic signal generated by
the IC to indicate normal operation, which provides a higher integrity level.

Both modes can be activated in Normal mode, Sleep mode, and Diagnostic mode. The fault pin, carrying the
diagnostic signal, is daisy chained to the next lower BMI7014 GPIOO0 port. Each BMI7014 device is programmed
to pass the heartbeat through to the neighboring device in the system. In this configuration, any fault that the
BMI7014 can automatically detect may activate the FAULT line.

To configure the BMI7014 for daisy chain fault output:

1. Set GPIOOQ as an input GPIO0_CFG = 10.
2. Disable wake-up on GPIO0 with GPIOO_WU = 0.
3. Set GPIOO to propagate signal to FAULT pin with GPIO_CFG2[GPIO0_FLT_ACT] = 1.

To use the BMI7014 heartbeat feature, the user must write a 1 in the SYS_CFG1[FAULT_WAVE] bit. The
signaling square wave has constant on time, whereas the desired off time may be selected by writing a proper
value in the SYS_CFG1[WAVE_DC_BITx] configuration field.

The usage of the fault pin is essential if the IC uses SPI communication and must provide some monitoring
functionality in Sleep mode. In such use case the fault line is the only means to alert the system controller about
an occurred fault, while in TPL mode, even if the IC is sleeping, it has the chance to send a wake-up signal
through the bus. The fault line usage is optional in Normal and diagnostic modes, as well as in Sleep mode and
TPL configuration.
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Figure 14. Heartbeat daisy chain

9.6.4 GPIO2 used as ADC trigger

The BMI7014 provides a convenient method to trigger an ADC conversion from an external digital

source. To use GPIO2 as an ADC trigger, configure the port as a digital input through the setting
GPIO_CFG1[GPIO2_CFG] = 10 and enable the trigger through the setting GPIO_CFG2[GPI0O2_SOC] = 1. With
the port configured, positive edge events on GPIO_CFG2[GPIO2_SOC] triggers a start of conversion sequence.

With a GPIO2 trigger, the converter operates as programmed in the ADC_CFG[SOC] bit. The GPIO2 convert
trigger feature is not available in sleep mode.
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9.6.5 GPIOx used as analog

Setting the GPIO_CFG1[GPIOx_CFG] bits to 00 or 01 configures the specific port as an analog ratiometric
input or single ended. GPIOs configured as analog inputs are usually used for temperature measurement. The
BMI7014 may be programmed to detect overtemperature and undertemperature.

To detect overtemperature and undertemperature, the generated digital value is compared to an individually
programmed threshold in the TH_ANx_OT and TH_ANx_UT registers. Any ADC1-A result that exceeds the
threshold, on any temperature measurement input, activates the FAULT1_STATUS[AN_OT_FLT,AN_UT_FLT]
bit. The conversion results for the analog inputs are available in MEAS_ANX register for the pack controller to
read.

9.7 Cell balance control

The BMI7014 features fully protected integrated cell balancing drivers with fault diagnostics. The cell balancing
feature is active in normal, sleep and diagnostic modes. The BMI7014 contains registers to control and monitor
cell balance drivers and cell balance fault status.

The SYS_CFG1 register contains the CB_DRVEN bit. The CB_DRVEN bit must be enabled for any of the
drivers to be activated. All drivers are disabled when CB_DRVEN bit is logic 0. For cell balance drivers to be
active, both the SYS_CFG1[CB_DRVEN] and the CBx_CFG[CB_EN] bits must be set to logic 1.

The individual cell balance timer is set through the CBx_CFG[CB_TIMER]. Timing parameters can be found

in the register map of this specification. Each time the cell balance CBx_CFG[CB_TIMER] bit is written by the
MCU controller, the BMI7014 initiates the cell balance timer. It is important to explicitly mention, each time the
CB_DRVEN bit is set to logic 0, then cell balancing timers get reset to 0 (the CBx_CFG[CB_TIMER] bits are
unchanged) and all cell balancing MOSFETs are turned off. Before the CB_DRVEN bit is set again to logic 1, all
CBx_CFG registers need to be configured again. Otherwise, a cell balancing sequence will be started with the
previous settings.

The SYS_CFG1 register contains the CB_MANUAL_PAUSE bit, which, if set to logic 1, instructs the BMI7014
to disable the cell balance switches. When the CB_MANUAL_PAUSE bit is set again to logic 0, the cell balance
switches are restored according to the programming. However, the cell balance timers are not frozen during a
manual pause. The contents of CBx_CFG[CB_TIMER] and ADC2_OFFSET_COMP[ALLCBOFF ON SHORT]
bits must not be changed while balancing.

It is not recommended to perform any cell measurement when cell balancing switches are activated, for two
main reasons:

1) During Sleep mode, when cell balancing switches are ON, additional leakage current can be generated by
the cell balancing activation which may cause a cell voltage measurement error.

2) The parasitic resistance on the cell terminal connections may also lead to a cell voltage measurement error
which depends on the value of the CT parasitic resistance and on the cell balancing current.

In addition, due to the input cell low pass filter, it is required to wait a certain amount of time after opening the
cell balancing switches before performing an accurate cell measurement sequence. This time depends on the
input cell filter used. For the cell input filter described in Table 78, the waiting time recommended is 3ms. For
similar reasons, it is also recommended to disable cyclic acquisitions when cell balancing is active to avoid false
cell OV/UV fault detections. These recommendations are valid when the IC is in Normal mode or Sleep mode.

9.8 Internal IC temperature

Internal temperature measurement is completed automatically during each ADC conversion sequence. The
MEAS_IC_TEMP register containing the IC temperature measurement may be read at any time by the pack
controller. Resolution of MEAS _IC_TEMP is 32 mK/LSB.
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9.9 Internal temperature fault

In addition to the digital temperature measurement register, the BMI7014 is equipped with a silicon
overtemperature thermal shutdown (TSD). In the event the silicon thermal shutdown is activated in normal
mode, the BMI7014 halts all monitoring operations and enters a low-power state with the FAULT pin activated.
When the die temperature returns to normal, the BMI7014 resumes operation in normal mode.

In the event of an internal TSD:

1. Conversion sequence is aborted and the BMI7014 stops converting.

2. The FAULT2_STATUSI[IC_TSD_FLT] bit is set to logic 1, implying a FAULT pin activation.
3. VCOM and VANA are in shut down, communication gets blocked.

4. All cell balance switches are disabled and CB_DRVEN cleared.

When the die temperature returns to normal level, the BMI7014 resumes to Init mode. Therefore, the user shall
provide the device with an address and proper parameters again.

Overtemperature TSD events are also detected while the BMI7014 is in sleep mode during cyclic
measurements. TSD events detected during the sleep mode cyclic measurement force the BMI7014 to set
the IC_TSD_FLT bit and activate the FAULT pin while remaining in sleep mode. When the BMI7014 returns to
normal operating temperature it transfers to normal mode and initiates a wake-up sequence on the bus.

9.10 Storage of parameters in an optional EEPROM

NXP provides parts with optimal calibration values. Standard parameters are stored in a read only memory
called fuses cell array. It is typically neither necessary nor advised to change the standard values. Nevertheless,
sometimes this might be required.

If the BMI7014 is linked to an EEPROM, the latter device is automatically recognized, provided the address
$00 of the EEPROM contains the proper one byte key value, namely $CB hex. To program the EEPROM with
calibration parameters, the user’s final test and assembly must write to the EEPROM_CTRL register, providing
address and data in EEPROM_CTRL[EEPROM_ADD] and EEPROM_CTRL[DATA_TO_WRITE] fields, with
the EEPROM_CTRL[RW] bit set to logic 0. The user must simply send the write command with the EEPROM
address and data to be written, and set the write bit to logic 0. The BMI7014 automatically writes the data to
the given EEPROM address. To read data from the EEPROM, the user has to first write to the EEPROM_CTRL
register, providing the address in EEPROM_CTRL[EEPROM_ADD] field, with the EEPROM_CTRL[RW] bit set
to logic 1, then read in the same register to get the data in EEPROM_CTRL[READ_DATA] field.

Each time the part experiences a power up or reset event, an internal R/W memory, which is referred to as
mirror memory, is first of all uploaded with the value of the fuses cell array. The content of such memory is
propagated to the applicative part of the chip. All calibration values, before being used in the IC, are protected
by an ECC (Error correction code). But if an EEPROM is recognized, the mirror registers bank, in which the
content of the fuses memory was stored at the very beginning of the initialization process (transparent to the
user), gets automatically reloaded with the content of the EEPROM.
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Figure 15. Memories

The space of EEPROM-addresses and the space of mirror-addresses correlate to each other. Mirror data are
organized in 16-bit words, while the data of the EEPROM have been thought as bytes. As at EEPROM-address
$00 there is the key value, the first calibration byte of the EEPROM must have EEPROM-address $01 and
corresponds to the most significant byte of the mirror word having mirror-address $00. The second calibration
byte of the EEPROM must have EEPROM-address $02 and corresponds to the least significant byte of the
mirror word still having mirror-address $00, and so on.

This can be seen in Table 13. The columns labeled as "Gain comp.?" and "by ..." show if the input signals are
gain compensated (yes/no) and by which gain. For instance, GCF_c1 stays for a gain, which may be calculated
by using GCF_room_c1, GCF_hot_c1 and GCF_cold_c1 variables specified in Table 77. In this table, attributes
"cold" and "hot" refer to —40 °C and 89 °C respectively, and attribute room refers to 25 °C. A gain may or may
not depend on the temperature (column "Temp. comp.?" may attain the value yes or no). If a gain depends on
the IC temperature, there are three scalar gains. For instance: gain_cold_a, acq_gain_a, gain_hot_a represent
respectively the delta gain compensation values at cold (-40 °C) vs room, room (+25 °C) and the delta gain
compensation values at hot (+89 °C) vs. room temperature of the die. They are used to calculate, by delta gain
compensation, the actual value of gain at any temperature.

Even if the most typical usage of the EEPROM is as storage of gains, nothing prevents the user to use it as a
generic information storage. If this is the case, the first portion of the EEPROM has to be reserved to the copy of
all gains, even if this is identical to the content of the fuse memory.

BMI7014 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.

Product data sheet Rev. 3 — 8 August 2024 Document feedback
3771115



https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_BMI7014

NXP Semiconductors

BMI7014

Table 12. Gain format

14 cells battery cell controller IC

Gain =1+ DG Representation: Min Max Resolution
(DG) 2's complement (%) (%) (%)
(number of bits)
GCF_room_cx (odd cell) 10 -6.2500 6.2378 0.01221
GCF_room_c(x+1)vs(x) (even cell vs odd cell) |4 forx =1 —0.098 forx=1 |0.085 forx =1 0.01221
2 forx #1 -0.024 forx#1 |0.012forx # 1
GCF_cold_cx (odd cell) (cold temp vs room) 7 forx =1 —0.781 forx=1 [0.769 for x = 1 0.01221
6 forx # 1 -0.391forx#1 |0.378 forx # 1
GCF_cold_c(x+1)vs(x) (even cell vs odd cell) 6 forx =1 -0.391forx=1 |0.378forx=1 0.01221
2 forx #1 -0.024 forx#1 |0.012forx # 1
GCF_hot_cx (odd cell) (hot temp vs room) 7 forx =1 -0.781forx=1 |[-0.769 forx=1 |0.01221
6 forx # 1 -0.391forx#1 |-0.378 forx # 1
GCF_hot_c(x+1)vs(x) (even cell vs odd cell) 5forx=1 —-0.195forx=1 [0.183 forx = 1 0.01221
3forx#1 —0.049 forx#1 |0.037 for x # 1
GCF_Vbgtj1-2 (diagnostic voltage reference)l! |8 -3.1250 3.1006 0.02441
GCF_stack (Stack voltage) 7 -3.1250 3.0762 0.04883
GCF_ANXx_ratio (ANx ratio) 5 -1.5625 1.4648 0.09766
GCF_IcTemp (IC temperature) 4 -3.1250 2.7344 0.39063
[1]  This gain compensation factor is relative to GCF_c1.
Table 13. Gain compensation
Measured |No. |Offset Gain By... Temp. Result stored ...checked |... in the range of
channel comp.? |comp.? comp. ? |in... by...
By ADC1-A
ICTEMP1 |1 |Chopper |Yes GCF_IcTemp No MEAS_IC_TEMP |N/A N/A N/A
ICTEMP1 2 Chopper |Yes GCF_IcTemp No MEAS_IC_TEMP |N/A N/A N/A
CT1 3 |Yes Yes GCF_c1 Yes MEAS_CELL1 IC CT1_UV_TH |CT1_OV_TH
CT2 4 |Yes Yes GCF _c2 Yes MEAS_CELL2 IC CT2_UV_TH |CT2 OV_TH
CT3 5 |Yes Yes GCF_c3 Yes MEAS_CELL3 IC CT3_UV_.TH |[CT3 OV_TH
CT4 6 |Yes Yes GCF_c4 Yes MEAS_CELL4 IC CT4_UV_TH |CT4_OV_TH
CT5 7 |Yes Yes GCF_c5 Yes MEAS_CELL5 IC CT5_UV_TH |CT5_OV_TH
CT6 8 |Yes Yes GCF_c6 Yes MEAS_CELL6 IC CT6_UV_TH |[CT6_OV_TH
ANO 9 |Yes Yes GCF_ANx_ratio " |No @ MEAS_ANO IC ANO_UT_TH |ANO_OT_TH
AN1 10 |Yes Yes GCF_ANx_ratio @ |No ™ MEAS_AN1 IC AN1_UT_TH |AN1_OT_TH
AN2 1 |Yes Yes GCF_ANx_ratio @ |No ™ MEAS_AN2 IC AN2_UT TH |AN2 OT TH
AN3 12 |Yes Yes GCF_ANXx_ratio @ |No @ MEAS_AN3 IC AN3_UT_TH |AN3_OT_TH
AN4 13 | Yes Yes GCF_ANx_ratio @ |No @ MEAS_AN4 IC AN4_UT TH |AN4_OT TH
ANS5 14 |Yes Yes GCF_ANx_ratio @ |No ™ MEAS_AN5 IC AN5_UT TH |AN5 OT TH
ANG 15 |Yes Yes GCF_ANXx_ratio @ |No @ MEAS_ANG IC AN6_UT_TH |AN6_OT_TH
VBG_TJ 16 |Yes Yes GCF_Vbgp1 Yes MEAS_VBG_ IC thresholds vs. fuse_bg_ti
DIAG_ADC1A
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Table 13. Gain compensation...continued

Measured |No. |Offset Gain By... Temp. Result stored ...checked |... in the range of

channel comp.? |comp.? comp. ? |in... by...

Reserved 17

Reserved 18

Reserved 19

Reserved 20

By ADC1-B

CT17 1 Yes Yes GCF_c7 Yes MEAS_CELL7 IC CT7_UV_TH |CT7_OV_TH

CT8 2 |Yes Yes GCF_c8 Yes MEAS_CELLS8 IC CT8_UV_TH |CT8_OV_TH

CT9 3 |Yes Yes GCF_c9 Yes MEAS_CELL9 IC CT9_UV_TH |CT9_OV_TH

CT10 4 |Yes Yes GCF_c10 Yes MEAS_CELL10 IC CT10_UV_TH |CT10_OV_TH

CT11 5 |Yes Yes GCF_c11 Yes MEAS_CELL11 IC CT11_UV_TH |[CT11_OV_TH

CT12 6 |Yes Yes GCF_c12 Yes MEAS_CELL12 IC CT12_UV_TH |[CT12_OV_TH

CT13 7 |Yes Yes GCF_c13 Yes MEAS_CELL13 IC CT13_UV_TH |CT13_OV_TH

CT14 8 |Yes Yes GCF_c14 Yes MEAS_CELL14 IC CT14_UV_TH |CT14_OV_TH

Stack 9 Chopper |Yes GCF_stack No MEAS_STACK N/A N/A N/A

Stack 10 |Chopper |Yes GCF_stack No MEAS_STACK N/A N/A N/A

Reserved 11 |No Yes N/A Yes ADC1_B_RESULT |[N/A N/A N/A

VANA 12 |Yes Yes GCF_c1 Yes ADC1_B_RESULT |IC N/A VANA_OV_
TH

VBG_TU 13 |Yes Yes GCF_Vbgp2 Yes MEAS_VBG_ IC thresholds vs. fuse_bg_ti

DIAG_ADC1B

Reserved 14

Reserved 15

Reserved 16

Reserved 17

[1]1 ltis assumed that all ANx have been programmed as ratiometric; in case a certain ANx is programmed as an absolute input, the gain GCF_ANXx_ratio
gets replaced by GCF_c1 and the 'No' value contained in the column labeled "Temp. comp. ?' is replaced by a 'Yes'.
[2]  This gain compensation factor is relative to GCF_c1.

9.10.1 EEPROM content protection

If there is an EEPROM containing the equivalent of the fuse memory, some ECC bits are needed to protect
them, as in the standard case of the fuse memory. The customized values and their own ECC values are
completely independent on the NXP basic calibrations and their specific ECC stored in the fuses. Therefore, the
user has to evaluate new ECC bits starting from its own calibration data and, finally, save both in the EEPROM.

There is a special calculation sheet the customer has to request from NXP. This sheet contains the correct
values for DED_ENCODE_2 and DED_ENCODE_ 1 information, that is, ECC words used in the BMI7014 to
detect a single error in the data and to correct it. In case of a double error, the problem can only be detected.
However, in the normal usage, the SYS_CFG2[HAMM_ENCOD] bit has to be set at logic 0. It is recommended
the value of such bit is periodically checked to be at logic 0. If the bit is not at logic 0, then it must be written at
logic 0 again.
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9.11 Mirror memory access

The mirror memory can be changed by using the FUSE_MIRROR_DATA and FUSE_MIRROR_CNTL general
registers. The former contains the value of the data to be written into the mirror or to be read from it, while the
latter contains the data address FMR_ADDR (whose value is in the range 0 to 31 decimal), some control fields

(FSTM and FST) and a read only information about a possibly occurred detection and correction of data values
(SEC_ERR_FLT).

Enable_SPI_Write_S FST = 100

POR FST = 000

To_Automatic_Read_S

Automatic_Read_S Low_Power_S

FST =110

aaa-027863

Figure 16. Mirror memory control

To manage the mirror memory the FSM of Figure 16 must be used.
Meaning of the states:

* To_Automatic_Read_S: transient state for slightly delaying the automatic read, after POR.

* Automatic_Read_S: in this state the entire bank of fuses is automatically transferred from analog matrix to the
digital mirror.

* Low_Power_S: low power state; it must be the initial and final state of a sequence of write operations. This is
the state where the mechanism idles after an automatic read.

* Enable_SPI_Write_S: state allows writing into the mirror.

Table 14. Sequence of read operations

Type of command FSTM FST FMR_ADDR FUSE_MIRROR_DATA
FUSE_MIRROR_CNTL[FMR_ADDR] set 0 000 00000 X
FUSE_MIRROR_DATA X X X data read at addr $0
FUSE_MIRROR_CNTL[FMR_ADDR] set 0 000 00001 X
FUSE_MIRROR_DATA X X X data read at addr $1
FUSE_MIRROR_CNTL[FMR_ADDR] set 0 000 00010 X
FUSE_MIRROR_DATA read X X X data read at addr $2

The read sequence may be useful, for example when the user wants to read the traceability information (serial
number) contained in some specific words of the mirror memory. See Table 34 and Table 77.

Table 15. Sequence of write operations

Type of command FSTM FST FMR_ADDR FUSE_MIRROR_DATA
FUSE_MIRROR_CNTL to enable writing 1 000 00000 X
FUSE_MIRROR_CNTL[FMR_ADDR] at $0 1 000 00000 X

FUSE_MIRROR_DATA X X X Data to be written at addr $0
FUSE_MIRROR_CNTL[FMR_ADDR] at $1 1 000 00001 X
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Table 15. Sequence of write operations...continued

14 cells battery cell controller IC

Type of command FSTM FST FMR_ADDR FUSE_MIRROR_DATA
FUSE_MIRROR_DATA X X X Data to be written at addr $1
FUSE_MIRROR_CNTL[FMR_ADDR] at $2 1 000 00010 X

FUSE_MIRROR_DATA X X X Data to be written at addr $2
FUSE_MIRROR_CNTL to low power 1 100 X X

10 Communication

The BMI7014 is designed to support serial peripheral interface (SPI) or transformer physical layer (TPL)
communication.

SPI communication uses the standard CSB to select the BMI7014 and clocks data in and out using SCLK, S,
and SO. Using SPI to communicate to the BMI7014 provides system isolation when used in conjunction with
galvanic isolators. Serial communication is enabled using the SPI_COM_EN pin. To select SPI communication,
the SPI_COM_EN pin must be terminated to the VCOM supply. Terminating the SPI_COM_EN pin to CGND pin
selects TPL communication. Systems using only SPI communication to the BMI7014 may leave RDTX_OUT+
and RDTX_OUT- unterminated or may short them to ground.

During initialization, each BMI7014 device is assigned a specific address by the MCU by writing a non-zero
value to INIT[CID] bit field. Only the BMI7014 with the correct address acts upon and responds to the request
from MCU. After initialization, the MCU may communicate globally to all slave devices by using a global
command. No response is generated when a global command is received by each slave device in the chain.

Note: The BMI7014 supports only one communication method at a time and is determined by the state
of SPI_COM_EN pin. Changing the state of the SPI_COM_EN pin after POR and VCOM is in regulation
is considered a communication fault, and sets the COM_LOSS _FLT bit. The BMI7014 remains in same

configuration determined at POR.

10.1 SPI communication

CSB CSB
SI/RDTX_IN+ MOSI
SCLK/RDTX_IN- SCLK
SO Rso, MISO
_____ |
VCOM H RPO
BMI7014 L MCU

SPI_COM_EN 10kQ

4.__.

—1
—=22uF J‘ 220 pF

RDTX_OUT+ T

RDTX_OUT-

CGND

aaa-054823

In the presence of 3.3 V SPI interface, resistors represented by a dotted line could have Rgp = 5.23 kQ and Rpp = 10 kQ.
For a 5.0 V SPI interface, it must be Rgpo = 0 Q (short) and Rpg = = (open).

Figure 17. SPI interface termination

SPI input signal levels to the BMI7014 operate at 5.0 V logic levels but are 3.3 V compatible.

The SO output driver provides 5.0 V levels only and therefore must be attenuated to be compatible with a 3.3 V
MCU.
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The BMI7014 SPI interface is a standard SPI interface with a chip select (CSB), clock (SCLK), master in slave
out (MISO), and master out slave in (MOSI). The SI/SO shifting of the data follows a first-in-first-out method,
with both input and output words transferring the most significant bit (MSB) first. All SPI communication to the
BMI7014 is controlled by the microcontroller.

One 48-bit message frame for previously requested data is retrieved through serial out for each current serial in
message sent by the MCU. For message integrity and communication robustness, each SPI transmit message
consists of nine bit fields with a total of 48 bits message frame. The nine transmit fields are defined as following:

1. Register data (16 bits).

Master/slave (1 bit), always at 1 in the response.
Register address (7 bits).

Reserved (2 bits).

Cluster ID (6 bits).

Message counter (4 bits).

Reserved (2 bits).

Command (2 bits).

9. Cyclic redundancy check (8 bits)

© N ok ®DN

Messages having less or more than 48 bits, incorrect CRC, or incorrect SCLK phase are disregarded.
Communication faults set the COM_ERR_FLT fault bit in the FAULT1_STATUS register and increments the
COM_STATUS[COM_ERR_COUNT] register.

Note: It is required that the SCLK input is low before the falling edge of CSB (SCLK phase).

Table 16. SPI command format

Register | Master/ Register Reserved |Device address| Message Reserved | Command CRC
data slave address (cluster ID) counter
Bit[47:32] | Bit[31] Bit[30:24] Bit[23:22] Bit[21:16] Bit[15:12] Bit[11:10] Bit[9:8] Bit[7:0]

Information is transferred to and from the BMI7014 through the read and write commands. After a power-up
(POR) or RESET (pin) or SYS_CFG1[SOFT_RST], the BMI7014 device only responds to the cluster ID of 00
0000b. The user must change the cluster ID of the device by writing a new cluster ID into register INIT[CID].
Subsequent read/write command must use the new cluster ID to communicate to the device. Whatever the type
of transmitted message, the master has to write a logic 0 in the master/slave bit. Any message transmitted by
the user with master/slave bit set to 1 or with wrong CID is treated as Invalid request by BMI7014.

Notes:

* In SPI communication, global write commands are not allowed and the BMI7014 responds with all bit field set
to zero except message counter and correct CRC, in the subsequent message frame.

* In SPI communication, the BMI7014 responds with all bit filed set to zero except message counter and correct
CRC to an invalid request from MCU.

* In SPI communication, the BMI7014 responds with all bit filed set to zero except message counter and the
correct CRC to the very first BMI7014/ MCU message frame.

The response message sent by BMI7014 to MCU is similar to the receive message and includes the 4-

bit message counter. The Message counter is a local counter to BMI7014. It is increased by one for each
new response transmitted by BMI7014, this applies also to auto read generated by BMI7014 for write and
NOP commands. It is recommended that the MCU compares the message counter value of two consecutive
responses transmitted by BMI7014, if the values are same then MCU shall treat the messages as error.

1. Register data (16 bits)
2. Master/slave (1 bit)
3. Register address (7 bits)
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Reserved (2 bits)

Cluster ID (6 bits)

Message counter (4 bits)
Reserved (2 bits)

Command (2 bits)

Cyclic redundancy check (8 bit)

© ® N Ok

Table 17. SPI response format

Register | Master/ Register |Reserved|Device address | Message Reserved | Command CRC
data slave address (cluster ID) counter

Bitj47:32] | Bit[31] | Bit[30:24] | Bit[23:22]  Bit[21:16] Bit[15:12] | Bit[11:10] Bit[9:8] Bit[7:0]

To initiate communication, the MCU transitions CSB from high to low. The data from the MCU is sent with

the most significant bit first. The Sl data is latched by the device on the falling edge of SCLK. Data on SO is
changed on the rising edge of SCLK and read by MCU on the falling edge of SCLK. The SO response message
is dependent on the previous command.

Falling edge of CSB initiates the following:

1. Enables the Sl Input
2. Enables the SO output driver

Rising edge of CSB initiates the following operation:

1. Disables the SO driver (high-impedance)
2. Activates the received 48-bit command word allowing the BMI7014 to act upon the new command

Notes:

* The BMI7014 responds to a NO_OPERATION command with a NO_OPERATION response (with increased
message counter value) in the subsequent response.

* After initialization, when writing to a register, the BMI7014 responds with an auto read of the register which
was written in the subsequent write request.

» The BMI7014 does not execute any command if the master/slave bit is equal to logic 1.

CSB ., | |
| M |

Sampling
edges

——————————— < Bit3g X Bitas X Bit37 X Bit01 X Bit00 >—————

¢ — — — —
€ — — — —
€ — — — — ]
€ — — — — ]

€« — — — -

“so___meaningless X Bit39 X Bit3s X Bit37 ><’:/,Bit-01 X Bitoo X

aaa-027865

Figure 18. SPI transmission

10.2 TPL communication

High speed differential isolated communication is achieved through the use of transformer or capacitive
isolation. Terminating the SPI_COM_EN pin to the CGND pin selects transformer communication. For
transformer communication (TPL), an MC33664 IC is required between the BMI7014 IC and the MCU, as
shown in Figure 46
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For TPL communication, it is recommended that the device is terminated as shown in Figure 46. Component
values are given in Section 12.2 "BMI7014 external components".

The BMI7014 IC is equipped with a bidirectional transceivers for upstream and downstream communication.
The bidirectional transceiver is implemented to support up to 63 nodes in one daisy chain (CID = 00 0000b

is reserved for network initialization). The message received by the receiver on one port of BMI7014 is
retransmitted by the transmitter of the opposite port of BMI7014. This ensures that the message is not
attenuated as it propagates through the daisy chain. Each node in the daisy chain adds a delay of tyort_deay for
forwarding messages in the daisy chain.

In TPL communication, the CSB pin may be used as a wake-up input. During Sleep mode, an edge transition of
the CSB initiates the wake-up function. Alternatively, the CSB pin may be shorted to ground or software masked
to prevent undesired wake-up events.

Communication between the pack controller and the BMI7014 is half duplex communication with transformer
isolation. Transformer physical layer in the pack controller creates a pulse phase modulated signal transmitted
to the bus through the transformer. The BMI7014 physical layer is equipped with a segment-based transmitter,
which is used as a terminating resistor (internally) during the receive mode. The default value of terminating
resistance is set to 120 Q for impedance matching and network stability. In TPL communication, the BMI7014 IC
is always electrically connected to its neighbouring BMI7014 ICs in a daisy chain.

10.2.1 TPL Encoding

The transformer physical layer (TPL) uses pulse encoded symbols for communication. The three signal pulses
used for encoding positive (P,black), negative (N, red) and zero (M, black) are shown in Figure 19 .

positive negative zero
RDTX_IN+ RDTX_IN-
RDTX_OUT+ RDTX_OUT-

aaa-033241

Figure 19. TPL Pulses

Start-of-message and end-of-message symbols are generated by the transformer driver and always occur at the
start and end of the communication message. The start-of-message symbol and end-of-message symbol each
contain two complete signal pulses. The start-of-message symbol produces a double pulse with a logic 1 phase.
End-of-message produces a double pulse with logic 0 phase. Data pulses are single period pulse waves that
indicate logic 1 or 0, based on the phase. The four symbols shown in Table 18 are used.

Table 18. TPL encoding

Symbols Pulse modulation Description
Start-of-message (SOM) Start of positive phase, double pulse (and plus pause)
message
Two pulse
positive
square
waves
aaa-032623
Figure 20. SOM
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Table 18. TPL encoding ...continued
Symbols Pulse modulation Description

End-of-message (EOM) End of negative phase, double pulse
O

message

aaa-032624

Figure 21. EOM
Logic 1 Bitn positive phase, single pulse (and plus pause)
Logic 1

aaa-032625

Figure 22. Logic 1

Logic 0 Bitn negative phase, single pulse (and plus pause)
Logic 0

aaa-032626

Figure 23. Logic 0

10.2.2 Command message bit order

Same as in Section 10.1 "SPI communication"”

10.2.3 Response message bit order

Same as in Section 10.1 "SPI communication”

10.2.4 Transformer communication format

Command and response frames are exchanged primarily between a single master and any single slave. One
exception is the use of a global command, which can be transmitted from one master to multiple slaves, but
includes no slave response. The purpose of the command and response transactions are to read and write to
registers within the slave register map.

The command and response communication structure provides all context information required for
unambiguous single-exchange transactions for extended memory applications requiring efficient memory
access.
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The message structures have predefined fixed bit length frames and defined timing between transfers. To
transfer data efficiently from the slave, multiple response packets may be requested by the read command. The
BMI7014 defines a set of fields that constitute the command and response message structure.

Transformer message format is identical to the SPI format. Command message frames consist of nine fields
containing exactly 48 bits. The response structure is similar to the SPI format.

After initialization, information is transferred to and from the BMI7014 through the read and write commands.

On Power Up or POR, the first BMI7014 device in the chain responds to address 00 0000b° %, The user must
program the first device with a new address by writing to the INIT[CID] register. Programming the device with
a new address allows the pack controller to communicate and initialize the next device in the daisy chain.
Subsequent read/write commands to the next device must use the new address to communicate.

All write commands sent by the master must consist of a single frame. The slave device does not generate any
response to a write command from master but only acts on it. Similarly, the slave device does not generate any
response nor performs any operation after receiving a valid NOP message from the master.

Read commands sent by the master may generate a single response or multiple responses depending on
the parameters set in the read request. The packet size and memory start location are identified in the read
command sent by the master.

Master

| Command N | | Command Y |
Slave
| Response N | | Response Y | | Response Y+1

aaa-027867

Figure 24. Bus traffic example

No response is generated by a slave BMI7014 when a corrupted message is received. Confirmation that a
global write command is received by the slave must be done by reading the register in which it was written.

In cases where a bus error occurs, due to induced noise or a bus fault, the slave detects bad data transfers.
The BMI7014 slave reacts to communication faults by setting the FAULT1_STATUS[COM_ERR_FLT] and
incrementing the COM_STATUS[COM_ERR_COUNT] register.

COM Error detected by MCU
Master T

| Command N | | Command Y |
Slave
| Response N | l | Response Y | | Response Y+1

COM_ERR_FLT aaa-027868
bit set

Figure 25. Bus traffic with receive error and recovery

All valid read commands sent to an individual slave provide a response. In the event a slave does not respond
to a read request message, the master must assume the message was corrupted or lost. To recover from the
event, the master must retransmit the message. Corrupted messages received by the master are detected
through an incorrect CRC code. To recover, the master must request the data again.

3 Aslave device at POR with INIT[CID] = 00 0000b responds only at the port it received the request.
4 A slave device with CID = 00 0000b does not forward messages.
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10.2.5 Transformer communication timing

Command and response message frames are to be sent and received at 2.0 Mbps bit rate. The response
to a first read request command is provided within treg of the end of the frame. However, two consecutive
message responses transmitted by BMI7014 IC for burst read request are separated by trp__1p time as shown

in Figure 26.

start of bit47 | bit46to | bit2 bit 1 bit 0 end of tres or
message logic 1 bit 3 logicO | logicO | logic1 |message ttPL_TD

aaa-032615

Figure 26. Transformer communication waveforms

Each sent and received message starts with Start of Message (SOM) bit followed by a 48-bit message and
ends with an End of Message (EOM) bit.

10.2.6 Transformer communication wake-up

In TPL communication, the system wake-up can be triggered by either the BMI7014 IC (wake-up due to internal
event) or the pack controller (MCU). In both cases, a dedicated wake-up pulse sequence is used. The wake-
up pulse sequence consists of two transmit messages with or without no data transmitted. The messages are
separated by a delay time (twake_peLay). Each message contains a SOM and EOM symbol.

10.2.6.1 BMI7014 System wake-up

By default, the internal event wake-up capability of the BMI7014 is disabled. When enabled and in the event
the BMI7014 detects a wake-up condition, the device initiates a wake-up pulse sequence on the bus to alert the
pack controller. The BMI7014 IC initiating the wake-up, due to an internal event, sends the wake-up sequence
upstream and downstream in the daisy chain to ensure the wake-up message propagates along the entire
chain to the pack controller. Each neighbouring BMI7014 IC in daisy chain forwards the received wake-up
sequence opposite to the direction where it received the wake-up sequence. In this process, all BMI7014
devices in the daisy chain, along with the pack controller, are awoken. After the pack controller gets awoken;

it is recommended the pack controller interrogate each BMI7014 in the system to determine the source of the
wake-up.
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Event
VCOM

Power up

SI/RDTX_IN+
SCLK/RDTX_IN-

4 BMI7014
¥ MC33664

(MC33664 control) /

INTB
EN , | MCU transitions EN low to high

- to set MC33664 in normal mode
(MCU control) / !

I

CSB_RX
(MC33664 control) MCU may use CSB_RX or
INTB as wake up

aaa-054686

Figure 27. BMI7014 system wake-up

Note: The system wake-up performed by BMI7014 IC in case of any internal event is disabled by default. This
wake-up can be activated by writing to register WAKEUP_MASK1, WAKEUP_MASK?2 and WAKEUP_MASKS3.

10.2.6.2 Pack controller system wake-up

The pack controller can also perform system wake-up by sending a wake-up sequence to the first BMI7014 IC.
The pack controller can use the CSB_TX pin of the MC33664 to generate SOM and EOM with correct timing.
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MCU Wake Up
event

INTB Ll
(MC33664 control)

EN
(MCU control)

SCLK_TX
(MCU control)

CSB_TX
(MCU control)

RDTX+/- \
(MC33664 control)

4 MC33664
v BMI7014
Normal
%7 Sleep or idle mode ——— Wake pending mode ——————=— or init
Complete TPL wake-up sequence mode
tWAKE_DELAY
SOM EOM SOM EOM
SI/RDTX_IN+
SCLK/RDTX_IN-
(BMI7014 receive)
VCOM
(BMI7014 control)
Sleep
}47 Sleep or idle mode Wake pending mode —— <—or idle —»
mode

tWAKE_DELAY
Incomplete TPL wake-up sequence

tNowuP
SOM EOM

SI/RDTX_IN+
SCLK/RDTX_IN- —
(BMI7014 receive)

aaa-054697

Figure 28. Pack controller system wake-up

If the device is in Sleep mode, each successive slave device awoken by the wake-up message on the bus,
generates a new wake-up message for its neighbor. The message is to be transmitted in one direction only on
the bus. The direction of transmission of the wake-up message on the bus is always at the opposite port of the
received wake-up message. In the unlikely event of a collision, the message at the lower port (RDTX_IN) is
given a higher priority than the message at the higher port (RDTX_OUT).

Note:

* Any write message of any length can be used to generate both wake-up pulses and obtain a valid device
wake-up.

* The second wake-up message should be sent after a minimum time of tyaxe peiay (min) from the first SOM
reception. -

 The device falls back to Sleep or Idle mode when an SOM followed by EOM is not received in tyake peLay
(max). -

* If the wake-up sequence is incomplete, then a new wake-up attempt can only be done after a tyowyp delay.
See Figure 28.
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» The pack controller must wait for tyy wait ms per node to communicate with the BMI7014 ICs after sending
the first wake-up message. For example, given that the BMI7014 IC is enumerated, with 10 nodes in a daisy
chain the pack controller must wait 7.5 ms before communicating to BMI7014 IC. The waiting time allows all
the BMI7014 ICs in the system to transition to normal mode.

» The pack controller must use only one master node to perform wake-up of devices.

10.3 CRC generation

The master and slaves calculate a CRC on the entire message using the processes detailed in this section.

The command and response CRC is fixed at 8 bits in length. The CRC is calculated using the polynomial X+ x°

+x2 + x% + x + 1 (identified by 0x2F) with a seed value of binary 11111111,
An example CRC encoding HW implementation is shown in Figure 29.

Co Cq Co Cs Cy Cs Cs C7
Q- OO IO
1*1 1*X 1*X2 1*x3 o*x4 1*x5 0*x6 0*X7 1*x8

aaa-027872

Figure 29. Command and response mode — example CRC encoder

The effect of the CRC encoding procedure is shown in the following table. The seed value is appended into the
most significant bits of the shift register.

Table 19. Data preparation for CRC encoding

Seed Register Master / Register Reserved |ClusterID |Message Reserved Cmd
data Slave address counter
1111_1111 |Bits [47:32] |Bit [31] Bits [30:24] |Bits[23:22] |Bits[21:16] |Bits[15:12] |Bits[11:10] Bits[9:8]
Seed... ...padded with the message to encode... ...padded
with 8 zeros

1. Using a serial CRC calculation method, the transmitter rotates the seed and data into the least significant
bits of the shift register.

2. During the serial CRC calculation, the seed and the data bits are XOR compared with the polynomial data
bits. When the MSB is logic 1, the comparison result is loaded in the register, otherwise the data bits are
simply shifted. It must be noted the 48-bit message to be processed must have the bits corresponding to the
CRC byte all equal to zero (00000000).

3. Once the CRC is calculated, it replaces the CRC byte initially set to all zeros and is transmitted.

Following is the procedure for the CRC decoding:

1. The seed value is loaded into the most significant bits of the receive register.
2. Using a serial CRC calculation method, the receiver rotates the received message and CRC into the least

significant bits of the shift register in the order received (MSB first).
3. When the calculation on the last bit of the CRC is rotated into the shift register, the shift register contains the

CRC check result.

« If the shift register contains all zeros, the CRC is correct.
* If the shift register contains a value other than zero, the CRC is incorrect.

CRC calculation examples:

BMI7014
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Table 20. Command CRC calculation examples

Data 16 bit Master/slave Reserved Message Reserved CRC 8 bit Frame 48 bit
(Hex) bit and memory |(2 bits) and counter, 4 bit |(2 bits) and (Hex) (Hex)
address, 8 bit Cluster Id (6 (Hex) Command
(Hex) bit), 8 bit (Hex) (2 bits), 4 bit
(Hex)
0x0101 0x08 0x01 0x3 0x0 0x3C 0x0101080130
3C
0x0AO0A 0x01 0x0A 0x9 0x1 0x84 0x0AO0A010A9
184
0x01C4 O0xOF 0x02 0x1 0x2 0x26 0x01C40F0212
26
0x7257 0x01 0x05 0x7 0x3 0xC7 0x7257010573
Cc7
Table 21. Response CRC calculation examples
Data 16 bit Master/slave Reserved (2 bits) [Message Reserved CRC 8 bit Frame 48 bit
(Hex) bit and memory |and Cluster Id (6 |counter 4 bit |(2 bits) and (Hex) (Hex)
address, 8 bit bit), 8 bit (Hex) (Hex) Command (2
(Hex) bits),
4 bit (Hex)
0x1101 0x89 0x01 0x3 0x0 0x26 0x1101890130
26
0x2002 0x89 0x05 0x9 0x0 Ox7A 0x2002890590
7A
0x5103 0x89 0x0A 0x1 0x5 0x07 0x5103890A1
507
OxFF04 0x89 0x06 0x7 0x2 0xAB6 0xFF04890672
A6

10.4 Commands

10.4.1 Read command and response

Read command is intended to be used for SPI and transformer interface. The read command is a local
command used for retrieving data from the BMI7014 device. The data field contains the number of data
registers to be returned. Requesting data from registers greater than address $7F forces the device to loop the
register counter back to register $00.

Table 22. Read ¢

ommand table

Command Register data Response/ | Register | Reserved | Device Wlessage Reserved Command CRC
name Command | address address |counter
(cluster
ID)
Bit[47:32] Bit[31] Bit[30:24] | Bit[23:22] |Bit[21:16] Bit[15:12] Bit[11:10] | Bit[9:8] |Bit[7:0]
Read XXXX NRT- Ob Register xxb CID XXxXxb xxb 01b CRC
command XXXX X 01to address
7F
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Table 23. Read response table

Command | Register Response/ Register | Reserved Device |Message Reserved|Command| CRC
name data Command address address | counter
(cluster ID)
Bit[47:32] Bit[31] Bit[30:24] | Bit[23:22] | Bit[21:16] |Bit[15:12]|Bit[11:10]| Bit[9:8] | Bit[7:0]
Read Register 1b Register 00b CID MsgCntr 00b 01b CRC
MsgCntr Data address
Response

Table 24. Legend for read command, read response tables

Read command Read response

Bit[7:0] = 8-bit CRC Bit[7:0] = 8-bit CRC

Bit[9:8] = Command (01b) Bit[9:8] = Command field (01b)

Bit[11:10] = Reserved (xxb) Bit[11:10] = Reserved (00b)

Bit[15:12] = Message counter Bit[15:12] = Message counter

Bit[21:16] = Device address (Cluster ID) Bit[21:16] = Device address (Cluster ID)

Bit[23:22] = Reserved = X, don't care Bit[23:22] = Reserved (00b)

Bit[30:24] = Register address Bit[30:24] = Register address

Bit[31] = Master/slave = Ob (master) Bit[31] = Response/Command = 1b(slave)

Bit[39:32] = NRT, number of registers to transfer back. Bit[47:32] = Data at memory address
Max is $7F, loop back on address $00

Bit[47:40] =X, don’t care

Notes:

» The read command is a local command

* Requesting a read of a reserved register provides a $0000 data response

* Registers are read-only on devices that have not been initialized

* Requesting a number of NRT equal to 00 is the same as requesting 01

» The MsgCnitr is a local counter of BMI7014 IC. It is only increased by the node responding to MCU request.
The node increases the value of MsgCntr by 1 with each new response transmitted by BMI7014. On
Saturation of this counter it restarts from 0000b.

 The initial value of message counter is 0000b and first response transmitted by BMI7014 has the message
counter value set to 0000b.

10.4.2 Local write command

Unlike the read command, for which BMI7014 responds with data, the write command does not generate any
response. When the slave receives a valid local write command, the message is acted upon but no response is
generated. Writing to read only registers does not allow the register content to be updated.
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Table 25. Write command table

14 cells battery cell controller IC

Command | Register | Response/ Register | Reserved Device |Message ReservedCommand CRC
name data Command address address | counter
(cluster
ID)
Bit[47:32] Bit[31] Bit[30:24] | Bit[23:22] | Bit[21:16] |Bit[15:12]|Bit[11:10]| Bit[9:8] | Bit[7:0]
Write Register 0b Register xxb CID XxXxxb xxb 10b CRC
command Data address

Table 26. Legend for write command and write response tables

Write command

Bit[7:0] = 8-bit CRC

Bit[9:8] = Command (10b)

Bit[11:10] = Reserved (xxb)

Bit[15:12] = Message counter (xxxxb)
Bit[21:16] = Device address (cluster ID)
Bit[23:22] = Reserved (xxb)

Bit[30:24] = Register address

Bit[31] = Response/Command = Ob
Bit[47:32] = Register Data

Note: Writing to reserved registers performs no operation and loads no data in the reserved register.

10.4.3 Global write command

The global write command allows the transformer user to communicate to all devices on the bus at the same
time. The global write command is useful to program all devices at the same time with values for fault threshold
or to synchronize conversions for all devices on the bus. When a slave receives a valid global write command,
the message is acted upon, but no response is generated.

Table 27. Global write command table

Command | Register | Response/ Register | Reserved Device |Message ReservedCommand CRC
name data Command address address | counter
(cluster ID)
Bit[47:32] Bit[31] Bit[30:24] | Bit[23:22] | Bit[21:16] |Bit[15:12] Bit[11:10]| Bit[9:8] | Bit[7:0]
Global Register 0b Register xxb XX XXXXb | MsgCntr xxb 11b CRC
Write Data address (global)
command
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Table 28. Legend for global write command table

14 cells battery cell controller IC

Write command

Bit[7:0] = 8-bit CRC

Bit[9:8] = Command field (11b)

Bit[11:10] = Reserved (xxb)

Bit[15:12] = Message counter = xxxxb (global)

Bit[21:16] = Device address (Cluster ID) = xx xxxxb (global)
Bit[23:22] = Reserved = xxb, Don't care

Bit[30:24] = Register address

Bit[31] = Response/Command = Ob

Bit[47:32] = Register Data

10.4.4 No operation command

The No Operation (NOP) command allows the user to reset the communication time-out timer of the BMI7014.
If the pack controller has no new request for BMI7014 IC but does not want the BMI7014 to reset (and lose

its CID address), it can send a NOP command to the BMI7014 IC. The NOP command does not trigger any
response or operation from the BMI7014. Thus, the NOP command can be used by the pack controller like a
ping to prevent the IC from resetting itself.

Table 29. No operation command table

Command | Register data |Response/ Register Reserved Device Message | Reserved [Command| CRC
name Command address address counter
(cluster ID)
Bit[47:32] Bit[31] Bit[30:24] Bit[23:22] Bit[21:16] | Bit[15:12] | Bit[11:10] | Bit[9:8] Bit[7:0]
No operation | Register Data Ob Register xxb CID XXXXb xxb 00b CRC
(NOP) address
command

Table 30. Legend for no operation command and no operation response tables

Write command

Bit[7:0] = 8-bit CRC

Bit[9:8] = Command field (00b)

Bit[11:10] = Reserved (xxb)

Bit[15:12] = Message counter

Bit[21:16] = Device address (Cluster ID) = CID
Bit[23:22] = Reserved = xxb, Don't care
Bit[30:24] = Register address

Bit[31] = Response/Command = Ob
Bit[47:32] = Register Data
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10.4.5 Command and response summary

Table 31. Command summary table

14 cells battery cell controller IC

Command Register | Response/ | Register Reserved Device Message | Reserved Command CRC
name data Command | address address counter
(Cluster ID)
Bit[47:32] Bit[31] Bit[30:24] Bit[23:22]| Bit[21:16] Bit[15:12] Bit[11:10] Bit[9:8] | Bit[7:0]
NOP XXXX Ob XXX XXXXb xxb CID XXXXb XXb 00b CRC
command| xxxxb
Read Number Ob Register xxb CID XXXXb XXb 01b CRC
command of address
registers
Write Register Ob Register xxb CID XXXXb XXb 10b CRC
command| Data address
Global | Register Ob Register xxb XX XXXXb XXXXb XXb 11b CRC
write Data address
command

If a device has its cluster ID (CID) equal to 00 0000b, then only its INIT register can be written by the pack
controller. All the BMI7014 devices have their First message from MCU controller writing to cluster ID 00 0000b.
To perform a read/write operation of any register (other than INIT) of BMI7014 IC, the MCU must first assign a
unique address to each BMI7014 device by writing to its INIT register with a suitable CID value. The process of
assigning a unique CID address to each slave device by the pack controller is called initialization.

After initialization, each time the device receives a frame having the master/slave bit equal to logic 1, this frame
is not recognized, even though the address contained in the CID field is equal to the programmed one. In this
condition, the device neither acts upon nor answers the command. This is a normal behavior, whose purpose is
to avoid the device acting upon or responding to a frame generated by another slave device of the network.

Table 32. Response summary table

Command | Register | Response/ | Register Reserved Device Message ReservedCcommang CRC
name data Command | address address counter
(Cluster ID)
Bit[47:32] Bit[31] Bit[30:24] Bit[23:22] Bit[21:16] Bit[15:12] |Bit[11:10]| Bit[9:8] | Bit[7:0]
Read Register 1b Register 00b CID MsgCntr XXb 01b CRC
response Data address

10.5 I2C communication interface

As an optional feature, the BMI7014 has an integrated I>C communication link to an external local EEPROM,
which may be used to store calibration parameters defined by the user. If the EEPROM is not used, then

the SCL and SDA pins must be left open. When this occurs, the FAULT1_STATUS[I2C_ERR_FLT] bitis
automatically updated to logic 1. The automatic update happens even if an error bit is masked. If no EEPROM
is mounted, the pack controller has to ignore the content of FAULT1_STATUS[I2C_ERR_FLT].
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11 Registers

11.1 Register map

Important: Trying to access registers marked as reserved produces responses having all zeros in the data

field.

Unless otherwise stated, in all register descriptions, POR means one of the following:

e Power-on reset
e Hardware reset
e Software reset

* Reset event based on SYS_CFG2[FLT_RST_CFG] register configuration

Table 33. Register table

Register Response Reference Description Notes

A[6:0] |Symbol

$00 Reserved Table 23 Reserved Not readable or
writeable

$01 INIT Table 23 Section 11.2 Device initialization Global write is
forbidden for CID

$02 SYS_CFG_ Table 23 Section 11.3 Global system configuration Only accessible

GLOBAL through a global

access in transformer
mode. In SPI mode
it can be written by
a standard write
command.

$03 SYS_CFG1 Table 23 Section 11.4 System configuration

$04 SYS_CFG2 Table 23 Section 11.5 System configuration
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Table 33. Register table...continued

14 cells battery cell controller IC

Register Response Reference Description Notes

A[6:0] |Symbol

$05 SYS_DIAG Table 23 Section 11.6 System diagnostic Writable in DIAG mode
only, automatically
cleared when exiting
DIAG mode

$06 ADC_CFG Table 23 Section 11.7 ADC configuration

$07 CB_SHORT_CFG |Table 23 Section 11.8 CB short event configuration

$08 OV_UV_EN Table 23 Section 11.9 CT measurement selection

$09 CELL_OV_FLT Table 23 Section 11.10 | CT overvoltage fault

$0A CELL_UV_FLT Table 23 Section 11.11 CT undervoltage fault

$0B TPL_CFG Table 23 Section 11.12 | TPL configuration for up and

down Transmitter

$oC CB1_CFG Table 23 Section 11.13 | CB configuration for cell 1

$0D CB2_CFG Table 23 Section 11.13 | CB configuration for cell 2

$0E CB3_CFG Table 23 Section 11.13 | CB configuration for cell 3

$0F CB4_CFG Table 23 Section 11.13 | CB configuration for cell 4

$10 CB5_CFG Table 23 Section 11.13 | CB configuration for cell 5

$11 CB6_CFG Table 23 Section 11.13 | CB configuration for cell 6

$12 CB7_CFG Table 23 Section 11.13 | CB configuration for cell 7

$13 CB8_CFG Table 23 Section 11.13 | CB configuration for cell 8

$14 CB9_CFG Table 23 Section 11.13 | CB configuration for cell 9

$15 CB10_CFG Table 23 Section 11.13 | CB configuration for cell 10

$16 CB11_CFG Table 23 Section 11.13 | CB configuration for cell 11

$17 CB12_CFG Table 23 Section 11.13 | CB configuration for cell 12

$18 CB13_CFG Table 23 Section 11.13 | CB configuration for cell 13

$19 CB14_CFG Table 23 Section 11.13 | CB configuration for cell 14

$1A CB_OPEN_FLT Table 23 Section 11.14 |Open CB fault

$1B CB_SHORT_FLT Table 23 Section 11.15 | Short CB fault

$1C CB_DRV_STS Table 23 Section 11.16 | CB driver status

$1D GPIO_CFG1 Table 23 Section 11.17 | GPIO configuration

$1E GPIO_CFG2 Table 23 Section 11.18 | GPIO configuration

$1F GPIO_STS Table 23 Section 11.19 | GPIO diagnostic

$20 AN_OT_UT_FLT Table 23 Section 11.20 |AN over and undertemperature

$21 GPIO_SHORT_ Table 23 Section 11.21 Short GPIO/open AN diagnostic

ANx_OPEN_STS

$23 COM_STATUS Table 23 Section 11.22  |Number of COM error counted

$24 FAULT1_STATUS |Table 23 Section 11.23 | Fault status

$25 FAULT2_STATUS |Table 23 Section 11.24  |Fault status
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Table 33. Register table...continued

14 cells battery cell controller IC

Register Response Reference Description Notes

A[6:0] |Symbol

$26 FAULT3_STATUS |Table 23 Section 11.25 |Fault status

$27 FAULT_MASK1 Table 23 Section 11.26  |FAULT pin mask

$28 FAULT_MASK2 Table 23 Section 11.27  |FAULT pin mask

$29 FAULT_MASK3 Table 23 Section 11.28 |FAULT pin mask

$2A WAKEUP_MASK1 |Table 23 Section 11.29 | Wake-up events mask

$2B WAKEUP_MASK2 |Table 23 Section 11.30 |Wake-up events mask

$2C WAKEUP_MASK3 |Table 23 Section 11.31  |Wake-up events mask

$32 MEAS_STACK Table 23 Section 11.32 | Stack voltage measurement

$33 MEAS_CELL14 Table 23 Section 11.32 | Cell 14 voltage measurement

$34 MEAS_CELL13 Table 23 Section 11.32 | Cell 13 voltage measurement

$35 MEAS_CELL12 Table 23 Section 11.32 | Cell 12 voltage measurement

$36 MEAS_CELLM Table 23 Section 11.32 | Cell 11 voltage measurement

$37 MEAS_CELL10 Table 23 Section 11.32 | Cell 10 voltage measurement

$38 MEAS_CELL9 Table 23 Section 11.32 | Cell 9 voltage measurement

$39 MEAS_CELLS Table 23 Section 11.32 | Cell 8 voltage measurement

$3A MEAS_CELL7 Table 23 Section 11.32 | Cell 7 voltage measurement

$3B MEAS_CELL6 Table 23 Section 11.32 | Cell 6 voltage measurement

$3C MEAS_CELL5 Table 23 Section 11.32 | Cell 5 voltage measurement

$3D MEAS_CELL4 Table 23 Section 11.32 | Cell 4 voltage measurement

$3E MEAS_CELL3 Table 23 Section 11.32 | Cell 3 voltage measurement

$3F MEAS_CELL2 Table 23 Section 11.32 | Cell 2 voltage measurement

$40 MEAS_CELL1 Table 23 Section 11.32 | Cell 1 voltage measurement

$41 MEAS_ANG6 Table 23 Section 11.32 | ANG6 voltage measurement

$42 MEAS_ANS5 Table 23 Section 11.32 | AN5 voltage measurement

$43 MEAS_AN4 Table 23 Section 11.32 | AN4 voltage measurement

$44 MEAS_AN3 Table 23 Section 11.32 | AN3 voltage measurement

$45 MEAS_AN2 Table 23 Section 11.32 | AN2 voltage measurement

$46 MEAS_AN1 Table 23 Section 11.32 |AN1 voltage measurement

$47 MEAS_ANO Table 23 Section 11.32 | ANO voltage measurement

$48 MEAS_IC_TEMP Table 23 Section 11.32  |IC temperature measurement

$49 MEAS_ VBG_ Table 23 Section 11.32 | ADCIA voltage reference
DIAG_ADC1A measurement

$4A MEAS_ VBG_ Table 23 Section 11.32 |ADCIB voltage reference
DIAG_ADC1B measurement

$4B TH_ALL_CT Table 23 Section 11.33  |CTx over and undervoltage

threshold
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Table 33. Register table...continued

14 cells battery cell controller IC

Register Response Reference Description Notes

A[6:0] |Symbol

$4C TH_CT14 Table 23 Section 11.34 |CT14 over and undervoltage
threshold

$4D TH_CT13 Table 23 Section 11.34 |CT13 over and undervoltage
threshold

$4E TH_CT12 Table 23 Section 11.34 |CT12 over and undervoltage
threshold

$4F TH_CTN1 Table 23 Section 11.34 |CT11 over and undervoltage
threshold

$50 TH_CT10 Table 23 Section 11.34 |CT10 over and undervoltage
threshold

$51 TH_CT9 Table 23 Section 11.34 |CT9 over and undervoltage
threshold

$52 TH_CT8 Table 23 Section 11.34 |CT8 over and undervoltage
threshold

$53 TH_CT7 Table 23 Section 11.34 |CT7 over and undervoltage
threshold

$54 TH_CT6 Table 23 Section 11.34 |CT6 over and undervoltage
threshold

$55 TH_CT5 Table 23 Section 11.34 |CT5 over and undervoltage
threshold

$56 TH_CT4 Table 23 Section 11.34 |CT4 over and undervoltage
threshold

$57 TH_CT3 Table 23 Section 11.34 |CT3 over and undervoltage
threshold

$58 TH_CT2 Table 23 Section 11.34 |CT2 over and undervoltage
threshold

$59 TH_CT1 Table 23 Section 11.34 |CT1 over and undervoltage
threshold

$5A TH_AN6_OT Table 23 Section 11.35 | ANG6 overtemperature threshold

$5B TH_ANS_OT Table 23 Section 11.35 |ANS5 overtemperature threshold

$5C TH_AN4_OT Table 23 Section 11.35 | AN4 overtemperature threshold

$5D TH_AN3_OT Table 23 Section 11.35 |AN3 overtemperature threshold

$5E TH_AN2_OT Table 23 Section 11.35 |AN2 overtemperature threshold

$5F TH_AN1_OT Table 23 Section 11.35 |AN1 overtemperature threshold

$60 TH_ANO_OT Table 23 Section 11.35 | ANO overtemperature threshold

$61 TH_ANG_UT Table 23 Section 11.35 |ANG6 undertemperature threshold

$62 TH_ANS_UT Table 23 Section 11.35 |AN5 undertemperature threshold

$63 TH_AN4_UT Table 23 Section 11.35 |AN4 undertemperature threshold

$64 TH_AN3_UT Table 23 Section 11.35 |AN3 undertemperature threshold

$65 TH_AN2_UT Table 23 Section 11.35 |AN2 undertemperature threshold

BMI7014

All information provided in this document is subject to legal disclaimers.

© 2024 NXP B.V. All rights reserved.

Product data sheet

Rev. 3 — 8 August 2024

Document feedback
59 /115


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_BMI7014

NXP Semiconductors

BMI7014

14 cells battery cell controller IC

Table 33. Register table...continued

Register Response Reference Description Notes
A[6:0] |Symbol
$66 TH_AN1_UT Table 23 Section 11.35 |AN1 undertemperature threshold
$67 TH_ANO_UT Table 23 Section 11.35 | ANO undertemperature threshold
$6B SILICON_REV Table 23 Section 11.36 | Silicon revision
$6C EEPROM_CNTL Table 23 Section 11.37 |EEPROM transfer control
$6D DED_ENCODE1 Table 23 Section 11.38 |ECC signature 1
$6E DED_ENCODE2 Table 23 Section 11.39 |ECC signature 2
$6F FUSE_MIRROR_  |Table 23 Section 11.40 |Fuse mirror data
DATA
$70 FUSE_MIRROR_  |Table 23 Section 11.40 |Fuse mirror address
CNTL
$71 Reserved Table 23 Section 11.41 NXP reserved
Reserved Table 23 Section 11.41 NXP reserved
$7F Reserved Table 23 Section 11.41 NXP reserved
Table 34. Mirror memory
Register Description Notes
A[4:0]
$00 FUSE_MIRROR_BANK Fuse bank 0
$01 FUSE_MIRROR_BANK Fuse bank 1
$02 FUSE_MIRROR_BANK Fuse bank 2
$03 FUSE_MIRROR_BANK Fuse bank 3
$04 FUSE_MIRROR_BANK Fuse bank 4
$05 FUSE_MIRROR_BANK Fuse bank 5
$06 FUSE_MIRROR_BANK Fuse bank 6
$07 FUSE_MIRROR_BANK Fuse bank 7
$08 FUSE_MIRROR_BANK Fuse bank 8
$09 FUSE_MIRROR_BANK Fuse bank 9
$0A FUSE_MIRROR_BANK Fuse bank 10
$0B FUSE_MIRROR_BANK Fuse bank 11
$0C FUSE_MIRROR_BANK Fuse bank 12
$0D FUSE_MIRROR_BANK Fuse bank 13
$0E FUSE_MIRROR_BANK Fuse bank 14
$OF FUSE_MIRROR_BANK Fuse bank 15
$10 FUSE_MIRROR_BANK Fuse bank 16
$11 FUSE_MIRROR_BANK Fuse bank 17
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Table 34. Mirror memory...continued

14 cells battery cell controller IC

Register Description Notes

$12 FUSE_MIRROR_BANK Fuse bank 18

$13 FUSE_MIRROR_BANK Fuse bank 19

$14 FUSE_MIRROR_BANK Fuse bank 20

$15 FUSE_MIRROR_BANK Fuse bank 21

$16 FUSE_MIRROR_BANK Fuse bank 22 DED_ENCODE 2
$17 FUSE_MIRROR_BANK Fuse bank 23 DED_ENCODE 1
$18 FUSE_MIRROR_BANK Fuse bank 24

$19 FUSE_MIRROR_BANK Fuse bank 25

$1A FUSE_MIRROR_BANK Fuse bank 26

$1B FUSE_MIRROR_BANK Fuse bank 27

$1C FUSE_MIRROR_BANK Fuse bank 28

$1D FUSE_MIRROR_BANK Fuse bank 29

$1E FUSE_MIRROR_BANK Fuse bank 30

$1F FUSE_MIRROR_BANK Fuse bank 31

11.2 Initialization register — INIT

Following power-up or soft POR, the BMI7014 is in a reset state. In the INIT mode, the user may read the
registers of the BMI7014 using the cluster id 00 0000b. The BMI7014 must be enumerated before it acts upon
to write commands.

To initialize the device, a write command has to be sent with the value of 00 0000b in the cluster Identifier

field of the frame, Section 10.4.2, with the new cluster ID, that is the new address to be assigned to the node,
must be written to the CID field of the INIT register. Only a device with current cluster ID of 00 0000b may

be programmed to a new address. By programming the device with a new CID the device is considered
enumerated. After a device has been initialized, it only acts on subsequent global write (transformer mode)

or local write and responds to read commands matching the device cluster ID. Once a device has been
enumerated, the CID bits in the register INIT cannot be reprogrammed unless the device receives a hard or soft

reset.

The bit field INIT[TPLx_TX_TERM] is used for preventing pins (RDTX_IN/OUTz) from floating when the
BMI7014s are connected in single ended daisy chain (without loop-back). It is to be noted that this applies only
to last node in the daisy chain. Depending on which pin (RDTX_IN+ or RDTX_OUT#) of last node is floating,
INIT[TPLx_TX_TERM] should be set to 1.The BMI7014 IC used in daisy chain communication with loop-back
shall have the bit fields INIT[TPLx_TX_ TERM] set to zero while for single ended daisy chain communication
(without loop-back) the floating TPL port shall be set to 1.

Table 35. INIT
INIT
$01 bit15 | bit14 | bit13 | bit12 | bit11 | bit10 | bit9 bit 8 bit 7 bit 6 bit 5 ‘ bit 4 ‘ bit 3 ‘ bit 2 ‘ bit 1 ‘ bit 0
Write TPL1_ | TPL2_
™| X cip
Read 0 0 0 0 0 0 0 0 e | TERM
Reset 0 0 0 0 0 0 0 0 0 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0
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Table 35. INIT...continued

14 cells battery cell controller IC

Description Enable for TPL port termination for RDTX_IN pin
TPL1_TX_TERM | Disabled
(RDTX_IN) 1 Enabled
Reset condition POR
Description Enable for TPL port termination for RDTX_OUT pin
TPL_TX2_TERM | Disabled
(RDTX_OUT) 1 Enabled
Reset condition POR
Description Cluster Identifier, can be overridden by any combination different from all zeros. Not accessible with global write.
000000 Default
CID
XXX XXX CID
Reset condition POR

11.3 System configuration global register SYS_CFG_GLOBAL

In TPL mode, only a global command can be used to write to register $02, while a local write is disregarded. In
contrast, if using the SPI mode, only a local write to register $02 can be executed.

Table 36. SYS_CFG_GLOBAL

SYS_CFG_GLOBAL
$02 bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write GO2
SLEEP

Read 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Description Go to sleep command

Disabled

GO2SLEEP

1 (active pulse) Device goes to sleep mode after all conversions in progress are completed

Reset condition POR

11.4 System configuration register 1 - SYS_CFG1

The SYS_CFGH1 register contains control bits and register settings that allow the user to adapt the
BMI7014 to specific applications and system requirements. Of these control bits, it is important to note the

SYS_CFG1[SOFT_RST] bit is used to reset register contents of the device.

Table 37. SYS_CFG1

SYS_CFG1
$03 bit15 [bitt4 [bit13 [bit12 [bitt1 [bit10 [bito bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bitz [bit1 [bito
Write GO2DIAG cB_ SOFT_ M
cvoucmer | omonmeour | 2o Do | e | iy R R e
Read DIAG_ST 0 X
Reset 0 o | o 1 [ o | o 0 0 0 0 0 0 0 o | o 1
Description Timer to trigger cyclic measurements in normal mode or sleep mode
000 Cyclic measure is disabled, whatever the mode
001 Continuous measurements
010 0.1s
011 02s
CYCLIC_TIMER
100 10s
101 20s
110 40s
111 80s
Reset condition | POR
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Table 37. SYS_CFG1...continued

Description DIAG mode timeout. Length of time the device is allowed to be in diag mode before being forced to normal mode.
000 No timer, not allowed to enter diag mode
001 0.05s
010 0.1s
011 02s
DIAG_TIMEOUT
100 10s
101 20s
110 40s
111 80s
Reset condition | POR
Description General enable or disable for all cell balance drivers.
0 Disabled
CB_DRVEN
1 Enabled, each cell balance driver can be individually switched on and off by CB_xx_CFG register.
Reset condition | POR
Description Commands the device to diag mode. Rewriting the GO2DIAG bit restarts the DIAG_TIMEOUT.
0 Exit diag mode
GO2DIAG
1 Enter diag mode (starts timer)
Reset condition | POR
Description Cell balancing manual pause
CB_MANUAL_ 0 Disabled CB switches can be normally commanded on/off by the dedicated logic functions
PAUSE 1 CB switches are forced off, CB counters are not frozen
Reset condition | POR
Description Identifies when the device is in diag mode
0 System is not in diag mode
DIAG_ST
1 System is in diag mode
Reset condition | POR
Description Software reset
0 Disabled
SOFT_RST
1 (active pulse) | Active software reset
Reset condition | POR (bit is not reset if reset was due to software reset)
Description FAULT pin wave form control bit.
0 FAULT pin has high or low level behavior. FAULT pin high, fault is present. FAULT pin low indicates no fault present.
FAULT_WAVE
1 FAULT pin has heartbeat wave when no fault is present. Pulse high time is fixed at 500 ps.
Reset condition | POR
Description Controls the off time of the heartbeat pulse.
00 500 ps
01 1.0 ms
WAVE_DC_BITx
10 10 ms
11 100 ms
Reset condition | POR

11.5 System configuration register 2 - SYS_CFG2

Table 38. SYS_CFG2

SYS_CFG2
$04 bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 ‘ bit 8 ‘ bit 7 | bit 6 bit 5 ‘ bit 4 bit 3 bit 2 bit 1 bit 0
Write X X X X X
FLT_RST_cFG " TIMEOUT_COMM Ng'I‘D"DB :G"C"(")"D
Read X X X PREVIOUS_STATE X X — -
Reset 0 0 0 o | o [ o 1 ] o | o EE 0 0 0 0
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Table 38. SYS_CFG2...continued

PREVIOUS_
STATE

Description Information about the previous state of the device
000 The device is coming from INIT state

001 The device is coming from Idle state

010 The device is coming from Normal state

011 The device is coming from DIAG state

111 The device is coming from Sleep state

110 The device is coming from CYCLIC_WUP state

Reset condition

POR

TIMEOUT_COMM

Description No communication timeout - flag in FAULT1_STATUS[COM_LOSS] if no communication during...
00 32 ms

01 64 ms

10 128 ms

11 256 ms

Reset condition POR

Description Fault reset conﬁgurationlz]
0011 Disabled COM timeout (1024 ms) reset and OSC fault monitoring and reset
0101 Enabled OSC fault monitoring
0110 Enabled OSC fault monitoring and reset
FLT_RST_CFG 1001 Enabled COM timeout (1024 ms) reset
1010 Enabled COM timeout (1024 ms) reset and OSC fault monitoring
1100 Enabled COM timeout (1024 ms) reset and OSC fault monitoring and reset
others Invalid, leads to enabled COM timeout (1024 ms) reset and OSC fault monitoring and reset (1100)
Reset condition POR (except after a reset caused by a communication timeout or caused by an oscillator fault)
Description Odd number of cells in the cluster (useful for open load diagnosis)
Even configuration
NUMB_ODD
1 Odd configuration
Reset condition POR
Description Hamming encoders
Decode - the DED Hamming decoders fulfill their job
HAMM_ENCOD

Encode - the DED hamming decoders generate the redundancy bits

Reset condition

POR

[11 The Go2Reset option should not be disabled after a communication time out
[2] For more information, refer to Figure 8

BMI7014

All information provided in this document is subject to legal disclaimers.

© 2024 NXP B.V. All rights reserved.

Product data sheet

Rev. 3 — 8 August 2024

Document feedback
64 /115


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_BMI7014

NXP Semiconductors BMI7014

14 cells battery cell controller IC

11.6 System diagnostics register —- SYS_DIAG

Table 39. SYS_DIAG

SYS_DIAG
$05 bit 15 bit 14 bit 13 bit 12 | bit 11 ‘ bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write ANXx ANx CT.
FAULT - - POL N CT_OV_ |CT_OL_ |CT_OL_ |CB_OL_ |CB_OL
= Do not change OL_ TEMP_ | DA_DIAG LEAK = = = = - =
Read DIAG 0 0 DIAG DIAG ARITY DIAG uv oDD EVEN OoDD EVEN
Reset 0 0 0 0 | 0 ‘ 0 0 0 0 0 0 0 0 0 0 0
Description FAULT pin driver command
No FAULT pin drive, FAULT pin is under command of the pack controller
FAULT_DIAG
FAULT pin is forced to high level
Reset condition POR
Description ANx open load diagnostic control bit. Used to activate the pull down on GPIO input pins.
Diagnostic disabled
ANx_OL_DIAG

1

Diagnostic enabled

Reset condition

POR

ANx_TEMP_DIAG

Description

Control bit to activate the OT/UT diagnostic on GPIOx configured as ANx ratiometric or single ended ADC input

Diagnostic inactive

Diagnostic active

Reset condition

POR

Description Cell voltage channel functional verification. Diagnostic mode function only
0 No check
DA_DIAG
1 Check is enabled (floating Zener conversion, ground Zener measurement added, comparison)
Reset condition POR
Description Control bit used in terminal leakage detection. Controls the polarity between the level shifter and the ADC1-A and ADC1-B converters
0 Noninverted
POLARITY
1 Inverted
Reset condition POR
Description Control bit used in terminal leakage detection. Commands the MUX to route the CTx/CBx pin to ADC1-A,B converters. This bit must be
exclusive vs. DA_DIAG.
CT_LEAK_DIAG 0 Normal operation, CTx are MUXed to converter
1 A between CT and CB pins are routed to the analog front end, to be converted
Reset condition POR
Description OV and UV diagnostic is enabled. This bit must be set to logic 0 when performing CT open load diagnostic.
0 OV and UV diagnostic disabled
CT_OV_uv
1 OV and UV diagnostic enabled
Reset condition POR
Description Control bit used to control the odd numbered cell terminal open detect switches
0 Odd switches are open
CT_OL_ODD
1 QOdd switches are closed (may be set only when CT_OL_EVEN is logic 0)
Reset condition POR
Description Control bit used to control the even numbered cell terminal open detect switches
0 Even switches are open
CT_OL_EVEN
1 Even switches are closed (may be set only when CT_OL_ODD is logic 0)
Reset condition POR
Description Control bit used to control the cell balance open load ODD detection switches.
0 ODD cell balance open load detection switches are open
CB_OL_ODD
1 ODD cell balance open load detection switches are closed
Reset Condition POR
Description Control bit used to control the cell balance open load EVEN detection switches
0 EVEN cell balance open load detection switches are open
CB_OL_EVEN
1 EVEN cell balance open load detection switches are closed
Reset condition POR
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11.7 ADC configuration register - ADC_CFG

The ADC_CFG is used to set the conversion parameters of the three ADC converters and command the
BMI7014 to perform on-demand conversions in both normal and diagnostic modes.

Table 40. ADC_CFG

ADC_CFG
$06 bit1s [bitt4 |bit13 [bit12 bttt [bit10 [bto  [bits  [bit7 |bite bits  [bt4  [bits  [bit2 [bit1 [bito
Write SOC
AVG X ADC1_A_DEF ADC1_B_DEF X
Read EOC_N
Reset | o | o [ o | o | o [ 1 | o [ o | 0o | o o | 1 [ o | 1 [ 1 | 1
Description With each conversion request, the number of samples to be averaged can be configured
0000 No averaging, the result is taken as is (compatibility mode)
0001 Averaging of 2 consecutive samples
0010 Averaging of 4 consecutive samples
0011 Averaging of 8 consecutive samples
0100 Averaging of 16 consecutive samples
AVG 0101 Averaging of 32 consecutive samples
0110 Averaging of 64 consecutive samples
0111 Averaging of 128 consecutive samples
1000 Averaging of 256 consecutive samples
éltlnr?ftigi:ations No averaging, the result is taken as is (compatibility mode)
Reset condition POR
Description Control bit to command the BMI7014 to initiate a conversion sequence
0 Disabled. Writing SOC to 0 has no effect on an ongoing conversion sequence.
so¢ 1 (active pulse) Enabled. Initiate a conversion sequence.
Reset condition POR
Description End of conversion flag
0 Device has completed the commanded conversion
EOC_N
1 Device is performing the commanded conversion
Reset condition POR
Description ADC1_A measurement resolution
00 13 bit
01 14 bit
ADC1_A_DEF
10 15 bit
11 16 bit
Reset condition POR
Description ADC1_B measurement resolution
00 13 bit
01 14 bit
ADC1_B_DEF
10 15 bit
11 16 bit
Reset condition POR
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CB_SHORT_CFG

SHORT

ALLCBOFF_ON_

$07 bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write X X X X X X X ALLCBOFF X X X X X X X X
Read X X X X X X X ON—SHOR-F X X X X X X X X
Reset 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Description All CB's turn off in case of at least one short
0 Only shorted CB's are turned off

1

If at least one CB is shorted, all CB's are then turned off (CB_DRVEN is reset)

Reset condition

POR

11.9 Cell select register - OV_UV_EN

The user has the option to select a common overvoltage and undervoltage threshold, or individual thresholds for
each cell. To use a common threshold for all cell terminal inputs, the user must program register TH_ALL_CT

and enable the common threshold bit. An individual threshold may be programmed for each cell terminal
through register TH_CTx. Either threshold selection requires the CTx_OVUV_EN bit be set for the BMI7014 to
monitor the cell terminal input for over and undervoltage.

Table 42. OV_UV_EN

COMMON_OV_TH

OV_UV_EN
$08 bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write COMMON_ |COMMON_ |CT14_ |CT13_ |CT12_ |CTM_ |CT10_ |CT9_ CT8_ CT7_ CT6_ CT5_ CT4_ CT3_ CT2_ CT1_
OV_TH UV_TH OVUV_ |OVUV_ |OVUV_ |[OVUV_ |OVUV_ |[OVUV_ |[OVUV_ |OVUV_ |OVUV_ |OVUV_ |OVUV_ |OVUV_ |OVUV_ |OVUV_
Read EN EN EN EN EN EN EN EN EN EN EN EN EN EN
Reset 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Description All CTx measurement use the common overvoltage threshold register for comparison
0 Use individual threshold register

1

Use common threshold register

Reset condition

POR

COMMON_UV_TH

Description

All CTx measurement use the common undervoltage threshold register for comparison

0

Use individual threshold register

1

Use common threshold register

Reset condition

POR

Description Enable or disable ADC data to be compared with thresholds for OV/UV. If disabled no OVUV fault is set.
0 OVUV disabled
CTx_OVUV_EN
1 OVUV is enabled
Reset condition POR
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11.10 Cell terminal overvoltage fault register - CELL_OV_FLT

The CELL_OV_FLT register contains the overvoltage fault status of each cell. The CELL_OV_FLT register is
updated with each cyclic conversion and each on-demand conversion from the system controller. In normal
mode, the CTx_OV_FLT bit may be cleared by writing logic 0 when overvoltage is no longer present at the cell
terminal inputs.

Table 43. CELL_OV_FLT

CELL_OV_FLT
$09 bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write wocl" wocl" wocl" wocl" woc!" wocl" wocl" wocl" wocl" wocl" wocl" wocl" woc!" wocl"
Read 0 0 CT14_ |CT13_ |CT12_ |CT11_ |CT10_ |CT9_ CT8_ CT7_ CT6_ CT5_ CT4_ CT3_ CT2_ CT1_
OV_FLT |OV_FLT |OV_FLT |OV_FLT |OV_FLT |OV_FLT |OV_FLT |OV_FLT |OV_FLT |OV_FLT |OV_FLT |OV_FLT |OV_FLT |OV_FLT
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Description CTx_OV_FLT register contains the status of the overvoltage fault for each cell terminal. Register is updated with each internal and system
controller on-demand conversion cycle.
CTx OV FLT 0 No Cell Terminal overvoltage
- 1 Cell Terminal overvoltage detected on terminal x
Reset condition POR/clear on write 0

[11  wOc: write O to clear

11.11 Cell terminal undervoltage fault register - CELL_UV_FLT

The CELL_UV_FLT register contains the undervoltage fault status of each cell. The CELL_UV_FLT register

is updated with each cyclic conversion and each on-demand conversion from the system controller. In normal
mode, the CTx_UV_FLT bit may be cleared by writing logic 0 when undervoltage is no longer present at the cell
terminal inputs.

Table 44. CELL_UV_FLT

CELL_UV_FLT
$0A bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write wocl™ wocl™ wocl" wocl™ wocl™ wocl" wocl™ wocl" wocl™ wocl™ wocl" wocl™ wocl"l wocl™
Read 0 0 CT14_ |CT13_ |CT12_ |CT11_ |CT10_ |CT9_ CT8_ CT7_ CT6_UV |CT5_ CT4_ CT3_ CT2_ CT1_
UV_FLT |UV_FLT |[UV_FLT |UV_FLT |UV_FLT |UV_FLT |UV_FLT |UV_FLT |_FLT UV_FLT |[UV_FLT |UV_FLT |UV_FLT |UV_FLT
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Description CTx_UV_FLT register contains the status of the overvoltage fault for each cell terminal. Register is updated with each internal and system
controller requested conversion cycle.
CTx UV FLT 0 No cell terminal undervoltage
o 1 Cell terminal undervoltage detected on terminal x
Reset condition POR(/clear on write 0

[11  wOc: write O to clear

11.12 TPL_CFG

TPL_CFG register configures up and down transmitter. It allows the pack controller to configure transmitter drive
strength based on capacitive or transformer isolation and selection of differential load termination.

Table 45. TPL_CFG

TPL_CFG
$0B bit 15 |bn14 |bit13 ‘bit12 |bit11 ‘biHO |bn9 |bit8 ‘biﬂ |bit6 ‘bils |bn4 |bit3 ‘bil2 |bn1 |bit0
Write

Do not change
Read
Reset0|1|1‘0|0‘0|1|0‘0|1‘1|O|0‘0|1|0
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Note: The default value TPL_CFG register is set considering a transmission line of 120 Q .

11.13 Cell balance configuration register - CBx_CFG

The cell balance configuration register holds the operating parameters of the cell balance output drivers.

Table 46. CBX_CFG

CBx_CFG
$0Cto |bit15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
$19
Write CBx_EN
CBx_TIMER
Read 0 0 0 0 0 0 CBx_STS
Reset | 0 | o | o | o | o | o 0 o|o|o|o|o|o|0 0|o
Description Cell balance enable
0 Cell balance driver disabled
CBx_EN
1 Cell balance is enabled or re-launched if overwritten (restarts the timer count from zero and enables the driver)
Reset condition POR
Description Cell balance driver status
0 Cell balance driver is off
CBx_STS
1 Cell balance driver is on
Reset condition POR
Description Cell balance timer in minutes
000000000 0.5 minutes
000000001 1 minute
CBx_TIMER 000000010 2 minutes
111111111 511 minutes
Reset condition POR
11.14 Cell balance open load fault detection register - CB_OPEN_FLT
Table 47. CB_OPEN_FLT
CB_OPEN_FLT
$1A bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write woc!"! woc!"! woc!"! woc!"! woc!"! woc!"! woc!"! wocl"! woc!"! woc!! woc!"! woc!"! woc!"! woc!"!
Read 0 0 CB14_ |CB13_ |CB12_ |CB11_ |[CB10_ |[CB9_ CB8_ CB7_ CB6_ CB5_ CB4_ CB3_ CB2_ CB1_
OPEN_ |OPEN_ |OPEN_ |OPEN_ |(OPEN_ |OPEN_ |OPEN_ |OPEN_ |OPEN_ |OPEN_ |OPEN_ |OPEN_ |OPEN_ |OPEN_
FLT FLT FLT FLT FLT FLT FLT FLT FLT FLT FLT FLT FLT FLT
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Description Cell balancing open load detection — (info) Logic OR of CBx_OPEN_FLT is provided in the FAULT2_STATUS[CB_OPEN_FLT]
No open load cell balance fault detected
CBx_OPEN_FLT
Off state open load detected
Reset condition POR(/Clear on write 0

wOc: write 0 to clear

1

11.15 Cell balance shorted load fault detection register - CB_SHORT_FLT

The cell balance short detection register holds the cell balance shorted load status.
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Table 48. CB_SHORT_FLT
CB_SHORT_FLT

$1B bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write woc!"! wocl! woc!"! woc!"! wocl! woc!"! woc!! woc!"! woc!"! woc!! wocl" wocl" woc!" wocl"
Read 0 0 CB14_ |CB13_ |CB12_ |CB11_ |CB10_ |CB9_ CB8_ CB7_ CB6_ CB5_ CB4_ CB3_ CB2_ CB1_
SHORT_ | SHORT_ | SHORT_ | SHORT_ | SHORT_ | SHORT_ | SHORT_ | SHORT_ | SHORT_ | SHORT_ | SHORT_ | SHORT_ | SHORT_ | SHORT_
FLT FLT FLT FLT FLT FLT FLT FLT FLT FLT FLT FLT FLT FLT
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Description Cell balancing shorted load fault detection — (info) CBx_SHORT_FLT Ored is provided in the FAULT2[CB_SHORT_FLT]
No shorted load fault detected
CBx_SHORT_FLT
Shorted load fault detected
Reset condition POR(/clear on write 0

[11  wOc: write O to clear

11.16 Cell balance driver on/off status register —- CB_DRV_STS

Table 49. CB_DRV_STS

CB_DRV_STS
$1C bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write
Read 0 0 CB14_ |CB13_ |CB12_ |CB11_ |CB10_ |CB9_STS|CB8_STS|CB7_STS|CB6_STS|CB5_STS|CB4_ST$CB3_ST$CB2_ST$CB1_ST$
STS STS STS STS STS
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Description Contains the state of the cell balance driver
0 Driver CBx is off
CBx_STS
1 Driver CBx is on
Reset condition POR

11.17 GPIO configuration register 1 — GPIO_CFG1
The GPIO_CFG1 register programs the individual GPIO port as a ratiometric, single ended, input or output port.

Table 50. GPIO_CFG1

GPIO_CFG1
$1D bit1s  [bit14 [bit13  [bit12  [bit11  [bit10  [bito  [bits  [bit7  [bite  [bits  [bt4  [bts  [bt2  [bt1  [bito
Write GPIOB_CFG GPIO5_CFG GPIO4_CFG GPIO3_CFG GPIO2_CFG GPIO1_CFG GPIO0_CFG
Read 0 0
Reset | o | o | o | o [ o [ o o | o o [ o o [ o o | o o | o
Description Register controls the configuration of the GPIO port
00 GPIOx configured as analog input for ratiometric measurement
01 GPIOx configured as analog input for absolute measurement
GPIOX_CFG
10 GPIOx configured as digital input
11 GPIOx configured as digital output
Reset condition POR

11.18 GPIO configuration register 2 — GPIO_CFG2

Table 51. GPIO_CFG2

GPIO_CFG2

$1E bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0

Write GPI02_ | GPIOO_ EE!OO— GPIO6_ | GPIO5_ [GPIO4_ |GPIO3_ |GPIO2_ |GPIO1_ | GPIOO_
Read 0 0 0 0 0 0 SOC wu ACT DR DR DR DR DR DR DR

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 51. GPIO_CFG2...continued

Description GPI02 used as ADC1_A/ADC1_B start-of-conversion. Requires GPIO2_CFG = 10.
0 GPI02 port ADC trigger is disabled
GPI02_SOC
1 GPI02 port ADC trigger is enabled. A rising edge on GPIO2 triggers an ADC1-A and ADC1-B conversion — only when in normal mode
Reset condition POR
Description GPIO0 wake-up capability. Valid only when GPIO0_CFG = 10.
0 No wake-up capability
GPIO0_WU

1

Wake-up on any edge, transitioning the system from sleep to normal

Reset condition

POR

GPIOO_FLT_ACT

Description

GPIOO0 activate fault output pin. Valid only when GPIO0_CFG = 10.

0

Does not activate FAULT pin when GPIOO is configured as an input and is logic 1

1

Activates the FAULT pin when GPIO is configured as an input and is logic 1

Reset condition

POR

GPIOX_DR

Description GPIOx pin drive. Ignored except when GPIOx_CFG = 11
0 Drive GPIOx to low level

1 Drive GPIOx to high level

Reset condition POR

11.19 GPIO status register - GPIO_STS

Table 52. GPIO_STS

GPIO_STS
$1F bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write woc!" woc!"! woc!"! woc!"! woc!"! woc!!! woc!"
Read 0 GPIO6_H| GPIO5_H| GPI0O4_H| GPIO3_H| GPIO2_H|GPIO1_H|GPIO0_H| 0 GPIO6_ |GPIO5_ |GPIO4_ |GPIO3_ |GPIO2_ |GPIO1_ |GPIOO_
ST ST ST ST ST ST ST
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Description The GPIOx_H bits detects and latches the low to high transition occurring on the GPIOx input
0 No high state detected
GPIOx_H
1 A high state has been detected
Reset condition POR/clear on write 0
Description Real time GPIOx status
0 Report GPIOx at low level
GPIOx_ST
1 Report GPIOx at high level
Reset condition POR
[11  wOc: write O to clear
11.20 Overtemperature/undertemperature fault register - AN_OT_UT_FLT
Table 53. AN_OT_UT_FLT
AN_OT_UT_FLT
$20 bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write wocl" wocl" wocl" wocl" wocl" wocl" wocl" wocl" wocl" woc!" wocl" wocl" wocl" wocl"
Read 0 AN6_OT |AN5_OT |AN4_OT |AN3_OT | AN2_OT |AN1_OT |ANO_OT 0 AN6_UT |AN5_UT |AN4_UT |AN3_UT |AN2_UT |AN1_UT |ANO_UT
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Description Overtemperature detection for AN n°x — Anx_OT ored is provided in FAULT1_STATUS[AN_OT_FLT]
0 No overtemperature fault detected
Anx_OT
1 Overtemperature fault detected on Anx
Reset condition POR(/clear on write 0 (Anx_OT is set again on next cyclic conversion or on-demand conversion if overtemperature persists)
Description Undertemperature detection for AN n°x — Anx_UT ored is provided in FAULT1_STATUS[AN_UT_FLT]
0 No undertemperature fault detected
Anx_UT
1 Undertemperature fault detected on Anx
Reset condition POR/clear on write 0 (Anx_UT is set again on next cyclic conversion or on-demand conversion if undertemperature persists)
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[11  wOc: write O to clear

11.21 GPIO open short register - GPIO_SHORT_ANx_OPEN_STS

Table 54. GPIO_SHORT_ANx_OPEN_STS
GPIO_SHORT_ANx_OPEN_STS

$21 bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write woc!" woc!"! woc!" woc!"! woc!"! woc!" woc!"! wocl"! woc!"! woc!" woc!"! woc!"! woc!"! woc!"!
Read 0 GPIO6_ |GPIO5_ | GPIO4_ |GPIO3_ |GPIO2_ |GPIO1_ |GPIOO_ 0 AN6_ AN5_ AN4_ AN3_ AN2_ AN1_ ANO_
SH SH SH SH SH SH SH OPEN OPEN OPEN OPEN OPEN OPEN OPEN
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Description GPIOx short detection GPIOx_SH ored is provided in FAULT2_STATUS[GPIO_SHORT_FLT]
0 No short detected
GPIOx_SH
1 Short detected, pad sense is different from pad command
Reset condition POR(/clear on write 0
Description Analog inputs open load detection. ANx_OPEN ored is provided in FAULT2_STATUS[AN_OPEN_FLT]
0 No open load detected
ANx_OPEN
1 Open load detected on Anx
Reset condition POR/Clear On Write 0 (ANx_OPEN is set again with open load detect switch closed and open load persists)

[11  wOc: write O to clear

11.22 Communication status register - COM_STATUS

Table 55. COM_STATUS
COM_STATUS

$23  |bit15 Wn4|mn3‘mn2|um1‘umo|mm |ms bit7  |bit6 |bit5 |bit4 |bit3 |bit2 |bit1 |bitO

Write wocl"!

Read COM_ERR _COUNT 0 0 0 0 0 0 0 0
Reset | 0 o | o o | o | o | 0o | o0 0 0 0 0 0 0 0 0
Description Number of communication errors detected

00000000 0 communication errors have been detected

COM_ERR_
COUNT

11111111 255 communication errors have been detected. Overflow of counter sets FAULT1_STATUS[COMM_ERR_OVR_FLT].
Count remains at 255 until cleared by controller.

Reset condition | POR/clear on write 0

[11  wOc: write O to clear

11.23 Fault status register 1 — FAULT1_STATUS

Table 56. FAULT1_STATUS
FAULT1_STATUS

$24 bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write woc!"! woc!"! woc!"! woc!"! woc!"! woc!"! woc!"! woc!"! woc!"! woct!! X X
Read POR RESET_ |[COM_ |VPWR_ |VPWR_ |COM_ COM_ CSB_ GPIOO_ |12C_ X X AN_OT_ |AN_UT_ |CT_OV_ |CT_UV_
FLT ERR_ OV_FLT |LV_FLT |LOSS_ |ERR_ WUP_  |WUP_ ERR_ FLT FLT FLT FLT
OVR_ FLT FLT FLT FLT FLT
FLT
Reset 1 0** 0* 0* 0* 0** 0* 0 0 0 0 0 0 0 0 0
Notes:

1. Depending on the voltage conditions occurring on some pins at the IC initialization, the initial value of bits marked by an * may be flipped.
2. Values marked ** may be flipped at reset, depending on its cause (see bit descriptions).
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Table 56. FAULT1_STATUS...continued

Description Power-on reset indication (POR)

0 No POR
POR

1 Device has PORed

Reset condition POR/clear on write 0

Description RESET Indication (nonmaskable)

0 No reset
RESET_FLT 1 Device has been reset through the RESET pin or by a write command setting the SYS_CFG1[SOFT_RST] or by a communication loss or an

oscillator monitoring fault

Reset condition POR/clear on write 0

Description Overflow indicator on the COM_STATUS[COM_ERR_COUNT]
COM_ERR OVR_ |0 No error
FLT 1 COM_STATUS[COM_ERR_COUNT] went in overflow

Reset condition POR/clear on write 0

Description VPWR overvoltage notification

0 No overvoltage (VPWR < VPWR(OV_FLAG)) detected
VPWR_OV_FLT

1 Overvoltage detected (VPWR > VPWR(OV_FLAG), timing filtered)

Reset condition POR/clear on write 0

Description VPWR low-voltage notification

0 No low-voltage (VPWR > VPWR(LV_FLAG)) detected
VPWR_LV_FLT

1

Low-voltage detected (VPWR < VPWR(LV_FLAG), timing filtered)

Reset condition

POR/clear on write 0

COM_LOSS_FLT

Description

In normal mode, each slave device must receive a local message within the programmed period or COM_LOSS_FLT flag is set

0

No error

1

Communication loss detected after a reset due to a communication loss

Reset condition

POR(/clear on write 0 (bit is not cleared if reset was caused by a communication loss)

Description Communication error detected
0 No error
COM_ERR_FLT
1 An error has been detected during a communication
Reset condition POR/clear on write 0
Description CSB wake-up notification
0 No wake-up
CSB_WUP_FLT

1

CSB wake-up detected

Reset condition

POR/clear on write 0

GPIOO_WUP_FLT

Description

GPIO0_ wake-up notification

0

No wake-up

1

GPIO0 wake-up detected

Reset condition

POR/clear on write 0

Description 12C communication error during the transfer from EEPROM to the IC
0 No Error

12C_ERR_FLT
1 Error detected
Reset condition POR/clear on write 0
Description Analog input overtemperature detection
0 No overtemperature detected

AN_OT_FLT
1 Overtemperature detected in one or more of the Anx analog inputs
Reset condition POR/Clear On Write 0 all AN_OT_UT[Anx_OT] bits
Description Analog inputs undertemperature detection
0 No undertemperature detected

AN_UT_FLT
1 Undertemperature detected in at least one of the seven analog inputs
Reset condition POR/Clear On Write 0 all AN_OT_UT[ANx_UT] bits
Description Cell terminal overvoltage detection
0 No overvoltage detected

CT_OV_FLT
1 Overvoltage detected in one or more of the 14 cell terminals
Reset condition POR(/clear on write 0 all CELL_OV[CTx_OV] bits
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Table 56. FAULT1_STATUS...continued

CT_UV_FLT

Description

Cell terminal undervoltage detection

No undervoltage detected

1

Undervoltage detection in at least one of the 14 cell terminals

Reset condition

POR(/clear on write 0 all CELL_UV[CTx_UV] bits

1

wOc: write 0 to clear

11.24 Fault status register 2 - FAULT2_STATUS

Table 57. FAULT2_STATUS

FAULT2_STATUS

1. Depending on

the voltage conditions

occurring on some pins at the IC initialization, the initial value of bits marked by an * may be flipped.

2. Values marked ** may be flipped at reset, depending on its cause (see bit descriptions).

$25 bit15  |bit14  |bit13  |bit12  |bit 11 bit10 | bit9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write wocm fwod”  [woc™ wod”  [woc  fwodt  {woc! [wocl” | wocl! wocm [wod” [ wocl!
Read |VCOM_ |VCOM_ |VANA_ |VANA_ |ADC1_ |ADC1_ |GND_ |IC_ IDLE_  |AN_ GPIO_ |CB_ CB_ OSC_ |DED_ |FUSE_
OV_FLT |UV_FLT |OV_FLT |UV_FLT [B_FLT |A_FLT |[LOSS_ |TSD_ |MODE_ |OPEN_ |SHORT_|SHORT_|OPEN_ |ERR_ |ERR_ |ERR_
FLT FLT FLT FLT FLT FLT FLT FLT FLT FLT
Reset o 0* 0 0* 0 0 0* 0 0 0 0 0 0 o 0* 0+
Notes:

1

Description VCOM overvoltage notification
0 No overvoltage detected
VCOM_OV_FLT
1 Overvoltage has been detected on VCOM supply
Reset condition POR/clear on write 0
Description VCOM undervoltage notification
0 No undervoltage detected
VCOM_UV_FLT
1 Undervoltage has been detected on VCOM supply
Reset condition POR/clear on write 0
Description VANA overvoltage notification
0 No overvoltage detected
VANA_OV_FLT
1 Overvoltage has been detected on the VANA supply
Reset condition POR/clear on write 0
Description VANA undervoltage notification
0 No undervoltage detected
VANA_UV_FLT
1 Undervoltage has been detected on the VANA supply
Reset condition POR/clear on write 0
Description ADC1_B fault notification
0 No fault detected
ADC1_B_FLT
1 ADC1_B fault (over or undervoltage has been detected on MEAS_VBG_DIAG_ADC1B)
Reset condition POR/clear on write 0
Description ADC1_A fault notification
0 No fault detected
ADC1_A_FLT

ADC1_A fault (over or undervoltage has been detected on MEAS_VBG_DIAG_ADC1A)

Reset condition

POR/clear on write 0

GND_LOSS_FLT

Description

Loss of ground has been detected on DGND or AGND

0

No error

1

Loss of ground detected

Reset condition

POR/clear on write 0

Description IC thermal limitation notification
0 No thermal limitation detected
IC_TSD_FLT
1 Thermal limitation detected
Reset condition POR/clear on write 0
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Table 57. FAULT2_STATUS...continued

Description IDLE mode notification

No notification

IDLE_MODE_FLT
The system has transitioned through idle mode

Reset condition POR/clear on write 0

Description Analog inputs open load detection

No open load detected
AN_OPEN_FLT

Open load detected in one of the seven analog inputs

Reset condition POR(/clear on write 0 all GPIO_SHORT_ANx_OPEN_STS[ANx_OPEN] bits

Description GPIO short detection

0 No short detected
GPIO_SHORT_FLT

Short detected in one or more of the seven GPIOs, pad sense is different from pad command

Reset condition POR(/clear on write 0 all GPIO_SHORT_ANx_OPEN_STS (GPIOx_SH) bits

Description Cell balance short-circuit detection

No short-circuit detected

CB_SHORT_FLT
On state short-circuit detected in one or more of the 14 cell balancing switches

Reset condition POR(/clear on write 0 all CB_SHORT_FLT[CBx_SHORT] bits

Description Cell balancing open load detection
No cell balance open load detected
CB_OPEN_FLT
Off state open load detected in one or more of the 14 cell balancing switches
Reset condition POR/clear on write 0 all CB_OPEN_FLT[CBx_OPEN] bits
Description Low-power oscillator error
No error
OSC_ERR_FLT
The low-power oscillator frequency is out of range after a reset due to an oscillator monitoring fault
Reset condition POR(/clear on write 0 (bit is not cleared if reset was caused by an oscillator monitoring fault)
Description ECC error, double error detection
No error
DED_ERR_FLT
A double error has been detected (and only one corrected) in the fuses
Reset condition POR/clear on write 0
Description Error in the loading of fuses
No error

FUSE_ERR_FLT

The lock bit was not set after loading, meaning transfer of the fuse values is aborted

Reset condition POR/clear on write 0

[11  wOc: write O to clear

11.25 Fault status register 3 — FAULT3_STATUS

Table 58. FAULT3_STATUS
FAULT3_STATUS

$26 bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write X wocl™l wocl" wocl™ wocl" wocl" wocl™ wocl" wocl" wocl" wocl" wocl™ wocl" wocl" wocl™l wocl"
Read x DIAG_ |EOT_ |EOT_ |EOT_ |EOT_ |EOT_ |EOT_ |EOT_ |EOT_ |EOT_ |EOT_ |EOT_ |EOT_ |EOT_ |EOT_
TO_FLT |cB14 CB13 CB12 CB11 CB10 CB9 CB8 cB7 CB6 CB5 CcB4 CB3 CB2 CB1
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DIAG_TO_FLT Description Timeout of Diagnostic state
0 No timeout
1 The system has exited itself from Diagnostic state after timeout
Reset condition POR/clear on write 0
EOT_CBx Description End of time cell balancing notification — indicates when a cell balance timer has expired and driver has been shutoff
0 Cell balance timer has not timed out
1 Cell balance timer has timed out
Reset condition POR/clear on write 0
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[11  wOc: write O to clear

11.26 Fault mask register 1 - FAULT_MASK1

The FAULT_MASK1 register allows the user to selectively mask fault bits associated to the FAULT1_STATUS
register. Masking a certain fault bit has the effect of preventing this bit from activating the FAULT output pin.

Table 59. FAULT_MASK1

FAULT_MASK1
$27 bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ | . MASK_ | MASK_ |MASK_ |MASK_
Read 0 0 0 12_F 11_F 10_F 9_F 8 F 7_F 6_F 3 F 2_F 1_F 0_F
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Description Prevent the corresponding flags in FAULT1_STATUS to activate the FAULT pin
0 The flag in position (x) activates the FAULT pin
MASK_x_F
1 No activation
Reset condition POR

11.27 Fault mask register 2 - FAULT_MASK2

The FAULT_MASK?2 register allows the user to selectively mask fault bits associated to the FAULT2_STATUS
register. Masking a certain fault bit has the effect of preventing this bit from activating the FAULT output pin.

Table 60. FAULT_MASK2

FAULT_MASK2
$28 bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |[MASK_
Read 15_F 14_F 13_F 12_F 11_F 10_F 9_F 0 0 6_F 5F 4 F 3 F 2_F 1_F 0_F
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Description Prevent the corresponding flags in FAULT2_STATUS to activate the FAULT pin
0 The flag in position (x) activates the FAULT pin
MASK_x_F
1 No activation
Reset condition POR

11.28 Fault mask register 3 - FAULT_MASK3

The FAULT_MASKS register allows the user to selectively mask fault bits associated to the FAULT3_STATUS
register. Masking a certain fault bit has the effect of preventing this bit from activating the FAULT output pin.

Table 61. FAULT_MASK3

FAULT_MASK3
$29 bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write x MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |[MASK_ |MASK_
Read 14_F 13_F 12_F 11_F 10_F 9 F 8_F 7_F 6_F 5 F 4 F 3_F 2_F 1_F 0_F
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Description Prevent the corresponding flags in FAULT3_STATUS to activate the FAULT pin
0 The flag in position (x) activates the FAULT pin
MASK_x_F
1 No activation
Reset condition POR
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11.29 Wake-up mask register 1 - WAKEUP_MASK1

The WAKEUP_MASK1 register enables wake-up events related to several FAULT1_STATUS fault bits. If a
certain bit contained in the latter register is not masked by the corresponding bit of the former register, the IC
transitions from sleep mode to normal mode.

Table 62. WAKEUP_MASK1

WAKEUP_MASK1
$2A bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write MASK_ | MASK_ MASK_ Donot |[MASK_ |MASK_ |MASK_ |MASK_
Read 0 0 0 12_F 11_F 0 0 0 7_F 0 0 change |3_F 2_F 1_F 0_F
Reset 0 0 0 1 1 0 0 0 1 0 0 1 1 1 1 1
Description Prevent the corresponding flags in FAULT1_STATUS to wake-up the device
0 The flag in position (x) wakes the device up, when active
MASK_x_F
1 No wake-up is possible by this source
Reset condition POR

11.30 Wake-up mask register 2 - WAKEUP_MASK2

The WAKEUP_MASK?2 register enables wake-up events related to several FAULT2_STATUS fault bits. If a
certain bit contained in the latter register is not masked by the corresponding bit of the former register, the IC
transitions from sleep mode to normal mode.

Table 63. WAKEUP_MASK2

WAKEUP_MASK2
$2B bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write MASK_ |[MASK_ [MASK_ |MASK_ |MASK_ |MASK_ |[MASK_ |MASK_ MASK_ | MASK_ Mask_ | MASK_
Read 15_F 14_F 13_F 12_F 11_F 10_F 9 F 8_F 0 0 5F 4 F 0 2_F 1_F 0
Reset 1 1 1 1 1 1 1 1 0 0 1 1 0 1 1 0
Description Prevent the corresponding flags in FAULT2_STATUS to wake-up the device
0 The flag in position (x) wakes the device, when active
MASK_x_F
1 No wake-up is possible by this source
Reset condition POR

11.31 Wake-up mask register 3 - WAKEUP_MASK3

The WAKEUP_MASKS register enables wake-up events related to several FAULT3_STATUS fault bits. If a
certain bit contained in the latter register is not masked by the corresponding bit of the former register, the IC
transitions from sleep mode to normal mode.

Table 64. WAKEUP_MASK3

WAKEUP_MASK3
$2C bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Write do not MASK_ |MASK_ |MASK_ |MASK_ |[MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_ |MASK_
change 13_F 12_F 11_FK 10_F 9 F 8_F 7_F 6_F 5 F 4 F 3_F 2_F 1_F 0_F
Read 0
Reset 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Description Prevent the corresponding flags in FAULT3_STATUS to wake-up the device
0 The flag in position (x) wakes the device, when active
MASK_x_F
1 No wake-up is possible by this source
Reset condition POR
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11.32 Measurement registers — MEAS_xxxx

The MEAS_xxxx registers contain the measured values as a result of on-demand conversions. Note that the
cyclic conversions leave no trace in these registers, as they are only used to update the OV/UV/OT/UT flags
and other status information.

Table 65. MEAS_xxxx

MEAS_xxxx
$32to bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
$4A
Write
Read DATA_
RDY MEAS_xxxx
ResetO00O|0‘0|0|0‘0|0‘0|0|0‘0|0|0
Description This bit is set when the conversion is complete and the register is updated. The Data_Rdy bit is cleared when a request to convert is
received either through the SOC or GPIO2 convert trigger.
DATA RDY 0 A new sequence of conversions is currently running
1 A data is available in MEAS_xxxx
Reset condition POR
Description Value is unsigned, resolution is Vot anx res independently on the selected resolution of ADC_CFG
MEAS_xxxx —
Reset condition POR

11.33 Overvoltage undervoltage threshold register - TH_ALL_CT
Resolution for OV threshold and UV threshold are, respectively, VcroytHy and Veruv(rh)-

Table 66. TH_ALL_CT

TH_ALL_CT
$4B bit 15 |bit14 |bit13 ‘bit12 |bit11 ‘bit10 |bit9 |bit8 bit 7 |bit6 ‘bit5 |bit4 |bit3 ‘bit2 |bit1 |bit0
Write
ALL_CT_OV_TH ALL_CT_UV_TH
Read
Reset11|01|0‘1|1|11|0‘0|0|0‘O|0|0
Description Overvoltage threshold setting for all cell terminals. Enabled through register OV_UV_EN
ALL_CT_OV_TH 11010111 Default overvoltage threshold set to 4.2 V
Reset condition POR
Description Undervoltage threshold setting for all cell terminals. Enabled through register OV_UV_EN
ALL_CT_UV_TH 10000000 Default undervoltage threshold set to 2.5 V
Reset condition POR

11.34 Overvoltage undervoltage threshold register - TH_CTx

Table 67. TH_CTX

TH_CTx
$4C to bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
$59
Write
CTx_OV_TH CTx_UV_TH
Read
Reset1101|0‘1|1|11|0‘0|0|0‘0|0|0
Description Overvoltage threshold setting for individual cell terminals. OV_UV_EN[COMMON_OV_TH] bit must be logic 0 and OV_UV_EN[CTx_OVUV_
EN] bit must be logic 1 to use TH_CTx register as threshold.
CTx OV_TH 11010111 Default overvoltage threshold set to 4.2 V
Reset condition POR
Description Undervoltage threshold setting for individual cell terminals. OV_UV_EN[COMMON_UV_TH] bit must be logic 0 and OV_UV_EN[CTx_
OVUV_EN] bit must be logic 1 to use TH_CTx register as threshold.
CTx_UV_TH 10000000 Default undervoltage threshold set to 2.5 V
Reset condition POR
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11.35 Overtemperature, undertemperature threshold registers — TH_Anx_OT,
TH_Anx_UT

Registers TH_Anx_OT and TH_Anx_UT contain the individually programmed overtemperature and
undertemperature value for each analog input.

Table 68. TH_ANX_OT

TH_Anx_OT
$5A to bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
$60
Write
ANx_OT_TH
Read 0 0 0 0 0 0
Reset | o | o | o | o | o | o | o | o | 1+ [ 1 [ 1 [ o [ 1 | 1 [ o | 1
Description Overtemperature threshold setting for analog input x
Anx_OT_TH 0011101101 Overtemperature default setto 1.16 V
Reset condition POR
Table 69. TH_ANX_UT
TH_Anx_UT
$61 to bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
$67
Write
ANx_UT_TH
Read 0 0 0 0 0 0
Reset | 0 [ o | o [ o | o [ o | 1+ [ 1 [ o | o [ o | of 1+ [ 1 [ 1 ]o
Description Undertemperature threshold setting for analog input x
Anx_UT_TH 1100001110 Undertemperature default set to 3.82 V
Reset condition POR
11.36 Silicon revision register — SILICON_REV
Table 70. SILICON_REV
SILICON_REV
$6B bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 | bit 4 | bit 3 bit 2 | bit 1 | bit 0
Write
Read 0 0 0 0 0 0 0 0 0 0 FREV MREV
Reset | o | o | o | o [ o [ o [ o | o [ o [ o[ F [F[°F Mo om [ ow
Description Full mask revision
001 Pass 1.x
FREV 010 Pass 2.x
Reset condition POR
Description Metal mask revision
000 Pass y.0
MREV 001 Pass y.1
Reset condition POR
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11.37 EEPROM communication register EEPROM_CTRL

Table 71. EEPROM_CTRL

EEPROM_CTRL

$6C  |bit15 | bit14 bit 13 |bit12 |bit11 ‘bit10 |bit9 |bit8 bit 7 |bit6 |bit5 ‘bit4 |bit3 |bit2 ‘bit1 |bit0
Write R/W EEPROM_ADD DATA_TO_WRITE
Read BUSY |ERROR EE_ESENT 0 0 0 0 0 READ_DATA
Reset | 0 0 0 oooooo|0|o‘o| |o‘o|o
Description Read/write bit, directs the BMI7014 to read or write from EEPROM
0 Write
RW
1 Read
Reset condition POR
Description EEPROM address to read or write
EEPROM_ADD
Reset condition POR
Description Data to be written into the EEPROM
DATA_TO_WRITE
Reset condition POR
Description Busy bit
0 Indicates the IC has completed the EEPROM read or write operation
BUSY 1 Indicates the IC is in the process of performing the EEPROM read or write operation.
Reset condition POR
Description EEPROM communication error bit.
0 No error occurred during the communication to EEPROM
ERROR
1 An error occurred during the communication to EEPROM
Reset condition POR
Description EEPROM detection
No EEPROM detected
EE_PRESENT
EEPROM has been detected and present
Reset condition POR
Description Data read in the EEPROM at address given by EEPROM_ADD
READ_DATA
Reset condition POR
11.38 ECC signature 1 register
Table 72. DED_ENCODE1
DED_ENCODE1
$6D bit1s  [bit14 [bit13  [bit12  [bit11  [bit10  [bito  [bits  [bit7  [bite  [bits  [bita  [bits  [bt2  [bt1  [bito
Write
Read DED_HAMMING_COUT1_31_16
Reset | o [ o [ o o [ o [ o [ o [ o [ o [ o [ o [ o [ o[ o oo
DED HAMMING Description Reports the 16 MSBits to encode in the fuse matrix (ECC)
COU?1—31—16 - Reset condition POR
11.39 ECC signature 2 register
Table 73. DED_ENCODE2
DED_ENCODE2
$6E bit 15 ‘bit14 ‘bit13 ‘bit12 ‘bitﬁ ‘bit10 ‘bitg ‘bits ‘bit? ‘bitG ‘bits ’bit4 ‘bits ‘bitz ‘bit1 ‘bito
Write
Read DED_HAMMING_COUT_1_15_0
Reset | 0 [ o | o o [ o [ o [ o [ o [ o | o [ o | o ] o [ o | oo |0
DED HAMMING Description Report the 16 LSBits to encode in the fuse matrix (ECC)
COUTI——1—15—0 - Reset condition POR
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FUSE_MIRROR_DATA
$6F bit 15 |bit14 |bit13 ‘bit12 |bit11 ‘bit10 |bit9 |bit8 ‘bit7 |bit6 ‘bits |bit4 |bit3 ‘bitZ |bit1 |bit0
Write
FMR_DATA
Read
Reset00|0 o|o‘o|0|0‘o o‘o|o|o‘o| |0
Description Fuse mirror data to read or write
FMR_DATA
Reset condition POR
Table 75. FUSE_MIRROR_CNTL
FUSE_MIRROR_CNTL
$70 bit15  |bit14  |bit13 | bit12 | bit 11 ‘ bit 10 | bit 9 | bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 | bit 1 | bit 0
write | woc" FSTM FST
Read SEC_ 0 0 FMR ADDR 0 0 0 0 0
ERR_ - FST_ST
FLT
ResetO000|0‘0|0|0000000|0|0
Description ECC error, single error correction
0 No error
SEC_ERR_FLT
1 A single error has been detected and corrected. The IC is usable, must not be considered defective.
Reset condition POR/clear on write 0
Description Fuse mirror register address
FMR_ADDR
Reset condition POR
Description Fuse state write mask. This bit controls the write access to the FST[2:0] bits.
0 Writing in FST bits has no effect
FSTM
1 FST bits are unlocked for writing
Reset condition POR
Description Fuse state control. write to this register controls the switching of the fuse state machine. Read in this register enables tracing the current
state.
FST . " .
000 Refer to Section 9.11 for bit description.
Reset condition POR
Description Fuse state control. Read in this register enables to trace the current state
FST_ST 000 Refer to Section 9.11 for bit description.
Reset condition POR
[11  wOc: write O to clear
11.41 Reserved
Table 76. RESERVED
Reserved
$71to bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
$FF
Write
Do not change
Read
Reset0|0|0 o|o‘o|o|0‘o|o‘o|o|o o|o|0
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11.42 Fuse bank

Table 77. FUSE_BANK

Bank address Data

D15 ‘014 |D13 ‘012 |D11 |D10 D9 |D8 |D7 |D6 ‘DS |D4 ‘DS |D2 ‘01 |D0

$00 GCF_cold_c13 GCF_room_c13

$01 GCF_cold_c11 GCF_room_c11

$02 GCF_cold_c9 GCF_room_c9

$03 GCF_cold_c7 GCF_room_c7

$04 GCF_cold_c5 GCF_room_c5

$05 GCF_cold_c3 GCF_room_c3

$06 cold_c2vs1 GCF_room_c1

$0B GCF_hot_c5 GCF_ANXx_ratio room_c14vs13 hot_c14vs13
$0C GCF_hot_c3 hot_c2vs1 room_c12vs11 hot_c12vs11
$0D g:ggle c2_offset cold_c14vs13 cold_c12vs11 cold_c10vs9 cold_c6vs5 room_c10vs9 hot_c10vs9
$OE GCF_hot_c1 cold_c8vs7 cold_c4vs3 room_c8vs7 hot_c8vs7
$OF GCF_stack room_c2vs1 room_c6vs5 hot_c6vs5
$10 GCF_cold_c1 GCF_IcTemp room_c4vs3 hot_c4vs3
$11 cold_Vbgp2vs1 X

$12 cold_Vbgp1vs1 X

$13 hot_Vbgp2vs1 X

$14 hot_Vbgp1vs1 X

$15 room_Vbgp2vs1 room_Vbgp1vs1
$16 DED_ENCODE 2
$17 DED_ENCODE 1
$18 Traceability
$19 Traceability
$1A Reserved Traceability
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12 Typical applications

12.1 Introduction

NXP Semiconductors has developed a battery cell controller IC supporting both centralized and distributed
battery management architectures. Centralized battery monitoring systems contain a controller module sensing
individual differential cell voltages through a wiring harness. Distributed systems locate monitoring devices close
to the lithium-ion batteries and use a communication interface to transfer data to the main controller MCU.

There are significant advantages to using transformers for isolation and communication. The most obvious
benefit of the pulse transformers is the high degree of voltage isolation. Transformers specified in this document
are automotive qualified and rated at 3750 Vrms. Using pulse transformers allow the NXP battery management
system to achieve communication rates of 2.0 Mbps with very low radiated emissions.

An added benefit to the transformer daisy chain network is the ability to loop the network back to the pack
controller. This feature allows the user to verify communication to each node in the daisy chain.

12.1.1 Centralized battery management system

A centralized system is comprised of a single transformer driver with a transformer or capacitive isolation
between each battery cell controller IC.

The centralized battery monitoring system using capacitive isolation is shown in Figure 31.

1
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i
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B
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€ - -~ ISOLATION
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INTB i | |
| v
i B
| BMI7014 | 2
i CLUSTER 2 g
| 1 ©
] o
! | |
1
|
e e -- ISOLATION
T
1
| |
1 1 ©
i BMI7014 | 2
: CLUSTER 3 5
1 | ©
1 e}
! | |
1
|
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T
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i | e
| 8
! BMI7014 | S
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ISOLATION UPto 63 B
1
i
aaa-054690
Figure 31. Centralized battery monitoring system with capacitive isolation
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The centralized battery monitoring system using transformer isolation is shown in Figure 32
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Figure 32. Centralized battery monitoring system with transformer isolation

12.1.2 Distributed battery management system

The distributed battery management solution is identical to the centralized system with an additional transformer
and daisy chain cable in the pack controller and between each node.
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Figure 33. Distributed battery monitoring system
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12.1.3 Multiple daisy chain

In a distributed system, the BMI7014 ICs can be connected in multiple daisy chains. The number of daisy
chains supported by the BMI7014 IC is configurable with the MSB of the INIT[CID] register. Using one bit MSB
of CID supports two daisy chains with up to 31 slave devices in each daisy chain. Similarly, using two bit MSB of
CID supports 4 daisy chains with up to 15 slave devices in each daisy chain.

MCU

Figure 34. Example of multiple daisy chain.
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= Node &) @ ®) @ (31)
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MC33664
e
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(1) (1) (2) (3) (4) (31)
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12.1.4 Loop-back daisy chain

In a distributed system, the BMI7014 IC can also support a loop-back daisy chain with two master nodes
connected at two SPI ports of the MCU. The slave devices are connected at each end of the master nodes as
shown in the figure.

CSB_TX
MASTER
SPI1 | SCLK.TX] "NoDE SLAVE SLAVE SLAVE SLAVE SLAVE
SPI2 | SCLK_RX (0) [«—>| NODE |«—| NODE |«—| NODE |«—| NODE [|«----- »| NODE <
— ™) @) @) @ (31 \
= MC33664 \‘
MCU CSB_TX |
MASTER ]
SPLTX| NODE SLAVE SLAVE /
SPI3  SCLK_RX ) NODE NODE |37
(63) (62)
CSB_RX
= MC33664
aaa-035452
Figure 35. Example of loop-back daisy chain

Note: In the case of a loop-back daisy chain configuration, the MCU shall use only one master node at a time
for communicating with the BMI7014 IC.

Note: If multiple daisy chains are used in case of loop-back daisy chain communication, then two master nodes
forming one complete loop are to be assigned with one daisy chain address.

12.2 BMI7014 external components

This section provides information about recommended external components and how to select them.

12.2.1 Cell terminal filters

Figure 36 shows the recommended second order low-pass filters for cell voltages.
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Figure 36. Second order cell terminal filters and cell balancing resistors (internal cell balancing MOSFETs are
shown for clarity)
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Table 78. CT filter components

ID Value Units Comments

Chr 0.047 uF Value used and tested at NXP Semiconductors to withstand ESD gun and hot plug

R pF.1 3 kQ Value used and tested to withstand hot plug at NXP. Low-pass filter resistor R pf.4 together with C|pr
determine the filter cut-off frequency. This value must not be changed. Component tolerance depends on the
wanted accuracy for the bandwidth. See Equation (1) and Equation (2) .

Cipe 0.1 uF This capacitance value together with R pg_1 provides 530 Hz cut-off frequency. Value used and tested to
withstand hot plug at NXP. Component tolerance depends on the wanted accuracy for the bandwidth. See
Equation (1) and Equation (2).

RipF-2 2 kQ Value used and tested to withstand hot plug at NXP. This value must not be changed. No special requirement
for the tolerance of this component.

Cin 0.01 uF Value used and tested to withstand hot plug at NXP. This value must not be changed. No special requirement
for the tolerance of this component.

ReaL X Q Any value is possible, as long as the cell balance current does not exceed 300 mA

ReaL ¢ RpaL/5 Q Maximum value

Using the arrangement shown in Figure 36, the filter cut-off frequency in Hz, depending on the measurement
time constant 7, is given by the following formula:

fcut =1/(@2n7)

T = Rypr-1Crpr

BMI7014

(1
(2)
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For noisy applications if the customer cannot guarantee to keep CTREF voltage within the limits described
in Table 7 footnote [6], a setup of dual anti-parallel Schottky diodes can be added between CTREF battery
connector pin and module ground to limit the voltage drop amplitude in transient. These diodes should be
placed close to the corresponding RIpf-1 resistor (CT_REF pin low pass filter).

12.2.2 Unused cells

If the cluster has less than the maximum number of cells, the usage of cell terminal pins CTx and cell balancing
pins CBx has to satisfy some constraints. Each external LPF block is masked, as shown in Figure 37, to simplify
the diagrams. As a convention, cell numbering is exactly the same as the associated CTx. For example, cell 12
is the one whose positive terminal is connected to CT12, even though it is the 5th cell in a seven cell system,
see Figure 38. A minimum of seven cells must be used. At least cell 1 through cell 4 and cell 12 through cell 14
must be used. Unused cells must start with CT5. Stacked cells arrangements from 7 to 14 cells are described in
Table 79.

Table 79. Stacked cells arrangements

stacked cells
Cell 14 13 12 1 10 9 8 7
1 CT_REF/CT1 |CT_REF/CT1 |CT_REF/CT1 |CT_REF/CT1 |CT_REF/CT1 |CT_REF/CT1 |CT_REF/CT1 |CT_REF/CT1
2 CT1/CT2 CT1/CT2 CT1/CT2 CT1/CT2 CT1/CT2 CT1/CT2 CT1/CT2 CT1/CT2
3 CT2/CT3 CT2/CT3 CT2/CT3 CT2/CT3 CT2/CT3 CT2/CT3 CT2/CT3 CT2/CT3
4 CT3/CT4 CT3/CT4 CT3/CT4 CT3/CT4 CT3/CT4 CT3/CT4 CT3/CT4 CT3/CT4
5 CT4/CT5 CT5/CT6 CT6/CT7 CT7/CT8 CT8/CT9 CT9/CT10 CT10/CT11 CT11/CT12
6 CT5/CT6 CT6/CT7 CT7/CT8 CT8/CT9 CT9/CT10 CT10/CT11 CT11/CT12 CT12/CT13
7 CT6/CT7 CT7/CT8 CT8/CT9 CT9/CT10 CT10/CT11 CT11/CT12 CT12/CT13 CT13/CT14
8 CT7/CT8 CT8/CT9 CT9/CT10 CT10/CT11 CT11/CT12 CT12/CT13 CT13/CT14
9 CT8/CT9 CT9/CT10 CT10/CT11 CT11/CT12 CT12/CT13 CT13/CT14
10 CT9/CT10 CT10/CT11 CT11/CT12 CT12/CT13 CT13/CT14
11 CT10/CT11 CT11/CT12 CT12/CT13 CT13/CT14
12 CT11/CT12 CT12/CT13 CT13/CT14
13 CT12/CT13 CT13/CT14
14 CT13/CT14
Notes:

» CT5 is always populated with the full low-pass filter.
» Other not used pins are shorted directly to CT5.

As a general rule, unused CTx have to be terminated to the positive terminal of cell 4. As shown, several
external components may be removed. Cell balancing resistors (Rgai) of unused cells are to be mounted and
terminated at the positive terminal of cell 4. Resistors for hot plug protection R| pp.» must also be mounted.

A different number of missing cells leads to an application diagram analogous to Figure 38 . In general, if the
cluster has N missing cells, it is possible to save N-2 times Cpg, N-2 times Ry pg-1, N-2 times C_pg and N times
Cy mentioned in Table 78.
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Figure 38. The seven-cell configuration
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Figure 39. The 12-cell configuration
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12.2.3 Hot plug protection

The VPWR line, shown in Figure 40, must be protected by a serial resistor in order to limit the inrush current
and a parallel capacitor to filter fast voltage variation. A higher value of Rypywgr provides better protection. The
drawback of higher Rypwr is higher voltage drop. The minimum battery voltage (Vgat ) supplying the device
through the R, resistor is then equal to Equation (12) . As the stack voltage is measured across VPWR1, 2
pins and ground, stack measurement is affected by such voltage drop. Furthermore, voltage drops higher than
Vvpwr_ct have a negative impact on cell measurement accuracy.

min(VBAT] = max(VPWR(UV_POR] + Rypwr * [max(IVPWR[TPL_TX)) + max[l LIM_vcom(oc) + max[l LIM_VANA[OC)) ] ) (12)

In order to withstand hot plug, it is mandatory to use Zener diodes as shown in Figure 40 close to the VPWR
line. In general, all components, whose values are given in Table 80, are mandatory to protect the IC when

a connection is made to the battery pack. Changing the value of any external components listed in Table 80
may result in serious IC damage during the connection to the battery pack. Capability of the device to sustain
random connection to live voltage for pins VPWRX, CT_x, CB_x, CTREF, GND has been extensively evaluated.
Nevertheless, the total number of random combinations related to those pins cannot be entirely tested.
Therefore, despite all engineering efforts performed by NXP, it is the responsibility of the system provider to
ensure safe connection to the battery pack.

Furthermore, it is the responsibility of the system provider to manage the risk of short circuits on any external
components connected to the IC, including external low-pass filters. A short-circuit on the pins connected to
the battery can lead to high current flowing through the IC, causing a thermal event on the PCB. The system
provider must employ common practices, such as fuse protection on the VPWR line, series of capacitors on the
CT pins, appropriate power rating for external resistors, or any other appropriate measure capable to mitigate
hazards.

Zener diodes D1 to D4 are required to protect internal ESD structures between VPWR and CB_x pins, when
VPWR is connected before cells. The energy to charge the Cyr capacitors on CB_x pins exceeds the capability
of the internal ESD devices for VPWR max operating range. Zener diodes D1 to D4 are placed on CB_14,
CB_12,CB_10:9_C and CB_8:7_C pins according to the internal ESD protection network. The joint presence of
these Zener diodes and the set of internal cell balancing transistors, which are highly robust due to their large
size, guarantee hot plug protection of the following pins: CB_14:13_C, CB_13, CB_12:11_C, CB_11, CB_10,
CB 9, CB_8, and CB_7. All other CB_x pins do not need external Zener diodes, because the internal ESD
clamping voltage is higher than the VPWR max operating value. Clamping voltages of Zener diodes D1 to D4
are defined to be higher than the maximum rating between VPWR and CB_x, and lower than the clamping
voltage of the internal ESD devices between these pins.
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Figure 40. Top cell terminal filters and balancing resistors, VPWR1, 2 components to withstand hot plug

Table 80. Components to avoid hot plug issues

ID

Value

Units

Comments

Ds

75

\Y

To protect the IC against transient overvoltage, use the specified Zener voltage. For
example, use MMSZ5267BT1G (75V) or BZX384-B75

Dy

43

\Y

D4 is rated 43 V because max operating voltage between VPWR and CB_8:7_C is 35
V and typical internal ESD clamping voltage between VPWR and CB_8:7_C is 60 V.
For example, use MMSZ5260BT1G (43v) or BZX384-B43.

27

D3 is rated in the range 26.5 V to 29.5 V, because max operating voltage between
VPWR and CB_10:9_C is 25 V and typical internal ESD clamping voltage between
VPWR and CB_10:9 is 50 V. The diode voltage rating is limited because the typical
internal ESD clamping voltage between VPWR and CT9 is 33v. For example, use
MMSZ5255BT1G (28v) or BZX384-B27.

20

D2 is rated 20 V, because max operating voltage between VPWR and CB_12 is 10
V and typical internal ESD clamping voltage between VPWR and CB_12 is 50 V. For
example, use MMSZ5250BT1G (20v) or BZX384-B20.

D4

2x8.2

D1 is rated 16.4 V, because max operating voltage between VPWR and CB_14 is

10 V and typical internal ESD clamping voltage between VPWR and CB_14 is 50 V.
Implementation may be done by using two diodes in series, each of which having half
Zener voltage. For example, use two MMSZ5237BT1G (8.2v) or two BZX384-B8V2.

Rvpwr

10

Reducing resistance value may jeopardize hot plug capability. Power rating is 0.1 W.

Cvp1

220

nF

To withstand hot plug, this value must not be changed

Cvp2

nF

Ceramic capacitor

BMI7014

All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.

Product data sheet

Rev. 3 — 8 August 2024 Document feedback
93/115



https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_BMI7014

NXP Semiconductors

BMI7014

Table 80. Components to avoid hot plug issues...continued

14 cells battery cell controller IC

voltage.

ID Value Units Comments
TVS 8 \% If Vewr > 55 V during hot plug then a TVS (PESD5V0OV1BB or equivalent) should be
(optional) added between CT14 and VPWR. The indicated voltage is the nominal breakdown

12.2.4 Temperature channels

Figure 41 shows usage of GPIOx as analog inputs (ANx) for temperature measurements. If not used, each

CLPFT

GPIOx may be shorted to GND.
VCOM
RTC [‘] RtC [I] RTC [‘] RtC [I] RTC [I] RTC [I] RTC
RLPFT GPIOO
'L CLPFT
CNTC RNTC I
RLPFT GPIO1
J_ 'L CLPFT
CNTC/H/RNTC I
RLPFT GPIO2
J_ 'L CLPFT
v CNTC/H/RNTC I
RLPFT GPIO3
J_ 'L CLPFT
" oo T
R
LPFT -L GPIO4
J_ CLPFT
v CNTC/H/RNTC I
RLPFT GPIO5
l 'L CLPFT
v CNTC/H/RNTC I
RLPFT GPIO6

Figure 41. GPIOx used as ANx

AGND

BMI7014

aaa-054701

Table 81. ANx filter components

ID Value Units Comments

Rrc 6.8 kQ Component with 1 % tolerance, for accurate temperature measurement. Proposed
value, together with all other proposed values, gives approximately fcytt = 10 kHz.
See Equation (18), Equation (19), Equation (20), and Equation (21).

Rnte 10 kQ Nominal resistance value is given at 25 °C, tolerance must be 5 % or better

Cnte 1.2 nF This component is for ESD protection

RLpET 3.3 kQ Influences the channel bandwidth. See Equation (18), Equation (19), Equation (20),
and Equation (21).
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Table 81. ANx filter components...continued
ID Value Units Comments

CLpFT 1.2 nF 5 % tolerance or better. Influences the channel bandwidth. See Equation (18),
Equation (19), Equation (20), and Equation (21).

The signal cutoff frequency (in Hz) for the arrangement shown in Figure 41 of GPIOx used as radiometric
analog inputs, depends on the measurement time constant 71, given by the following formula.

feutr =1/ @2rrp) (18)
where,

Tr = max(7q,T3) (19)
71 = (Reprr + (RrcRyre)/ (Rre + Ryre))Cprr (20)
T2= Cnrc(RreRyre) / (Rre + Ryre) (21)

In case the NTC resistor is located outside of the board and can be submitted to large EMC and ESD Gun
constraints, the recommended filter for temperature is 2nd order as shown in Figure 42.

VCOM

RTC cTe
RLPFT1

—
CLF’FT1

l
CNTC RNTC
I 1T RLPFT2
L
CLPFT1
CNTc RNTC I
LPFTI RLPFT2
—
CLPFT1
CNTC RNTC
T1
CNTC J%/RNTC

RLPFT2 GPIOO
—

CLPFT2

A1

GPIO1

CLPFT2

J

GPI02

CLPFT2

<f—|k—|
[

RLPFT2 GPIO3 BMI7014

RTC ==cTC
RLPFT1 RLPFT2
—

—

— —
== CLPFT1
CN'rc RNTC I
RTC =cTc

RLPFT1 RLPFT2

— 1

l == CLPFT1
CNTC RNTC I RTC cre

I [ﬂ RLPFT1 RLPFT2 GPIOB

— —

— —

l = CLPFT1 CLPFT2
CNTC RNTC I

I AGND

CLPFT1 CLPFT2

<f—|F—|

GPI04

CLPFT2

GPI05

CLPFT2

A= A A A A A b

aaa-054703

Figure 42. GPIOx used as ANX (with 2nd order filter)
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Table 82. ANx second order filter components

ID Value Units Comments

Rrc 6.8 kQ Component with 1 % tolerance, for accurate temperature measurement
Crc 1.2 nF

Rnte 10 kQ Nominal resistance value is given at 25 °C, tolerance must be 5 % or better
Cnte 1.2 nF This component is for ESD protection

CLPFT1 1.2 nF 5 % tolerance or better

RLPFT1 3.3 kQ

CLpET2 1.2 nF 5 % tolerance or better

RLPFTZ 3.3 kQ

12.2.5 Centralized applications

12.2.5.1 Centralized applications - Transformer or capacitive isolation - Master node

For capacitive isolation in a centralized system the schematic is split into two segments. The first segment
displays the external component of master node as shown in Figure 43. The second segment displays the
external components between two BMI7014 ICs as shown in Figure 44. In high voltage system applications, a
high voltage isolation transformer is recommended between master node and first slave node.

RDTX+ . r’iEB\_ ) SI/RDTX_IN+
_—-LLCTPL TR % PROT choke + 1:1 TR % PROT JI- Csce
CTRM -
MC33664 RRm| | T BMI7014
RDTX- = ) FBD ~ SCLK/RDTX_IN-
%CTPL % PROT % PROT % Cecc
GNDS CGND
GNDT SPI_COM_EN
DGND GNDREF/GNDSUB
— v
aaa-054693
Figure 43. Master node in a centralized application with transformer isolation
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Table 83. Master node components for a centralized application with transformer or capacitive isolation

ID Value Units Comments
CrpL 68 pF Ceramic capacitor
CtrM 4.7 nF Ceramic capacitor for split termination of MC33664
Rtrm 75 Q Split termination resistor for MC33664
PROT 8 \% ESD protection. Use PESD5VOV1BB or equivalent. The indicated
voltage is the nominal breakdown voltage.
R1ap 150 Q Center tap resistor
Crap 10 nF Center tap capacitor
Cgcc 220 pF Ceramic capacitor
Choke +1:1 TR Pulse Electronic NA Single-channel transformer with common mode choke
HM2103
FBD 120 Q Ferrite Bead (optional). Use MMZ1608Y121BTD25 or equivalent.

12.2.5.2 Centralized applications - Capacitive isolation - Slave node

SI/RDTX_IN+

SCLK/RDTX_IN-

BMI7014

Rser  CIso Ciso

RDTX_OUT+ S SIRDTX_IN+ RDTX_OUT+
l ]
C C
$ BCC PROT PROT $ BCC
RDTX_OUT- Rser  C1SO Ciso SCLK/RDTX_IN- RDTX_OUT-
'LCBCC 'LCBCC BMI7014
$ PROT PROT $
CGND CGND
SPI_COM_EN SPI_COM_EN
GNDREF/GNDSUB GNDREF/GNDSUB

v

Figure 44. Slave node for a centralized application with capacitive isolation

v aaa-054692

Table 84. Slave node components for a centralized application with capacitive isolation

ID Value Units Comments

Cgcc 22 pF Ceramic capacitor

Rser 62 Q Series resistance

Ciso 10 nF Isolation capacitor

PROT 8 \% ESD protection. Use PESD5V0V1BB or equivalent. The indicated
voltage is the nominal breakdown voltage.
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12.2.5.3 Centralized applications - Transformer isolation - Slave node

SI/RDTX_IN+

SCLK/RDTX_IN-

BMI7014

RDTX_OUT+

CBcC

L
I

RDTX_OUT-

SI/RDTX_IN+

choke + 1:1 TR

CBcC

L
I

CGND

SPI_COM_EN

GNDREF/GNDSUB

RTAP

'L CBcc
7

SCLK/RDTX_IN-

CTAP

-L CBcc
7

CGND

SPI_COM_EN

GNDREF/GNDSUB

v

Figure 45. Slave node for a centralized application with transformer isolation

BMI7014

RDTX_OUT+

RDTX_OUT-

aaa-054705

Table 85. Slave node components for a centralized application with transformer isolation

ID Value Units Comments

Csec 220 pF Ceramic capacitor
Crap 10 nF Center tap capacitor
Rtap 150 Q Center tap resistor
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12.2.6.1 Distributed systems - Master node

MASTER NODE

RDTX+

Low
I

RDTX-

choke + 1:1 TR
E =000

FBD
RTRM
PROT
RTRM T CTPL
= FBD

MC33664

-L CTPRL
I

GNDS

GNDT

DGND

PROT

R

aaa-038385

Figure 46. Master node in a distributed system (transformer isolation only)

Table 86. Master node components in a distributed system

ID Value Units Comments
CrpL 68 pF Ceramic capacitor
CtrM 4.7 nF Ceramic capacitor for split termination of MC33664
RtrMm 75 Q Split termination resistor for MC33664
PROT 8 \Y ESD protection. Use PESD5V0V1BB or equivalent. The indicated
voltage is the nominal breakdown voltage.
Choke + 1:1 TR Pulse Electronic NA Single-channel transformer with common mode choke
HM2103
FBD 470 Q Ferrite Bead (optional).Use MMZ1608Q471BTD25 or equivalent
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12.2.6.2 Distributed applications - Slave node

Figure 47. Slave node of a distributed application (transformer isolation only)

1:1 TR + choke

RDTX_OUT-

L

Cecc
PROT y

RDTX_OUT+

Cecc
PROT $

SI/RDTX_IN+

C
PROT T 8¢ 1 BMI7014

CLK/RDTX_IN-

L

Cecc
PROT $

CGND
SPI_COM_EN

GNDREF/GNDSUB

v aaa-054702

Table 87. Slave node components in a distributed application

ID Value Units Comments
Cgcc 220 pF Ceramic capacitor
PROT 8 \Y ESD protection. Use PESD5VO0V1BB or equivalent. The indicated
voltage is the nominal breakdown voltage.
Crap 10 nF Center tap capacitor
R1ap 150 Q Center tap resistor
1:1 TR + choke PULSE Electronic Dual-channel transformer with common mode choke
HM2102
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13 Packaging

13.1 Package mechanical dimensions

Package dimensions are provided in package drawings. To find the most current package outline drawing, go to
www.nxp.com and perform a keyword search for the drawing’s document number.

Table 88. Package outline

Package Suffix Package outline drawing number
64-pin LQFP-EP AE 98ASA10763D
BMI7014 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.
Product data sheet Rev. 3 — 8 August 2024 Document feedback

101/115


http://www.nxp.com
https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_BMI7014

NXP Semiconductors B M |701 4

14 cells battery cell controller IC

4X[]0.2[H]A-BD] —~ A 4x 16 TIPS [2]0.2[C[A-BD]
PIN 1 r o]
IDENTIFIER\ e ;
/
1 ::\/<C> 1148
 —— - —
T I —
T I —
 —— - —
ARl —— [BlA
g — \ i
 —— I —
=) i — =7 ba
JE =
 —— - —
PO — — [12] A\
DETAIL K — —
T I —
T I —
16T 133
|
17 32
@A
@A
—1.60 MAX AY\“ 2
~
| . Y -- q
0.08[c] [c
AR T
f SEATING
J — \ PLANE | J
DETAIL L
© NXP SEMICONDUCTORS ok V- MECHANICAL OUTLINE PRINT VERSION NOT TO SCALE
TITLE: LQFP, 10 X 10 X 1.4 PKG, DOCUMENT NO: 98ASA10763D REV: E
0.5 PITCH, 64LD, STANDARD: JEDEC MS-026 BCD
6.1 x 6.1 EXPOSED PAD SOT1510-2 29 JUN 2018

Figure 48. Package outline
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Figure 49. Package outline
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Figure 52. Package outline
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NOTES:

DIMENSIONS ARE IN MILLIMETERS.

INTERPRET DIMENSIONS AND TOLERANCES PER ASME Y14.5M—1994.

DATUMS A, B AND D TO BE DETERMINED AT DATUM PLANE H.

DIMENSIONS TO BE DETERMINED AT SEATING PLANE C.

DIMENSION DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR PROTRUSION
SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED THE MAXIMUM DIMENSION BY MORE

THAN 0.08 MM. DAMBAR CANNOT BE LOCATED ON THE LOWER RADIUS OR THE FOOT.
MINIMUM SPACE BETWEEN PROTRUSION AND ADJACENT LEAD OR PROTRUSION 0.07 MM.

> PRPBr-

DIMENSIONS DO NOT INCLUDE MOLD PROTRUSION. ALLOWABLE PROTRUSION IS 0.25 MM
PER SIDE. DIMENSIONS ARE MAXIMUM PLASTIC BODY SIZE DIMENSIONS INCLUDING MOLD
MISMATCH.

EXACT SHAPE OF EACH CORNER IS OPTIONAL.

B> B

THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.10 MM AND
0.25 MM FROM THE LEAD TIP.

HATCHED AREA REPRESENTS POSSIBLE MOLD FLASH ON EXPOSED PAD.

[>

KEEP OUT ZONE REPRESENTS AREA ON PCB THAT MUST NOT HAVE ANY EXPOSED METAL
(EG. TRACE/VIA) FOR PCB ROUTING DUE TO THE POSSIBILITY OF SHORTING TO TIE
BAR /EXPOSED PAD.
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Figure 54. Package outline
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Table 89. Revision history

Document ID Release date

Description

BMI7014 v.3 08 August 2024

* Product data sheet.

» Supersedes BMI7014 v.2.

» Updated status from confidential to public.
* Updated Legal information

BMI7014 v.2 20 May 2024

* Product data sheet.
e Supersedes BMI7014 v.1.
* Global editing for grammar and style.
e Section 14 updated to conform with NXP’s document
appearance standards and content hierarchy.
* Table 1: Add row to Code "y".
 Table 2: Added row "BMI7014TA2AE".
» Table 7
— Added "BMI7014TA1", and second SPI mode line, "BMI7014
TA2", for "IVPWR(SS)“
— Added rows for "VerRrsart_1_mi7014TA1"s "VERR_1_BMI7014TA2">
"VERR 2 BMI70147A2"
— Changed "Vrprx INTH" t0 "VRDTX INTH_TA1"
— Added row for "VrpTx INTH_TAZ"
* Removed section titled "Contact information".

BMI7014 v.1 20 February 2024

Initial version
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Data sheet status

[1112]

Document status Product status Definition

Objective [short] data sheet Development This document contains data from the objective specification for product
development.

Preliminary [short] data sheet Qualification This document contains data from the preliminary specification.

Product [short] data sheet Production This document contains the product specification.

[1]1  Please consult the most recently issued document before initiating or completing a design.

[2] The term 'short data sheet' is explained in section "Definitions".

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple
devices. The latest product status information is available on the Internet at URL https://www.nxp.com.

Definitions

Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is
intended for quick reference only and should not be relied upon to contain
detailed and full information. For detailed and full information see the
relevant full data sheet, which is available on request via the local NXP
Semiconductors sales office. In case of any inconsistency or conflict with the
short data sheet, the full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
NXP Semiconductors and its customer, unless NXP Semiconductors and
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