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Rev. 7.0 — 16 July 2024 Product data sheet

1 General description

The MC33771C is a SMARTMOS lithium-ion battery cell controller IC designed for automotive applications,
such as hybrid electric (HEV) and electric vehicles (EV) along with 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 current, as well as battery coulomb
counting 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

» 96V 2Vpyr £ 63V operation, 75 V transient

s 7 to 14 cells management

* |solated 2.0 Mbps differential communication or 4.0 Mbps SPI

» Addressable on initialization

» Bi-directional transceiver to support up to 63 nodes in daisy chain

* 0.8 mV maximum total voltage measurement error

» Synchronized cell voltage/current measurement with coulomb count

» Averaging of cell voltage measurements

» Total stack voltage measurement

» Seven GPIOAemperature sensor inputs

» 50V at 5.0 mA reference supply output

» Automatic over/fundervoltage and temperature detection routable to fault pin
» |ntegrated sleep mode overfundervoltage 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
» Designed to support ISO 26262, up to ASIL D safety system.

» Qualified in compliance with AECQ-100
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3 Simplified application diagram

Battery cell controller IC
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Figure 1. Simplified application diagram, SPI use case
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Figure 2. Simplified application diagram, TPL use case

4 Applications
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» Automotive: 48 V and high-voltage battery packs
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» E-bikes, e-scooters
» Energy storage systems
» Uninterruptible power supply (UPS)

5 Ordering information

Battery cell controller IC

5.1 Part numbers definition

Table 1. Part number breakdown

MC33771C T/y z AE/R2

Code Option Description
T TPL communication type
P y = P (Premium with current measurement option)
y A ¥y = A (Advanced)
1 z =1 (7 to 14 channels)
§ 2 z = 2 (7 to 8 channels)
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 —40 to 105 °C
Package type is 64-pin LQFP-EF

Orderable part Number of OVIUV Precision GPIO as temperature Current channel or
channels channels and OT/UT coulomb count

TPL differential communication protocol
MC33771CTAIAE  |7to 14 Yes Yes No
MC33771CTA2AE  |7to 8 Yes Yes No

Table 3. Premium orderable part table
Temperature range is —40 to 105 °C
Package type is 64-pin LQFP-EF

Orderable part Number of OVIUV Precision GPIO as temperature Current channel or
channels channels and OT/UT coulomb count

TPL differential communication protocol with current measurement option

MC33771CTP1AE  |7to 14 Yes Yes Yes
MC33771CTP2AE |7to 8 Yes Yes Yes
MCIZFTIC Allinformation prowided in this document iz subject to legal disclaimers. @ 2024 MXFP B Allrights resenred.
Product data sheet Rev. 7.0 — 16 July 2024 Document feedback

57138



NXP Semiconductors

MC33771C

6

Internal block diagram

Battery cell controller IC
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Figure 3. Simplified intemal block diagram
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7 Pinning information

7.1 Pinout diagram
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Figure 4. Pinout diagram
7.2 Pin definitions
Table 4. Pin definitions
Number Name Function Definition
1 VPWR2 Input Power input tothe MC33771C
2 VPWRA1 Input Power input tothe MC33771C
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.
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Table 4. Pin definitions...continued

MC33771C

Battery cell controller IC

WMC3IZT7IC
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Number Name Function Definition

9 CB_12 Output Cell balance driver. Terminate to cell 12 cell balance load
resistor.

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

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

12 CT_M 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_10:9 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_8 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 Qutput 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.

K CB_2 Output Cell balance driver. Terminate to cell 2 cell balance load
resistor.
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Table 4. Pin definitions...continued

Battery cell controller IC

Number Name Function Definition

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

44 CGND .Ground Communication decoupling ground. Terminate to
GNDREF.

45 RDTX_OUT- f{®] Receiveftransmit output negative

46 SCLK/RDTX_IN- f{®] SPI clock or receiveftransmit input negative

47 SI/RDTX_IN+ f{®] SPI serial input or receiveftransmit input positive

48 RDTX_OUT+ f{®] Receiveftransmit output positive

49 GPIOO f{®] General purpose analog input or GPIO or wake-up or
fault daisy chain

50 GPIO1 . f{®] General purpose analog input or GPIO

51 GPIO2 . f{®] General purpose analog input or GPIO or conversion
trigger

52 GPIO3 f{®] General purpose analog input or GPIO

53 GPIO4 f{®] General purpose analog input or GPIO

54 GPIO5S f{®] General purpose analog input or GPIO

55 GPIO8 f{®] General purpose analog input or GPIO

56 ISENSE+ Input Current measurement input+

57 ISENSE- Input Current measurement input-

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 lle] I°C clock

62 SDA lle] 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.

WMC3IZT7IC
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Table 4. Pin definitions...continued
Number Name

65 GNDFLAG

Function Definition

IGround 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 5. Ratings vs. operating requirements

Handling range — no permanent failure Fatal range
* Permanent

failure might

Fatal range
* Permanent
failure might

Lower limited operating range |MNormal operating range
* No permanent failure, * 100 % functional

Upper limited operating range
¢ |C parameters might be out

oceur but IC functionality is not of specification oceur
guaranteed * Detection of Vpyg
overvoltage is functional
Vegr < —03Y |7TBV S Vpyp <96 Y 96V S Vppp = B3 Y B3V <Wpap 275V TS5V < \Vpan

Reset range:
—03VEaVppp <TB Y

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 6. Maximum ratings

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

Symbol Description (rating) ‘ Min ‘ Max Unit
Electrical ratings
VPWR1, VPWR2 Supply input voltage -0.3 75 vV
CT14 Cell terminal voltage -0.3 75 vV
VPWR to CT14 Voltage across VPWR1,2 pins pair and CT14 pin -10 10.5 vV
CTyto CTyy.q Cell terminal differential voltage M-03 |60 v
CTrer to GND Cell terminal reference to ground — 5 vV
CT to GND Cell terminal voltage to ground (N=1 to 4 or N=6 to 14) — (N+1)*5 |V
Cell terminal voltage to ground (N=5) — 275 vV
CThicurrReNT) Cell terminal input current — +500 HA
CBy, to CByyyq ¢ Cell balance differential voltage — 10 vV
CB:n-1_c to CByy4
CBonto GND Cell balance voltage to GND (n=1to 7) — (2n+1).5 |V
CBope1 to GND Cell balance voltage to GND (n=0 to 6) — (2n+1).5 |V

WMC3IZT7IC

Allinformation prowided in this document iz subject to legal disclaimers.

@ 2024 MXFP B Allrights resenred.

Product data sheet

Rev. 7.0 — 16 July 2024

Document feedback
10 /138



NXP Semiconductors MC33771C

Battery cell controller IC

Table 6. Maximum ratings...continued

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

Symbol Description (rating) Min Max Unit
CBanon-1_c to GND |Cell balance voltage to GND (n=1 to 6) — 2n.5 v
CBu:n-1 c toCTn-1 | Cell balance input to cell terminal input -10 10 v
VISENSE ISENSE+ and ISENSE- pin voltage -0.3 25 A4
VCOM Maximum voltage may be applied to VCOM pin from external — 58 vV
source
VANA Maximum voltage may be applied to VANA pin — 31 vV
Vapioo GPIOO0 pin voltage -0.3 6.5 vV
Viapiox GPIOx pins (x = 1 to 6) voltage -0.3 VCOM + |V
05
Vbois Voltage I°c pins (SDA, SCL) -03 VCOM + |V
05
VRESET RESET pln -0.3 6.5 A"
Viesg CSB pin -03 6.5 A4
Vsp comm_En SPI_COMM_EN -03 6.5 A4
V50 SO pin -03 VCOM + |V
05
Verios g Maximum voltage for GPIO5 and GPIO8 pins used as current input -0.3 2.5 v
FAULT Maximum applied voltage to pin -0.3 7.0 vV
lpin_unpowered Input current in a pin when the device is unpowered -2 2 mA
Veomm Maximum voltage to pins RDTX_OUT+, RDTX_OUT—, -10.0 10.0 vV
SI/RDTX_IN+, SCLK/RDTX_IN-
Vegoi ESD voltage vV
Human body model (HBM) — +2000
Charge device model (CDM) — +500 1%
Charge device model corner pins (CDM) — +750
Vesns ESD voltage (VPWR1, VPWR2, CTx, CBx, GPIOx, ISENSE+, (3] v
ISENSE-, RDTX_OUT+, RDTX_OQUT-, SI/RDTX_IN+, SCLK/
RDTX_IN-) versus all ground pins _ +4000
Human body model (HBM)
Vesps ESD voltage (CTREF, CTx, CBx, GPIOx, ISENSE+, ISENSE-, t4] v
RDTX_OUT+, RDTX_OUT-, SI/RDTX_IN+, SCLK/ RDTX_IN-)
IEC 61000-4-2, Unpowered {Gun configuration: 330 / 150pF) — +8000
HMM, Unpowered (Gun configuration: 3302 / 150pF) — +8000
IS0 10605:2009, Unpowered {Gun configuration: 2 k(3 / 150pF) — +8000
IS0 10605:2009, Powered {Gun configuration: 2 k() / 150pF) — +8000

[11  Adjacent CT pins may experience an overvoltage that exceeds their maximum rating during CWAY functional werification test or during open line
diagnostic test. Mevertheless, the |C is completely tolerant to this special situation.

[Z] For CT_REF pin applicable limit is £450 .

[A] E=Dtesting is performed in accordance with the human body model (HEM) (Crap = 100 pF, Rzap = 1500 ), and the charge device model (COM) (Crap =
4.0pF).

[4] These valtage values can be sustained anly if ESD caps are used as descrbed in Section 13.2
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8.3 Thermal characteristics

Table 7. Thermal ratings

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

Symbol Description (rating) Min Max Unit
Thermal ratings

Operating temperature "C
Ta Ambient -40 +105
T Junction!"! -40 +150
Ta1o Storage temperature -55 +150 °C
TrppT Peak package reflow temperature E — 260 "C

Thermal resistance and package dissipation ratings

Reus Junction-to-board (bottom exposed pad soldered to board) 64 ) — 10 "CAN
LQFP EP
Raa Junction-to-ambient, natural convection, single-layer board (1s) 64 3l 59 "CAN
6
LQFP EP (e]
Raua Junction-to-ambient, natural convection, four-layer board (2s2p) 64 (a1 __ 27 "CAW
6
LQFP EP (e]
Rectop Junction-to-case top (exposed pad) 64 LOFP EP ) — 14 "CAN
ReceotTom Junction-to-case bottom {(exposed pad) 64 LOFP EP 81 — 0.97 "CAN
Yir Junction to package top, natural convection 1 — 3 "CAN

[11  The user must ensure that the average maximum aperating junction termperature (TJ) is not exceeded.

[4] PFinsolderng temperature limit is for 10 seconds maximum duration. Mot designed for immersion saldering. Exceeding these limits may cause a
malfunction ar permanent damage to the device.

[3] M#P's Package Reflow capability meets Pb-free requirements for JEDEC standard J-STO-020C. For Peak Package Reflow Temperature and Moisture
Sensitivity Lewvels (MSL), go to wisne mxp.com, search by part number (remave prefixesfsuffixes) and enter the care 10 ta view all orderable parts and
review parametrics.

[4]  Thermal resistance between the die and the printed circuit board per JEDEC JESDS1-8. Board temperature is measured on the top surface of the hoard
near the package.

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

[6] PerJEDEC JESDS1-B with the hoard (JESDS1-7) harizontal.

[71 Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883 Methad 1012 .13, with the cold plate
termperature used far the case termperature.

[B] Thermal resistance between the die and the salder pad an the bottam of the package based an simulation without any interface resistance.

[  Thermal characterization parameter indicating the temperature difference between the package top and the junction temperature per JEDEC JESDE1-2.

8.4 Electrical characteristics

Table 8. Static and dynamic electrical characteristics

Characteristics noted under condifions 8.6 V = Vpup £ 63 W, —40 °C < T, = 7108 °C, GND =0V, uniless otherwise stafed. Typical values refer
fo Voun =86V, Ta = 25 °C, unless othenvise nofed.

Symbol ‘ Parameter Min ‘Typ ‘ Max ‘ Unit

Power management

VEWR(FC) Supply voltage W
Full parameter specification 96 — 63

[¥/=7 =t Supply current (base value) ma,
Momal mode, cell balance OFF, ADC inactive, SPI — 54 85

communication inactive, WCOM = 0mA _
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Table 8. Static and dynamic electrical characteristics...continued

Characteristics noted under conditions 8.6 V 2 Vpwe =63V, —40 °C = T4 = 105 °C GND =0V, unless ofhenvise sfated. Typical values refer
fo Vewn =86V, Ty =25 °C unfess othenmwise noted.

Symbol Parameter Min Typ Max Unit

Mommal mode, cell balance OFF, ADC inactive, TPL [—= g0

communication inactive, WCOM = 0mA 10.0
lPWRTPL T Supply current adder when TPL communication active [— — 16 ma,
I PRICEON) Supply current adder to set all 14 cell balance switches ON [— 097 — ma,
lPRIADC) Delta supply current to perform ADC conversions (addend) 0 ma,

ADC1-A B continuously corverting — 30 50

ADC2 continuously converting — 14 —

20
lPR(SS) Supply current in sleep mode and inidle mode, communication el HA
inactive, cell balance off, cyclic measurement off, oscillator monitor
an

SPImode (25 °C) _ 40 _

SPImode (40 °C to 60 °C) _ _ 75

SPImode (105 °C) _ _ 100

TFL mode (Ta =25°C) 64 . 108

TPL mode (Ta =-40 °Cto 60 °C) 54 _ 15

TPL mode (Ta =105°C) 76 . 138
hPyR(CHMON) Clock monitor current consumption — 5 8 HA,
Vopwh_CT Voltage drop across CT14 and VYPWR without accuracy degradation 3l W

30V S VerL =30 — 30

25V E Ve <30V 2.0 — 20

VoL <25 W =15 — 1.5
VEWR(OY_FLAG) Vewh Ovenvoltage fault threshold (flag) 63 65 63 W
VEWR(LY FLAG) Vewm low-v oltage warning threshold (flag) . 1.7 12 12.3 W
VEWRUY_POR) Vewh Undervoltage shutdown threshold (POR) . 76 g5 96 W
VEWRHYS) Vewm UV hysteresis voltage . 100 200 — m'
byPWRIFILTER) Vg OV LY filter — 50 — WS
VCOM power supply
Ve VCOM output voltage 49 5.0 52 W
hycomd VCOM output current allocated for extemal use — — 5.0 ma,
VEOMLY) YCOM undervoltage fault threshold 472 4.4 46 W
VooM HYS YCOM undervoltage hysteresis [— 100 — m'
byCOMIFLT_TIMER) YCOM undervoltage fault timer — 10 — WS
by cOMRETRY) VCOM fault retry timer — 10 — ms
VEOMOW) YCOM overvoltage fault threshold 54 — 59 W
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Table 8. Static and dynamic electrical characteristics...continued

Characteristics noted wvnder conditions 8.6 V 2 Vpowe =63V, —40 °C = T4 = 105 °C GND =0V, unless ofhenvise sfated.

fo Vewn =86V, Ty =25 °C unfess othenmwise noted.

Battery cell controller IC

Typical values refer

Symbol Parameter Min Typ Max Unit
ILIM vCoM(OC) YCOM current limit I65 — 140 ma,
RyveomMEs) YCOM sleep mode pull-down resistor 1.0 20 50 k(2
fycoM VCOM rise time {for Vpwr > 10V and CL = 2.2 pF (ceramic XTR B — 440 us
only)in parallel with 220 pF)
VANA power supply
Woana VAMNA output voltage (not used by extemal circuits) W
Decouple with 47 nF X7R 0603 or 0402 26 265 27
Vapaiy VARNA undervoltage fault threshold 228 24 25 W
Vana Hvs VANA undervoltage hysteresis — 50 — m
W ANA(FLT _TIMER) VAMNA underyoltage fault timer — 11 — WS
VANAIOV) VAMNA overvoltage fault threshold 277 28 285 W
tyanARETRY) WAMNA fault retry timer — 10 — ms
LI vanaoc) VARNS current limit 50 — 10 ma,
RyanA_RFD VAMNA sleep mode pull-down resistor — 1.0 — k(2
Fapa VANA rise time (CL = 47 nF ceramic X7R orly) B — 400 us
ADC1-A, ADC1-B
CTN{LEAKAGE) Cell terminal input leakage cument (except in SLEEP mode when cell — 10 100 na,
balancing is ON) —
CThEw Cell terminal input curmrent - functional verification — 0.365 05 ma,
CTy Cell terminal input current during conversion — 50 — na,
Rep Cell terminal open load detection pull-down resistor 850 950 1250 Q
VyPWR_RES YEWWR terminal measurement resolution — 244141 — my/LSB
VuPWR_RNG VPWWR terminal measurement range 96 — 75 W
VPWRTERM_ERR VEWWR terminal measurement accuracy I—O.S — 05 %
VeT RNG ADC differential input voltage range for CTrto CTr-1 BlTgo — 485 |y
VoT ANy RES Cell voltage and ANx resolution in 15-bit MEAS oo registers — 15258789 |— UVALSE
W Apx_RATIO_RES AMNx resolution in 15-bit MEAS oo registers in ratiometric mode — YVCOM. — uW/LSE
{30.51758)
VERRIIRT Cell voltage measurement error Veg L =33 W, Ta=25°C {?} 038 04 0.3 m'
VERR Cell voltage measurement error (6] m
DTVEVegLs48Y —40°C=Ta=105°C {or 40°C =Ty = {;} -55 0.7 55
125 °C) — —
VERR 1 Cell voltage measurement error (6] m'
B gSVO(S:)\/CELLS 15, ~40°*C2Ta260°Clor—40°C =T < {?} -1.5 0.4 15
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Table 8. Static and dynamic electrical characteristics...continued

Characteristics noted under conditions 8.6 V 2 Vpwe =63V, —40 °C = T4 = 105 °C GND =0V, unless ofhenvise sfated. Typical values refer
fo Vewn =86V, Ty =25 °C unfess othenmwise noted.

Battery cell controller IC

Symbol Parameter Min Typ Max Unit
VERR 2 Cell voltage measurement error Bl | m'
- [7]
TV EVeg 22TV, 40 CETa=60°C{or-40°C =T = =20 0.4 20
85 °C) _ _
VERR 3 Cell voltage measurement error (6] m
- [7]
2TVE Ve 23TV, 40°CETasB0Clor—40°C =T, = =20 0.5 20
85 °C) — _
VERR 4 Cell voltage measurement error (6] m'
- [7]
ATVE Ve £43Y, 40°CETa<B0Clor—40°C =T, = -2 0.7 28
85 °C) — _
VERR 5 Cell voltage measurement error Bl | m'
- [7]
15V EVeg 245V, 40 CETa=105°C (or 40°C =T, = 45 0.7 4.5
125 °C) _ _
VERRIIRTA, Cell voltage measurement error after aging, Veg =33V, Ta=25 {g} -1.5 0.5 1.5 m
°C _ _
VERR A Cell voltage measurement error {g}
after aging, 01V = Veg L =48V, —40°C=Ta< 105 °C (or ] -8.0 038 g0 mb
—40*C =T y=125°C) — _
VERR_1A Cell voltage measurement error {g}
after aging, OV = Ve 215V, - 40°C=Ta< 60 °C (or—40°C ] =20 05 20 mb
2T =85°C) — _
VERR_2A Cell voltage measurement error {g} I
atter aging, 1.5V EVeg 227V, -40°CETa=60°C (or =25 0.5 25 mb
—A0°C =T =85°C) _ _
VERR_3A Cell voltage measurement error {g}
after aging, 27V E=Veg L =37V, -40°C=Ta< 60 °C (or =32 04 32 mb
—40*C 2T ;=85°C) — _
VERR_4A Cell voltage measurement error {g}
after aging, 37V =Veg L =43V, -40°C=Ta< 60 °C (or -39 07 39 mb
—40*C 2T ;=85°C) — _
VERR_5A Cell voltage measurement error {g} I
atter aging, 1.5V £ Veg 245V, -40°C<Ta= 105 °C {or -6.0 0.7 6.0 mb
—A0°C2T;=125°C) _ _
Vany ERR Maagnitude of ANx error in the entire measurement range: {g} m
Ratiometric measurement — — 16
Absolute measurement after soldering and aging, input inthe — — 10
range [1.0, 451V
Absolute measurement after soldering and aging, input in the —an — a0
range [0, 4 85] W, for =40 °C < Ta <60 °C)
Absolute measurement after soldering and aging, input inthe 11 o 1
range [0, 4 85] W, for =40 °C < Ta < 105 °C)
By oy Single channel net conversion time WS
13-bit resolution — 877 —
14-bit resolution — 9.43 —
15-bit resolution — 14.75 —
16-bit resolution — 2536 —
Wy NOISE Conversion noise HYrms
13-bit resolution — 1800 —
14-bit resolution — 1000 —
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Battery cell controller IC

Table 8. Static and dynamic electrical characteristics...continued

Characteristics noted under conditions 8.6 V 2 Vpwe =63V, —40 °C = T4 = 105 °C GND =0V, unless ofhenvise sfated. Typical values refer
fo Vewn =86V, Ty =25 °C unfess othenmwise noted.

Symbol Parameter Min Typ Max Unit
15-hit resolution [— 600 —
16-bit resolution — 400 —
ADC2/current sense module
Vine ISENSE+ASENSE - input voltage (reference to AGRNDY) =300 — 300 m'
ViND ISENSE+/ASENSE - differential input voltage range =150 — 150 m
VISENSEX(OFFSET) ISENSE+ASENSE - input voltage offset error o _ — 05 Y,
|SENSEX(BIAS) ISENSE+ASENSE - input bias current =100 — 100 na,
lSENSE(DIF) ISENSE+/ISENSE - differential input bias current -5.0 — 5.0 na,
lGAINERR ISENSE error including nonlinearities g5 | 05 %
ISENSE oL ISENSE open load injected current (211 109 130 151 LA
VISENSE oL ISENSE openload detection threshold 340 460 £00 m'
VoRES Current sense user register resolution — 06 — WWALSE
Vpa,_sar PGA saturation half-range m
Gain = 256 — 49 —
Gain =64 — 19.5 —
Gain=16 — 781 —
Gan=4 — 1500 —
VPGa TH Voltage threshold for PGA gain increase m
Gain = 256 — — —
Gain = 64 — 2344 —
Gain=16 — 9.375 —
Gan=4 — 37.50 —
Vpea, DTH Voltage threshold for PGA gain decrease m
Gain = 256 — 4.298 —
Gain =64 — 17.188 —
Gain=16 — 68.750 —
Gain=4 — — —
taze SETTLE Time to perform auto-zero procedure after enabling the current — 200 — HS
N channel
foony ADC conversion time including PGA settling time WS
13 bit resolution — 19.00 —
14 bit resolution — 2167 —
15 bit resolution — 27.00 —
16 bit resolution — 37687 —
VI_NOISE Moise emror at 16-hit conversion o _ am — pyrms
VI_NOISE Moise emror at 13-hit conversion — 8.33 — pyrms
ADCe ADC2 and ADC1-4 B clocking frequency 57 6.0 6.3 MWHz
Diagnostic thresholds
VoL DETECT Cell terminal open load ¥ detection threshold (13 m'
15VEVeg 2TV — 50 —
25VE N 23T — 100 —
25VENer L =43 — 150 —
MCIZFTIC Allinformation prowided in this document iz subject to legal disclaimers. @ 2024 MXFP B Allrights resenred.
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Table 8. Static and dynamic electrical characteristics...continued

Characteristics noted under conditions 8.6 V 2 Vpwe =63V, —40 °C = T4 = 105 °C GND =0V, unless ofhenvise sfated. Typical values refer
fo Vewn =86V, Ty =25 °C unfess othenmwise noted.

Battery cell controller IC

Symbol Parameter Min Typ Max Unit
VI EaK Cell terminal leakage detection level [E} =27 — 27 mb
VREF_DIAG ISENSE diagnostic reference with PGA having gain 4 124 127 130 m'
VOFF_DIAG ISENSE diagnostic common mode offset voltage s _ — vz Y
VREF 7D Precision diagnostic Zener reference for cell voltage channel Ellaas 4.6 4.85 W
N functional verification _ _
VewEy Cell voltage channel functional verification allowable errorin CT BT 22 — 6.0 m
verification measurement (4]
Veep Voltage reference used in ADC1-A B functional verification — 1.18 — W
ADC1apy, ADC1bpy |ADC1-4 and ADC1-B functional verification (141
Maximum tolerance between ADC1-A, B and diagnostic 525 — 525 mb
reference (1.5 VWV Ve =4.3 V)
CTx_UV_TH Undervoltage functional verification threshold in diagnostic mode (13 m'
15V Ve L =27V 390 — —
25V E Vg 23TV 650 — —
25V E Vg 243V 1200 — —
CTx_OV_TH Overvoltage functional verification threshold in diagnostic mode (1] m'
15V Ve L =27V — — 1800
25VE N 23T — — 4000
25V I Ve L=43 W — _ A000
Cell balance drivers
VDS(CLAMP) Cell balance driver VDS active clamp voltage 10 11 12 W
VOUTIFLT_TH) Output fault detection voltage threshold W
Balance off {open load) 03 055 075
Balance on (shorted load) — —
Rro_cE Output OFF open load detection pull-down resistor k(2
Balance off, open load detect disabled 17 20 29
louT(Lke) Cutput leakage current HA,
Balance off, open load detect disabled at Vpg =40V — — 1.0
RDs(on) Drainto-source on resistance Q
lout = 300 mA, Ty =105 °C — — 0.80
lour =300maA, Ty=25°C — 05 —
oyt =300maA, Ty=-40°C — 04 —
ILin_cE Driver current limitation 310 — 950 ma,
ton Cell balance driver tum on WS
RL=150 — 350 450
toFF Cell balance driver tum off WS
Ri=150 — 200 —
teal DEGLICTH Shortfopen detect filter time 19 20 421 WS

Internal temperature measurement
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Battery cell controller IC

Table 8. Static and dynamic electrical characteristics...continued

Characteristics noted under conditions 8.6 V 2 Vpwe =63V, —40 °C = T4 = 105 °C GND =0V, unless ofhenvise sfated. Typical values refer
fo Vewn =86V, Ty =25 °C unfess othenmwise noted.

Symbol Parameter Min Typ Max Unit
IC_TEMPF1_ERR |C temperature measurement error =30 — 30 K
IC_TEMP1_RES |C temperature resolution — 0.032 — KILSE
TSD_TH Themal shutdown 155 170 185 °C
TSD_HYS Themmal shutdown hysteresis 50 10 12.2 °C

Default operational parameters

VETOWTH) Cell overvoltage threshold (8 bits), typical value is default value after 0.0 4.2 50 W
RESET
VETOVRES) Cell overvoltage threshold resolution — 19.53125%  |— my/LSB
VETUMTH) Cell undervoltage threshold (8 bits), typical value is default value 0.0 25 5.0 W
after RESET
VETUWRES) Cell undervoltage threshold resolution [— 19.53125%  |— my/LSB
VGRIO_OT(TH) GPICx configured as ANx input overtemperature threshold after — 1.16 — W
RESET
VGPIo_OT(RES) Temperature voltage threshold resolution — 48828125 |— my/LSB
VGRIO_UT(TH) GPICx configured as ANx input undertemperature threshold after [— 382 — W
RESET
VGRIO_UTRES) Temperature voltage threshold resolution — 4 8828125 |— my/LSB
General purpose inputfoutput GPIOx
Y Input high-voltage (3.3 ¥ compatible) Bl 20 - - Y
VL Input low-voltage (3.3 ¥ compatible) fer__ — 10 y
Viys Input hysteresis fer__ 100 — m
I Input leakage current I na,
Pins tristate, ¥ = Veowm or AGND =100 — 100
oL Differential Input Leakage Current GFIO 56 I na,
GPIC 5,6 configured as digital inputs for current measurement =30 — 30
Yo Output high-voltage lgy = -0.5 mA I Veoom — | — — W
0.8
VoL Output low-voltage lo = +0.5 mA — — 0.3 W
Vape Analog ADC input voltage range for ratiometric measurements AGND | — Ve W
VOLTH) Analog input open pin detect threshold IO.1 015 023 W
R orenFD Intemal open detection pull-down resistor (71| 38 50 6.2 k(2
tePion wu GPI00 W de-glitch filter 47 50 85 s
tapion_FLT GPICO daisy chain de-glitch filter both edges I 19 20 43 WS
terioz_soc GPIOZ2 convert trigger de-glitch filter I 19 20 2.1 WS
tGRI0x_DIN GPICx configured as digital input de-glitch filter I2.5 — 56 WS
Reset input
ME337710 Allinformation provided in this documentis subject to legal disclaimers. ® 2024 NXP BV, Allrights ressrved,
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Table 8. Static and dynamic electrical characteristics...continued

Characteristics noted wvnder conditions 8.6 V 2 Vpowe =63V, —40 °C = T4 = 105 °C GND =0V, unless ofhenvise sfated.

fo Vewn =86V, Ty =25 °C unfess othenmwise noted.

Battery cell controller IC

Typical values refer

Symbol Parameter Min Typ Max Unit
VIH_RST Input high-voltage (3.3 compatible) I 20 — — W
VIL_RST Input low-voltage (3.3 V compatible) — — 1.0 W
Viys Input hysteresis — 0.6 — W
tRESETFLT RESET de-glitch filter — 100 — WS
RRESET PD Input logic pull down (RESET ) — 100 — k(2
SPI_COM_EN input
Vi Input high-voltage (3.3 compatible) 20 — —
Wil Input low-voltage (3.3 V compatible) — — 1.0
Viys Input hysteresis — 450 — m
Rsp_com EN_PD Input pull-down resistor (SFL_COM_EN) — 100 — k(2
Digital interface
VEAULT Ha FAULT output (high active, IOH = 1.0 mA) 40 4.9 5.0 W
IFauLT cL FAULT output current limit 30 — 40 ma,
RFAULT_FD FAULT output pull-down resistance — 100 — k(2
VIH_cOnm Voltage threshold to detect the input as high W
SWRDTH_IN+, SCLERDTX_IN—, CSBE, SDA, SCL (NOTE: needs — — 20
to be 3.3 W compatible)
VIL_CONM Voltage threshold to detect the input as low W
SWRDTH_IN+, SCLKRDTX_IN—, CSB, SDA, SCL 0.8 — —
Wiys Input hysteresis m'
SWRDTH_IN+, SCLKRDTX_IN-, CSB, SDA, SCL 30 30 130
lLoGic_ss Sleep state input logic current [T
CSBE =100 — 100
RscLk PD Input logic pull-down resistance (SCLE/RDTH_IN—, SURDTX_IN+) — 20 — k(2
R pu Input logic pull-up resistance to Veow (CSB, SDA, SCL) — 100 — k(2
lso TRI Tristate SO input curmrent 0 V to Voo -2.0 — 20 HA,
VS50 HIGH SO high-state output voltage with IsonicH) = —2.0 mA Voom - |[— — W
04
Vo Low S0, SDA, SLK low-state output voltage with Igonicr = 2.0 mA — — 04 W
CSBwy_pLT CEB wake-up de-glitch filter, low to high transition — — 80 HS
System timing
teELL cony Time needed to acquire all 14 cell voltages and the current after an (el WS
on-demand conversion
13-bit resolution 56 53 52
14-bit resolution — 30 —
15-bit resolution 76 123 a4
16-bit resolution _ 208 _
117 128
197 218
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Battery cell controller IC

Table 8. Static and dynamic electrical characteristics...continued

Characteristics noted under conditions 8.6 V 2 Vpwe =63V, —40 °C = T4 = 105 °C GND =0V, unless ofhenvise sfated. Typical values refer
fo Vewn =86V, Ty =25 °C unfess othenmwise noted.

Symbol Parameter Min Typ Max Unit
teyue W/l synchronization time 18] WS
ADC1-AB at 13 bit, ADC2 at 13 bit — 48.16 —
ADC1-AB at 14 bit, ADC2 at 13 bit — 53.50 —
ADC1-AB at 15 bit, ADC2 at 13 bit — 64.16 —
ADC1-AB at 16 bit, ADC2 at 13 bit — 85.50 —
teyue W/l synchronization time 18] WS
ADC1-AB at 13 bit, ADC2 at 14 bit — 5214 —
ADC1-AB at 14 bit, ADC2 at 14 bit — 57.48 —
ADC1-AB at 15 bit, ADC2 at 14 bit — 68.14 —
ADC1-AB at 16 bit, ADC2 at 14 bit — 89.48 —
teyue W/l synchronization time 18] WS
ADC1-AB at 13 bit, ADC2 at 15 bit — 62.12 —
ADC1-AB at 14 bit, ADC2 at 15 bit — 65.46 —
ADC1-AB at 15 bit, ADC2 at 15 bit — 76.12 —
ADC1-AB at 16 bit, ADC2 at 15 bit — 97 .46 —
teyue W/l synchronization time 18] WS
ADC1-AB at 13 bit, ADC2 at 16 bit — 12051 —
ADC1-AB at 14 bit, ADC2 at 16 bit — 117.84 —
ADC1-AB at 15 bit, ADC2 at 16 bit — 112.51 —
ADC1-AB at 16 bit, ADC2 at 16 bit — 113.39 —
tyPwRIREADY) Time after VPWR connection forthe IC to be ready for initialization — — 50 ms
ByarE- P Fower up duration — — 440 WS
tyare DELAY Time between wake pulses 500 600 700 HS
tnowUP Time, starting from the first SOM received, to go back to Sleep/ldle — — 1.3 ms
mode time after receiving incomplete TPL bus wake-up sequence
toLE Idle timeout after FOR 57 60 G4 5
tBALANCE Cell balance timer range I 05 — 511 min
toveLE Cyelic acquisition timer range 0.0 — g5 5
tEauLT Fault detection to activation of fault pin HS
MNomal mode — — 56
tolac Diagnostic mode timeout 0.047 1.0 8.5 5
teoc S0C to data ready (includes post processing of data, ADC_ 18] WS
CFGIAVGI=0) 140 148 156
13-bit resolution — 201 —
14-bit resolution 190 an7 211
15-bit resolution _ 5720 _
16-bit resolution 291 323
494 546
toerTLE Time after SOC to begin corverting with ADC1-4,B (811167  [12.28 1290 |us
tsyvs mEAST Time needed to send an SOC command and read back 96 cell ms

voltages, 48 temperatures, 1 current, and 1 coulomb counter, and
ADC1-A.B configured as follows (with ADC_CFG[AVG]=0):
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Battery cell controller IC

Table 8. Static and dynamic electrical characteristics...continued

Characteristics noted under conditions 8.6 V 2 Vpwe =63V, —40 °C = T4 = 105 °C GND =0V, unless ofhenvise sfated. Typical values refer
fo Vewn =86V, Ty =25 °C unfess othenmwise noted.

Symbol Parameter Min Typ Max Unit
13-hit resolution [— 487 —
14-bit resolution — 473 —
15-bit resolution — 4.83 —
16-bit resolution — 5.05 —
tsvs mEas2 Time needed to send an SOC command and read back 96 ms
cell voltages, 1 current, and 1 coulomb counter and ADC1-AB
configured as follows (with ADC_CFG[AVG]=0)
13—b?t resolut?on o 394 o
14—b!t resolut!on o 3 30 o
15—b!t resolut!on o 3 40 o
16-bit resolution . 3 61 .
toLsT TRL Time needed to send an SOC command and read back 14 cell ms
- voltages, 7 temperatures, 1 current, and 1 coulomb counterwith TPL
communication working at 2.0 Mbps and ADC1-A B configured as
follows (with ADC_CFG[AVG]=0):
13—?; reso:u?on - 085 -
15—b!t resolut!on . 0.90 .
16—b!t resolut!on . 1101 .
-bit resolution . 197 .
toLsT SR Time needed to send an SOC command and read back 14 cell ms
- voltages, 7 temperatures, 1 current, and 1 coulomb counter with SPI
communication working at 4.0 Mbps and ADC1-A B configured as
follows (with ADC_CFG[AVG]=0):
13—?; reso:u?on - 057 -
15—b!t resolut!on . 064 .
16—b!t resolut!on . 076 .

-bit resolution . 103 .
tioc_pownLoaD Time to download EEPROM calibration after POR — — 1.0 ms
tioc access EEPROM access time, EEPROM wirite (depends on device — 50 — ms

selection)

tywavE D BITx Daisy chain duty cycle offtime Hs
tywavE D BITx=00 450 500 550

tywavE D BITx Daisy chain duty cycle offtime . ms
tysE_DC_BITx=01 08 1.0 1.1

byavE DC_BITx Diaisy chain duty cycle offtime ms
twavE DC BITx=10 9 10 1

tywavE D BITx Daisy chain duty cycle offtime ms
tywaveE DC BITx=11 90 100 110

tyavE_DC_oON Daisy chain duty cycle on time 450 500 550 WS

tcom Loss Time out to reset the IC in the absence of communication [— 1024 — ms

8Pl interface

tsp 1D Sequential data transfer delay in SPI mode (M) 91110 — — HS

Fook SCLKRDTX_IN= frequency s — 40 MHz
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Table 8. Static and dynamic electrical characteristics...continued

Characteristics noted wvnder conditions 8.6 V 2 Vpowe =63V, —40 °C = T4 = 105 °C GND =0V, unless ofhenvise sfated.

fo Vewn =86V, Ty =25 °C unfess othenmwise noted.

Battery cell controller IC

Typical values refer

Symbol Parameter Min Typ Max Unit
tsck M SCLKARDTX_IN- high time (&) (191} 125 - - ns
fseK L SCLK/RDTX_IN= high time (B) (1911 125 — — ns
toow SCLKARDTX_IN- period (4+B) 311 250 - - ns
trar SCLKARDTX_IN- falling time na - 15 ns
trise SCLK/RDTX_IN- rising time s — 15 ns
toer SCLKRDTX_IN- setup time (O) 31120 - - ns
tHoLD SCLKARDTX_IN- hold time (P) 3120 - - ns
t5)_sETUR SIRDTX_IN+ setup time (F) 91740 — — ns
t5)_HOLD SIRDTX_IN+ hold time (G) 191140 — — ns
50, VALID S0 data valid, rising edge of SCLK/RDTX_IN- to SO datavalid (1} [1?1] — - 40 ns
t50_EN SO enable time (H) s — 40 ns
t50_ DISABLE SO disable time (K) s — 40 ns
tcSB LEAD CSE lead time (L) 31 100 - - ns
tesm, LaG CSB lag time (M) 917400 — — ns
TPL interface (MCU)
thicu_RES Time between two consecutive message request transmitted by 40 — — WS
MCU
b it Time the MCU shall wait atter sending first wake-up message per (21 07s — — ms
337711C
TPL interface (33771)
treL TD Sequential data transfer delay in TPL mode Eg} 38 40 425 WS
treL Transmit pulse duration — 210 — ns
thort_delay Fart delay introduced by each repeaterin 33771 (41 — 095 WS
thes Slave response after read command E;} 4.0 5.0 9 HS
VRDTH INTH Differential receiver threshold 480 580 680 m
tEOn Message timeout duration (61 238 250 — HS

[11 Use of ADC1-AE can be perfarmed with a duty cycle of tegefperiod (us). For example, SYS_CFGI[CY CLIC_TIMER] = 010, carresponding ta 100000
Ws perod, and ADC_CFGADC1_A_DEF] = ADC_CFG[ADCT_BE_DEF] = 11, corresponding to 16 hits and therefare te o = 520 ps, given a duty cycle of
0.0052 {or RCOMY. When an ADC is configured in continuous made, the duty cycle is equal to 1, resulting in high-current consumptian.

[2]  To calculate the current consumption in sleep mode, the following formula has to be used: Iz eep mooe = (1 — TuormaL) - pwrEs) + TvormaL - [vear +
lvpwireepcy] + lvpwrecpony (NOt Zero only if SYS_CFGI[CE_DRVEN] = 1), where Tyormaer = (fvcom * teoc Wperiod (Us), where teq- depends on the selected
number of hits for the ADCs (see ADC_CFGADCT_A_DEF, ADC1_B_DEF, ADCY_DEF] fields) and period (5] depends on SY'S_CFGI[CY CLIC
TIMER], as explained in note [1] . Evidently ls gep_mone = lwewress) only if no conversion is requested in sleep mode (for example, SYS_CFG1[CYCUC_
TIMER] = 000} and if the cell balancing is OFF.

[3] Ifthe battery stack has at least eight cells and f 1.8V = Vpur — Ve 94 = -0, 7%, each cell voltage has to be greater than 2.0% to meet the accuracy
spec. If the hattery stack has seven cells and if =15V = Vg —VCT_L; =-0.7 %, each cell voltage has to be greater than 2.3 ¥ to meet the accuracy

Spec.

EE

1 9% to 35 % rise time
] ADCT-AE may clamp when the waltage of the Cellx or ANx is aver 4.85 V.
] The cell voltage error includes all internal errors, for example; ADC offset, gain error, IML and OML. Current measurement is nat active when measuring

the cell voltage. Single shot measurements are affected by naoise, which has zero mean and standard deviation given by WY _MNOISE and is not included
inthe cell voltage error. In arder ta reduce it, SWimplemented IR or FIR low-pass filters may be used; example, a moving average, whose length is M
samples, has output standard deviation VOUTPUT_NOISE =YW _MNOISE fsgrt(M). Performance can be granted only if ADC1-A B are configured at 16-hits

resalution (ADC_CFGIADCT_A_DEF] =ADC_CFGADC! B DEF] =11) and if -100 mv € CTREF - GND < 100 mV.
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Battery cell controller IC

Inaccuracies fram soldenng ar aging are not included.

If the hattery stack has at least eight cells, for all accuracy ranges, the accuracy far a given cell can be guaranteed if all ather cells are at least at 1.2V If
the battery stack has sewven 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 1.8V

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

Cffset errar is considered at PGA inputs, with PGA gain being set to 286, Both PGA inputs are grounded (shorted together with Sv'S_DIAGH_MILK]=11).
The aoffset value, guaranteed by design, does not include the naise, which is considered to be averaged. The naise is characterized by WI_MOISE and is
alzo with PGA gain set to 2586 and PGA inputs shorted tagether with SvS_DIAG[_MUX]=11.

Performance can be granted only if the ADCY is configured at the best resolution, namely, ADC_CFGADCY _DEF] =11,

Setting the 5Y5_DIAG[ISENSE_OL_DIAG] hitto logic 1 causes the injection of the current lizense_oL in both ISENSE + pins, soif the shuntis
disconnected, in one or both of the input pins there is an increased voltage due to charging of external capacitors. Comparison to the threshold Visense_oL
detects the apen fault.

Cinly one of the three threshald values shall be selected, dependent on the voltage range inwhich the cell is typically working, provided a & KO resistor is
used far the input cell low pass filter. Using a dynamic selection of the threshold, depending an the measured voltage is not allowed .

This threshold value comresponds to a safety margin as defined in the Safety Manual.

Dizgnostic threshold when the PGA inputs are shorted together, the PGA gain is set at 256 and the ADC2 is configured at 16 hit.

Far GPIC0 configured as wake-up, transition time must be shorter than 100 ps

DOuring internal open detection, an internal pull-up current of 10 P& typical is generated in the pin.

See the ADC conversion sequence in Figure 10

See the timing diagram in Figure &

It iz the time which MCL shall wait for sending new message request to 33771,

The waiting time for MCLU after transmitting the first wake-up message is dependent on the number of 33771 in daisy chain. If the number of nadesin
daisy chain is M, then the total waiting time for MCLU after sending first wake-up me ssage is N wait

See the waveforms diagramin Figure 29

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

The expected waiting time for MCL, to get the response from 33771 is dependant on number of 33771 used in daisy chain. The repeater of each node
imposes a delay of tyon_gelsy forboth request and respose. Exarmple: if 24, 33771 |Cs are used in a daisy chain, the last node (24th 33771) receives the
reguest in (24*0 98)us = 22 3 ps.

tres is the time hetween 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.

The EOM timeout counter startsfrestarts after reception of SOM. This means that the maximum length of allowed message frame is oy . If 2 walid ECM s
not received in this time frame, the message frame is discarded and the device is ready far news reception.

8.5 Timing diagrams

CsB )
7/ M
a L A E MLP
Dot care lovel : | | Dont carelevel
SCLK | | Fl | ]

50 Tri-state < l‘_ Tri-state
————————— MSB X LSB  pm————mn

5

_F G
[
- < wsm X f X = X
aas-027848
Figure 5. Low-voltage SPI interface timing
Start of Bit47 | Bit4g Bit 2 Bit 1 Bit 0 End of
ROTH [N+ 3.2 message Logic 1| Logic 1 | Logic1 | Logic 0 | LogicO |message
ROTH_CUT+
28y ' ‘o
I .,"'_ o
ROTH_IMN- 18 ‘ ‘ \
ROTx_CUT-
aas-032610
Figure 6. Transformer communication signaling
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9 Functional description

9.1 Introduction

The MC33771C contains all circuit blocks necessary to perform synchronized battery voltage measurements,
battery current measurement, coulomb counting, cell temperature measurement and integrated cell balancing.
These features along with high speed communication make the MC33771C ideal for automotive Lithium-ion
battery monitoring. In addition to the battery management functions, the MC33771C 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 9 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 33771 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,
where each conversion affects a predetermined channel. Sequences are necessary because the number of
channels is much greater than the number of ADCs.

s 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 safety 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,
temperatures and current.

Table 9. Working mode versus measurements

Operating on-demand Voltageftem perature cyclic Current measurement Coulomb counter Reference
mode measurements measurements
Mormal made | Availahle Available, if SY5 CFGI[CYCLIC_ | Available and running Available and running Section 8.3.4
TIMER] £0 continuously if enabled by continuously if enabled by
setting SYS_CFG1[_MEAS_ setting SYS_CFG1[_MEAS_
EN] =1 EN] =1
Exception: when the device
transitions from sleep to narmeal
mode, itis frozen until it is read
and reset by the user
Diagnostic Available Mot available Available and running Available and running Section 9.3.6
made continuously if enabled by continuously if enabled by

WMC3IZT7IC
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Table 9. Working mode versus measurements...continued

Battery cell controller IC

Operating on-demand Voltageftem perature cyclic Current measurement Coulomb counter Reference
mode measurements measurements
setting SYS_CFG1[_MEAS_ setting SYS_CFG1[_MEAS_
EN] =1 EN] =1
Sleep mode Mot available Available, if SY5_CFGI[CYCLIC_ | Available if enabled by setting Available if enabled by setting Section 8.3.8
TIMER] £0 SYS_CFGI[I_MEAS_EN] = SYS_CFG1[I_MEAS EN]=
1, timing depends on SY'3_ 1, timing depends on SY'3_
CFGICYCUC_TIMER] (it must | CFG1[CYCLIC_TIMER] (it must
he #0) he #0)
ather modes Mot available Mot available Mot available Mot 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.

VCOM
VPWR1 VCOM -|-
VPWR2
[od c2 e -L J- “
CGND T T
VANA o battery
oty AGND 1t reference
reference DGND
battery
MC33771C GNDREF ._1 reference

aaa 034581

Figure 7. Recommended decoupling of power supplies

Table 10. Recommended capacitor values for power supply decoupling

ID Value Units Comments

C1 220 nF

c2 1 nF

C3 22 HF Ceramic capacitor
C4 220 pF

c5 47 nF Ceramic capacitor
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9.2.2 VPWR overvoltage, low-voltage

The MC33771C 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 Vpyriov Fiag) for greater than the
tyPwriFiter) Period, 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 MC33771C to perform a
shutdown. The pack controller may clear the FAULT1_STATUS[VPWR_OV_FLT] bit when Vpygr retums 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_STATUSVPWR_LV_FLT] bit to be set. The
FAULT1_STATUSPWR_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 MC33771C 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 tycomrerry) shutdown/retry strategy.

Undervoltage shutdown of the VCOM supply directly affects communication, GPIO outputs and extemal
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 Vcowiow, the
FAULT2_STATUS[VCOM_OV_FLT] fault flag is set.

9.2.4 VANA supply

The VANA supply is an internal 2.5V supply used by the MC33771C for analog control. No circuits other

than the decoupling capacitor should be terminated to the VANA pin. The VANA supply is monitored by the
MC33771C 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 tyanaremy shutdowniretry 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 Vay a0\ threshold, the
FAULT2_STATUSVANA_OV_FLT] is set.

9.2.5 Power on reset (POR)

The MC33771C has two sources of power on reset (POR) in the IC system. An undervoltage condition on the
VPWR pin causes the MC33771C to reset. Upon returning from undervoltage, the MC33771C 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 MC33771C
performs a power on reset.

Power on reset is indicated by the FAULT1_STATUS[POR] bit. In the event of a POR, all registers in the
MC33771C are set to their power on reset state and the FAULT pin becomes active.
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9.2.6 Hardware and software reset

An active high on the RESET pin for greater than the treserr T filter time causes the MC33771C

to reset. Software resets are performed when the MC33771C 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 SWreset, it is necessary
to wait for the time interval typywrireaDy) before being possible to reprogram the part.

9.3 Modes of operation

From RESET mode, the MC33771C must be initialized with a cluster ID before the device is allowed to enter
NORMAL mode. After initialization, the MC33771C enters NORMAL mode. In NORMAL mode the device is in
full operation performing the necessary safety functions as well as 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 safety 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 | oss, the MC33771C will
reset.

In the event the device is powered up and not initialized, the MC33771C enters the low-power IDLE mode after
a tip g timeout period. Detecting a wake-up pattern transfers the MC33771C 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 " represents the
absolute time, symbol ty stays for a variable having the dimension of time.

—— FLT_RET CFG | CommResiEn | OscRerEn Ovchl
o Anpten " 0ot a
i e et} Te
. y 0110

= e
ECecMoriioErrt AND { CicResetEn=1) [IPoR=t) TR -
AND (Ol fault deteclaal] (RESET=1} OR 1m

(STRTE_CCDE_ERROR=T]] 1010
1100

oifers

L

Y5 CPGISUFT RET

[jDschicritor En=1 AND (DscHosc 1)
AND {Ostiair o crecod]]

HPOR-1) AND (RESET-Uiktrt
o JBus ke un OR 3B wake-p]

Mo = toue]

[{5YS_CFGI|GOITAGHY OR
i > 575 CRGT[DWE TIMEDUT]Y [iComsResetfret AN fiL - ico Lossh OR.
i 575 CFGYSOFT REN=]

[{S7S CFE{EOIIAGE=1) AND
{5V5_ TG TVEGUTY]
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(S _CFGT [DIAG. TIMECUTIOY

[I'L;L e I35 GLOBALGOES EEF]
Fafiwgteun [[5YS CFG GLOH 1
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i
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ORGAOC wakeup] (147 [Cyric Sgrasicive] Aty DchioniiorEn=1 AND [OneRistEn=1)
- T - AN Decilstur 1t dotocied]]
~,

Figure 8. Operating mode state diagram

Table 11. Power supply mode operation
‘ Normalinit mode Diagnostic mode Cyclic WUP Sleep/lidle mode

Supplies active |VCOM = ON, VANA =ON  |VCOM = ON, VANA =ON  [VCOM = ON {during cycle) |VCOM =0, WANA =0
VAMNA = ON (during cycle)

Communication |Communication enabled Communication enabled Communication enabled Wyalke-up function only
{during cycle)
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9.3.1 Reset mode

The table in Figure 8 provides information about the mapping between all possible values of the
SYS_CFGZ[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: Ifit is equal to 1, the IC reset due to a communication timeout in NORMAL mode is enabled,
else it is disabled

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

» OscMonitorEN: Ifit 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.

9.3.2 Idle mode

The MC33771C enters IDLE mode from INIT mode when the communication bus is not active for the tp g time
period. While the MC33771C is in IDLE mode, ho messages are recoghized, only a valid wake-up sequence
lets the device transition from IDLE mode to INIT mode. When the MC33771C 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
CSByyy_pLT maximum value, otherwise the pulse will be considered as a glitch and then filtered.

9.3.3 Init mode

After a Power On Reset (POR) or Reset (Soft RST or pin RESET), the MC33771C enters INIT mode. The
MC33771C's cluster ID is 0 (unassigned CID). All registers, except the INIT register, are read-only. In INIT
mode, any unassigned MC33771C 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 SPl and TPL communication. If the assignment of a Cluster ID is not
performed within the tp 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 MC33771C executes the commanded operation.
Device configuration registers control the operating characteristics of the MC33771C and are all programmed
while the device is in NORMAL mode. Once programmed, the MC33771C performs safety operations like

overvoltage and undervoltage in the background without further instruction from the pack controller’.

To accomplish the safety operations in NORMAL mode, the MC33771C performs a cyclic conversion sequence
at the programmed timed interval. In the event the MC33771C 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 MC33771C devices in the system to achieve synchronized measurements. From NORMAL mode,

the MC33771C may be commanded to SLEEP mode or DIAG mode. If instructed by a proper value of the
SYS_CFGZ[FLT_RST_CFG]field, the part automatically resets whenever the communication is absent for

longer than tcow Loss.

1 The cyclic measurement is disabled by default. Cyclic measurement can be activated by writing to S¥YS_CFG1[CYCLIC_TIMER].
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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,

undertemperature, and overcurrent circuitry can remain cyclically activeQ, as well as the monitoring of Vpyyr.

Based on the CYCLIC_TIMER setting, the MC33771C 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 MC33771C performs a bus wake-up and can activate the FAULT pin.

To instruct the MC33771C to enter the SLEEP mode, the user sets the SYS_CFG_GLOBAL[GO2SLEEP] bit
to logic 1. Ifthe 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).

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 WAKEU P_MASK3)3

» 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 MC33771C
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 MC33771C 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 MC33771C in order to execute
performance integrity checks of the device. It is critical to note that when the MC33771C is in diagnhostic mode,
cyclic conversions are halted and OVAJV/OT/UT detection is not performed automatically. To perform OVAUV/
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 MC33771C 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 MC33771C reverts to
NORMAL mode and sets the bit FAULT3_STATUS[DIAG_TO_FLT] to logic 1.

2 The cyclic measurement is disabled by default. Cyclic measurement can be activated by writing to SYS_CFG1[CYCLIC_TIMER].
3 The wake-up performed by MC33771C under the detection of intemal fault is disabled by default. It can be activated by writing to
registers WAKEUP_MASK 1 WAKEUP_MASK? and WAKEUP_MASKS.
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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, ADC2

At the heart of the MC33771C are three hybrid ADCs using a 6.0 MHz clock and having two modes of
operation, called phases:

» |ncremental 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 ZA, 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.

o
. [~0.1 Dk
2 VREFM4
|> 0,-1
N -1,0,1

The output of the integrator ¥y at the end of the The integratar is updated at each cycle. The current
incremental phase is given by: output of the integrator, ¥y, is linked to the previous
ane, Wi, by the following relationship.

M Vin-VREF . Tk=10k

W 5

Wik =2 Wk 1-Dk-1 VREF

aas-027851

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, ADC1-B and ADC2 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 MC33771C integrates a high precision fully
compensated voltage reference.

9.4.2 Measurement sequence

The MC33771C performs on-demand differential measurements of external inputs and internal measurements
using three 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, ADC1-B, and ADC2 converters and
the start conversion bit for synchronization. Writing a logic 1 to the SOC bhit initiates the conversion sequence.
Conversions in progress may be interrupted by reinitiating a new conversion. Measurements for each ADC
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converters in the MC33771C have a predefined measuring sequence. Voltage conversions coming from ADC1-
A and ADC1-B are synchronized with free running cument measurements performed by ADC2.

Average current Synchranization

SO0 middle point instant EOC
A f A r
[ -
taync.| i taync, r : tyne = maxitsyne |, taync_rn
i teell_cor = i
i teQe
I

settle — | BYCONY i | “

ChanneIO( 1 X 2 )l( 3 & 4 X 5 X B ):( 7o X 8 X 9 X 1w JC o )

| | ! |

ADc1A —K TT+ X Tice X Vet X Veali2 X Veaiz X Veat X Veslis X Veets X AND X ANT J(internal )
X

|
ADc1E —K Vceu? X Veelis X Veells X Vel X Veelltt X Veell12
|

Voei13 X Vesita X Vatacke X Vatack- ) internal )
! .
anc2 X in. T I X j( i o X e K
| o
ficony teur_conv = 2 HiCONY

Since the current measurement is chopped,
the average current duration is equal to two
current samples aag-027852

Figure 10. ADC conversion sequence in hormal mode

Immediately after receipt of a conversion request, there is a dead time teer £, after which ADC1-A and ADC1-
B converters start their conversion sequence. Voltage conversions of ADC1-A and ADC1-B run asynchronously
with the current measurements performed by ADC2 as shown in Figure 10.

At time tcg | cony, all voltage and current 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 the entire sequence, whose length is equal to 20 time slots, occurs at time tgo-. 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.

The MC33771C features a synchronized voltage and current measurements for each requested conversion.
Synchronization point is after the 6th channel, that is, at this time the IC takes a snapshot of the latest two
chopped conversions of the current signal, the average of which is calculated to get rid of the current offset.

The meaning of the time tsyyc is the maximum value of two time intervals, tsyc  and tsywc g, where:

s toyye | is the time interval between the middle point of the first voltage conversion and the instant
corresponding to middle point of the latest valid average current value

s toyne R is the time interval between the previously mentioned instant and the middle point of the eighth
converted channel

In addition to on-demand conversion requests, the MC33771C 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 ten- 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 MC33771C 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.
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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 MC33771C 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 MC33771C, 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 MC33771C
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 MC33771C 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 MC33771C 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_CELLX registers.

Unused cell terminal (CTx) inputs may be terminated as shown in Figure 1 or as described in Section 13.2.2
"Unused cells". Overvoltage and undervoltage of unused inputs should be disabled through the
OV_UV_EN[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 13.2 "MC33771C External Components™).
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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

9.6 Current measurement

Current measurement channel features 16-bit ADC with an automatic programmable gain amplifier (PGA)

LEVEL
SHIFTER

ADC DATA
REGISTERS

aaa-034557

allowing the user to accurately measure current from —1500 A to 1500 A (the actual range is in terms of voltage
and is given by min and max of V;yp) with a 6.0 mA resolution (in terms of voltage it is Vopes) when using a
single 100 pQ shunt resistor. The current channel includes automatic gain selection, redundant measurement
path, and internal diagnostics.
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Figure 13. Current measurement channel

From initialization, the current measurement chain is disabled. The MCU controller must enable the
measurement chain by setting the SYS_CFG1[I_MEAS_EN] bit to logic 1, to initiate continuous current
conversions. Current measurement conversions for coulomb counting are performed continuously in
normal and diagnostic modes, while in sleep mode they occur periodically and the period is given by
SYS_CFGI1[CYCLIC_TIMER].

Note: The conversion command ADC_CFG[SOC] must be sent at least 27 115 after SYS_CFG1{l_ MEAS _EN]
is enabled.

The Current Acquisition Channel fulfills accuracy and dynamic range requirement through:

» The Auto-Zero Compensation feature is guaranteeing the PGA dynamic range.
= A chopper function is ensuring a reduced offset introduced by the acquisition Chain.

The automatic auto-zero compensation for the PGA is performed each time the current measurement channel
gets enabled. The time to perform the procedure is given by the parameter tazc serriE.

To minimize the offset introduced by the acquisition chain, the chopper sends altematively and repetitively, the
ISENSE+/- differential inputs and the ISENSE—/+ differential inputs (reverse input pair) to the PGA differential
inputs. Downstream the ADC2, a digital post-processor computes the difference between the current sample

and the past sample and divided it by 2. Therefore, the offset introduced by the acquisition chain is cancelled.

Conversion result of current channel will be stored into MEAS_ISENSE1[MEAS_|I_MSB] and
MEAS_ISENSEZ[MEAS_|_LSB] with a resolution of Vspes, which remains the same regardless of the PGA
Gain setting.

Note: A conversion started with an ADC_CFGfAVG] bit-field sef to a non-zero value would resulf in the
toggling of MEAS_ISENSE1[DATA_RDY} and MEAS_ISENSE2[DATA_RDY] between 0 and 1 for each volfage
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measurement sequence, unless the configured number of sequences are completed. At the end of averaging,
the bit MEAS _ISENSEX{DATA RDY] is stable at the end of last sequence.

The PGA gain of the current acquisition channel (4, 16, 64, 256) can either be set in a manual or an
automatic mode. The setting of the PGA gain in manual or automatic mode can be performed by configuring
ADC_CFG[PGA_GAIN] register.

The setting of the PGA gain in automatic mode will also be performed by the automatic gain control. Automatic
gain control allows the device to obtain the most appropriate gain setting for the amplifier input signal level. In
automatic gain control mode, the conversion result is digitally compared with internally programmed thresholds.
See Figure 14.

Gain
Gain(1)
Gain(Z)
Gain(3)
Gain(4)
Vpga DTHUY) | VPGa DTHIZ) | VPea DTH(3) )
Input signal
Vega THT)  VPea ITHIZ)  VPga ITHIS) arnplitude

aas-027858

Figure 14. Current measurement channel {gain vs. input signal amplitude)

PGA auto-gain is implemented by applying a hysteresis to each threshold. Saturation of the ADC is reported by
the flag MEAS_ISENSE2[ADC2_SAT]. A PGA setting change between two chopped measurements is reported
by the flag MEAS_ISENSEZ2[PGA_GCHANGE] to indicate reduced accuracy for the resulting measurement
value. An external low-pass filter is required to prevent an over range event within the PGA. Such event may
happen if the time derivative of the current signal is so high that it causes the voltage drop across the ISENSE
+/- terminals to exceed the maximum allowed slope value of £4 \//s. The way this limit on the slope has to

be understood is the following: if the battery current changes like a large ideal step, the output signal of the
input filter must have a slope whose absolute value must not exceed the aforementioned value. So, this limit
only applies to large signals, that is, it does not apply, for example, to a sinusoidal current signal having small
amplitude but very large frequency, because a small signal normally does not require a change in the gain
value. Large signal signifies that the signal magnitude is so high that the PGA gain is required to be switched to
a value different from the currently used one.

ADC2, dedicated to the current measurement channel, performs continuous conversions in normal and
diagnostic modes. Receiving an on-demand conversion request, the most recent current measurement obtained
before the last cell voltage gets converted is stored in MEAS_ISENSE1 and MEAS_ISENSEZ registers, so
synchronizing the current with all voltages within the toy - window.

The current measurement channel includes a sleep mode wake-up feature. In sleep mode, the PGA gain is
constantly equal to 256 and each cyclic current measurement result is compared with the current wake-up
threshold TH_ISENSE_OC register. Three out of four current values above the threshold trigger a system wake-
up and activate the fault output when the wake-up enable bit is set.
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9.7 Coulomb counting

All conversions of ADC2 increment the internal coulomb counter, referred to as COULOMB_CNT, which
represents the discrete integral of ADC2 samples, where the time index can only take positive integer

values. COULOMB_CNT is copied to registers COULOMB_CNT1, COULOMB_CNT2. In addition to this, the
MC33771C provides the number of accumulated samples in register CC_NB_SAMPLES, which represents the
elapsed time expressed in integer units. The coulomb counter registers COULOMB_CNT1, COULOMB_CNT2
and CC_NB_SAMPLES are reset by writing the ADC_CFG[CC_RST] reset bit.

The registers CC_NB_SAMPLES/COULOMB_CNT1/COULOMB_CNT2 are updated if a write command has
been done on one of these 3 registers (updated at next read) or if a read/write command has been done on
another register (updated at next read). Ifthe 3 registers are read in loop without any write or read command on
other registers, their values are not updated.

In the event an overflow occurs in either COULOMB_CNT or CC_NB_SAMPLES, the CC_OVR_FLT bitis
set and, when unmasked, the FAULT pin is activated. The coulomb count value is impacted by conversions
performed during diagnosis of the current measurement chain.

n
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Figure 15. Coulomb counter different behaviors
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The COULOMB_CNT is an integer whose associated resolution is Vipes, therefore, COULOMB_CNT Vores
gives PV. If the shunt resistance Ryt is eXpressed in uQ, then COULOMB_CNT-Vores f RgpunT gives A.

The coulomb counting feature allows the pack controller to compute the average current. Value of Rgy T

is only owned by the pack controller. By assuming two snapshots of the above mentioned registers are

taken at two consecutive times T\_1 and T, the ratio lav, = (ACC,, — ACC,._1) / (N, — Ni_1) provides the

average value of the current during the time interval (T, — T\.1), where ACC\ and ACC,_ are the values of the
quantity COULOMB_CNT-Vsres f RgyuwT respectively at times Ty, and Ty_q, and N, and N,_1 are the values of
CC_NB_SAMPLES corresponding to the same two instants. To get an electric charge, the pack controller needs
to multiply the ratio law, by (T, — T\.¢) to get an electric charge.

Reading one of the three user registers (COULOMB_CNT1, COULOMB_CNT2, CC_NB_SAMPLES) triggers
the MC33771C to copy the content of the coulomb counter internal registers into these three user registers. The
content of the coulomb counter user registers is updated only when an address different from $2D, $2E, and
$2F is read, and then one or more of the registers (COULOMB_CNT1, COULOMB_CNT2, CC_NB_SAMPLES)
are read again.

It is important to reset the entire coulomb counter status each time the type of input source is changed. In fact,
the coulomb counter integrates not only the current signal, but also other possible diagnostic inputs.

Ifthe bit ADC2_OFFSET_COMP[CC_RST_CFG]is set to logic 1, reading any coulomb counter register (from
@ $2D to @ $2F) also resets the coulomb counter.

The coulomb counter can behave in two different ways: clamping mode (by setting
ADC2_OFFSET_COMP[FREE_CNT] = 0) and rollover mode (by setting ADC2_OFFSET_COMP[FREE_CNT] =
1). see Figure 15.

Flags ADC2_OFFSET_COMP[CC_P_OVF] and ADC2_OFFSET_COMP[CC_N_OVF] respectively signal an
occurred overflow or an occunmred underflow in the coulomb counter accumulator; they can be reset to zero by
writing a logic 0 in those hits.

The flag ADC2_OFFSET_COMP[SAMP_OVF] signals an occurred overflow of the number of samples. It
can be reset to zero by writing a Logic 0 in it. Any kind of occurring overflow is reflected in the content of the
FAULT3_STATUS[CC_OVR_FLT] bit as well.

If ADC2 is enabled (SYS_CFG1[I_MEAS_EN] = 1) AND cyclic measurement is active
(SYS_CFG1[CYCLIC_TIMER] # 0), the coulomb counter is calculated also in sleep mode. If so, each time the
device is entering into Cyclic Wake-Up mode at the period equal of the cyclic timer configured according to
SYS_CFG1[CYCLIC_TIMERY], the current will be measured, with PGA gain set to 256, and integrated in the
Coulomb Counter. The number of samples accumulated in the Coulomb Counter will also be incremented by 1.

If any fault condition occurs by these operations, depending on the fault and wake-up mask configuration,
the device is awakened and the fault line is activated, including the case where the coulomb counter crosses
the threshold TH_COULOMB_CNT, which is specific to sleep mode and produces the setting of both
ADC2_OFFSET_COMP[CC_OVT]and FAULT3_STATUS[CC_OVR_FLT] bits.

When the device transitions from sleep mode to normal mode, the coulomb counter is frozen until it is
read and reset by the user, and the acquisition speed is turned from the configured one (by the cyclic timer
SYS_CFG1[CYCLIC_TIMER]) to continuous.

TYPE A (free unning mode with explicit reset):
CONFIGURATION instructions:

1. SYS_CFG1[IMEAS_EN] = 1; //Enable the current measurement
2. ADC2_OFFSET_COMP[FREE_CNT] = 1; // Select the free running mode
3. ADC2_OFFSET_COMP[CC_RST_CFG] = 0; // Do not reset to zero upon read:

RESET instructions:
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1. write ADC_CFG[CC_RST] = 1; //Reset to zero:
2. COULOMB_CNT = COULOMB_CNT_old = CC_NB_SAMPLES_old = Time = Time_old = 0; // VVariables

initialization
NORMAL USE instructions:

1. Time = get_abs_time(); // get the absolute time

2. Read registers COULOMB_CNT1, COULOMB_CNT2 and CC_NB_SAMPLES;
3. COULOMB_CNT = (COULOMB_CNT1, COULOMB_CNT2); / concatenate MSB and LSB
4. |_AVG = (COULOMB_CNT - COULOMB_CNT_old)(CC_NB_SAMPLES -CC_NB_SAMPLES_old); / this is
average current
5. DELTA_Q=I_AVG * (Time — Time_old); # this delta charge may be accumulated in a different variable
6. COULOMB_CNT_old = COULOMB_CNT;
7. CC_NB_SAMPLES_old = CC_NB_SAMPLES;
8. Time_old = Time;
9. Read any register different from COULOMB_CNT1, COULOMB_CNT2 and CC_NB_SAMPLES
10. Jump to step 1

TYPE B (free unning mode with implicit reset):
CONFIGURATION instructions:

1. SYS_CFGI1[IMEAS_EN] = 1; // Enable the current measurement
2. ADC2_OFFSET_COMP[FREE_CNT] = 1; // Select the free running mode
3. ADCZ2_OFFSET_COMP[CC_RST_CFG] = 1; // Reset to zero upon read:

RESET instructions:

1. ADC_CFG[CC_RST] = 1; // Reset to zero
2. Time = Time_old = 0; / Variables initialization

NORMAL USE instructions:

Time = get_abs_time(); # get the absolute time

Read registers COULOMB_CNT1, COULOMB_CNT2 and CC_NB_SAMPLES;

COULOMB_CNT = (COULOMB_CNT1, COULOMB_CNT2); # concatenate MSB and LSB

I_AVG = COULOMB_CNT/CC_NB_SAMPLES; // this is average current

DELTA_Q = I_AVG *(Time-Time_old); / this delta charge may be accumulated in a different variable
Time_old = Time;

Read any register different from COULOMB_CNT1, COULOMB_CNT2 and CC_NB_SAMPLES
Jump to step 1

ONOO R WN =

9.8 GPIOx port control and diagnostics

For user flexibility, the MC33771C has seven GPIO to support voltage measurements referenced to GND

- typically coming from NTC based circuits used to extract temperature information, e.g. 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 GPIO0, no external voltage must be applied on GPIOX pins when the
device is off or in SLEEP mode.
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9.8.1 GPIOx used as digital /O

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 MC33771C. 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.

9.8.2 GPIOO used as wake-up input or fault pin activation input

Setting the GPIO_CFG1[GPIO0_CFG] bits to 10 is used to configure a GPIOQ port as an input. To program
GPIO0 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[GPIOD_FLT_ACT] to logic 1, the GPIO0 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.

9.8.3 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 MC33771C GPIO0 port. Each MC33771C device is
programmed to pass the heartbeat through to the neighboring device in the system. In this configuration, any
fault that the MC33771C can automatically detect may activate the FAULT line.

To configure the MC33771C for daisy chain fault output:

1. Set GPIO0 as an input GPIOD_CFG = 10.
2. Disable wake-up on GPIOO0 with GPIO0_WU = 0.
3. Set GPIO0 to propagate signal to FAULT pin with GPIO_CFG2[GPIO0_FLT_ACT] =1.

To use the MC33771C 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 17. Heartheat daisy chain

9.8.4 GPIO2 used as ADC trigger

The MC33771C 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[GPIO2_SOC] = 1. With
the port configured, positive edge events on GPIO_CFG2[GPI02_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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9.8.5 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. GPI0s configured as analog inputs are usually used for temperature measurement. The
MC33771C 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_FLTAN_UT_FLT]
bit. The conversion results for the analog inputs are available in MEAS_ANX register for the pack controller to
read.

9.8.6 GPIO3, GPIO6 used as ISENSE

To use GPIO5 and GPIO6 as inputs to the cumrent sense PGA, the MC33771C must be in diaghostic mode. As
a secondary method of measuring current for functional verification, the user may connect input ports 5 and 6
as inputs to the positive and negative inputs of the PGA, that is, GPIOS5 plays the role of ISENSE+ and GPIO6
plays the role of ISENSE—.

Customers using GPIO5 and GPIO6 as a secondary current measurement in diagnostic mode must command
GPIO5 and GPIO6 to digital inputs by setting GPIO_CFG1[GPIOS_CFG] = 10 and GPIO_CFG1[GPIO6_CFG] =
10.

9.9 Cell balance control

The MC33771C features fully protected integrated cell balancing drivers with fault diagnostics. The cell
balancing feature is active in normal, sleep and diagnostic modes. The MC33771C 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_TIMERY]. 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 MC33771C 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_DRWVEN 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 MC33771C
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
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input cell filter used. For the cell input filter described in Table 88, 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.

9.10 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.

9.11 Internal temperature fault

In addition to the digital temperature measurement register, the MC33771C is equipped with a silicon
overtemperature thermal shutdown (TSD). In the event the silicon thermal shutdown is activated in normal
mode, the MC33771C halts all monitoring operations and enters a low-power state with the FAULT pin
activated. When the die temperature returns to normal, the MC33771C resumes operation in normal mode.

In the event of an internal TSD:

1. Conversion sequence is aborted and the MC33771C stops converting.

2. The FAULT2_STATUS[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 retums to nomal level, the MC33771C 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 MC33771C is in sleep mode during cyclic
measurements. TSD events detected during the sleep mode cyclic measurement force the MC33771C to set
the IC_TSD_FLT bit and activate the FAULT pin while remaining in sleep mode. When the MC33771C returns to
normal operating temperature it transfers to normal mode and initiates a wake-up sequence on the bus.

9.12 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 celf array. It is typically neither necessary nor advised to change the standard values. Nevertheless,
sometimes this might be required. An example is adjusting the gain calibration of the current channel to take
into account the behavior of the external shunt resistor, due to the temperature coefficient and individual
resistance deviation from the nominal value. New gains may be determined in normal mode and then stored

in an external EEPROM. In such cases, EEPROM calibration parameters must be programmed at the
manufacturer’s assembly and final test.

Ifthe MC33771C 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[RWV] hit 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 MC33771C 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[RWV] 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 RAW 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
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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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COMTROL
EEFRCM
N 126 T osison)| EEPROM
INTERFACE -
F{; REGISTERS |« INTERFACE KCRDTRIIN )| COMMUNICATION
fuses cell array mirrar registers I I
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$2 Wy R)$?2 =
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$4 $4 —\
n m
flux contral
internal use (config, trirm)
\—> aza-027862

Figure 18. 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 14. 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 87. 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.
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ADC2 works with GCF_ix (x = 4, 16, 64, 256), depending on the current gain used by the PGA. See Table 87.
The value of a gain is centered on the unity, so it is of the form 1 + DG. Therefore, DG is centered on zero and
is represented in two's complement. In the IC, only the DG part of the gain needs to be stored. See Table 13.

Even if the most typical usage of the EEPROM is as storage of gains, nothing prevents the userto use it as a
generic information storage. Ifthis 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.

Table 13. Gain format

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
GFC_room_c(x+1)vs(x) (evencellvsodd cell} 4 forx=1 —0.098 forx =1 |0.085 forx =1 0.01221
2forx #1 0024 forx #1 |0.012 forx # 1
GFC_cold_cx {odd cell) {cold temp vs room) 7forx=1 -0.781 forx=1 |0.769 forx =1 0.01221
6 for x # 1 0391 forx #1 |0.378 forx # 1
GFC_cold_c{(x+1)vs(x) (even cell vs odd cell) 6forx=1 —0391 forx=1 |0.378forx=1 0.01221
2forx #1 0024 forx #1 |0.012 forx # 1
GFC_hot_cx {odd cell) (hot temp vs room) 7forx=1 0781 forx=1 |-0.769forx=1 |0.01221
6 for x # 1 0391 forx#1 |-0.378forx#1
GFC_hot_c(x+1)vs(x) (even cell vs odd cell) S5forx=1 —0195forx=1 |0.183 forx =1 0.01221
3forx #1 0049 forx #1 |0.037 forx # 1
GFC_Vbgtj1-2 (diagnostic voltage reference)!’! |8 -3.1250 3.1006 0.02441
GFC_i4-256 (current) 9 -25.0000 24.9023 0.09766
GFC_stack (Stack voltage) 7 -3.1250 3.0762 0.04883
GCF_ANx_ratio (ANx ratio) 5 -1.5625 1.4648 0.09766
GCF_lcTemp (IC temperature) 4 -3.1250 2.7344 0.39063
[11  This gain compensation factar is relative to GCF_c1.
Table 14. Gain compensation
Measured |MNo. |Offset Gain By... Temp. Result stored ...checked |... inthe range of
channel comp.? |comp.? comp. ? |in... by...
By ADC1-A
ICTEMP1 |1 |Chopper |Yes GCF_lcTemp Mo MEAS_IC_TEMP [ N/A 7 7
ICTEMP1 |2 |Chopper |Yes GCF_lcTemp Mo MEAS_IC_TEMP [ N/A 7 7
CT1 3 |Yes Yes GCF_c1 Yes MEAS_CELL1 IC CT1_UV.TH |CT1_OV_TH
CT2 4 |Yes Yes GCF_c2 Yes MEAS_CELL? IC CTZ UV TH |CTZ_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_CELLS IC CT5_UV._TH |CT5_OV_TH
CT6 & |Yes Yes GCF_c6 Yes MEAS_CELLE IC CT6_ UV TH |CT6_OV_TH
ANO 9 |ves Yes GCF_aNx_ratio 1 [Na T [mEAS AND IC ANO_UT TH  |AND_OT_TH
AN 10 |Yes Yes GCF_aNx_ratio ' [po 1] MEAS. AN IC ANT UT TH  [AN1_OT_TH

WMC3IZT7IC
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Table 14. Gain compensation...continued

Measured |MNo. |Offset Gain By... Temp. Result stored ...checked |... inthe range of

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

AN2 11 | Yes Yes GCF_aNx_ratio 1 [Na 1T [mEAS AN IC AN2_UT TH  |AN2_OT TH

AN 12 |Yes Yes GCF_aNx_ratio ' [po 1] MEAS_AN3 IC AN3_UT TH  [AN3_OT TH

AN4 13 |Yes Yes GCF_aNx_ratio 1 [Na T [MEAS AN4 IC AN UT TH  |AN4_OT TH

AN5 14 |Yes Yes GCF_aNx_ratio 1 Mo 1T [MEAS ANS IC ANS5 UT TH  |ANS_OT_TH

ANG 15 |Yes Yes GCF_aNx_ratio ' [po 1] MEAS_ANG IC ANG_UT TH  |AN6_OT TH

VEG_TJ 16 | Yes Yes GCF_Vbagp1 Yes MEAS _VBG_ IC thresholds vs. fuse_bg_ti

DIAG_ADCTA

Reserved 17

Reserved 18

Reserved 19

Reserved 20

By ADC1-B

cT7 1 |Yes Yes GCF_c7 Yes MEAS_CELLY IC CT7_UV_TH |CT7_OV_TH

CT8 2 |ves Yes GCF_c8 Yes MEAS_CELLS IC CT8_UV_TH |CT8_OV_TH

CT9 3 |ves Yes GCF_c9 Yes MEAS_CELLS IC CT9_UV_TH |CT9_OV_TH

CT10 4 |Yes Yes GCF_o10 Yes MEAS_CELL10  |IC CT10_UV_TH |[CT10_0OV_TH

cT1 5 |ves Yes GCF_o11 Yes MEAS_CELLT1  |IC CT1_UV_TH |CT11_OV_TH

CT12 6 |Yes Yes GCF_o12 Yes MEAS_CELL12Z  |IC CT12_UV_TH |CT12_OV_TH

CT13 7 |ves Yes GCF_o13 Yes MEAS_CELL13  |IC CT13_UV_TH |CT13_0OV_TH

CT14 8 |ves Yes GCF_o14 Yes MEAS_CELL14  |IC CT14_UV_TH |CT14_OV_TH

Stack 9 Chopper |Yes GCF_stack Mo MEAS_STACK [FZ2N [FZ2N [FZ2N

Stack 10 |Chopper |Yes GCF_stack Mo MEAS_STACK [FZ2N [FZ2N [FZ2N

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

VANA 12 |Yes Yes GCF_o1 Yes ADC1_B_RESULT |IC N/A, VANA_OV_
TH

VEG_TJ 13 | Yes Yes GCF_Vbgp2 Yes MEAS _VBG_ IC thresholds vs. fuse_bg_ti

DIAG_ADCTB

Reserved 14

Reserved 15

Reserved 16

Reserved 17

By ADC2

ISENSE 1 |Yes Yes GCF_i4-256 Yes MEAS_| IC N/A, TH_ISENSE_
H

ISENSE 2 |ves Yes GCF_i4-256 Yes MEAS_| IC N/A, TH_ISENSE_
H

[11 Itisassumed that all AMx have been programmed as ratiometric; in case a certain AMNx is programmed as an absolute input, the gain GCF_ANx_ratio

gets replaced by GFC_cl and the ™o' value contained in the calumn labeled Termp. comp. ?' is replaced by a “es'

9.12.1 Gain correction of the current channel

The following is a detailed explanation of the gain correction of the current channel.
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* Room temperature delta gains:
GCF_ix (forx = 4, 16, 64, 256 representing all possible PGA gains) with resolution 0.09765625 %, spanning
the range (-256...+255)0.09765625 %

» Cold temperature delta gains:
GCF_cold_ix (for x = 4, 16, 64, 256 representing all possible PGA gains) with resolution 0.09765625 %,
spanning the range (-16...+15)0.09765625 %

» Hot temperature delta gains:
GCF_hot_ix (for x = 4, 16, 64, 256 representing all possible PGA gains) with resolution 0.09765625 %,
spanning the range (-16...+15)0.09765625 %

In contrast to i_gain_x, which is represented by a 9-bit word, GCF_hot_ix and GCF_cold_ix are represented by
a reduced number of bits (5) and therefore their range is 16 times smaller than the one at room temperature,
because the resolution is the same for all gains. Basically GCF_hot_ix and GCF_cold_ix can only additively
correct the i_gain_x respectively in hot and cold conditions. This becomes clear by considering the gain
temperature dependency, which is as follows:

If (temperature T is higher than T_room) Then / T is the IC temperature
gain_selected = GCF_hot_ix

Else

gain_selected = GCF_cold_ix

Endlf

DG = GCF_ix + (gain_selected * k(T)) // where k(T) is a stored function, such that: 0 2 k(T) £ 1, k(T_room) =0
and k(T_cold) = k{T_hot) = 1

Gain=1+DG

Ifthere 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 MC33771C to
detect a single error in the data and to comrect 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. For safety reasons,
it is recommended the value of such bit is periodically checked to be at logic 0. Ifthe bit is not at logic 0, then it
must be written at logic 0 again.

9.13 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).
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Figure 19. Mirror memory control

To manage the mirror memory the FSM of Figure 19 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 15. Sequence of read operations

Type of command FSTM FST FMR_ADDR FUSE_MIRROR_DATA
FUSE_MIRROR_CNTL[FMR_ADDR] set 0 1000 00000 I}{
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 Idata read at addr $1
FUSE_MIRROR_CNTL[FMR_ADDR] set 0 000 00010 X
FUSE_MIRROR_DATA read K K K 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 35 and Table 87.

Table 16. Sequence of write operations

Type of command FSTM FST FMR_ADDR FUSE_MIRROR_DATA
FUSE_MIRROR_CHNTL to enable writing 1 Qoo 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 Qoo 00001 x
FUSE_MIRROR_DATA x .}{ x IData to be written at addr $1
FUSE_MIRROR_CNTL[FMR_ADDR] at $2 1 Qoo 00010 x
FUSE_MIRROR_DATA x x x Data to be written at addr $2
FUSE_MIRROR_CNTL to low power 1 100 X "
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10 Communication

The MC33771C is designed to support Serial Peripheral Interface (SPI) or Transformer Physical Layer (TPL)
communication.

SPI communication uses the standard CSB to select the MC33771C and clocks data in and out using SCLK, S,
and SO. Using SPI to communicate to the MC33771C provides system isolation when used in conjunction with
galvanic isolators. Serial communication is enabled using the SPI_COM_EN pin. To select SPl 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 SPlI communication to the MC33771C may leave RDTX_OUT+
and RDTX_OUT-— unterminated or may short them to ground.

During initialization, each MC33771C device is assigned a specific address by the MCU by writing a non-

zero value to INIT[CID] bit field. Only the MC33771C 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 MC33771C 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 regtifation
is considered a communication faulf, and sets the COM_LOSS_FLT bit. The MC33771C remains in same
configuration determined at POR.

10.1 SPIl communication

CSE CSE
SURDTX_IN+ MOS!
SCLK/RDTH_IN- SCLK
50 iz NES]
— .
|
W COM i i RPO

MC33771C MCU

sP_com En  10KD

=22
ROT_QUT+ T
ROTY_CUT-
CGND

aaa-034560

In the presence of 3.3 V SPI interface, resistors represented by a dotted line could have Rsg = 523 kQ2 and Rpg = 10 k(2.
For a 5.0 VV SPI interface, it must be Rz = 0 () (short) and Rpo = = {open).

Figure 20. SPI interface termination

SPIlinput signal levels to the MC33771C operate at 5.0 V logic levels but are 3.3 V compatible.

The SO output driver provides 5.0V levels only and therefore must be attenuated to be compatible with a 3.3V
MCU.

The MC33771C SPlinterface 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 SPl communication
to the MC33771C 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:
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Register data (16 bits).

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

Reserved (2 bits).

Cluster ID (6 hits).

Message counter (4 bits).

Reserved (2 bits).

Command (2 bits).

Cyclic redundancy check (8 bits)

OND O R WN =

©

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 fow before the falling edge of CSB (SCLK phase).

Table 17. SPl 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 MC33771C through the read and write commands. After a power-up
(POR) or RESET (pin) or SYS_CFG1[SOFT_RST], the MC33771C 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 MC33771C.

Notes:

» {n SPI communication, global write commands are not alfowed and the MC33771C responds with all bit fieid
setf to zero except message counter and correct CRC, in the subseqguent message frame.

» {n SPI communication, the MC33771C responds with all bif filed sef to zero except message counter and
correct CRC to an invalid request from MCU.

» {n SPI communication, the MC33771C responds with all bif filed sef to zero except message counter and the
correct CRC to the very first MC33771C/ MCU message frame.

The response message sent by MC33771C to MCU is similar to the receive message and includes the 4-bit
message counter. The Message counter is a local counter to MC33771C. It is increased by one for each new
response transmitted by MC33771C, this applies also to auto read generated by MC33771C for write and
NOP commands. It is recommended that the MCU compares the message counter value of two consecutive
responses transmitted by MC33771C, if the values are same then MCU shall treat the messages as error.

Register data (16 bits)
Master/slave (1 bit)

Register address (7 bits)
Reserved (2 bits)

Cluster ID (6 hits)

Message counter (4 hits)
Reserved (2 bits)

Command (2 bits)

Cyclic redundancy check (8 bit)

—

@ NOOR LN
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Table 18. SPI response 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[21:18] 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 S| 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 MC33771C to act upon the new command

Notes:
s The MC33771C responds to a NO_OPERATION command with a NO_QPERATION response (with increased

message counter value) in the subsequent response.

» After inffialization, when writing to a register, the MC33771C responds with an auto read of the register which
was written in the subsequent write requiest.

» The MC33771C does nof execute any command if the master/siave bit is equal to logic 1.

CSB |—|_
| 71 |

Sampling
edges

A = Bita7 X Bitds X Bitds XX, Bt0l X Bitll >—————

4______
¢ —— —
e ———-

¢ — — — ]

so | meaningless Bird7 X Bi4s X  Bi-d5 )Cf,Bit-m X Birin X

aas-027865

Figure 21. 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 MC33771C IC and the MCU, as
shown in Figure 50

For TPL communication, it is recommended that the device is terminated as shown in Figure 50. Component
values are given in Section 13.2 "MC33771C External Components”.

The MC33771C IC is equipped with a bi-directional transceivers for upstream and downstream communication.
The bi-directional 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 MC33771C is
retransmitted by the transmitter of the opposite port of MC33771C. 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 tpot delay for
forwarding messages in the daisy chain.
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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 MC33771C 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 MC33771C 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
MC33771C IC is always electrically connected to its neighbouring MC33771C 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 22 .

positive negative ZEMD
ROTH_IN+ ROTH_IM-
FOTH_OUT+ ROTH_CUT-
aas-033241
Figure 22. 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 19 are used.

Table 19. TPL encoding

Symbols Pulse modulation Description
Start-ofFmessage (SOM) Start of positive phase, double pulse (and plus pause)
message
Two pulse
positive
aaxp3zezz  Square
waves
Figure 23. SOM
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Table 19. TPL encoding ...continued
Symbols Pulse modulation Description

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

aaa-032624

Figure 24. EOM
Logic 1 Bitn positive phase, single pulse (and plus pause)
Logic 1

aaa-032625

Figure 25. Logic 1

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

aaa-032626

Figure 26. Logic D

10.2.2 Command message bit order

Same as in Section 10.1 "SP| communication"

10.2.3 Response message bit order

Same as in Section 10.1 "SP| 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 safety critical and
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
MC33771C 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 bhits. The response structure is similar to the SPI format.

After initialization, information is transferred to and from the MC33771C through the read and write commands.

On Power Up or POR, the first MC33771C 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 hor 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.

W aster

| Command N | | Cammand Y |
Slave
| Fesponse M | | Fesponse v || Fesponse v+1

aas-027867

Figure 27. Bus traffic example

No response is generated by a slave MC33771C 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 MC33771C 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 M | | Command v |

Slave
Mo Response for Nl | Fesponse | | Fesponse ¥+1
COM_ERR_FLT 23a-027568
hit set

Figure 28. 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.

4 A slave device at POR with INIT[CID] = 00 0000b responds only at the port it received the request.
5 Aslave 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 tres of the end of the frame. However, two consecutive message
responses transmitted by MC33771C IC for burst read request are separated by trp|_7p time as shown in
Figure 29.

start of bit47 | bit46to | bit2 bit 1 bit 0 end of tres or
message logic 1 bit 3 logic O logic 0 logic 1 |message ttrL TD

aaa-032615

Figure 29. 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 MC33771C 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 no data transmitted. The messages are
separated by a delay time (tyaie peLav). Each message contains a SOM and EOM symbol.

10.2.6.1 MC33771C System wake-up

By default, the intemal event wake-up capability of the MC33771C is disabled. VWwhen enabled and in the event
the MC33771C detects a wake-up condition, the device initiates a wake-up pulse sequence on the bus to alert
the pack controller. The MC33771C 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 MC33771C 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 MC33771C
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 MC33771C in the system to determine the source of the
wake-up.
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MC33771C Wake up

WO Event
Pawer Up

SURDOTH_IN+

Py — ]
M)
/. s

| MCU transitions EN low to high
to set MC33664 in Mormal Mode

t MC33771C

¥ MC33664

INTE
(MC33664 contral)

CSB_RX
(MC33664 control) MCLU may use CSB_Rx or
INTE as wake up

EN /
MCU control) /

aaa-027870

Figure 30. MC33771C system wake-up

Note: The system wake-up performed by MC33771C IC in case of any internal event is disabled by
default. This wake-up can be acfivated by writing to register WAKEUP_MASK1, WAKEUP_MASK2 and

WAKEUP_MASK3.

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 MC33771C
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 u
(MC33664 control)

EN
(MCU control)

SCLK_TX
(MCU control)

CSB_TX
(MCU control)

RDTX+/- \
(MC33664 control) m % % m

4 MC33664

v MC33771C Normal
<«——— Sleep or Idle Mode Wake Pending Mode o

" it
Complete TPL wake-up sequence Mode

)

tWAKE DELAY
EOM SOM

%

som %
L

(MC33771C control)

EOM
SIURDTX_IN+
SCLK/RDTX_IN-
(MC33771C receive)

Sleep

}‘7 Sleep or Idle Mode ——=——————Wake Pending Mode —————— -_Idle_-—

Mode

twake_DELAY
Incomplete TPL wake-up sequence

tnowup
SOM EOM

SI/RDTX_IN+
SCLK/RDTX_IN- —
(MC33771C receive)

aaa-034569

Figure 31. Pack controller system wake-up

Ifthe 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 wrife message of any length can be used fo generate both wake-up pulses and obtain a valid device
wake-Lp.

» The second wake-up message should be sent after a minimum time of tywae 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 tywaxe pe ay
{max).

» ffthe wake-up sequence is incomplete, then a new wake-up attempt can only be done after a tyowp delay.
See Figure 31.
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» The pack confroller must wait for ty. ) wair ms per node fo communicate with the MC33771C ICs after sending
the first wake-up message. For exampie, given that the MC33771C IC is enumerated, with 10 nodes in a
daisy chain the pack controller must wait 7.5 ms before communicating to MC33771C IC. The waiting time
allows all the MC33771C ICs in the system fo 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°

X X+ (identified by 0x2F) with a seed value of binary 11111111.

An example CRC encoding HW implementation is shown in Figure 32.

Cq C C C3 Cy Cs Cq %
Input _ -
T RO [7] Iﬁ
1%1 1% 172 173 ot 1%%5 oxE o7 178

aas-027872

Figure 32. Command and response mode — example CRC encoder

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

Table 20. Data preparation for CRC encoding

Seed Register Master / Register Reserved |Cluster ID |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. Oncethe 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.
» |f the shift register contains all zeros, the CRC is correct.
» |f the shift register contains a value other than zero, the CRC is incorrect.

CRC calculation examples:
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Data 16 bit Master/slave Reserved Message Reserved CRC 8 hit 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)
30101 0x08 0x01 3 ') 0x3C 30101080130
3C
O0AQA 0x01 0x0A 0x9 Ol 0x84 O0ADAQ10A9
184
01C4 Ox0F 0x02 O 1)’ 0x26 O01C40F0212
26
;7257 0x01 0x05 7 O3 0xC7 7257010573
C7
Table 22. 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)
G101 0x89 | Ox01 0x3 0x0 0x26 0x1101890130
26
32002 0x89 ;05 '] 0x0 A 0x2002890590
7A
0x5103 0x89 |Ox0A Ot x5 007 0x5103890A1
507
O FF04 0x89 06 7 2 dAB 0xFF04890672
AB

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 MC33771C 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 23. Readc

ommand table

Command Register data Response/ | Register | Reserved | Device Messagel 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 XXX NRT- Ob Register xxb CID xooob xxb 01b CRC
command XXX 01 to address
7F

WMC3IZT7IC
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Table 24. 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 25. 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 {01k}

Bit[11:10] = Reserved {(xb) 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 inftialized

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

s The MsgCnir is a local counter of MC33771C IC. It is only increased by the node responding to MCU request.
The node increases the value of MsgCnitr by 1 with each new response transmitted by MC33771C. On
saturation of this counter i restarts from 0000b.

s The initial vaiue of message counter is 0000b and first response transmitted by MC33771C has the message
counter value set fo 0000b.

10.4.2 Local write command

Unlike the read command, for which MC33771C 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 26. Write command table
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Table 27. Legend for write command and write response tables

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]
Wite Register Ob Register xxb CID xooob xob 10b CRC
command Data address

Write command

Bit[7:0] = 8bit CRC

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

Bit[11:10] = Reserved (ob)

Bit[15:12] = Message counter (oooch)
Bit[21:186] = Device address (cluster 1D)
Bit[23:22] = Reserved (xxb)

Bit[30:24] = Register address

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

Note: Writing fo 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 28. 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 Ob Register b XX b | MsgCntr b 11b CRC
Wite Data address {global)
command

WMC3IZT7IC
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Table 29. Legend for global write command table

Write command

Bit[7:0] = 8-hit CRC

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

Bit[11:10] = Reserved (o)

Bit[15:12] = Message counter = o000t (global)

Bit[21:186] = Device address (Cluster 1D} = x00:000¢b (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
MC33771C. If the pack controller has no new request for MC33771C IC but does not want the MC33771C to
reset (and lose its CID address), it can send a NOP command to the MC33771C IC. The NOP command does
not trigger any response or operation from the MC33771C. Thus, the NOP command can be used by the pack
controller like a ping to prevent the IC from resetting itself.

Table 30. No operation command table

Command Register data |Responsef 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]
Mo operation | Register Data Ob Reqgister xxb CID b xxh 00b CRC
(NOP) address
command

Table 31. Legend for ho 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 (o)

Bit[15:12] = Message counter

Bit[21:186] = 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 32. Command summary table

MC33771C

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 O Ob 300¢ 000¢h xxb CID XK b XXb 00b CRC
command| >oco0b
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 YO XX Xb 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 MC33771C devices have their First message from MCU controller writing to cluster ID Q0
0000b. To perform a read/write operation of any register (other than INIT) of MC33771C IC, the MCU must first
assign a unique address to each MC33771C 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 33. Response summary table

Command | Register |Response/ | Register Reserveg Device Message ReservecCcommang CRC
name data Command | address address counter
(Cluster ID)
Bit[47:32] Bit[31] Bit[30:24] Bit[23:22] Bit[21:18] 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 IZC communication interface

As an optional feature, the MC33771C has an integrated IQC 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[I2ZC_ERR_FLT] bit is
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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Figure 33. MC33771C calibration registers

11 Registers

11.1 Register map

Important: Trying fo access registers marked as reserved prodtiices responses having all zeros in the data
field.

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

» Power on reset
» Hardware reset
» Software reset
» Reset event based on SYS_CFG2[FLT_RST_CFG] register configuration

Table 34. Register table

Register Response |Reference Description Notes

A[6:0] |Symbol

$00 Reserved Table 24 Reserved Not readable or
writeable

$01 INIT Table 24 Section 11.2 Device initialization Global write is
forbidden for CID

$02 SYS_CFG_ Table 24 Section 11.3 Global system configuration Only accessible

GLOBAL through a global

access in transformer
mode. In SPl mode

it can be written by

a standard write

command.
$03 SYS_CFG1 Table 24 Section 11.4 System configuration
$04 SYS_CFG2 Table 24 Section 11.5 System configuration
$05 SYS_DIAG Table 24 Section 11.6 System diagnostic Wiritable in DIAG mode
only, automatically
MCIZFTIC Allinformation prowided in this document iz subject to legal disclaimers. @ 2024 MXFP B Allrights resenred.
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MC33771C

Table 34. Register table...continued

Battery cell controller IC

Register Response |Reference Description Notes
A[6:0] |Symbol
cleared when exiting
DIAG mode
$06 ADC_CFG Table 24 Section 11.7 ADC configuration
$07 ADC2 _OFFSET_ Table 24 Section 11.8 ADC?2 offset compensation
COMP
$08  |OV_UV_EN ‘Table24  |Section 11.9 | CT measurement selection
$09 CELL_OV_FLT Table 24 Section 11.10 | CT overvoltage fault
$0A CELL_UV_FLT Table 24 Section 11.11 | CT undervoltage fault
$0B TPL_CFG Table 24 Section 11.12 | TPL configuration for up and
down Transmitter
$ocC CB1_CFG Table 24 Section 11.13 | CB configuration for cell 1
$0D CB2_CFG Table 24 Section 11.13 | CB configuration for cell 2
$0E CB3_CFG Table 24 Section 11.13 | CB configuration for cell 3
$0F CB4_CFG Table 24 Section 11.13 | CB configuration for cell 4
$10 CB5_CFG Table 24 Section 11.13 | CB configuration for cell 5
$11 CB6_CFG Table 24 Section 11.13 | CB configuration for cell 6
$12 CB7_CFG Table 24 Section 11.13 | CB configuration for cell 7
$13 CB8 CFG Table 24 Section 11.13 | CB configuration for cell 8
$14 CB9 CFG Table 24 Section 11.13 | CB configuration for cell 9
$15 CB10_CFG Table 24 Section 11.13 | CB configuration for cell 10
$186 CB11_CFG Table 24 Section 11.13 | CB configuration for cell 11
$17 CB12_CFG Table 24 Section 11.13 | CB configuration for cell 12
$18 CB13_CFG Table 24 Section 11.13 | CB configuration for cell 13
$19 CB14_CFG Table 24 Section 11.13 | CB configuration for cell 14
$1A CB_OPEN_FLT Table 24 Section 11.14 | Open CB fault
$1B CB_SHORT_FLT Table 24 Section 11.15 | Short CB fault
$1C CB_DRV_STS Table 24 Section 11.16 | CB driver status
$1D GPIO_CFG1 Table 24 Section 11.17 | GPIO configuration
$1E GPIO_CFG2 Table 24 Section 11.18 | GPIO configuration
$1F GPIO_STS Table 24 Section 11.19 | GPIO diagnostic
$20 AN_OT_UT_FLT Table 24 Section 11.20 | AN over and undertemperature
$21 GPIO_SHORT_ Table 24 Section 11.21 | Short GPIO/open AN diagnostic
ANx_OPEN_STS
$22 |_STATUS Table 24 Section 11.22 | PGA DAC value
$23 COM_STATUS Table 24 Section 11.23 | Number of COM error counted
$24 FAULT1_STATUS Table 24 Section 11.24 | Fault status
$25 FAULT2_STATUS Table 24 Section 11.25 | Fault status

WMC3IZT7IC
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Table 34. Register table...continued

Battery cell controller IC

Register Response |Reference Description Notes

A[6:0] |Symbol

$26 FAULT3 _STATUS .Table 24 Section 11.26 .Fault status

$27 FAULT_MASK1 Table 24 Section 11.27 | FAULT pin mask

$28 FAULT_MASIK2 Table 24 Section 11.28 | FAULT pin mask

$29 FAULT_MASK3 Table 24 Section 11.29 | FAULT pin mask

$2A WAKEUP_MASK1 .Table 24 Section 11.30 .Wake-up events mask

$2B  |WAKEUP_MASK2 Table24  |Section 11.31  Wake-up events mask

$2C WAKEUP_MASIK3 .Table 24 Section 11.32 .Wake-up events mask

$2D CC_NB_SAMPLES .Table 24 Section 11.33 .Number of samples in coulomb
counter

$2E COULOMB_CNT1 | Table 24 Section 11.34 ]

$2F COULOMB_CNT2 | Table 24 Section 11.34 Coulomb counting accumulator

$30 MEAS_ISENSE1 Table 24 Section 11.35 | ISENSE measurement

$31 MEAS_ISENSE2 Table 24 Section 11.35 | ISENSE measurement

$32 MEAS_STACK Table 24 Section 11.36 | Stack voltage measurement

$33 MEAS_CELL14 Table 24 Section 11.36 | Cell 14 voltage measurement

$34 MEAS_CELL13 Table 24 Section 11.36 | Cell 13 voltage measurement

$35 MEAS_CELL12 Table 24 Section 11.36 | Cell 12 voltage measurement

$36 MEAS_CELLM Table 24 Section 11.36 | Cell 11 voltage measurement

$37 MEAS_CELL10 Table 24 Section 11.36 | Cell 10 voltage measurement

$38 MEAS_CELL9 Table 24 Section 11.36 | Cell 9 voltage measurement

$39 MEAS_CELL8 Table 24 Section 11.36 | Cell 8 voltage measurement

$3A MEAS_CELL?7 Table 24 Section 11.36 | Cell 7 voltage measurement

$3B MEAS_CELLS Table 24 Section 11.36 | Cell 6 voltage measurement

$3C MEAS_CELL5 Table 24 Section 11.36 | Cell 5 voltage measurement

$3D MEAS_CELL4 Table 24 Section 11.36 | Cell 4 voltage measurement

$3E MEAS_CELL3 Table 24 Section 11.36 | Cell 3 voltage measurement

$3F MEAS_CELL2 Table 24 Section 11.36 | Cell 2 voltage measurement

$40 MEAS_CELL1 Table 24 Section 11.36 | Cell 1 voltage measurement

$41 MEAS_ANG Table 24 Section 11.36 | AN6 voltage measurement

$42 MEAS_ANS Table 24 Section 11.36 | AN5 voltage measurement

$43 MEAS_AN4 Table 24 Section 11.36 | AN4 voltage measurement

$44 MEAS_AN3 Table 24 Section 11.36 | AN3 voltage measurement

$45 MEAS_AN2 Table 24 Section 11.36 | AN2 voltage measurement

$46 MEAS_AN1 Table 24 Section 11.36 | AN1 voltage measurement

$47 MEAS_ANOD Table 24 Section 11.36 | ANO voltage measurement

$48 MEAS_IC_TEMP Table 24 Section 11.36 | IC temperature measurement

WMC3IZT7IC

Allinformation prowided in this document iz subject to legal disclaimers.

@ 2024 MXFP B Allrights resenred.

Product data sheet

Rev. 7.0 — 16 July 2024

Document feedback
68 /138



NXP Semiconductors

MC33771C

Table 34. Register table...continued

Battery cell controller IC

Register Response |Reference Description Notes

A[6:0] |Symbol

$49 MEAS_VBG_ Table 24 Section 11.36 | ADCIA voltage reference

DIAG_ADCA1A measurement
$4A MEAS_VBG_ Table 24 Section 11.36 | ADCIB voltage reference
DIAG_ADC1B measurement

$4B TH_ALL_CT Table 24 Section 11.37 | CTx over and undervoltage
threshold

$4C TH_CT14 Table 24 Section 11.38 | CT14 over and undervoltage
threshold

$4D TH_CT13 Table 24 Section 11.38 | CT13 over and undervoltage
threshold

$4E TH_CT12 Table 24 Section 11.38 | CT12 over and undervoltage
threshold

$4F TH_CT11 Table 24 Section 11.38 | CT11 over and undervoltage
threshold

$50 TH_CT10 Table 24 Section 11.38 | CT10 over and undervoltage
threshold

$51 TH_CT9 Table 24 Section 11.38 | CT9 over and undervoltage
threshold

$52 TH_CT8 Table 24 Section 11.38 | CT8 over and undervoltage
threshold

$53 TH_CT7 Table 24 Section 11.38 | CT7 over and undervoltage
threshold

$54 TH_CTé Table 24 Section 11.38 | CT6 over and undervoltage
threshold

$55 TH_CT5 Table 24 Section 11.38 | CT5 over and undervoltage
threshold

$56 TH_CT4 Table 24 Section 11.38 | CT4 over and undervoltage
threshold

$57 TH_CT3 Table 24 Section 11.38 | CT3 over and undervoltage
threshold

$58 TH_CT2 Table 24 Section 11.38 | CT2 over and undervoltage
threshold

$59 TH_CT1 Table 24 Section 11.38 | CT1 over and undervoltage
threshold

$5A TH_ANG6_OT Table 24 Section 11.39 | AN6 overtemperature threshold

$5B TH_ANS_OT Table 24 Section 11.39 | AN5 overtemperature threshold

$5C TH_AN4_OT Table 24 Section 11.39 | AN4 overtemperature threshold

$5D TH_AN3_OT Table 24 Section 11.39 | AN3 overtemperature threshold

$5E TH_AN2_OT Table 24 Section 11.39 | AN2 overtemperature threshold

$5F TH_AN1_OT Table 24 Section 11.39 | AN1 overtemperature threshold

$60 TH_ANO_OT Table 24 Section 11.39 | ANO overtemperature threshold
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Table 34. Register table...continued

Battery cell controller IC

Register Response |Reference Description Notes
A[6:0] |Symbol
$61 TH_ANG6_UT .Table 24 Section 11.39 .ANG undertemperature threshold
$62 TH_ANS_UT .Table 24 Section 11.39 .ANS undertemperature threshold
$63 TH_AN4_UT .Table 24 Section 11.39 .AN4 undertemperature threshold
$64 TH_AN3_UT .Table 24 Section 11.39 .ANS undertemperature threshold
$65 TH_AN2_UT .Table 24 Section 11.39 .AN2 undertemperature threshold
$66 TH_AN1_UT .Table 24 Section 11.39 .AN1 undertemperature threshold
$67 TH_ANO_UT .Table 24 Section 11.39 .ANO undertemperature threshold
$68 TH_ISENSE_OC .Table 24 Section 11.40 .ISENSE overcurrent threshold
$69 TH_COULOMB_ .Table 24 Section 11.41 .Coulomb counter threshold (MSB)
CNT_MSB
$6A TH_COULOMB_ Table 24 Section 11.41 | Coulomb counter threshold (LSB)
CNT_LSB
$6B SILICON_REV .Table 24 Section 11.42 .Silicon revision
$6C EEPROM_CNTL .Table 24 Section 11.43 .EEPROM transfer control
$6D DED_ENCODE1 FHM924 Section 11.44 .ECCs@nmum1
$6E DED_ENCODE2 FHM924 Section 11.45 .ECCs@nmum2
$6F FUSE_MIRROR_ .Table 24 Section 11.46 . Fuse mirror data
DATA
$70 FUSE_MIRROR_ |Table 24 Section 11.46 | Fuse mirror address
CNTL
$71  |Reserved Table 24 | Section 1147 | NXP reserved
Reserved Table 24 | Section 1147 | NXP reserved
$7F  |Reserved Table 24 | Section 1147 | NXP reserved
Table 35. Mirror memory
Register Description Notes
Al4:0]
$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
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Table 35. Mirror memaory...consinued

Register
$09
$0A
$0B
$ocC
$0D
$0E
$0F
$10
$1
$12
$13
$14
$15
$16
$17
$18
$19
$1A
$1B
$1C
$1D
$1E
$1F

11.2 Initialization register — INIT

FUSE_MIRROR_BANK

'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK
'FUSE_MIRROR_BANK

Description

Fuse bank 9

Fuse bank 10
Fuse bank 11
Fuse bank 12
Fuse bank 13
Fuse bank 14
Fuse bank 15
Fuse bank 16
Fuse bank 17
Fuse bank 18
Fuse bank 19
Fuse bank 20
Fuse bank 21
Fuse bank 22
Fuse bank 23
Fuse bank 24
Fuse bank 25
Fuse bank 26
Fuse bank 27
Fuse bank 28
Fuse bank 29
Fuse bank 30
Fuse bank 31

MC33771C

Battery cell controller IC

Notes

DED_ENCODE 2
DED_ENCODE 1

Following power-up or soft POR, the MC33771C is in a reset state. In the INIT mode, the user may read the
registers of the MC33771C using the cluster id 00 0000b. The MC33771C 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 1D, 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/OUT#) from floating when the
MC33771Cs 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_OUTZ) of last node is
floating, INIT[TPLX_TX_TERM] should be setto 1.The MC33771C IC used in daisy chain communication
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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 36. INIT

INIT
$01 | bit 15 | bit 14 | bit 13 | bit12 | bit 11 | bt 10 | bitd | bit s bit 7 bit6 | bits ‘ bit 4 ‘ bit 3 ‘ bit 2 ‘ bit 1 ‘ bit 0
Witite TPLA_ | TPLZ_
Tx_ | TH_ CID
Read 0 0 0 0 0 0 0 0 TERM | TERM
ResetOOOOOOOOOOO‘O‘O‘O‘O‘O
Description Enable for TPL port termination for RDTX_IN pin
TRL Tx 0 Disabled
Termination 1 Enabled
(RODTX_ING
Reset POR
condition
Description Enable for TPL port termination for RDTX_QUT pin
TRL-TX 0 Cisabled
Termination 1 Enabled
(RDTX_OUT) !
Reset POR
condition
Description Cluster Identifier, can be overidden by any combination different from all zeros. Mot accessible with
global write.
000000 Default
CID |
HHHHAHK CiD
Reset POR
condition

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 SPl mode, only a local write to register $02 can be executed.

Table 37. SYS_CFG_GLOBAL
SYS_CFG_GLOBAL

$02 bit 15 |bit 14 kit 13 |[bit 12 |bit 11 |kt 10 |bite |bit& |kit?7 bité |bits |hitd bit3  |bit2 |bit1 hit 0
Witite (€10
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

0 Disabled
GO2SLEER 1 (active Device goes to sleep mode after all conversions in progress are completed

pulse)

Reset POR

condition
MCIZFTIC Allinformation prowided in this document iz subject to legal disclaimers. @ 2024 MXFP B Allrights resenred.
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11.4 System configuration register 1 — SYS_CFG1

The SYS_CFG1 register contains control bits and register settings that allow the user to adapt the
MC33771C 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 38. 8YS_CFG1

SYS_CFG1
$03 hit 15 | hit 14 ‘bn13 hit 12 ‘bn11 ‘bn1D hit 9 hit 8 hit 7 hit & hit & hit 4 hit 3 hit 2 ‘bn1 hit 0
" CYCLIC TIMER DIAG_TIMEQUT MElis Do not C8 e MAEEIT&L gg?_ FALLT | WAVE_ *
Fead - - = change DRWERM DIAG_ST PALISE 0 Wi E DC_BITx y
Reset 0 0 | 0 1 | 0 | 0 0 0 0 0 0 0 0 0 | 0 1

Description Tirmer to trigger cyclic measurements in normal mode or sleep mode

oon Cyelic measure is disabled, whatever the mode

oo Cantinuous measurements

010 01s

011 02s
CYCUC TIMER 100 10s

101 20s

110 40s

111 80s

Reset POR

condition

Description DIAG mode timeaout. Length of time the device is allowed to be in diag mode before being forced to narmal mode.

oon Mo timer, not allowed to enter diag made

oot 005s

010 01s

011 02s
DIAG_TIMEOUT  |1qq 10s

101 20s

110 40s

111 80s

Reset POR

condition

Description Enable far current measurement chain

0 Disabled
I_MEAS_EN 1 Current measurement chain is enabled

Reset POR

condition

Description General enable or disahle far all cell balance drivers.

0 Disabled
CB_DRVEN 1 Enabled, each cell balance drver can be individually switched an and off by CE_xx_CFG register.

Reset POR

condition

-Descriptiun Commands the device to diag mode . Rewriting the GOZ0IAG bit restarts the DIAG_TIMECUT.

a Exit diag made
GOIDIAC 1 Enter diag mode (starts timer)

Reset POR

condition
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Table 38. SYS_CFG1...continued

Battery cell controller IC

Description Cell balancing manual pause
Dizabled CE switches can be normally commanded onfoff by the dedicated logic functions
CE_MANUAL_ -
PaSE CE switches are forced off, CE counters are not frozen
Reset POR
condition
Description |dentifies when the device is in diag mode
a Systemis notin diag made
DIAG_ST 1 Systemis in diag mode
Reset POR
condition
Description Software reset
0 Disabled
SOFT RST 1 [active Active software reset
- pulse)
Feset POR (bit is not reset if reset was due to software reset)
condition
Description FAULT pin wave farm cantrol bit.
a FAULT pin has high or low level hehavior. FAULT pin high, fault is present. FAULT pin low indicates na fault present.
FAULT_WAVE 1 FAULT pin has heartbeat wave when nao fault is present. Pulse high time is fixed at 500 ps.
Reset POR
condition
Description Contrals the off time of the heartheat pulse.
oa 400 ps
o1 1.0 ms
MVE_DC_BWX 10 10 ms
11 100 ms
Reset POR
condition

11.5 System configuration register 2 — SYS_CFG2

Table 39. 8YS_CFG2

SYS_CFG2
$04 bit 18 |bit14  |hit13  |bit12 |bit11  |hbit10 |hit8 |bit8 hit 7 |bit6 hit 5 |bit4 hit 3 hit 2 hit 1 hit 0
Vite X X X FLT RST CFG I TIMEQUT_ X X | NUMB | HAMM
Read x x x PREVIOUS STATE COMM x x | 00D | _ENCOD
Reset | D 0 0 0 0 0 I o [ o I 0 0 0 0
Description Information about the previous state of the device
ooa The device is coming fram IMIT state
ININ The device is caoming fram IDOLE state
PREVIOUS a1a The device is coming fraom MORMAL state
STATE B a11 The device is coming fram DIAG state
111 The device is coming fraom SLEEF state
110 The device is coming fram CY CLIC_WUP state
Feset condition  |POR
Description Mo communication timeout - flag in FAULT1_STATUS[COM _LOSS] if no communication during...
TIMEQUT_ oo 32ms
COMM 01 B4 s
10 128 ms
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Table 39. SYS_CFG2...continued

11

256 ms

Feset condition

POR

Description Fault reset configuratio il
a1 Dizabled COM timeout (1024 ms) reset and OSC fault monitaring and reset
o101 Enabled OSC fault monitoring
o110 Enabled OSC fault monitoring and reset
FLT_RST_CFG |[1001 Enabled COM timeaut (1024 ms) reset
1010 Enabled COM timeaut (1024 ms) reset and OSC fault monitaring
1100 Enabled COM timeaut (1024 ms) reset and OSC fault monitaring and reset
athers Irvalid, leads to enabled COM timeout (1024 ms) reset and OSC fault monitoring and reset (1100}
Feset condition | POR (except after a reset caused by a communication timeout or caused by an oscillator fault)
Description Cdd number of cells in the cluster (useful for open load diagnaosis)
a Ewen canfiguration
MNUME_CDD
Cdd configuration
Reset condition |POR
Description Hamming encaders
HAMM_ENCOD Decode - the DED Hamming decoders fulfill their jab

Encode - the DED hamming decoders generate the redundancy bits

Feset condition

POR

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

11.6 System diagnostics register— SYS_DIAG

Table 40. 8YS_DIAG

SYS_DIAG
$05 bit 15
Wite  raur
Read DIAG
Reset 0
FAULT_DIAG
MUK
ISENSE_OL_DIAG
ANx_OL_DIAG

Ay _TEMP_DIAG

WMC3IZT7IC

bit 14 hit 13
a

a a
Description
a

1
Reset condition
Description
oo

a1

10

11

Reset condition

Description

Reset condition

Description

Reset condition

Description

bi12 [t [btio [wes  [bts  [wi7  [bt6  |bt5  [bta  |6e3  [bi2 bl
ISENSE_| Abx_ | Ab_ T
| MUX oL oL |TewP_ |paDias homy  [LEAK. |G- | SEE 1S | S
DIAG | DIAG | DIAG DIAG
0 | 0 0 0 0 0 0 0 0 0 0 0

. FALLT pin driver command

Mo FALULT pin drive, FAULT pinis under command of the pack controller

. FAULT pin is forced to high level

POR

. Allowes user to select between various inputs to PGA to be converted by ADC2
. (ISEMNSE+, ISENSE-)

[trIos, Griog)

. Calibrated internal reference (VREF_DIAG)

. PGA zero (PGA differential inputs terminated to ground)

POR

. ISENSE open load diagnostic control bit. Enables or disablesinternal pulkup resistors on the ISENSE input pins.
[ Disabled

[ Enated

[Por

.ANx open load diagnostic control bit. Used to activate the pull down on GPIQ input pins.

Diagnostic disabled

. Diagnostic enabled

POR

. Cortrol bit to activate the OT/UT diagnostic on GPIOx configured as ANy ratiometric or single ended ADC input

Allinformation prowided in this document iz subject to legal disclaimers.
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Table 40. SYS_DIAG...continued

0 Diagnostic inactive
1 Diagnostic active
Reset condition POR
Description Cell voltage channel functional verification. Diagnostic mode function only
0 Mo check
DA_DIAG - - - -
1 Checkis enabled (floating Zener conversion, ground Zener measurement added, comparison)
Reset condition POR
Description Cortrol bit used in terminal leakage detection. Controls the polarity between the level shifter and the ADC1-4A and ADC1-B converters
Noninverted
POLARITY
Inverted
Reset condition POR
Description Contral bit used in terminal leakage detection. Commands the MUX to route the CTw/CBx pin to ADC1-AB converters. This bit must be
exclusive vs. DA_DIAG.
CT LEAK DIAG ] Marmal operation, CTix are MUK ed to converter
1 & between CT and CB pins are routed to the analog front end, to be conv erted
Reset condition POR
Description Ch and LY diagnostic is enabled. This bit must be set to logic 0 when performing CT open load diagnostic.
0 Ch and LY diagnostic disabled
CT_CW_ L
-7 1 W and LY diagnostic enabled
Reset condition POR
Description Contral bit used to contral the odd numbered cell terminal open detect switches
0 Odd switches are open
CT_OL CDD - - -
1 Odd switches are closed (may be set only when CT_OL_EVEM is logic 0)
Reset condition POR
Description Cortrol bit used to control the even numbered cell terminal open detect switches
0 Even switches are open
CT_OL_BEVEN - - -
1 Even switches are closed (may be set only when CT_OL_CDD islogicO)
Reset condition POR
Description Cortrol bit used to control the cell balance open load ODD detection switches.
0 00D cell balance open load detection switches are open
CE_OL_oDD
-7 1 00D cell balance open load detection switches are closed
Reset Condition POR
Description Cortrol bit used to control the cell balance open load EVEM detection switches
0 EVEM cell balance open load detection switches are open
CE_OL_EVEM
-7 1 EVEM cell balance open load detection switches are closed
Reset condition POR

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
MC33771C to perform on-demand conversions in both normal and diagnostic modes.

Table 41. ADC_CFG

ADC_CFG
$06 bit 18 [bit 14 |bit 13  |bit12 |hit11 | hit 10 ‘bit g ‘bit 8 bit 7 bit 6 hit 5 ‘bit4 hit 3 hit 2 bit 1 ‘bit 0
Wite SOC | PGA_GAIM CC_RST P
- AVG ECC_N|PGA GANS : ” ADC1_A_DEF  |ADC1_B_DEF |ADCZ_DEF
Reset | 0 | 0 | o [ o [ o | 1 |0 [0 0 o [ o [0 o | | ]
Description Wiith each conversion request, the number of samples to be averaged can be configured
gooo Mo averaging, the result is taken as is (compatibility mode)
e aoon Averaging of 2 consecutive samples
ago1o Averaging of 4 consecutive samples
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Table 41. ADC_CFG...continued

ININ Averaging of 3 consecutive samples

ag1oo Averaging of 16 consecutive samples

o101 Averaging of 32 consecutive samples

a110 Averaging of B4 consecutive samples

o111 Averaging of 128 consecutive samples

1000 Averaging of 256 consecutive samples

é”m?ftigirratiuns Mo averaging, the result is taken as is (compatibility mode)

Feset condition

POR

Description Contral bit to command the MC3I3771C to initiate a conversion sequence
a Dizabled. Whting SOC ta 0 has no effect on an ongoing conversion sequence.

suc 1 (active pulse) |Enahled. Initiate & conversion sequence.
Reset condition |POR
Description End aof conversion flag

EOC_N a Device has completed the commanded conversian
1 Device is performing the commanded canversion
Reset condition |POR
Description Define the gain of the ADCY programmable gain amplifier
goo 4
oot 16

PGA_GAIN 010 B4
011 256
1w Automatic gain selection {internally adjusted)
Reset condition |POR
|1ZJDe)scr1ptiDn (hit |Automatic gain mode status (information available only if SYS_CFG1[I_MEAS EN] = 1)
a Fixed gain
1 Automatic gain control
Reset condition |POR
Description Fepart the current gain of the ADCY programmable gain amplifier (automatically settled or not). {infarmation available

PGA_GAIN_S | (hit[:8]) only if SYS_CFGI[|_MEAS _EN]=1)
oo 4
01 16
10 B4
11 256
Reset condition |POR
Description Contral bit used to reset the walue of the coulamb counter to 0

cc_RsT 0 Ma action
1 (active pulse) |Reset coulomb counter registers COULOME_CNT1 and COULOME_CNTZ and the CC_NE_SAMPLES registers
Reset condition |POR
Description ADCT_A measurement resalutian
oo 13 hit

ADCT_A DEF o 14 bt
10 15 hit
11 16 hit
Reset condition |POR

ADCT B DEF | Description ADCT_B measurement resalutian
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Table 41. ADC_CFG...continued

oo 13 hit
01 14 hit
10 15 hit
11 16 hit
Feset condition |POR

ADC2_DEF

Description ADC2 measurement resalutian
oo 13 hit
01 14 hit
10 15 hit
11 16 hit
Feset condition |POR

11.8 Current measurement chain offset compensation —- ADC2_OFFSET_COMP

This register contains an 8-bit signed data (two's complement). The content of the offset compensation register

is added directly to the data at the end of the channel measurement, independent on the PGA gain. Even

though the current channel is fully offset compensated, the PCB HW introduces an extra offset that can be
compensated by means of this data. This register provides several bits that are able to influence the behavior of
the coulomb counter.

Table 42. ADC2_OFFSET_COMP

ADC2_OFFSET_COMP

WMC3IZT7IC

1

CC_MNE_SAMPLES went in overflow

$07  |mit1s  [bit14  [mit13  [wit12 [mit1r [wit1o bitd | hit8 hit 7 |bit6 |bit5 bit 4 |bit3 |bit2 |bit1 |bitD
Wite | o i wod" woc™ {wod" [ woc! J—
Read |PST_  |onT ~ |CC P |CC N [SAMP. (CC OVMT | % |on sHORT ADCZ_OFFSET_COMP
CFG ovF T |OvE | OvF -
Reset 0 1 0 0 0 0 0 0 D‘D‘D D‘D‘D‘D‘D
Description Configuration of the action linked ta the read of coulomb count results
Mo linked action
CC_RST_CFG
Reading any CC register (from @ $20 to @ $2F) also resets the coulomb counters
Feset condition POR
Description Configuration of the free running coulomb counters
a Mo free-running, coulamb counters clamp an minfmax values
FREE_CNT
1 Free-running made. Ma clamp but rollaver
Feset condition POR
Description Crerflaw indicator an the COULCME_CMTT 2[COULOME_CNT]
a Mo overflow
CC_P_OVF
1 COULOMB_CNT1 2[COULOME_CNT] went in overflow
Feset condition POR f clear onwrite O
Description Underflow indicatar on the COULCME_CNT1 2[COULOME_CMT]
a Mo underflow
CC_N_CVF
1 COULOMB_CNT1 2[COULOME_CNT] went in underflow
Feset condition POR f clear onwrite O
Description Crverflaw indicator on the CC_ME _SAMPLES
a Mo underflow
SAMP_OVF

Feset condition

POR f clear onwrite O
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Table 42. ADC2_OFFSET_COMP...continued

Description Crverthreshald indicator an the COULOME_CNT1 2[COULCME_CNT]
0 Mo over threshold
CC_OWT
1 COULOMBE_CNT1 2[COULOME_CNT] went in over threshold (TH_CCOULCME_CNT)
Reset condition POR f clear an write 0
Description All CB's turn off in case of at least one short
ALLCBOFF_ON_ a Cinly shorted CB's are turned off
SHORT 1 If at least one CEis sharted, all CE's are then turned off (CE_DRWVEM is reset)
Reset condition POR
ADC2_OFFSET. Description Cffset value, signed (twio's complement ) with oges resalution. It can be used to compensate for a PCE offset.
comp Reset condition POR

[11  wilc:write O to clear

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 teminal 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 MC33771C
to monitor the cell terminal input for over and undervoltage.

Table 43. OV_UV_EN
OvV_UV EN
503 hit 15 hit 14 hit 13 hit 12 hit 11 hit 10 hit o hit 8 hit 7 hit B hits hit 4 hit 3 hit 2 hit 1 hit 0

Whte | COMMON_ | COMMON_ [cTi4_ [eTia_ [cTiz_ (ot [cTiol |eTo_ (cme. |oT7_ [cTel [cTs.  |emal [cTa [oT2l |eTil
OVTH ~UWTH [OWUY |0V [OvUV | OvUY oV (o [ovdvo |ovdv_ [0l [ov0v. ol ov0v_ | ol | oy

Read = EM = = EM = = EM = EM = = EM =
Resat a a 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Description All CTx measurerment use the cormmon overvoltage threshold register for comparison
COMMON_OV TH 0 Use individual threshold register
1 Use common threshald register
Reset condition POR
Description All CTx measurement use the cormmon undervoltage threshold register for cormparison
0 Use individual threshold register

COMMOM_LIY_TH
1 Use common threshald register

Reset condition POR
Description Enable or disable ADC data to be compared with threshaolds for OV If disabled no OWUVfaultis set.
a oA disabled
CTa_ O _EN
1 0% is enabled
Reset condition POR

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.
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Table 44, CELL_OV_FLT

CELL_OV_FLT
$09 bit 15 [bit 14 |bit 13 [hit 12 |bit 11 |bit 10 |Lit9 bit 8 bit 7 hit 6 bit & bit 4 hit 3 bit 2 bit 1 bit 0
Witite WOC[” WOC[” WOC[” WOC[” WOC[” WOC[” WOC[” WOC[” WOC[” WOC[” WOC[” WOC[” WOC[” WOC[”

Read 0 0 |CT14_|CT13_|CT12_|CT1_ | CTi0_|CTO_ |CTs_ |CT7_ |CT6_ |CT5_ |CT4_ |CT3_ |CT2_ |CTi
ov_lov_ |ov_|ov_ lov_ lov_ |ov_ lov. |ov_ Jov_ lov_ |ov_ |ov_ |ov.
FLT |FLT |FLT |FLT |FLT |FLT |FLT |FLT  |FLT |FLT  |FLT  |FLT  |FLT  |FLT

Reset | 0 | o | o | o | o | o o | o | o o o | o o ol o | o

Description CTx_OW_FLT register contains the status of the overvoltage fault for each cell temminal. Registeris
updated with each internal and system controller on-demand conversion cycle.

Mo Cell Terminal overvoltage

CTx_OV_FLT
1 Cell Terminal overvoltage detected on terminal x
Reset FOR/{clear on write 0
condition

[11  wilc: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 45. CELL_UV_FLT
CELL_UV_FLT

F04, bit 15 |bit 14 |bit 13 |bit 12 |bit11 [bit10 |bit9 |bit8 |bit7 bit6 |bit5 |hitd bit3 |bit2 |bit1 bit 0
Witite wOcl [0 | wocl! wocll [wod™ {woct! [wocl Twoc [wod [woc? {wod" [wod! {woct [wocl!]
Read 0 0 CT14_ | CT13_|CT12_|CT1_ |[CT10_|CT9_ |CT8_ |CT7_ |CTB_UWMCTS_ |CT4_ |CT3_ |CTZ2_ |CT1_
v UV UV UV U U U U [ CFLT UV UYL UYL U UYL
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 CTx_UW_FLT register contains the status of the overvoltage fault for each cell terminal. Registeris

updated with each internal and system controller requested conversion cycle.

Mo cell terminal undervoltage

CTx_UW_FLT
Cell terminal undervoltage detected on terminal x

Reset FOR/{clear on write 0
condition

[11  wilc: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.
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TPL_CFG

$0B  |bit 15 ‘bit14 ‘bit13 bit 12 ‘bitﬂ ‘biHO bit 9 ‘bit8 ‘bit? ‘bitS ‘bitS ‘bitﬂf ‘bitS ‘bitQ ‘biH ‘bitO

Ve Do not change
Read
Reset | 0 ‘ 1 ‘ 1 0 ‘ 0 ‘ 0 1 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0

Note: The defaulf value TPL_CFG register is set considering a transmission fine of 120 2.

11.13 Cell balance configuration register — CBx_CFG

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

Table 47. CBX_CFG

CBx_CFG
$0C  |bit 15 |bit14 |bit 13 |bit12 [bit11 |bit 10 |bit @ bitd8 |bit7 |bit6 |bitS |bitd |bit3 |bit2 (bit1 |hbito
;29
Wite ‘ ‘ CBx_EN
CBx_TIMER
Read 0 0 0 0 0 0 |CBx_STS
Reset| 0 0 0 | 0o | 0 | 0 0 0‘0‘0‘0‘0‘0‘000
Description Cell balance enable
0 Cell balance driver disabled
CBx_EN 1 Cell balance is enabled or re-launched if ovenwritten {restarts the timer count from zero and enables the
driver)
Reset POR
condition
Description Cell balance driver status
0 Cell balance driver is off
CBx_STS 1 Cell balance driver is on
Reset POR
condition
Description Cell balance timer in minutes
000000000 0.5 minutes
000000001 1 minute
CBx_TMER 000000010 2 minutes
111111111 511 minutes
Reset POR
condition

WMC3IZT7IC
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11.14 Cell balance open load fault detection register —- CB_OPEN_FLT

Table 48. CB_OPEN_FLT

CB_OPEN_FLT
14 bit 15 |bit 14 |bit 13 |bit 12 |bit11 [bit10 |bit9 |bit8 |bit7 bit6 |bit5 |hitd bit3 |bit2 |bit1 bit 0
Witite wOcl [0 [ wocl! wocll wod™ {wocl! [wocl Twoc [wod [woc? {wod" [wod' {wocl [wocl!]
Read 0 0 CB14_|CB13_|CB12_|CBM_ |CB10_|CB9_ |CBS8_ |CB7_ |CB6_ |CBS5_ |CB4_ |CB3_ |CB2_ |CB1_
OPEN_| OPEMN_|OPEN_| OFPEMN_| OPEN_| OPEN_| OPEN_| OPEMN_| OPEMN_| OPEMN_| OPEN_|OPEN_| OPEN_| OPEMN_|
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_OPEM_FLT is provided in the FAULTZ_
STATUS[CB_OPEM_FLT]
CBx OPEN 0 Mo open load cell balance fault detected
FLT 1 Off state open load detected
Reset 'POR/Clear on write 0
condition

wilc: wirite 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.

Table 49. CBE_SHORT_FLT

CB_SHORT_FLT
$1B bit 15 bit 14 bit 13 hit 12 bit 11 bit 10 bit 9 bit 8 bit 7 bit & bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
Wiite woc ™ [wad™ [wod™ (w0 woe [w0e®™ [wod™ w0 [woe™ [wod™ w0 [woe™ [wod™ [woc!
Read 0 0 CEl4_ |CBI3_ |CBIZ_ |CBI1_ | CBIO_ |CBS_  |CES_ 'CE!?_ CBE_ |CBS_ |CB4_  |CB3_ |CBZ_ |CBI_
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 o | o 0 0o 0 0 o | o 0 0 0 0 0 0
Description [ cen balancing shorted load fault detection — (info) CBx_SHORT_FLT Ored is provided in the FAULT2[CE _SHORT_FLT)]
. Mo shorted load fault detected
CBx_SHORT_FLT J
Shorted load fault detected
Reset condition . POR/clear anwerite 0
[11  wilc:write O to clear
11.16 Cell balance driver on/foff status register — CB_DRV_STS
Table 50. CB_DRV_STS
CB_DRY_STS
$1C bit 15 |bit 14 |bit 13 |kit 12 |bit 11 bt 10 |bit 9 bit 8 it 7 bit 6 bit 5 bit 4 bit3 |hit2 |bit1 |hitD
Witite
Read 0 0 CB14_|CB13_|CB12_ | CB11_ |CB10_|CEB9_ |CBs_ |CEBY_ |CB6_ |CB5_ |CB4_ |CB3_ CB2Z_ CB1_
STS STS STS 5TS STS STS STS STS  |5TS STS S5TS |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
CBx_STS 0 Driver CBx is off
1 Driver CBx is on

WMC3IZT7IC
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Table 50. CB_DRV_STS...continued

Reset
condition

FOR

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 51. GPIO_CFG1

GPIO_CFG1
$1D bit 15 |bit 14 |bit 13 |bit 12 |bit 11 ‘bit'lO bit 9 ‘bit8 bit 7 ‘bitEi bit 5 ‘bitﬂf bit 3 ‘bitQ bit 1 ‘bitO
Wifite GPIOB_CFG | GPIOS_CFG | GPIO4_CFG | GPIO3_CFG | GPIOZ_CFG | GRPIO1_CFG | GPIOO_CFG
Read 0 0
Reset | 0 | o | o [ 0o | 0 | o o | o o | o o | o 0o | o o | o
Description Register controls the configuration of the GRPIO port
oo GPIOx configured as analog input for ratiometric measurement
01 GPIOx configured as analog input for absolute measurement
GPIOx_CFG 14 ¢g GPI0x configured as digital input
11 GP1O0x configured as digital output
Reset FOR
condition
11.18 GPIO configuration register 2 - GPIO_CFG2
Table 52. GPIO_CFG2
GPIO_CFG2
$1E bit 15 bit 14 hit 13 bit 12 bit 11 bit 10 bit 2 hit 8 hit 7 bit & hit5 hit 4 bit 3 hit 2 bit 1 hit0
Wiite cPi02_ |crion_ | EHOP- | GPios_ |GPIos_ |GRIM_ |GPIOS_ |GPIO2_ |GRIOT_ |GRIOD_
Read i} i} i} i} i} o S0C Wyl ACT DR DR DR DR DR DR DR
Resat a a a a a 0 a a a a a a a a a a
Description GPIO2 used as ADCT_AMDCT_B start-of- conversion. Requires GPIOZ_CFG=10.
0 GPIO2 port ADC trigger is disabled
GRI02_S0C
1 GPIO2 port ADC trigger is enabled. Arising 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 GRIO0_CFG =10.
0 Mo wake-up capabilit
GRIO0_ W P Eer !
1 YWake-up on any edge, transitioning the system from sleep to normal
Reset condition POR
Description GPIO0D activate fault output pin. Valid only when GPIOO_CFG =10.
0 Dioes not activate FAULT pinwhen GPIOD is configured as an input and is logic 1
GRIOO_FLT_ACT
1 Activates the FAULT pinwhen GPIO is configured as an input and is logic 1
Reset condition POR
Description GPIOx pin drive. lgnored except when GPIOx_CFG =11
0 Drive GPIOx to low level
GPIOx_DR

1

Diriv e GPIOx to high level

Reset condition

POR

WMC3IZT7IC
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Table 53. GPIO_STS
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GPIO_STS
$1F bit 15 bit 14 bit 13 hit 12 bit 11 bit 10 bit 2 hit 8 bit 7 bit & hit5 hit 4 hit 3 hit 2 bit 1 hit0
Whtite wlel {wOc  w0cM w0 fwOe wde et
Read a GPIOE_H|GRIOs_H| GRIO4_H|GRIO3_H| GRICZ_H| GRIOT_H|GRICO_H 0 GPIOE_ [GPICs_ | GPIO4_ |GRIO3_ |GRIOZ. |GRIOT_ | GRICO_
ST ST ST ST ST ST ST
Resat a a a a a a a a a a a a a a a a
Description The GPIOx_H bits detects and latches the low to high transition occurring on the GPIOx input
0 Mo high state detected
GPIOx_H
- 1 A high state has been detected
Reset condition POR/clear on write O
Description Real tirne GPI0x status
0 Report GRIOx at low level
GPIOx_ST
- 1 Report GRIOx at high level
Reset condition POR
[11  wilc:write O to clear
11.20 Overtemperature/undertemperature fault register— AN_OT_UT_FLT
Table 54. AN_OT UT_FLT
AN_OT_UT_FLT
$20 bit 15 [bit 14 |bit 13 |bit 12 |bit 11 [bit 10 [bit9 |bit8 |bit7 bit6 |bit5 |hitd bit3a |bit2 |bit1 bit 0
Wifite wocll lwoct! [wocd [wod! [woc! Twod™ |wodl wocll [wocl [wocl'! [woc'! [wocl [wocl!! |wocl!]
Read 0 ANE JANS AN AN [ANZ JANT [AND 0 ANB_ [ANS_ |ANA_ AN JANZ_ [ANT_ |ANO_
_oT o7 |_OT |_OT |_OT |_OT |_OT uT uT uT uT uT uT uT
Reset 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0

Description Owvertemperature detection for AN n®x — Anx_OT ored is provided in FAULT1_STATUS[AN_OT_FLT]

0 Mo overtemperature fault detected

Anx_OT 1 Overtemperature fault detected on Anx
Reset FOR/{clear onwrite 0 (Anx_OT is set again on next cyclic conversion or on-demand corversion if
condition overtemperature persists)

Description Undertemperature detection for AN n®% — Am_UT ored is provided in FAULT1_STATUS[AN_UT_FLT]

[11  wilc:write O to clear

11.21 GPIO open short register — GPIO_SHORT_ANX_OPEN_STS

Table 55. GPIO_SHORT_ANx_OPEN_STS

0 Mo undertemperature fault detected

A _UT 1 Undertemperature fault detected on Anx
Reset FOR/{clear onwrite 0 (Anx_UT is set again on next cyclic conversion or on-demand conversion if
condition undertemperature persists)

GPIO_SHORT_ANx_OPEN_STS

521 bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit & bit 7 bit & bits bit 4 bit 3 bit 2 bit 1 bit0
Whtite wlel  {w0c fw0c w0 w0 w0c wgeM wlel fw0e™ 0™ w0 w0cl | w0clT | w0cl!
Read 0 GRIOE_ |GRIOS_ | GRIOA_ |GRICG_ |GRIOZ2_ | GPIOT_ |GPICO_ 0 AME_ ANS_ A4 AM3_ AN2_ AMT_ AMO_

SH SH SH SH SH SH SH CPEN OPEN OPEN CPEN OPEN OPEN OPEN
Resat 0 0 0 0 0 o 0 0 0 0 0 0 0 0 0 0
GPIOx_SH Description GPIOx short detection GPIOx_SH ored is provided in FAULT2_STATUS[GPIO_SHORT_FLT]
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Table 55. GPIO_SHORT_ANX_OPEN_STS...continued

a

Mo short detected

1

Short detected, pad sense is different from pad command

Reset condition

POR/clear onwrite O

Ay_OPEN

Description

Analog inputs open load detection. AMx_OPEN ared is provided in FAULTZ_STATUS[AN_OPEN_FLT]

Mo open load detected

Open load detected on Anx

Reset condition

POR/Clear On Wite O (AMx_OPEN is set again with open load detect switch closed and open load persists)

[11  wilc:write O to clear

11.22 Current measurement status register — _STATUS

Table 56. I_STATUS

I_STATUS
$22 bit 15 ‘bit14 ‘bit13 bit 12 ‘bitﬂ ‘bitm bit @ ‘bitS bit7 |bit6 |bit5 |bitd |bit3 |bit2 |bit1 bit 0
Witite
Read PGA_DAC 0 0 0 0 0 0 0 0
Reset | 0 o | o o | o | o o | o o oo oo oo o
Description DAC code
00000000 |DAC code is initially all zeros
PGA_DAC 1T1111111 |DAC code to be provided to the PGA (for offset cancellation), calculated through an autozero phase
Reset POR
condition

11.23 Communication status register —- COM_STATUS

Table 57. COM_STATUS

COM_STATUS
$23 bit 15 ‘bitMr ‘bit13 bit 12 ‘bitﬂ ‘biHO hit 9 ‘bitS it 7 bité |bits |hitd bit3  |bit2 |bit1 hit 0
Wite wocl!l
Read COM_ERR _COUNT 0 0 0 0 0 0 0 0
Reset | 0 0‘0 0‘0‘0 0‘000000000
Description Number of communication emors detected
00000000 |0communication errors have been detected
COM_ERR_
COUNT 11111111 | 255 communication errors have been detected. Overflow of counter sets FAULT1_STATUS[COMM_
ERR_OVRE_FLT]. Count remains at 255 until cleared by controller.
Reset FOR/{clear on write 0
condition
[11  wilc:write O to clear
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11.24 Fault status register 1 — FAULT1_STATUS

Table 58. FAULT1_STATUS

FAULT1_STATUS

finpead.

$24 bit 15 [bit 14 |bit 13 [hit 12 |bit 11 |bit 10 |Lit9 bit 8 bit 7 hit 6 bit & bit 4 hit 3 bit 2 bit 1 bit 0

white | wOcl! wocll [wod" lwod" [wocll [wocl! Twod" [wod [wocll wod" [wocll [wocl!!

Read |POR |RESET|COM_ |WPWR [WVPWRE_COM_ |COM_ |CSEB_ |GPIOOLI2C_ |I5_ = AN AN | CT_ CT_

FLT ERR_ |OV_  |Lv_ LOSS_|ERR_ |WUP_ |WUP_ |ERR_ |OL_ |OC_ |OT_ |UT_ |OV_ |Uv_

OVRE_ |FLT FLT FLT FLT FLT FLT FLT FLT FLT FLT FLT FLT FLT
FLT

Reset 1 o= 0" or 0" o or 0 0 0 0 0 0 0 0 0

Notes:

1. Depending on the volfage condiions occcurring on soime pins at the IC inifialization, the initial value of bits marked by an ™ may be

2. Valuesimarked ™ may be Hipped af reset, depending on ifs cause (see bif descriptions).

Description Fower on reset indication (POR)
0 Mo POR
POR 1 Device has PORed
Reset POR/clear on write 0
condition
Description RESET Indication {(nonmaskable)
0 Mo reset
RESET FLT |1 Device has been reset through the RESET pin or by a write command setting the SYS5_CFG1[S0OFT_
- RST]or by a communication loss or an oscillator monitoring fault
Reset POR/clear on write 0
condition
Description Owverflow indicator on the COM_STATUS[COM_ERR_COUNT]
0 Mo error
COM_ERR_ :
OVR_FLT 1 COM_STATUS[COM_ERR_COUNT]wient in overflow
Reset POR/clear on write 0
condition
Description VEWWR overvoltage notification
0 Mo overvoltage (VPWR < VPWR(OY_FLAG)) detected
VPWWR_OW_
FLT 1 Owvervoltage detected (WVPWWR = VEPWR(OV_FLAG), timing filtered)
Reset POR/clear on write 0
condition
Description VEWWR low-voltage notification
0 Mo low-voltage (VPWR = VPWRI(LY _FLAG)) detected
VEWWR_LY —
FLT 1 Low-voltage detected (WVPWWR < VEWR(LY_FLAG), timing filtered)
Reset POR/clear on write 0
condition
Description In nomal mode, each slave device must receive alocal message within the programmed period or
COM_LOSS_FLT flag is set
com_Loss_ |9 No error
FLT 1 Communication loss detected after a reset due to a communication loss
Reset FOR/{clear onwrite O (bit is not cleared if reset was caused by a communication loss)
condition

WMC3IZT7IC
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Table 58. FAULT1_STATUS.. continued

Description Communication error detected
0 Mo error

COM_ERR_

FLT An error has been detected during a communication
Reset POR/clear on write 0
condition
Description CSB walke-up notification
0 Mo walke-up

CSB_WUP_

FLT CEB wake-up detected
Reset POR/clear on write 0
condition
Description GPIO0_ wake-up notification

0
GPIOD_WUP_

Mo walke-up

WMC3IZT7IC

FLT 1 GPIO0 wake-up detected
Reset POR/clear on write 0
condition
Description IQC communication emor during the transfer from EEPROM to the [C
0 No Error
12C_ERR_FLT |4 Error detected
Reset POR/clear on write 0
condition
Description ISENSE pins open load detected
0 Mo open load detected
IS_OL_FLT 1 Open load detected in one or both ISEMSE pins
Reset POR/ clear onwrite 0
Condition
Description ISENSE overcurrent detected (sleep mode only)
0 Mo overcurrent detected
IS_OC_FLT 1 Owercurrent detected from ISENSE inputs
Reset POR/Clear Onwrite 0
condition
Description Analog input overtemperature detection
0 Mo overtemperature detected
AN_OT_FLT 1 Owvertemperature detected in one or more of the Anx analog inputs
Reset FORClear OnWhite 0 all AN_OT_UT[Anx_OT] bits
condition
Description Analog inputs undertemperature detection
0 Mo undertemperature detected
AN_UT_FLT 1 Undertemperature detected in at least one of the seven analog inputs
Reset POR/Clear OnWhite 0 all AN_OT_UT[ARNx_UT] bits
condition
Description Cell terminal overvoltage detection
CT_OV_FLT |0 Mo overvoltage detected

1

Owervoltage detected in one or more of the 14 cell terminals
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Table 58. FAULT1_STATUS.. continued

Reset FOR/{clear on wirite 0 all CELL_OW[CTx_0OV] hits
condition
Description Cell terminal undervoltage detection
0 Mo undervoltage detected
CT_UV_FLT 1 Undervoltage detectionin at least one of the 14 cell terminals
Reset FOR/{clear onwirite 0 all CELL_UW[CTx_UUV] bits
condition

[11  wilc:write O to clear

11.25 Fault status register 2 —- FAULT2_STATUS

Table 59. FAULT2_STATUS

FAULTZ_STATUS

§25 hit 15 [bit14 | hit13 hit12 | hit 11 hit10 | hit3 hit 8 hit 7 hit & hit 5 hit 4 hit 3 hit 2 hit 1 hit 0
Whtite wlcll (w0 [wocl w0 (w0 w0 e e wocd! wlcll w0 [ wocd!
Read |WCOM_ [WCOM_ |“WANA | NANA_ |ADCT_ [ADC1_ [ GND_ |IC_ IDLE_ | AN_ GRIO_ |CB_ CE_ 0SC_ |DED_  |FUSE_
OV FIT |Uv FIT |ov FLT | FOT |BFLT |AFLT |LOSS  |TSD_  |MODE_ |OPEM_ |SHORT_|SHORT_|OFEM_ |ERR_  |ERR_  |ERR_
FLT FLT FLT FLT FLT FLT FLT FLT FLT FLT
Reset o o o o 0 0 o 0 0 0 0 0 0 o o o+
Notes:

1. Depending on

the voltage conditions occuring on some pins at the 12 initialization, the nitial value of bits marked by an ™ may be flipped
2. Values marked ™ may be fiiped at resat, depending on ¥scause (see bit descriptions) .

Description WCOM overvoltage notification
0 Mo overvoltage detected
WOOM_OW FLT
-7 1 Cwervoltage has been detected on VCOM supply
Reset condition POR/clear onwrite O
Description WCOM undery oltage notification
0 Mo undervoltage detected
WOOM_ LW FLT
-7 1 Undervoltage has been detected on YCOM supply
Reset Condition POR/clear onwrite O
Description WANA overyoltage notification
0 Mo overvoltage detected
WA ChOFLT
-7 1 Cwervoltage has been detected on the WANA supply
Reset condition POR/clear onwrite O
Description WANA undervoltage notification
0 Mo undervoltage detected
WA LY FLT
-7 1 Undervoltage has been detected on the WANA supply
Reset condition POR/clear onwrite O
Description ADC1_B fault notification
0 Mo fault detected
ADC1_B FLT
- 1 ADC1_B fault (over or undervoltage has been detected on MEAS VBG_DIAG_ADC1E)
Reset condition POR/clear onwrite O
Description ADCT_A fault notification
0 Mo fault detected
ADCT_A FLT

1

ADCT_Afault (over orundervoltage has been detected on MEAS VBG_DIAG_ADC1A)

Reset condition

POR/clear onwrite O

GND_LOSS_FLT

Description

Loss of ground hasbeen detected on DGMD or AGND

a

Mo errar

1

Loss of ground detected

Reset condition

POR/clear onwrite O

IC_TSD_FLT

WMC3IZT7IC

Description

IC thermal limitation notification

a

Mo thermal limitation detected
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Table 59. FAULT2_STATUS.. continued

1

Thermal limitation detected

Reset condition

POR/clear onwrite O

IDLE_MODE_FLT

Description

IDLE mode notification

Mo natification

The system has transitioned through idle mode

Reset condition

POR/clear onwrite O

AN_OPEN_FLT

Description

Analog inputs open load detection

Mo open load detected

Open load detected in one of the seven analog inputs

Reset condition

POR/clear on write O all GPIO_SHORT _ANx_OPEN_STS[ANx_OPEN] bits

Description

GPIO short detection

Mo short detected

0
GPIO_SHORT_FLT

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

Reset condition

POR/clear an write 0 all GPIO_SHORT _ANx_OPEN_STS (GPI0w_SH) bits

CB_SHORT_FLT

Description

Cell balance shor-circuit detection

Mo short-circuit detected

On state short-circuit detected in one or more ofthe 14 cell balancing switches

Reset condition

POR/clear onwrite 0 all CB_SHORT_FLT[CBx_SHORT] bits

Description Cell balancing open load detection
Mo cell balance open load detected
CE_OPEM_FLT - - -
Off state open load detected in one or mare of the 14 cell balancing switches
Reset condition POR/clear onwrite O all CB_OPEN_FLT[CBx_OPEM] bits
Description Low- powwer oscillator error
Mo error
050 _ERR_FLT - - - —
The low-power oscillator frequency is out of range after a reset due to an oscillator monitaring fault
Reset condition POR/clear onwerite O (bit is not cleared if reset was caused by an oscillator monitoring fault)
Description ECC errar, double error detection
Mo error
DED_ERR_FLT

Adouble error has been detected (and only one corrected) in the fuses

Reset condition

POR/clear onwrite O

FUSE ERR_FLT

Description

Errar in the loading of fuses

Mo errar

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

Reset condition

POR/clear onwrite O

[11  wilc:write O to clear

WMC3IZT7IC
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11.26 Fault status register 3 — FAULT3_STATUS

Table 60. FAULT3_STATUS
FAULT3_STATUS

$26 bit 15 [bit 14 |bit 13 [hit 12 |bit 11 |bit 10 |Lit9 bit 8 bit 7 hit 6 bit & bit 4 hit 3 bit 2 bit 1 bit 0
Witite wocll lwocd"l Twod" fwocll [wocll lwoc {wocd [wocl'l [wodl fwod! [wocl! [woct [wocl! {wocll |wocl!]

Read |CC_ |DIAG_|EOT_ |EOT_ |EOT_ |EOT_ |EOT_ |EOT_ |EOT_ |EOT_ |EOT_ |EOT_ |EOT_ |[EOT_ |EOT_ |EOT_

ovR_ |TO_ |CB14 |CB13 |CB12 |CB11 |CB10 |(CB8 |CB& |CBY |CB6 (CBS |CB4 |CB3 |CB2 |CB1
FLT FLT

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CC_OVR_FLT |Description Owerflow indicator on the COULOMB_CNT1, 2[COULOMEB_CNT]or CC_NB_SAMPLES

0 Mo emraor
1 COULOMB_CNT1 2[COULOMB_CNT] or CC_NB_SAMPLES went in overflow
Reset ' POR fClear On Wite 0 CC_P_OWVF CC_MN_OVF, SAMP_OVF and CC_OWT
condition
DIAG_TO_ Description Timeout of diagnostic state
FLT 0 Mo timeout
1 The system has exited itself from diagnostic state aftertimeout
Reset POR/clear on write 0
condition
EOT_CBx Description End of time cell balancing notification — indicates when a cell balance timer has expired and driver has
been shutoff
0 .CeII balance timer has not timed out
1 Cell balance timer has timed out
Reset FOR/{clear on write 0
condition

[11  wilc:write O to clear

11.27 Fault mask register1 — FAULT_MASKA1

The FAULT _MASKI1 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 61. FAULT _MASK1

FAULT_MASK1
27 bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit9 bit & bit 7 bit & hit5 hit 4 bit 3 hit 2 bit 1 hit0
Wiite MBS | MASK [ MASK. | MASK [ MASK | MASK. | MASKD | MASK  [MASK | MASK. | MASKD | MASK | MASK
Read 0 0 0 12_F 1n_F 10_F a_F g_F 7_F 6_F 5_F 4_F 3_F 2_F 1_F o_F
Resat a a a a a 0 a a a a a a a a a a
Description Prevent the corresponding flags in FAULT1_STATUS to activate the FALLT pin
0 The flag in position () activates the FALLT pin
MG F
- 1 Mo activation
Reset condition POR

11.28 Fault mask register 2 — FAULT_MASK2

The FAULT _MASK2 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.
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FAULT_MASK2
$28 bit 15 |bit 14 |bit 13 |bit 12 |bit11 [bit10 |bit9 |bit8 |bit7 bit6 |bit5 |hitd bit3 |bit2 |bit1 bit 0
Wfite MASK | MASK | MASK | MASK_| MASK_|MASK_ MASK_| MWASK | MASK | MASK | MASK | MASK_| MASK_|MASK_|
Read |15.F [14_F [13_F [12_F |M_F [10_F |9_F 0 0 6_F 5 F 4 F 3F 2 F 1F 0_F
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Description Frevent the comesponding flags in FAULTZ _STATUS to activate the FALULT pin
0 The flag in position {(x) activates the FAULT pin
MASK x_F 1 Mo activation
Reset POR
condition

11.29 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 63. FAULT MASK3

FAULT_MASK3
§29 bit 15 bit 14 hit 13 bit 12 bit 11 bit 10 bit 2 hit 8 hit 7 bit & hit5 hit 4 bit 3 hit 2 bit 1 hit0
Wiite MASK [ MASK | MASK | MASKD | MASK [MASK | MASK [ MASK | MASK. | MASKD | MASK [ MASK [ MASK. | MASKD | MASK | MASK
Read 15_F 14_F 13_F 12_F 1n_F 10_F a_F g_F 7_F 6_F 5_F 4_F 3_F 2_F 1_F o_F
Reset 0 0 o | o 0 0|0 0 0 | o 0 0 o | o 0 0
Description Prevent the corresponding flags in FAULT3_STATUS to activate the FALLT pin
0 The flag in position () activates the FALLT pin
MG F -
1 Mo activation
Reset condition POR

11.30 Wake-up mask register 1 - WAKEUP_MASKA1

The WAKEUP_MASK 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 64. WAKEUP_MASK1

WAKEUP_MASK1
B2A, bit 15 bit 14 hit 13
Wite
Read 0 0 0
Reset ‘ 0 0 0
Description
MG F ?
Reset condition

Bt12  |bit11 |bit10  |bk9  |bits  |bit7  |bkE  |bit5  |bit4  |6k3  |bit2  |bitd bitD
MASK | MaASK_ MASK_ MASK  |MASK | MASK  |MASK  [MASK
2F |11 F 0 0 0 |7F 0 0 |4F  |3F  |2F 1F  |oF

[ 1 o | 0 0 1 | o 0 1 1| 1 1

Prevent the corresponding flags in FAULT1_STATUS to wake-up the device
The flag in position () wakes the device up, when active

Mo wake-up is possible by this source

POR

11.31 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.

WMC3IZT7IC
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Table 65. WAKEUP_MASK?2

WAKEUP_MASKZ
$2B bit 15 bit 14 hit 13 bit 12 bit 11 bit 10 bit 2 hit 8 hit 7 bit & hit5 hit 4 bit 3 hit 2 bit 1 hit0
Wikite MASK [ MASK | MASK | MASKD | MASKD [ MASK | MASK | MASK | MASK_ | ATk Mask_ [ MASK_
Read 15_F 14_F 13_F 12_F 1n_F 10_F a_F g_F 0 0 5_F 4_F 0 2_F 1_F 0
Reset 1 1 R 1 R 1 0 | o 1 1 T 1 0
Description Prevent the corresponding flags in FAULTZ_STATUS to wake-up the device
0 The flag in position () wakes the device, when active
MG F -
1 Mo wake-up is possible by this source
Reset condition POR

11.32 Wake-up mask register 3 - WAKEUP_MASK3

The WAKEUP_MASKS3 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 66. WAKEUP_MASK3

WAKEUP_MASK3
$2C bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit9 bit & bit 7 bit & hit5 hit 4 bit 3 hit 2 bit 1 hit0
Witite ATk hSR, | MASK [ MASK | MASK  MASK. | MASK_ [ MASK. | MASK [ MASK | MASK | MASKD | MASK [ MASK | MASK
15_F 13_F 12_F M_Fk [10_F a_F g_F 7_F 6_F 5_F 4_F 3_F 2_F 1_F o_F
Read - a - - - - - - - - - - - - - -
Resat 1 a 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 () wakes the device, when active
MG F -
1 Mo wake-up is possible by this source
Reset condition POR

11.33 Coulomb count number of samples register - CC_NB_SAMPLES

The CC_NB_SAMPLES register contains the 16-bit value, which represents the number of samples
accumulated in the coulomb counter at the moment of copying its value to the COULOMB_CNT registers.

Table 67. CC_NB_SAMPLES
CC_NB_SAMPLES

$20  |bit 15 ‘bit14 ‘bit13 bit 12 ‘bitﬂ ‘biHO bit 9 ‘bit8 ‘bit? bit ‘bitS ‘bitﬂf ‘bitS bit 2 ‘biH ‘bitO
Wikite

Read CC_MNB_SAMPLES

Reset | 0 o | o o | o | o o | 0 | o o [ o | o | o0 o | 0 | o0
Description Mumber of samples accumulated for the coulomb count value

EEME?ES Reset . POR/ADC_CFG[CC_RST]
condition

11.34 Coulomb count register - COULOMB_CNT

The COULOMB_CNT register contains the current 32-bit value of the accumulated current samples.
Data representation is signed two's complement, with Vores resolution. Division of ACOULOMB_CNT by
ACC_NB_SAMPLES provides the average current, where the operator A denotes the variation over two

different readings of a state. Subsequent multiplication by the corresponding elapsed time At provides the
charge flowed out/in of the battery.
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Table 63. COULOMB_CNT1
COULOMB_CNT1

$2E  |bit 15 ‘bit14 ‘bit13 bit 12 ‘bitﬂ ‘biHO bit 9 ‘bit8 ‘bit? bit 6 ‘bitS ‘bitﬂf ‘bitS ‘bitQ ‘biH ‘bitO
Wiite

Read COULOMB_CNT_MSB
Reset | 0 0‘0 0‘0‘0 0‘0‘0 0‘0‘0‘0‘0‘0‘0
Description Coulomb counting accumulator
COULOMB_ -
CNT MSE Reset PORMADC_CFG[CC_RST]
- condition

Table 69. COULOMB_CNT2
COULOMB_CNT2

$2F bit15‘bit14‘bit13 bit12‘bit11 ‘bit10 bit 9 ‘bitB ‘bit? bit 6 ‘bits ‘bit4 ‘bitS ‘bit2 ‘bit1 ‘bitO

Write

Read COULOMB_CNT_LSB

Reset| 0 o‘olo‘o‘o 0‘0‘0 0‘0‘0‘0‘0‘0‘0
Description | Coulomb counting accumulator

COULOMB_ i
CNT_LSB Reset POR/ADC_CFG[CC_RST]

condition

11.35 Current measurement registers — MEAS_ISENSE1 and MEAS_ISENSE2

The MEAS_ISENSEX registers contain the signed two’s complement value of the battery current measured on
demand.

Table 70. MEAS_ISENSE1
MEAS_ISENSE1

$30  |bit 15 ‘bit14 ‘bit13 bit 12 ‘bitﬂ ‘biHO bit 9 ‘bit8 ‘bit? bit 6 ‘bitS ‘bitﬂf ‘bitS ‘bitQ ‘biH ‘bitO
Wite

Read |DATA_
RDY MEAS | _MSB
Reset | 0 0‘0 0‘0‘0 0‘0‘0 0‘0‘0‘0‘0‘0‘0
Description This bit is set when the conversion is complete and the registeris updated. The DATA_RDY bit is cleared
when a request to convert is received either through the SOC or GRPIO2 convert trigger.
A new sequence of conversions is cumrently running
DATA RDY
1 A data is available in MEAS_ISENSEN
Reset POR
condition
Description ISENSE value, compensated in gain and temp, signed
MEAS_|_MSB |peset POR
condition
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Battery cell controller IC

MEAS ISENSE2
F31 bit 15
YWite

Read | DATA
RDY

Resat 0

DATA_RDY

FGA GAIN

ADCZ_SAT

PGA GUHANGE

MEAS | _LSE

bit 14 hit 13
a a
a a

Description

a

1
Reset condition
Description
oo

a1

10

11

Reset condition
Description

a

1
Reset condition

Description

Reset condition
Description

Reset condition

[11  wilc:write O to clear

Bt12  |bit11  |bit10 | bit9 |bit8 bit 7 bit 6 bit5 bit 4 bit 3 bit 2 |hit1 |hitD
I | wc |
0 0 0 ADCZ_ | PGA_ 0 0
PeAGAN | G MEAS | LSB
0 0 i 0 | 0 0 0 0 0 0 0 | 0 | 0

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 GRPIO2 corwert trigger.

| & new seguence of conversions is currently running

| Data is available in MEAS |SENSE2

[FoR

. Reportthe current gain of the ADC2 programmable gain amplifier (automatically settled or not)
4

[ 15

=

[ 256

[FoR

| ADC2 saturation information

| Mo saturation reported

| ADC2 has saturated during the ISENSE on-demand conversion

| POR/clear on write 0

. PGA gain change information during |SEMSE on-dermand corw ersion

| Mo gain change during ISENSE on-demand measurement; result is accurate
[ The PGA gain has changed between the two chopped measurements

| POR/clear on write 0

| 1sENSE value, compensated in gain and ternp, signed

[FoR

11.36 Measurement registers — MEAS_xxXxx

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 72. MEAS_xxxx

MEAS_xxxx
$32to bt 15 |bit 14 |bit 13 |hit 12 [bit 11 |bit 10 bit9 |[bit & |bit7 bité |bits |hitd bit3  |bit2 |bit1 hit 0
4.4,
Witite
Read |DATA_
RDY MEAS 2000
Reset | 0 0‘0 0‘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 GRPIO2 convert trigger.
0 A new sequence of conversions is cumrently running
DATA_RDY
1 A data is available in MEAS o0
Reset 'POR
condition
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Table 72. MEAS_XXXX...continued

Battery cell controller IC

MEAS 3000

Description Value is unsigned, resolution is Vet any pes independently on the selected resolution of ADC_CFG
Reset POR
condition

11.37 Overvoltage undervoltage threshold register — TH_ALL_CT

Resolution for OV threshold and UV threshold are, respectively, Vcroyy and Veruyim.

Table 73. TH_ALL_CT

TH_ALL_CT
$48  |bit 15 ‘bit14 ‘bit13 bit 12 ‘bitﬂ ‘biHO bit 9 ‘bit8 bit 7 ‘bitS ‘bitS ‘bitﬂf ‘bitS ‘bitQ ‘biH ‘bitO
Witite
ALL_CT_OW_TH ALL_CT_UW_TH
Read
Reset'l'l‘[]'l‘o"l1‘11‘0‘0‘0‘0‘0‘0‘0
Description Owervoltage threshold setting for all cell terminals. Enabled through register OW_ILW_EN
ALL_CT_Ov_ [ 11010111 Default overvoltage threshold set to 4.2 W
H Reset FOR
condition
Description Undervoltage threshold setting for all cell terminals. Enabled through register OV_UW_EN
ALL_CT_UY_ [ 10000000 Default undervoltage threshold setto 25
H Reset FOR
condition
11.38 Overvoltage undervoltage threshold register —- TH_CTx
Table 74. TH_CTX
TH_CTx
$4C to (bt 15 |bit 14 |bit 13 |[hit 12 |bit 11 |bit 10 bit9 |[bit & |bit7 bit6 |bit5 |hitd bit3 |bit2 |bit1 bit 0
$59
Witite
CTx_0OV_TH CTx_UV_TH
Read
Reset'l'lO'l‘O"l111‘0‘0‘0‘0‘0‘0‘0
Description Owervoltage threshold setting for individual cell terminals. OV_UY_EN[COMMON_OW_TH] bit must be
logic 0 and OW_UY_EN[CTx_OWVUY_EN] bit must be logic 1to use TH_CTx register as threshold.
CTx_OV_TH 11010111 Default overvoltage threshold set to 4.2 W
Reset FOR
condition
Description Undervoltage threshold setting for individual cell terminals. OV _ILY_EMN[COMMON_UY_TH] bit must be
logic 0 and OW_UY_EN[CTx_OWVUY_EN] bit must be logic 1to use TH_CTx register as threshold.
CTx_UV_TH 10000000 Default undervoltage threshold setto 25
Reset FOR
condition
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11.39 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 75. TH_ANX_OT
TH_Anx_OT

$54to |bit 15 |bit 14 |bit 13 |bit 12 |bit11 |bit 10 |bit9 |bit8& |bit7 |bit6 |bit5 |bit4 |bit3d | bit2 |bit1 bit 0
$60

Witite
AMx_OT_TH
Read 0 0 0 0 0 0
ResetOO00000‘0‘1‘1‘1‘0‘1‘1‘0‘1
Description Owertemperature threshold setting for analog input x
Anx_OT_TH 0011101101 Owvertemperature default set to 1.16
Reset POR
condition

Table 76. TH_ANX_UT
TH_Anx_UT

$61 |bit15 |bit 14 |bit 13 |bit 12 |bit 11 |bit 10 bit9 |bit8 |bit7 |bit6 |bit5 |bit4 |bit3 |bit2 |bit1 |bit0
to

$67
Wkite
Read | O 0 0 0 0 0

Resst/ 0 | 0 0 o |0 o 1 [1|0o]0o]of[o0o][ 1|1 ]|1]0
Description | Undertemperature threshold setting for analog input x

1100001110 |Undertemperature default setto 3.82 V

Reset POR
condition

ANx_UT_TH

Anx_UT_TH

11.40 Overcurrent threshold register— TH_ISENSE_OC

Registers TH_ISENSE_OC contains the programmed overcurrent threshold in sleep mode.

Table 77. TH_ISENSE_OC

TH_ISENSE_OC

$68  |bit 15 |bit 14 |bit13 | bit 12 |bit 11 ‘biHO bit 9 ‘bit8 ‘bit? ‘bitS ‘bitS ‘bitﬂf ‘bitS ‘bitQ ‘biH ‘bitO
Wiite

TH _ISENSE_OC

Read 0 0 0 0

ResetOOOOO‘O 0‘0‘0‘0‘0‘0‘0‘0‘0‘0
Description Sleep mode ISENSE overcurrent threshold, unsigned. Resolution is 1.2 uWALSE.

TH_ISEMNSE_

ac Reset POR
condition
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11.41 Over coulomb counter threshold registers — TH_COULOMB_CNT

The coulomb counter threshold in sleep mode is given by the following two registers.

Table 78. TH_COULOMB_CNT_MSB

TH_COULOMB_CNT_MSB
$69  |bit 15 ‘bit14 ‘bit13 bit 12 ‘bitﬂ ‘biHO bit 9 ‘bit8 ‘bit? ‘bitS ‘bitS ‘bitﬂf ‘bitS ‘bitQ ‘biH ‘bitO
Wite
TH_COULOMB_CNT_MSB
Read
Reset | O 0‘0 0‘0‘0 0‘0‘0‘0‘0‘0‘0‘0‘0‘0
TH_ Description Over coulomb counting accumulator threshold (MSE)
COULOMB_ | peget POR
CNT_MSB condition

Table 79. TH_COULOMB_CNT_LSB

TH_COULOMB_CNT LSB
$6A bit15‘bit14‘bit13 bit12‘bit11 ‘bit10 bit 9 ‘bitB ‘bit? ‘bitG ‘bits ‘bit4 ‘bitS ‘bit2 ‘bit1 ‘bitO
White
TH_COULOMB_CNT_LSB
Read
Reset| O 0‘0 0‘0‘0 0‘0‘0‘0‘0‘0‘0‘0‘0‘0
TH_ Description | Over coulomb counting accumulator threshold (LSB). Resolution is Vores.
COULOMB_ |Reset POR
CNT_LSB condition

11.42 Silicon revision register — SILICON_REV

Table 80. SILICON_REV

SILICON_REY
$6B bit 15 |bit 14 |bit 13 |bit 12 |bit11 [bit10 |bit9 |bit8 |bit7 bit6 |bits ‘bitﬂr ‘bitS bit 2 ‘biH ‘bitO
Witite
Read 0 0 0 0 0 0 0 0 0 0 FREW MREW
ResetOOOOOOOOOOF‘F‘F M‘M‘M
Description Full mask revision
001 Fass 1.x
FREY 010 Pass 2.x
Reset FOR
condition
Description Metal mask revision
0oo Fass y0
MREY 001 . Fass yv.1
Reset FOR
condition
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11.43 EEPROM communication register EEPROM_CTRL

Table 81. EEPROM_CTRL

EEPROM_CTRL
$6C  |bit 15 |bit 14 ‘bit13 ‘bit12 [bit 11 ‘biHO ‘bitg bits |bit7 ‘bitS bit 5 ‘bitﬂf ‘bitS bit 2 ‘biH ‘bitO
Wikite  |RAW EEFROM_ADD DATA_TO_WRITE
Read |BUSY |[ERROR EE_ESENT 0 0 0 0 0 READ._DATA
Reset | 0 0 0 000000‘0 0‘0‘0 0‘0‘0
Description Readfwrite bit, directs the 33771 to read orwrite from EEPROM
0 Wiite
RAN
1 Read
Reset condition POR
EEPROM Description EEPROM address to read orwrite
ADD  [Reset condtion POR
DATA TO Description Data to be written into the EEPROM
WRITE  [Reset condition POR
Description Busy bit
0 Indicates the IC has completed the EEPROM read or wirite operation
PUsY 1 Indicates the IC is in the process of performing the EEFROM read or write operation.
Reset condition POR
Description EEPROM communication error bit.
0 Mo emor occurred during the communication to EEPROM
ERROR
An emor occurred during the communication to EEPROM
Reset condition POR
Description EEPROM detection
EE_ 0 No EEFROM detected
PRESENT 1 EEPROM has been detected and present
Reset condition POR
READ, DATA Description Data read in the EEPROM at address given by EEPROM_ADD
Reset condition POR
11.44 ECC signature 1 register
Table 82. DED_ENCODE1
DED_ENCODE1
$6D  |bit 15 ‘bit14 ‘bit13 bit 12 ‘bitﬂ ‘biHO bit 9 ‘bit8 ‘bit? bit 6 ‘bitS ‘bitﬂf ‘bitS it 2 ‘biH ‘bitO
Witite
Read DED_HAMMING _COUT1_31_16
Reset | 0 0‘0 0‘0‘0 0‘0‘0‘0‘0‘0‘0‘0‘0‘0
DED_ Description Reports the 16 MSBits to encode in the fuse matrix (ECC)
16 — — |condition
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Table 83. DED_ENCODE?2

Battery cell controller IC

DED_ENCODE2
$6E  |bit 15 ‘bit14 ‘bit13 bit 12 ‘bitﬂ ‘biHO bit 9 ‘bit8 ‘bit? ‘bitS ‘bitS ‘bitﬂf ‘bitS ‘bitQ ‘biH ‘bitO
Wifite
Read DED_HAMMING _COUT_1 150
Reset | 0 0‘0 0‘0‘0 0‘0‘0‘0‘0‘0‘0‘0‘00
DED_ Description Report the 16 LSBits to encode in the fuse matrix (ECC)
HAMMING _
couT 1 15  |Reset POR
0 condition
11.46 FUSE mirror and data control
Table 84. FUSE_MIRROR_DATA
FUSE_MIRROR_DATA
$6F  |bit 15 ‘bit14 ‘bit13 bit 12 ‘bitﬂ ‘biHO bit 9 ‘bit8 ‘bit? bit 6 ‘bitS ‘bitﬂf ‘bitS ‘bitQ ‘biH ‘bitO
Wifite
FMR_DATA
Read
Reset | 0 0‘0 0‘0‘0 0‘0‘0‘0‘0‘0‘0‘0‘0‘0
Description Fuse mirror data to read or write
FMR_DATA - IReset POR
condition
Table 85. FUSE_MIRROR_CNTL
FUSE_MIRROR_CNTL
$70 bit 15 |bit 14 |bit 13 |bit 12 ‘bitﬂ ‘bitm bitd |bitg |hit7 bité |bits |hitd bit3d  |hbit2 ‘biH ‘bito
wrte | wocll ‘ FSTM FST
Read |SEC_ 0 0 FMR ADDR 0 0 0 0 0
ERR_ - FET_ST
FLT
ResetOOOO‘O‘OOOOOOOOO‘O‘O
Description ECC ermor, single error correction
0 Mo emraor
SEC ERR_
1 A single emor has been detected and corrected. The 1C is usable, must not be considered defective.
FLT
Reset FOR/{clear on write 0
condition
Description Fuse mirror register address
FMR_ADDR  |Reget POR
condition
Description Fuse state write mask. This hit controls the write access to the FST[2:0] bits.
0 Whiting in FST bits has no effect
FSTM 1 FST bits are unlocked forwriting
Reset FOR
condition
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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 ooo Referto Section 9.13 for bit description.
Reset FOR
condition
Description Fuse state control. Read in this register enables to trace the current state
FST ST ooo Referto Section 9.13 for bit description.
Reset FOR
condition
[11  wilc:write O to clear
11.47 Reserved
Table 86. RESERVED
Reserved
$71to (bt 15 |bit 14 |bit 13 |hit 12 |[bit 11 |bit 10 bit@ |bit& |bit7? |bit6 |bit5 |bitd4 |bit3 |bit2 |bit1 bit 0
FFF
Wytite
Do not change
Read
ResetO‘O‘O 0‘0‘0 0‘0‘0 0‘0‘0‘0‘0‘0‘0
11.48 Fuse bank
Table 87. FUSE_BANK
Bank address Data
D15 ‘014 ‘013 D12 ‘011 ‘mo D9 |D8 ‘D? ‘Db‘ ‘05 D4 ‘DS ‘DZ ‘01 ‘DO
$00 GCF_cold_c13 GCF_room_c13
$01 GCF_cold_c11 GCF_room_c11
$02 GCF_cold_¢9 GCF_room_c9
$03 GCF_cold_¢7 GCF_room_c7
$04 GCF_cold_¢5 GCF_room_c5
$05 GCF_cold_¢3 GCF_room_c¢3
$086 cold_c2vs1 GCF_room_c1
$07 GCF_hot_c13 GCF_hot_i256 GCF_cold_i256
308 GCF_hot_c11 GCF_hot_i64 GCF_cold_i64
$09 GCF_hot_c9 GCF_hot_i16 GCF_cold_i186
$0A GCF_hot_c7 GCF_hot_i4 GCF_cold_i4
$oB GCF_hot_c5 GCF_ANx_ratio room._ hot_c14vs13
cldvsi3
$oC GCF_hot_c3 hot_c2vs1 room_ hot_c12vs11
cl2vsii
$0D Singl cold_ cold_ cold_ room_
side | S2-°Met | i4vs13 | cizvst1 | clovse | CO9CBYSE | iousg hot_c10vs9
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Table 87. FUSE_BANK...continued

Bank address Data
D15 D14 D13 |D12 ‘011 ‘mo Do D8 D7 D6 [D5 |D4 D3 |D2 ‘01 Do

$08 GCF_hot_c1 cold_cBvs7 | cold_cvs3 | T hot_c8vs7

$oF GCF_stack room_c2vsi room._ hot_c6vs5
cbvsh

$10 GCF_cold_c1 GCF_IcTermp room._ hot_c4vs3
cdvs3

$11 cold Vbgp2vsi GCF_i256

$12 cold Vbgplvsi GCF_i64

$13 hot_Vbgp2vs1 GCF_i16

$14 hot_Vbgplvs1 GCF_i4

$15 room_Vbgp2vs1 room_Vbgplvsi

$186 DED_ENCODE 2

$17 DED_ENCODE1

$18 Traceability

$19 Traceability

$1A Reserved Traceability

12 Safety

12.1 Safety features

MC33771C was developed as a Safety Element out of Context (SEooC). All the assumptions of use taken into
account are described in the Safety manual.

MC33771C has been developed to be ASILC Qualified. Nevertheless, the MC33771C can be employed

within systems performing ASIL D functions, since the MC33771C can achieve the corresponding 1SO 26262
architectural metrics. This holds true only if the system integrator uses all safety mechanisms recommended in
the safety manual, under the stated conditions of use and the fulfillment of the assumed general and specific
requirements stated therein.

Diagnostics and safety features of the device are not described in the present document. To know about them,
the user is referred to the MC33771C Safety Manual, whose information content is essential for any safety
related application.

13 Typical applications

13.1 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
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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.
13.1.1 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 34,

1
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i
. 3 ml
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i Mc3z7ric | | o
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3 MC 33664 : . | =
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1 1 0
- ::J: ------------------------------ _ ISOLATION
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i [ | =
]
]
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i
aas-032627
Figure 34. Centralized battery monitoring system with capacitive isolation
The centralized battery monitoring system using transformer isolation is shown in Figure 35
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Figure 35. Centralized battery monitoring system with transformer isolation

13.1.2 Distributed battery management system
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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 36. Distributed battery monitoring system

13.1.3 Multiple daisy chain
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In a distributed system, the MC33771C ICs can be connected in multiple daisy chains. The number of daisy
chains supported by the MC33771C 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 37. Example of multiple daisy chain.
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13.1.4 Loop-Back Daisy chain

In a distributed system, the MC33771C 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 Slave Slave Slave Slave Slave
SPIL SCLK_TX Node Hade [€— Hade &= Nade [ Hade Made G‘\
() (1} (2} (3} (4} (31} ~
512 | SCLK_RX ‘\‘
CSB_RX \
k—M——=—1 MC33664 \
|
MCU !
1 CSB_TX Master ":
SPI TX Node Slave Slave 7
— Hade Hade ="
{1} (53 (52}
sp13  SCLK_RX]
« CBRXl mcazess

aag-02 7ag!

Figure 38. Example of loop-back daisy chain.

Note: inthe case of a loop-back daisy chain configuration, the MCU shall use only one master node at a time
for communicating with the MC33771C IC.

Note: If muitiple 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.

13.2 MC33771C External Components

This section provides information about recommended external components and how to select them.
13.2.1 Cell terminal filters

Figure 39 and Figure 44 show the recommended second order low-pass filters for cell voltages.
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Figure 39. Second order cell terminal filters and cell balancing resistors (internal cell balancing MOSFETs are

shown for clarity)

Table 88. CT filter components

ID Value Units Comments

Cur 0.047 HF Value used and tested at NXP Semiconductors to withstand ESD gun and hot plug

Ry pF-1 3 k2 Value used and tested to withstand hot plug at NXP. Low-pass filter resistor R pr_;
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) .

Cilrr 0.1 HF This capacitance value together with R_pr_; 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).

Ripr.o 2 k(2 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.

C 0.01 HF 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 c Rga /5 Q Maximum value

Using the arrangement shown in Figure 39, the filter cut-off frequency in Hz, depending on the measurement
time constant 7, is given by the following formula.

WMC3IZT7IC

Allinformation prowided in this document iz subject to legal disclaimers. @ 2024 MXFP B Allrights resenred.

Product data sheet

Document feedback
106 /138

Rev. 7.0 — 16 July 2024



NXP Semiconductors

MC33771C

Battery cell controller IC

fcut =1/(2n7) (1

T = Rppr-1CrpF 2

For noisy applications if the customer cannot guarantee to keep CTREF voltage within the limits described
in Table 8 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 Rlpf1 resistor (CT_REF pin low pass filter).

13.2.2 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 40, 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 41. 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 CTS. Stacked cells arrangements from 7 to 14 cells are described in
Table 89.

Table 89. Stacked cells arrangements

stacked cells

Cell 14 13 12 11 10 g 8 7
1 ' CT_REF/CT1 |CT_REF/ACT1 |CT_REF/CT1 |CT_REF/CT1 |CT_REF/ACT1 |CT_REF/CT1 |CT_REF/CT1 |CT_REF/CTI
2 CTUCTZ CTVCT2 CT1/CTZ2 CTVCT2 CTVCT2 CTUCTZ CTVCT2 CT1/CT2
3 CT2/CT3 CT2/CT3 CT2/CT3 CT2/CT3 CT2/CT3 CT2/CT3 CT2/CT3 CT2/CT3
4 (CTa/CT4 CT3/CT4 CT3/CT4 CT3/CT4 CT3/CT4 CT3/CT4 CT3/CT4 CT3/CT4
5 CT4/CTS CT5/CTH CTB/CTT CT7/CTS CT8/CTY CT9/CT10 CT10/CT 11 CT1M/CT12
4] CTS5/CTE CTB/CTT CTT/CTE CT8/CTY CTY/CT10 CT10/CT 11 CT1MICT12 CT12/CT13
7 (CTe/CTT CT7/CTS CT8/CTS CT9/CT10 CT10/CT 11 CTA/CT12 CT12/CT13 CT13/CT14
8 CTT/CTS CT8/CTY CT/CT10 CT10/CT 11 CT1M/CT12 CT12/CT13 CT13/CT14
g CT8/CTS CT9/CT10 CT10/CT 11 CT1MICT12 CT12/CT13 CT13/CT14
10 CcT9/CT10 CT10/CT 11 CT1M/CT12 CT12/CT13 CT13/CT 14
11 CT10/CT 11 CT1MICT12 CT12/CT13 CT13/CT14
12 CTA/CT12 CT12/CT13 CT13/CT14
13 (CT12/CT13 CT13/CT14
14 CT13/CT14
Notes:

» CT5is always populated with the full low-pass fifter.
» 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 (this is also valid for the

7 to 8 channels version). As shown, several external components may be removed. Cell balancing resistors
(Rga ) of unused cells are to be mounted and terminated at the positive terminal of cell 4. Resistors for hot plug
protection R pr.> must also be mounted.

A different number of missing cells leads to an application diagram analogous to Figure 41 . In general, ifthe
cluster has N missing cells, it is possible to save N-2 times Cyr, N-2 times R pp-1, N-2 times C pr and N times
Ciy mentioned in Table 88.
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13.2.3 Hot plug protection

The VPWR ling, shown in Figure 43, 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 Rypywp provides better protection. The
drawback of higher Rypywr is higher voltage drop. The minimum battery voltage (Vga7 ) supplying the device
through the R, resistoris 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
Vypwir_ct have a negative impact on cell measurement accuracy.

mil’l[VBAT) = maX[VPWR[UV_POR] +Rypwr [max[fvPWR[TPL_TX]J"' max[i'um_vcommm] + max{]L[M_VANA[OC)] ] ] (12

In order to withstand hot plug, it is mandatory to use Zener diodes as shown in Figure 43 close to the VPWR
line. In general, all components, whose values are given in Table 90, are mandatory to protect the IC when

a connection is made to the battery pack. Changing the value of any extemal components listed in Table 90
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, ISENSE+ and ISENSE- 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 lowing 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 intemal 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 43. Top cell terminal filters and balancing resistors, VPWR1, 2 components to withstand hot plug

Table 90. Components to avoid hot plug issues

ID
D

Value
75

Units

v

Comments

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

Dy

43

v

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_Cis60V.
For example, use MMSZ5260BT1G (43v) or BZX384-B43.

D3

27

D3 israted 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_10:9is 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.

D2

20

D2 israted 20V, because max operating voltage between VPWR and CB_12is 10
V and typical internal ESD clamping voltage between VPWR and CB_12is 50 V. For
example, use MMSZ5250BT1G (20v) or BZX384-B20.

Dy

Rypwr

Cup1
Cypa

WMC3IZT7IC

2x82

10
220

nF
nF

D1 israted 16.4 V, because max operating voltage between VPWR and CB_14 is
10V and typical internal ESD clamping voltage between VPWR and CB_14is 50V.
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.

Reducing resistance value may jeopardize hot plug capability. Power rating is 0.1 V.
To withstand hot plug, this value must not be changed

Ceramic capacitor
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Table 90. Components to avoid hot plug Issues...continued

ID Value Units Comments

™S 8 vV If Vpyyr = 55 V during hot plug then a TVS (PESD5V0V1 BB or equivalent) should be

{optional) added between CT14 and VPWR. The indicated voltage is the nominal breakdown
voltage.

13.2.4 Current channel filter

The current channel may be filtered as shown in Figure 44. Example component values are given in Table 91.

RLPF-1 RLPF-2 CT. 2
%CHF % - MC33771C
RBAL cB_2
~— CELL2
—=CiN | MOsBaL 2
RBAL C CB 211 C
‘ RLPF-1 RLPF-2 CT_1
CHF %CLPF ~i_MOSBAL 1
= CIN
—— CELL1
ReAL CB_1
l RLPF-1 RLPF-2 CT_REF
'L CHF ‘L CLpF == CIN
I RLPFI I I ISENSE+
74
[]RSHUNT il CHFI zjl = CLeF -L Cd
I ' RLPF E T ISENSE-
Lo L
CHFI di CLPFI AGND
Zdi I
I aaa-034576

Figure 44. Bottom cell terminal filters, cell balancing components and current channel filter

Table 91. ISENSE filter components

ID Value Units Comments
Chr 47 nF This component serves to withstand ESD gun and its value must not be changed
Ripri 127 Q Warning: do not exceed 200 2. Use 5 % tolerance. Used value is to get both fout =

91.8 Hz and fioy = 26.67 kHz. See Equation (13), Equation (14), Equation {16}, and
Equation {(17).

Cq 6.8 HF This example value has been chosen to get foum = 91.8 Hz and tpjac £ 31.7 ms. See
Equation (13), Equation (14}, and Equation {15). Use 5 % tolerance.
Clrr 47 nF Value is chosen in order to get: 91.8 Hz, s = 31.7 ms and fiy = 26.67 kHz. See

Equation (13), Equation {14}, Equation {15}, Equation {16) and Equation {(17). Use 5
% tolerance.

ZDI 2.0 vV To protect during hot plug in case one of the ISENSEZ pin is connected before GND
of the device. Recommended MMSZ4679T1G.

The signal cutoff frequency (in Hz) arrangement shown in Figure 44 of the current channel external filter
depends on the measurement time constant 7| given by Equation (14).
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fcuti =1/ (2mtg) (13)

Ty = Rpppi(Crppy + 2Cy) (14

The diagnostic time to detect an open from the shunt to the current filter arrangement shown in Figure 44, is
given by:

VISENS}:.'—OL + | Rshunt ‘rmax |

taiag = (Crprr + Cq) (19)

'JSENSE—(JL

The current channel external filter arrangement shown in Figure 44 of the common mode cutoff frequency in Hz,
depends on the measurement time constant 7., given by the following formula, whose numeric result should
be selected one detected above the signal cutoff frequency.

ff{.‘m =1/(20T1em) (16)

Tiem = RipriCrprr (17)

Above equations must be taken into account when considering the procedure described in Current
measurement diagnostics to detect an open connection between ISENSE+ and the input filter. Values for
Visense oL and lisgnse oL are given in Table 8, values for the shunt resistance Rgyynt and the maximum

current 4 through it are application specific, while example values for the filter capacitors and resistors can
be found in Table 91.

13.2.5 Temperature channels

Figure 45 shows usage of GPIOX as analog inputs (ANX) for temperature measurements. If not used, each
GPIOX may be shorted to GND.
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Figure 45. GPIOx used as ANX
Table 92. ANx filter components
ID Value Units Comments
Rtc 6.8 k2 Component with 1 % tolerance, for accurate temperature measurement. Proposed

value, together with all other proposed values, gives approximately f-, 11 = 10 kHz.
See Equation (18), Equation {19), Equation (20}, and Equation (21).

RuTe 10 k(2 Nominal resistance value is given at 25 °C, tolerance must be 5 % or better
Cute 1.2 nF This component is for ESD protection
RiprT 33 k2 Influences the channel bandwidth. See Equation {(18), Equation (19), Equation (20),

and Equation (21).

ClrrT 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 45 of GPIOX used as radiometric
analog inputs, depends on the measurement time constant 77, given by the following formula. Ideally, the
current channel should have the same bandwidth as cell voltage channels.

feutt =1/ @2nrp) (18)
where,
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Ty - max(7y,T;) (19
7y = (Rper + (RrcRyre)/ (Rre + Ryre))Crprr (20)
Ty = Cnre(RrcRyre) / (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 46.

WCOM
[‘] RTC = cTC

RLPFT1 RLPFT2  gpjop
J_ - LPFT1 J‘ CLPFT2

ICNTC RNTC I ere I
LT -|- RPTZ  gPio1
lc . J‘ CLPFM _L CLPFT2

I e e E cTC I
'P_Fr|1 T RPFTZ  gpioz
J_ 'J' CLPFTI J‘ CLPFT2

CNTC ] RTG ;l' I

c1C
I LPFTI T RPFT2  gpioa|  MC33771C

J_ L CLPFH J‘ CLPFT2

CNTe p RNTC I I
I [‘] -|- RPT2 gpios
lCNTC i LF'Fr1 f CLPFTZ

I cTC

iy -|- RLPFT2  gpios
l ‘L CLPFTI ‘L CLPFT2

CNTe M Rute I I

cTC

I HLPFT T RLPFT2  gpios
l J‘ CLPFTY J‘ CLPFT2

I cnte | Rnte 'vl' I
AGND

Figure 46. GPIOx used as ANX (with 2nd order filter)

888034579

Table 93. ANx second order filter components

ID Value Units Comments

Rtc 6.8 k2 Component with 1 % tolerance, for accurate temperature measurement
Crc 1.2 nF

Rytc 10 k2 Nominal resistance value is given at 25 °C, tolerance must be 5 % or better
Cute 1.2 nF This component is for ESD protection

ClprT1 1.2 nF 5 % tolerance or better

R prT 3.3 k(2

WMC3IZT7IC
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ID Value
Clrrr2 1.2
Riprro 3.3

Units
nF
k(2

Comments

13.2.6 Centralized applications

5 % tolerance or better

13.2.6.1 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 47. The second segment displays the
extemal components between two MC33771C ICs as shown in Figure 48. In high voltage system applications, a
high voltage isolation transformer is recommended between master node and first slave node.

MASTER NODE

FED

il
]}
>
T

MC33664

CTPL

HH

RTRM
PROT

RTRM CTRM

ROTH- FED

CTPL
T

I?

GMNDS

GMNDT

DGHD

e
ROT

SYRDTH_IN+

choke +1:1 TR

PROT

il
!

CBCC

SCLKRDTH_IN-

K KPH

PROT

'LCEICC
7

CGMND

SPI_COM_EN

GMNDREF/GNDSUB

W

MC33771C

Figure 47. Master node in a centralized application with transformer isolation

aa3-033357

Table 94. Master node components for a centralized application with transformer or capacitive isolation

ID Value Units Comments

CrpL 68 pF Ceramic capacitor

Crrm 4.7 nF Ceramic capacitor for split termnination of MC33664

R1em 75 Q Split termination resistor for MC33664

PROT 8 vV ESD protection. Use PESD5VOV1BB or equivalent. The indicated
voltage is the nominal breakdown voltage.

Rrap 150 Q Center tap resistor

Crap 10 nF Center tap capacitor

WMC3IZT7IC
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Table 94. Master node components for a centralized application with transformer or capacitive isolation...continued

ID Value Units Comments
Cace -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.

13.2.6.2 Centralized applications - Capacitive isolation - Slave node

Ciso Cigo
SIRDTH_IN + RDTH_OUT+ SIVRDTH_IN+ RDTx_OUT+
— T ———| T —
Caee SER CBCC
I PROT PROT I
Cizo Ciso
SCLK/RDTH_IN- RDTH_0OUT- = SCLK/RDTH_IN- RDTx_OUT-
— ———} —
-Lo RSER -Lo
MC33771C I BCC FROT FROT I BCC MC33771C
CGMD CGHND
SPI_COM_EM SPI_COM_EM
GNDREF/GMDSUB GNDREF/GNDSUB
- v
285033356
Figure 48. Slave node for a centralized application with capacitive isolation

Table 95. Slave node components for a centralized application with capacitive isolation

ID Value Units Comments

Ceee 22 pF Ceramic capacitor

Reer 62 Q Series resistance

Cizo 10 nF Isolation capacitor

PROT 8 vV ESD protection. Use PESD5V0V1 BB or equivalent. The indicated
voltage is the nominal breakdown voltage.

WMC3IZT7IC
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13.2.6.3 Centralized applications - Transformer isolation - Slave node

SIRDTH_IN+ ROTH_OUT+ SIROTH_IN+ ROTX_OUT+
] I L
T BeC choke +1:1 TR I BCC
=
MC33771C MC33771C
SCLK/ROTH_IN- ROTX_OUT- " " SCLK/ROTH_IN- ROTX_OUT-
— T TAP TAP _L =
I CEICC Crce
= ICTAF' l-CTAF' I
CGND CGND
SPI_COM_EN SPI_COM_EN
GNDREF/GNDSUE GNOREF/GNDSUE
— V
aaa-03a745

Figure 49. Slave node for a centralized application with transformer isolation

Table 96. Slave node components for a centralized application with transformer isolation

ID Value Units Comments

Cace 220 pF Ceramic capacitor
Crap 10 nF Center tap capacitor
Rrap 150 Q Center tap resistor
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13.2.7.1 Distributed systems - Master node

Figure 50. Master node in a distributed system (transformer isolation only)

MASTER NODE
ROTX: 2
% CrpL choke + 1:1 TR
< PROT I = —
RDTX- = FBD
MC33664 _L g
CTPL
I PROT
GNDS =
GNDT
DGND
aaa-038385

Table 97. Master node components in a distributed system

ID Value Units Comments
CrpL 68 pF Ceramic capacitor
Crrm 4.7 nF Ceramic capacitor for split termination of MC33664
Rram 75 Q Split termination resistor for MC33664
PROT 8 vV ESD protection. Use PESD5V0V1 BB 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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13.2.7.2 Distributed applications - Slave node

RDTX_OUT-
'LGBCC
PROT l
RDTX_OUT+
_LCBCC
PROT $
SIRDTX_IN+
-L CeCcC
ProT ] MC3377x
CLK/RDTX_IN-
'L Cecc
PROT $
CGND
SPI_COM_EN
GNDREF/GNDSUB
v
aaa-034578
Figure 51. Slave node of a distributed application (transformer isolation only)
Table 98. Slave node components in a distributed application
ID Value Units Comments
Cace 220 pF Ceramic capacitor
PROT 8 vV ESD protection. Use PESD5V0V1 BB or equivalent. The indicated
voltage is the nominal breakdown voltage.
Crap 10 nF Center tap capacitor
Rrap 150 Q Center tap resistor
1:1 TR + choke PULSE Electronic Dual channel transformer with common mode choke
HM2102

14 Packaging

14.1 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 99. Package outline

Package

Suffix Package outline drawing humber

64-pin LQFP-EP

AE 98ASA10763D
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NOTES:

1. 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.

DIMENSICNS TO BE DETERMINED AT SEATING PLANE C.

BB

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.

DIMENSIONS DO NOT INCLUDE MOLD PROTRUSION. ALLOWABLE PROTRUSION IS .25 MM
PER SIDE. DIMENSIONS ARE MAXIMUM PLASTIC BODY SIZE DIMENSIONS INCLUDING MOLD
MISMATCH.

EXACT SHAPE OF EACH CORNER IS OPTIONAL.

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

>> P

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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15 Contact information

For more information, please visit. http://www.nxp.com
For sales office addresses, please send an email to: salesaddresses@nxp.com
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Table 100. Revision history
Full revision history available on request

Document ID Release date

Description

MC33771C v.7.0 16 July 2024

MC33771C v.6.0 20210510

* Product data sheet
» Supersedes MC33771C v.6.0
» Updated status from confidential to public

» Updated Revision history and Legal information to conform with
updated NXP standards

* Product data sheet
» Supersedes MC33771C v.5.0
+ Updated per CIN 2021030311
= Changed the maximum normal operating voltage from 61.6 V to
63 V throughout the document
* Section 8.4, Table 8
— Changed VPWR{OV_FLAG) VPWR overvoltage fault
threshold (flag) minimum value from 62V to 63 V
— Changed VANXx_RATIO_RES typical value from VVCOM(30.
51851) to VCOM*30.51758

— Added footnote 16 to parameters V|, V| and Vs regarding
use of GPIO0 as wake-up

— Added parameter ty ciyyup

— Changed tyue pc_giTon Minimum and maximum values, from
476 ps to 450 us and 537 s to 550 s

— Changed twsve_pc_giTor minimum and maximum values, from
095 msto09msand1.06msto1.1 ms

— Changed twsve_pc_giT1o minimum and maximum values, from
953 msto9msand 1053 msto 11 ms

— Changed twsyve_pc_giT11 minimum and maximum values, from
9525 msto 90 ms and 105.25 ms to 110 ms

— Changed tyue pc_on mMinimum and maximum values, from
476 ps to 450 us and 537 s to 550 s
— Updated HTOL duration in footnote 9 from 1000 h to 3000 h
— Modified footnote 14 to reference Safety Manual for safety
margin, removed footnote from parameter V,er 7p and added
it to parameters Ve, and ADC1ar,, ADC1bgy,
— For parameter t5p 1, added reference to footnote 18
— Changedtrp|_7p minimum value, from 4.0 ps to 3.8 ps
— Added trp_1p typical and maximum values, 4.0 us and 4.25
HS
— Added footnote 23 to trp_1p
— Added tgy minimum value, 238 ps
— Added footnotes 21 and 25to tges
= Section 9.3, Table 11: Corrected system states and
corresponding power supply modes
= Section 9.7: Changed unit for COULOMB_CNT-V2RES /
RSHUNT from pA to A in paragraph
= Section 9.8.1: Detailed bits name in paragraph
» Section 9.8.3: Reworded several sentences in the section
= Section 9.8.5: Reworded last sentence of first paragraph and
corrected typos in second paragraph

MCIZFTIC Allinformation prowided in this document iz subject to legal disclaimers. @ 2024 MXFP B Allrights resenred.
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Document ID

Release date

MC33771C
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Description

= Section 9.9: Added precisions in the fourth sentence of the third
paragraph

» Section 9.11: Modified list item number 2 as well as third
paragraph of the section

= Section 9.12, Table 14: Changed references to CTx_OV_TH
with correct CT number

= Section 10.1, Figure 20: Reworded descriptive sentence
= Section 10.2.1: Updated Figure 22
= Section 10.2.5, Figure 29: Added signals name to the diagram
» Section 10.2.6.2
— Added precision on the device mode at the beginning of the
second paragraph

— Added the four first notes, and added precisions in the second
sentence of the fifth note

— Figure 31: Updated figure with a second behaviour description
{TPL wake-up sequence incomplete)
» Section 10.4.1: Removed part of a sentence concerning content
ofthe data field described in Table 23
» Section 11
— Made cosmetic changes to bring Write rows into compliance
with stylistic standards
— Corrected blank bit fields in Read row to contain the value 0
— Fixed typos in bit field names
— Removed empty rows from tables

— Changed Wirite cells from "0" to "Write O to Clear" for relevant
bit fields

= Section 11.1, Table 34: Corrected description of COM_STATUS
register from "Number of CRC error counted” to "Number of
COM error counted"

» Section 11.4, Table 38
— Bit 0: Changed to contain “x” in both Read and Wite cells
— Bit 8 - Changed to "Do not change"

= Section 11.5, Table 39, bits 15, 14, 13, 3 and 2: Changedto
contain “x” in both Read and Wkite cells

= Section 11.7, Table 41, bit 6: Changed to contain “x" in both
Read and Wtite cells

= Section 11.8, Table 42, bit 9: Changed to contain “x" in both
Read and Wite cells

= Section 11.18: Modified description of GPIOx_DR

» Section 11.24 and Section 11.28
— Modified list of bits marked *
— Added new mark **

= Section 11.30, Table 64, bit 8: Changed to read-zero only

= Section 11.1 and Section 11.47: Exchanged DED_ENCODE 1
and DED_ENCODE 2

= Section 13.2.1: Modified paragraph regarding CTREF variations
{optional diodes)

MC33771C v.5.0

21 November 2019

Product data sheet

MC33771C v4.0

30 October 2019

Product data sheet

WMC3IZT7IC
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Document ID Release date Description

MC33771C v.3.0 11 July 2019 Objective data sheet

MC33771C v.2.0 06 March 2019 Product preview

MC33771C v.1.0 14 December 2018 |Product preview
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Data sheet status

Document status!"?! Product status®

Chjective [shart] data sheet Development

Definition

This document contains data from the objective specification for product
development.

Preliminary [shart] data sheet Cualification

Product [short] data sheet Production

This document contains data from the preliminary specification.

This document contains the product specification.

[11 FPlease consult the most recently issued document before initiating ar completing a design.

The term 'shart data sheet'is explained in section "Definitions".

(2]
K]

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 an the Internet at URL https ffwnanscmp.cam.

Definitions

Draft — A draft status on a document indicates that the content is still
underinternal review and subject ta formal approval, which may result
in modifications ar additions. N¥P Semiconductars does not give any
representations ar warranties as to the accuracy aor 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 upan to contain
detailed and full information. Far detailed and full information see the
relevant full data sheet, which is availahle on request via the local NxP
Semiconductars sales office. In case of any incansistency or canflict with the
short data sheet, the full data sheet shall prevail.

Product specification — The infarmation and data provided in a Product
data sheet shall define the specification of the product as agreed hetween
MHP Semiconductors and its custormer, unless NXP Semiconductors and
custamer have explicitly agreed othensise inwriting. In no event however,
shall an agreement be walid inwhich the NXF Semiconductors product

iz deemed to offer functions and gualities beyond those described in the
Product data sheet.

Disclaimers

Limited warranty and liability — Information in this docurment is believed
to be accurate and reliahle. Howewver, MxF Semiconductors does not give
any representations ar warranties, expressed or implied, as to the accuracy
ar completeness af such information and shall have no liability forthe
consequences of use of such information. NXP Semiconductars takes na
responsibility far the cantent in this document if provided by an information
source autside of NXP Semiconductars.

In na event shall NXF Semiconductors be liahle far any indirect, incidental,
punitive, special or consequential damage s (including - without limitation -
last profits, lost saving s, business interruption, costs related to the remaval
ar replacerment of any products or rewark charges) whether or nat such
damages are based on tort {(including negligence), warranty, breach of
contract or any other legal theory.

Motwithstanding any damages that custamer might incur for any reason
whatsoever, N¥P Semiconductars’ aggregate and cumulative liahility
towards customer for the products described herein shall be limited in
accaordance with the Terms and conditions of commercial sale of NXP
Semiconductars.

Rightto make changes — N F Semiconductors reserve s the right to
make changes to information published in this document, including withaut
limitation specifications and product descriptions, at any time and without

notice. This document supersedes and replaces all infarmation supplied prior

to the publication hereof.
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Applications — Applications that are described herein far any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Custamers are responsible for the design and operation of their
applications and products using MxP Semiconductors products, and MNP
Semiconductars accepts na liahility for any assistance with applications or
custamer product design. It is customer's sale responsibility to determine
whether the NXP Sermiconductors product is suitable and fit for the
custamer's applications and products planned, as well as for the planned
application and use of customer's third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

M+ P Semiconductors does nat accept any liahility related to any default,
damage, costs ar problem which is based on any weakness or default
inthe custamer's applications ar products, ar the application or use by
custamer's third party customens). Custamer is respansible far doing all
necessary testing for the custamer's applications and products using MNxFP
Semiconductars products in order to avoid a default of the applications
and the products or of the application or use by customer's third party
custamer(s). MXP does not accept any liability in this respect.

Limiting values — Stress above one ar more limiting values (as defined in
the Absolute Maximum Ratings System of IEC B0134) will cause permmanent
damage to the device. Limiting values are stress ratings only and (praper)
aperation of the device at these ar any ather conditions abaowve those

given in the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure ta limiting values will permanently and irreversibly affect
the guality and reliability of the dewvice.

Terms and conditions of commercial sale — MNXF Semiconductars
products are sold subject to the general terms and conditions of commercial
sale, as published at https: fensnacnp comdprofilefterms, unless othenwise
agreed in a wvalid written individual agreement. In case an individual
agreement is concluded anly the terms and conditions of the respective
agreement shall apply. NXF Semiconductors hereby expressly ohjects to
applying the customer's general terms and conditions with regard to the
purchase of N¥P Semiconductars products by customer.

Mo offer to sell or license — MNathing in this document may be interpreted
ar canstrued as an offer to sell products that is open for acceptance or

the grant, conveyance or implication of any license under any copyrights,
patents or ather industrial ar intellectual property rights.

@ 2024 MXFP B Allrights resenred.
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Suitability for use in automotive applications — This NXP product has
heen gualified for use in automotive applications. If this product is used

by customer in the development of, ar far incarparation into, products or
services (a) used in safety critical applications ar (b inwhich failure could
lead to death, personal injury, or severe physical or environmental damage

{such products and services hereinafter refemed to as " Critical Applications"),

then custamer makes the ultimate design decisions regarding its products
and is solely responsible for compliance with all legal, regulatary, safety,
and security related requirements concerning its products, regardless af
any information or support that may be provided by NP, As such, customer
assumes all risk related to use of any products in Critical Applications and
MXF and its suppliers shall nat be liahle far any such use by customer.
Accordingly, customer will indemnify and hold M*P harmless from any
claims, liabilities, damages and associated costs and expenses (including
attorneys' fees) that NP may incur related to customer's incorporation of
any product in a Critical Application.

GQuick reference data — The Cuick reference data is an extract of the
product data given in the Limiting walues and Characteristics sections af this
document, and as such is not complete, exhaustive or legally hinding.

Export control — This document as well as the item(s) described herein
may be subject to export contral regulations. Expart might require a priar
authonzation from competent authorities.

Translations — A non-English (translated) version of a document, including
the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy bhetween the translated and
English versions.
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Security — Customer understands that all NXP products may be subject to
unidentified vulnerahilities ar may support established secunty standards or
specifications with known limitations. Custamer is respansible far the design
and operation of its applications and products throughout their lifecycles

to reduce the effect of these vulnerahbilities on customer's applications

and products. Customer's responsibility also extends to other open andfor
proprietary technologies supported by MNP products for use in custamer's
applications. MXP accepts no liability for any vulnerability. Customer shaould
regularly check security updates from NP and fallow up approprately.
Custarmer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related reguirements
concerning its products, regardless of any information or support that may be
provided by MxP.

M+ P has a Product Security Incident Response Team (PSIRT) (reachable
at PEIRT@N=p.com) that manages the investigation, reporting, and salutian
release to security vulnerahbilities of MNxP products.

MNXP B.Y. —MNXF BV is not an operating company and it does not distribute
or =ell products.

Trademarks

Motice: All referenced brands, product names, service names, and
tradermarks are the property of their respective owners.

MNXP —wardmark and logao are tradermarks of NxFP BY.
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