m L9962

Datasheet

Battery management system solution

Features

. 2 yA SHIPMENT - DEEP SLEEP mode current and 2.5 pA standby
consumption (with VREG LDO active)

. Integrated 3.3 V VREG LDO for supplying MCU and LEDs

. Measures cell voltage (4 to 10 cells), with over-/undervoltage detection as well
as balance undervoltage protection

. 12-bit voltage measurement with maximum error of 7.5 mV in the [1.5 - 4.5] V
range, for-40 °C < T; <105 °C

. Measures stack voltage, with over/under voltage detection and plausibility
check vs. sum of cells

. Measures pack temperature via NTC, with over-/undertemperature detection

. Ratiometric temperature measurement with +0.8% max. gain error in the [0.2 —

VREG] V range, for-40 °C < T; <105 °C

HCCIEBEETD I . Measures battery current, with Coulomb counting, overcurrent (both directions)

L9962 and short-circuit in discharge protection.

. 16-bit signed current measurement with a maximum error of 0.25%, for -40 °C
< T, <120 °C after customer end of line calibration with a single point

. 1C peripheral for device programming and data transfers over the 1C bus

q571 . Cell balancing supporting up to 70 mA per cell

e . Dual configurable HS/LS pre-driver for pack relay management
TECHNLOGY . Pack fuse management
. Embedded NVM for configuration parameters storage with lock functionality

. High hot-plug robustness

Application

. Cordless power tools

. Backup energy storage systems and UPS

. Light electric vehicles (e-bikes, scooters, etc)
. Portable and semi-portable equipment

. Medical equipment
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ﬁ L9962

Description

The L9962 is part of a complete battery pack monitoring, balancing, and protection system for Li-lon and Li-
Polymer cells in 4-10 series configurations. The L9962 uses a high precision ADC to provide cell voltage, stack
voltage and temperature conversion via external NTC. Voltage monitoring functions are cyclically performed with
a programmable loop time. Stack current is also monitored via a high-accuracy CSA, continuously running and
also performing Coulomb counting. Cell balancing is available and can be simultaneously activated on all cells. IC
configuration and information exchange for SOC/SOH estimation are performed via an |12C peripheral. The IC also
integrates a dual pre-driver programmable in both HS/LS configurations for driving pack relays. The L9962 also
implements battery pack fuse protection to prevent fire and explosion hazards. A 3.3 V regulator with a high
current capability is available for supplying the pack controller and other external circuitry in both standby and
normal operation modes. The IC protects the battery pack against over-/undervoltage conditions and monitors for
over-/undertemperature. It also features protection against overcurrent (both directions) and short-circuit in
discharge events. Safety-relevant configurations can be stored in the internal NVM to avoid re-programming the
device at each wake-up.
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1 Pin description and block diagram

1.1 Device pinout

Table 1. Device Pinout

1 DNC DNC - -

Do Not Connect(")

2 DNC Do Not Connect(" DNC - -
3 DNC Do Not Connect(") DNC - -
4 GND Device Ground Ground - -
5 DNC Do Not Connect(" DNC - -
6 ™1 Reserved for debug. Connect to GND. - PD -
7 DNC Do Not Connect(") DNC - -
8 ISENSEP Current sense ADC positive input terminal Analog In - -
9 ISENSEM Current sense ADC negative input terminal Analog In - -
10 DNC Do Not Connect(" DNC - -
11 VREG 3.3V LDO output Supply - -
12 DNC Do Not Connect(") DNC - -
13 NTC NTC sensing input Analog In - -
14 oD Open-drain switch for NTC connection to GND Open Drain - Low
15 FAULTN_SAFE  Critical fault output Open Drain - Low
16 FAULTN Fault output / external CHG/DCHG shutdown trigger gi_giitﬁl Input/Open Low
17 TM_ENTER Reserved for debug. Connect to GND. - PD -
18 RDY Ready interrupt output g:ﬁ:tal output Push/" _ -
19 SDA 12C Data line B:giit:l input/open Low
20 SCL 12C Clock line Digital Input - Low
21 DNC Do Not Connect'" DNC - -
22 WAKEUP Wake-up from STANDBY input Digital /0 PD High
23 NSHIP Wakeup from SHIPMENT - DEEP SLEEP input Analog input - High
24 FUSE Fuse input/output Analog - -
25 VB Battery input Supply - -
26 DCHG Discharge switch gate Analog - -
27 VSD Discharge switch source Analog - -
28 VSC Charge switch source Analog - -
29 CHG Charge switch gate Analog - -
30 DNC Do Not Connect!") DNC - -
31 VCP1M Charge pump 15t stage negative flying node Analog - -
32 VCP1P Charge pump 15t stage positive flying node Analog - -
33 VCP2M Charge pump 2"9 stage negative flying node Analog - -
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34 VCP2P Charge pump 2" stage positive flying node Analog

35 VCP Charge pump output Supply - -
36 DNC Do Not Connect(" DNC - -
37 VBCP Ea\t;gr}é:%pgg input/Charge pump ground. Connect Supply ) )
38 C10 Cell sensing/balancing terminal Analog - -
39 C9 Cell sensing/balancing terminal Analog - -
40 C8 Cell sensing/balancing terminal Analog - -
41 Cc7 Cell sensing/balancing terminal Analog - -
42 C6 Cell sensing/balancing terminal Analog - -
43 C5 Cell sensing/balancing terminal Analog - -
44 C4 Cell sensing/balancing terminal Analog - -
45 C3 Cell sensing/balancing terminal Analog - -
46 C2 Cell sensing/balancing terminal Analog - -
47 C1 Cell sensing/balancing terminal Analog - -
48 Cco Cell sensing/balancing terminal Analog - -
EP EP Exposed pad

1. Do Not Connect pins are internally floating and shall be connected to GND at PCB level for enhancing EMC robustness.
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1.2 Block diagram

Figure 1. Block diagram
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Product

L9962

electrical

ratings

Product electrical ratings

21

Operating Range (OR)

Within the operating range, the part operates as specified and without parameter deviations. The device may not
operate properly if maximum operating conditions are exceeded.

Once taken beyond the operative ratings and returned back within, the part will recover with no damage or
degradation, unless AMR values are exceeded.

Additional supply voltage and temperature conditions are given separately at the beginning of each electrical

specification table.

Table 2. Operating ranges

B T ST

VB, VBCP

VCP

VCP1P, VCP2P, VCP1M, VCP2M
C1,C2,C3, C4,C5,C6,C7,C8
C9

C10

C1,C2, C3, C4, C5, C6, C7, C8, C9, C10

VREG

NTC

oD

SDA, SCL
FAULTN_SAFE, RDY, FAULTN
WAKEUP

NSHIP

FUSE

VSD

VSC

CHG

DCHG
ISENSEP — ISENSEM|
(IISENSEP + ISENSEM]) /2
GND

™1

TM_ENTER

co

Battery level

Charge pump tank output pin
Charge pump flying capacitor pin
Cell terminal pins

Cell terminal pins

Cell terminal pins

Cell terminal differential voltage
3.3V regulated voltage

Analog input pin

Open-drain pin

Digital input pins

Digital output pin

Analog input pin

Analog input pin

Analog output pin

Discharge MOS source

Charge MOS source

Charge MOS gate

Discharge MOS gate

CSA input differential mode Range
CSA input common-mode Range
Device ground

Device ground

Device ground

Cell terminal voltage

o o o o

N

-0.15

VB+12V

3.3

VCP
VB-3
VB
VB+0.6
4.7

VREG
VREG

VREG

VREG

VB

VB

VB

VB+1

VB+1
Min(VCP; VSC + 12V)
Min(VCP; VSD + 12V)
300

200

0.15

< £ K K K K K K K K <K K <K K K K<

mV

< < < <
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2.2 Absolute Maximum Ratings (AMR)

Maximum ratings are absolute ratings; exceeding any one of these values may cause permanent damage to the
integrated circuit.

All voltages are related to the potential at substrate ground GND.

Table 3. Absolute maximum ratings

i “-“m

VREG -0.3 Vv
SCL, SDA, RDY, NTC, OD, TM1 -0.3 Min(VREG+0.3;4.6) \%
ISENSEP, ISENSEM -2 Min(VREG+0.3;4.6) \%
VB, VBCP, FUSE, NSHIP, WAKEUP -0.3 60 \%
Cc10 Max(-0.3;C9-0.3) 60 \%
C(n),n=1t09 Max(-0.3;C(n-1)-0.3) Min(C(n+1)+0.3;60) \Y;
co 0.3 Min(C1+0.3;6) v
VSC -7 Min(CHG+0.3;+60) Vv
VSD -7 Min(DCHG+0.3;+60) \%
FAULTN_SAFE, FAULTN, TM_ENTER -0.3 6 V
CHG VSC-0.3 Min(VCP+0.3;VSC+20;80) \Y
DCHG VSD-0.3 Min(VCP+0.3;VSD+20;80) \%
VCP, VCP1P VBCP-0.3 Min(VBCP+20;80) \%
VCP1M,VCP2M Max(-0.3;VBCP-10) Min(VBCP+0.3;60) \%
VCP2P VCP1P-0.3 Min(VB+20;80) \%
GND 0 \%
2.3 ESD ratings

Table 4 lists the device ESD ratings.

Table 4. ESD protection

S LT T

All pins Tested per AEC-Q100-002
All pins CDM Tested per AEC-Q100-011 -500 500 \Y
All pins Latch-Up Tested per AEC-Q100-004, Class-2 -100 100 mA
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24 Thermal ratings
Table 5 lists the device thermal ratings.

Table 5. Thermal ratings

Tamb Operating and testing temperature
T Junction temperature for all parameters -40 120 °C
Tstg Storage temperature -55 150 °C
According to JEDEC standard on 2s2p PCB 31.1 °C/W
RtH_ja | Junction to ambient thermal resistance
On L9962 EVAL Board TBD °C/W
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3 Functional description

3.1 Device functional states
The L9962 can operate in three different states when the battery is connected: SHIPMENT - DEEP SLEEP,
STANDBY or NORMAL.

Figure 2. Device FSM
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3.11 SHIPMENT - DEEP SLEEP
The SHIPMENT - DEEP SLEEP state is recommended for pack shipping and storage purposes. When in this
state, L9962 current consumption from the VB pin is reduced to just lyg_sHip, allowing long periods of inactivity to
reduce battery pack discharge.
When the battery pack is first connected (L9962 receives VB supply for the first time), the device transitions to

either SHIPMENT - DEEP SLEEP state or NORMAL state depending on the NSHIP pin. If NSHIP is biased to the
VB pin, the device starts in NORMAL state, otherwise the devices begins in SHIPMENT - DEEP SLEEP state.

The device can enter SHIPMENT - DEEP SLEEP from NORMAL state upon receiving a GO2SHIP command or if
the VREG voltage drops below the minimum level (Vyreg sTtBY UV) required to supply the device.

To avoid inadvertent reactivation, the NSHIP pin shall be set low before sending the GO2SHIP command, and it
shall be kept low during the transition to SHIPMENT - DEEP SLEEP.

Sending a GO2SHIP command while NSHIP is high will cause the device to enter STANDBY state.

3.1.2 STANDBY

The STANDBY state is recommended to manage short periods of inactivity, where wake-up from the MCU is
needed. While in STANDBY, L9962 current consumption from the VB pin is reduced to lyg_sTBY-

The device is powered but no system functions are available, except for WAKEUP sensing and the VREG
regulator which operates with reduced performance characteristics. While VREG is operational, the
FAULTN_SAFE pin is released, allowing the MCU to operate in lower power mode.

STANDBY state can be reached from NORMAL state, upon receiving a GO2STBY command through 12C
communications, or if VREG drops below the minimum level (Vyreg_NoRwm_uv) required for the L9962 to correctly
perform its normal features.

Once the L9962 acknowledges the GO2STBY command, it moves to STANDBY state after Tgpo2sTRY. TO allow a

smooth transition, the MCU must move to a low-power state (where its average current consumption is less than
lvReG_sTBY) Within Tmcu2sTsy after sending a GO2STBY command to L9962.
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To avoid inadvertent reactivation, the WAKEUP pin shall be set low before sending the GO2STBY command, and
it shall be kept low during the transition to STANDBY state.

Figure 3. Timing diagram: transition from NORMAL to STANDBY upon GO2STBY command

VB
VREG
L9562 NORMAL STANDBY
status
< >T_GO2STBY  —» [
]
FAULTN_SAFE :
Ext HS I HS forced OFF
Ul = |
1_Mcy MCU_NORMAL {|_VREG_NORM | | MCU_SLEEP (I_VREG_STRY )
3 =
| s-T_MOUSLEERR
____________ '
12C GO2STBY | :
frame i
from GOZSTBY cmd and until L9962 standby stateis

constraints for MCU
constraints for L9962

313 NORMAL
The NORMAL state is recommended during system operation. All IC functions are active, including voltage/
temperature/current monitoring and protection. Pack relay management and the 12C peripheral are also available.
L9962 current consumption from the VB pin while in NORMAL state varies over time, due to the execution of
periodical tasks, balancing activation/deactivation, and pre-driver turn on/off events.
NORMAL state can be reached:
. From STANDBY state, if the WAKEUP pin is higher than Vakeup_tH for at least Twakeup_stBy- Refer to

Figure 4.

- The wake-up source can be either an external stimulus (push button or other) or the system MCU
asserting the WAKEUP pin via GPIO (refer to Figure 1).

- Transition from STANDBY to NORMAL must be properly handled, as the VREG regulator needs to
switch from reduced performance to full power within a defined time window. Such an operation
requires Tstey2nORMAL from the receipt of the WAKEUP condition to be accomplished.

— During Tstey2n0ORMAL, VREG can sustain a load current up to IWAKEMAX for a maximum
Twakemax time interval, within which the MCU must wake up the L9962.

- After TsteYy2NORMAL, the VREG regulator has reached its NORMAL state specification. An RDY

pulse is generated to mark the transition to NORMAL. This allows the MCU to fully operate in its
normal state, respond to watchdog, serve interrupts, and so on. The L9962 is capable of decoding

I2C commands and receiving new configurations.

- It takes Tcp_starTUP from the receipt of the WAKEUP condition for the charge pump to be ready.
After Tcp_starTUP, the L9962 will run monitoring/diagnostic tasks and manage the pre-driver stage.

- Once the L9962 is in NORMAL state, the MCU is expected to set the WAKEUP pin low to reduce
current consumption.

. From SHIPMENT - DEEP SLEEP state, if the NSHIP pin is higher than Vnspip_tH for at least

TWAKEUP_NSHIP-

- After TsHip2noRMAL, the VREG regulator has reached its NORMAL state specification. An RDY pulse
is generated to mark the transition to NORMAL. This allows the MCU to fully operate in its normal

state, respond to watchdog, serve interrupts, and so on. The L9962 is capable of decoding I12C
commands and receiving new configurations.

- MCU should still wait for Tcp_starTUP When out of reset, before trying to operate the pre-driver stage.
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Upon receipt of a wake-up condition, transitions to other states are masked until NORMAL state has been fully
reached. Once the device enters NORMAL state, the logic starts a Tyreg_uv_gLk blanking time on the VREG UV
comparator in order to prevent erroneously flagging UV conditions that would bring the L9962 back to STANDBY
state.

Figure 4. Timing diagram: transition from STANDBY to NORMAL upon WAKEUP detection

V_CP V_CPins c ation |

VREG VREG in Standby ]

L9362 STANDBY NORMAL NORMAL
status {ne samersions possitia)
FAULTN_SAFE,
I T
ExtHS HS Predriver Disabled | HsPe

MCU_SLEEP
(1_VREG_STBY)

l2c
1st frame 2nd frame 3rd frame

Tomranoasa vees

T_WAKEMAX  |wakeup
<-- 1 msec max —>

I_hcu;

constraints for MCU
constralnts for L9962

(*) TSTBY2NORMAL_VREG after WAKEUP L9962's VREG regulator is ON and trimmed
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314 Electrical parameters
All parameters are tested and guaranteed under the following conditions, unless otherwise specified:
VB according to the operating range in Table 2, T according to the operating range in Table 5

Table 6. L9962 operating states electrical parameters

il e

Consumption from VB pin when in < T <
Ive_stiip SHIPMENT - DEEP SLEEP -30°C< Tamp=T; <60°C uA
Consumption from VB pin when in -30°C< Tamp=T; <60°C 25 7 WA

lve_sTBY STANDBY No load on VREG

NORMAL state, CHG/DHCG

OFF, no load on VREG, no

communication, Balancing OFF, 155 190 | uA
FAULTN_SAFE and FAULTN

released, CSA disabled.

| Consumption from VB pin when in
VB_NORM NORMAL

CSA EN =1

Additional current consumption from CC_ACC_EN=1

VB when current ADC is converting  oyc EN = 1 90 | 125 | uA

lVB_NORM_DELTA_CSA

SC_EN=1

Additional current consumption from
lvB_NORM_DELTA_CONV VB when voltage ADC is 135 | 190 UA
continuously converting

Additional current consumption from Normal condition, additional

lvB_NORM_DELTA_BAL_VB \(/:g pin due to 1 Balance ON, C1 to contribution for 1 Balance ON 8 12 uA

Additional current consumption from | Normal condition, additional

|
VB_NORM_DELTA BAL_ CP | /g pin due to 1 Balance ON, C10 contribution for 1 Balance ON 16| 24 | uA
Normal condition, additional
o ) contribution for 1 Ext FET ON.
VB NORM_DELTA_FET Hs | Additional current consumption from 9 20 uA
O] VB pin due to 1 Ext HS FET ON HS Configuration
No ext R mounted
Normal condition, additional
- ) contribution for 1 Ext FET ON.
VB NORM DELTA FET LS Additional current consumption from 15 20 UA
- - - - VB pin due to 1 Ext LS FET ON LS Configuration
No ext R mounted
VB pin current consumption when
voltage ADC is converting, current T
ve_pELTA ADC is converting, Ext FETs enabled Application info 350 | 420 | uA
& Tmeas_cycLe = 10ms
Additional current consumption from
lvB_NORM_DELTA_vB_uvLO | VB when VB UVLO diagnostic is VB_UVLO_EN =1 13 20 | uA
enabled
VVB_ TRAN_NORM Max. allowed transient slope on VB Application info 1 Vius

pin

1. In HS case, an additional current contribution must be added to include the effect of charge pump switching activity at an
increased frequency. This contribution is impacted by the external parasitic capacitances between each CP pin and GND in
the range of 3 uA/pF.
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Functional description

3.2 Wake-up sources (NSHIP/WAKEUP)
The L9962 can be woken up via two dedicated pins:
. NSHIP can be used as wake-up from SHIPMENT - DEEP SLEEP
. WAKEUP can be used as wake-up from STANDBY

3.21 Electrical parameters
All parameters are tested and guaranteed under the following conditions, unless otherwise noted:
VB according to the operating range in Table 2; T; according to the operating range in Table 5

Table 7. VREG electrical parameters

s D

VWAKEUP_TH WAKEUP wake-up threshold

VNSHIP_TH NSHIP wake-up threshold 1 3 vV
TwAKEUP FIL | WAKEUP filter time 40 | us
TNSHIP_FIL NSHIP filter time 20 | us

NSHIP assertion time to guarantee correct device

TWAKEUP_NSHIP wake-up from shipment 1 ms

Rwakeup pp | WAKEUP pull-down resistor 50 100 150 | kQ

T Maximum delay from sending GO2STBY Aoplication info 1 ms
MCU2STBY command to MCU in low-power mode pp

Teo2sTRY Maximum delay from receipt of GO2STBY Application info 2 4 ms

command to L9962 in STANDBY state

Time delay for L9962 from received GO2SHIP
TcozsHiP command from MCU to enter SHIPMENT - DEEP | Application info 0 10 ms
SLEEP state

VREG current capability in STANDBY to NORMAL

IwakEmAX state transition, during Twakemax interval Application info 15 | mA
T MCU time in NORMAL mode to send a WAKEUP Application info 1 ms
WAKEMAX command to L9962 pp
T Time to complete STANDBY to NORMAL From WAKEUP assertion to 1 ms
STBY2NORMAL | t-2nsition VREG_UV release
From NSHIP assertion to
T Time to complete SHIPMENT - DEEP SLEEP to  VREG UV release. No load on 5 ms
SHIPZNORMAL | N\ORMAL transition VREG, 4.7uF capacitance
present.
T 2 o From WAKEUP/NSHIP
12C_READY 1“C settling time assertion o I2C rea dy 15 ms
From VREG_UV release
Tcp_STARTUP Charge pump startup time (TvreG_uv_BLk expired) to 8 ms

VCP in range
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3.3 VREG LDO

The L9962 provides a system regulator capable of providing power to the system MCU and other peripheral
devices or circuits. Performances of the regulator vary according to the L9962 state:

. In STANDBY state, the regulated voltage is Vyreg_ sty and the average current capability is limited to
lvrReGg_sTBY. Line/load regulation performances are reduced to Vyreg LIN_REG_sTBY a@nd
VVREG_LOAD_REG_STBY respectively. The VREG current limit is still active with an IVREG_CURR_LIM_STBY
threshold.

. In NORMAL state, the regulated voltage is Vyreg_Norm: With an lyreg_NoRM average current capability.
Line/load regulation performances are defined by VVREG_LIN_REG_NORM and VVREG_LOAD_REG_NORM
respectively. The VREG current limit is active with an lyreg_curr_Lim threshold.

3.3.1 Electrical Parameters
All parameters are tested and guaranteed in the following conditions, unless otherwise noted:
VB according to the operating range in Table 2; T; according to the operating range in Table 5

Table 8. VREG electrical parameters

CIm

NORMAL state
VVREG_NORM Regulated voltage 3.23 3.3 | 3.37
10uA<Ilload<30mA

NORMAL state

IVREG_NORM Current load range 0.01 35 mA
- Design info
NORMAL state
IVREG_CURR_LIM Current limitation 40 mA
B - VREG=2.9V
STANDBY state
IVREG_CURR_LIM_STBY Current limitation 15 mA
B - VREG=2.6V
NORMAL state
D ic li lation in | VB from 5.7V to 50V in 100us
VVREG_LIN_REG_NORM N)(/)ns'\n;le_me reguiation in -150 +150 | mV
lload=100uA, 30mA
Guaranteed by design
NORMAL state
VVREG_LOAD_REG_NORM | Static load regulation lload from 100uA to 30mA (both -160 +160 | mV
transitions), pulse 100us
Vi STANDBY state
VREG_STBY Regulated voltage 2.8 3.5 \Y
es 9 g -30°C<Tymp=Tj<60°C
STANDBY state
IVREG_STBY Output current -30°C<Tmp=Tj<60°C 1 300  UuA
Application info
STANDBY state
Dynamic line regulation in .
VVREG_LIN_REG_STBY STANDBY VB from 5.7V to 22V in 100us -250 +250 mV
lload=0, 50uAGuaranteed by design
Static load lation i STANDBY state
VVREG_LOAD_REG_STBY S‘I?AIISIDOSY reguiation in . -400 +400  mV
lload= step 0-50uA in 100us
STANDBY state
v Overload regulation in lload= step O-lyakemax pulse lasting 97 v
VREG_LOAD_REG_STBY_OVL | gTANDRY T WAKEMAX .

-30°C< Ta=Tj <60°C
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i .. Ui

VREG Undervoltage

VVREG_NORM_UV threshold in NORMAL 26 27 2.9 V
state

T VREG UV filter time in 20 us

VREG_UV_FIL NORMAL state

VREG UV blanking time

TVREG_UV_BLK upon transition to 8 ms
NORMAL state
VREG Undervoltage

VVREG_STBY_UV threshold in STANDBY STANDBY state 21 25 28 \Y
state

Crec External LDO capacitance | Application info, required for stability -20% 4.7 +20% | uF

34 Voltage conversion routine

While in NORMAL state, the L9962 cyclically executes the voltage conversion routine as shown in Figure 5. Task
execution time is Tapcv_cony, Which is the sum of the individual step durations:

. NceLL represents the number of enabled cells. The Tcg . riLTeR filter time is applied to each cell
conversion. At least 4 cells must be converted

. The TceLL_FiLTER filter time is also applied to VB pin conversion (if enabled)

. The Tremp_FiLTER filter time is applied to NTC conversion (if enabled)

. The Tremp_riLTER filter time is applied to die temperature conversion, which is always performed

The task is scheduled to run every Tyeas cycLe (programmable in TCYCLE field). Changing configuration
parameters while a conversion is ongoing may result in inadvertent faults and reactions. The MCU is supposed to
disable the voltage conversion routine programming Tyeas_cycLe = 0x0 before applying any new configuration
set. To guarantee data integrity, in case Tyeas_cycLe = 0x0 is set while the routine is ongoing, the procedure is
not halted, but runs until the last enabled step holding the previously stored configuration. Any new configuration
update will be latched, if TMEAS_CYCLE != 0x0 is written, once the new measurement loop starts.

Figure 5. Voltage conversion routine steps

I:}Tfm_.mw'- /J' k“;*r;“:' f

Table 9. Voltage conversion routine execution parameters

symbar | b s conions i T o

Programmable voltage conversion routine execution period (5-bit)

TmEAS_CYCLE 20 520 | ms
- Tmeas_cycLe=20ms * CODE

The task execution period Tyeas cycLe must always be greater than the task duration. In case the task execution
period is programmed shorter than the task duration, this will result in the task being executed at a random
periodicity.

Figure 6. Correct management of the task execution periodicity

Task execution
trigger

Tlﬁ DCV_CONV TJ'A DCV_CONV Tﬂ DCV_CONV Tﬂ DCV_CONV

time

TM EAS_CYCLE
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3.41 Cell voltage monitor (Cx)

During the cell voltage monitoring step, the voltage conversion routine measures differential voltages at the Cx
pins and stores results in the VCELL<x> registers. The digital sum of cells is stored in the VCELL_SUM_MEAS
register.

A cell is converted only if its corresponding VCELL<x>_EN bit is enabled. By default, all cells are disabled. At
least 5 cells must be enabled in order to guarantee proper operation.

If fewer than 10 cells are used:
. Mount the cells starting from the top-most pair (C10-C9)

. A minimum of 5 cells must be connected to the L9962 and the top-most cell of the stack must be
connected to the C5 pin.

Measurements are compared to programmable thresholds to detect the failures listed in Table 10.
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,l Functional description

3.4.1.1 Electrical parameters
All parameters are tested and guaranteed under the following conditions, unless otherwise specified:
VB according to the operating range in Table 2; T;according to the operating range in Table 5.

Table 11. Cell voltage monitor electrical parameters

VGELL_RANGE Cell voltage input measurement range Design info
VCELL_RES Cell voltage measurement resolution Design info 1.22 mV
Nt ADC bit number Design info 12 bit

Programmable cell measurement (8 bit)

VeELLypas = VCELL_RES* CODE Design info

VCELL_MEAS

ICELL LEAK Cx leakage current ADC not converting 500 nA

1V<SVegL<15V
VCELLERR1 ADC Total conversion error range 1 -15 15 mV
-40°C< Tj<120°C

1.5V <Veg L 245V
VCELLERR2 ADC Total conversion error range 2 -7.5 7.5 mV
-40°C< Tj<105°C

45V <Veg LS5V

VCELLERR3 ADC Total conversion error range 3 -15 15 mV
-40°C< Tj<120°C
1.5V <VCELL<45

VCELLERR4 ADC Total conversion error range 4 v -25 25 mV
105°C<Tj<120°C

VGELL_NOISE Cell conversion noise 1 |S-SBI’m
TCELL_FILTER1 Cell and VB acquisition filter time 0.8 ms
TCELL_FILTER2 Cell and VB acquisition filter time 1.31 ms
TCELL_FILTER3 Cell and VB acquisition filter time 4.38 ms
TCELL_FILTER4 Cell and VB acquisition filter time 16.67 ms
v Programmable cell OV fault threshold (8 bit) 0 5 v
CELL_OV_TH VeELLgyry = 16VcELL_RES* CODE
N Programmable cell OV event counter 1 15 events
CELL_OV_CNT_TH threshold (4 bit)
Programmable cell severe OV threshold
(positive delta in respect to cell OV threshold,
8 bit) VeELL =VcELL In case
VCELL_SEVERE OV DE SEVEREQypy oVry o 5 y
LTA_TH + 16VCELL_RES*C0DE
of overflow, the VCELLSEVEREQVTH is saturated to
the max specified value
Programmable cell UV fault threshold (8 bit)
VCELL_UV_TH VeELLyyy,, = 16VcELL_RES * CODE 0 5 v
Programmable cell UV event counter 1 15 events

N
CELL_UV_CNT_TH threshold (4 bit)
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Programmable cell Severe OV threshold
(negative delta in respect to cell UV threshold,

8 bit) VCELLSEVEREUVTH = VCELLUVTH In case

VCELL_SEVERE_UV_DE
LTA_TH —16V¢cgLL_Rres*CODE
of underflow, the VCELLSEVEREUV is saturated
TH

to the min specified value

Programmable Balancing UV threshold
(positive delta in respect to cell UV threshold,
8 bit)
V % =V 16V,
CELL_BAL_UV_DELTA_ CELLBALUVTH CELLUVTH + CELL_RES 0 5 \Vi

TH
*CODE
In case of overflow, the VCELLBALUV is
™

saturated to the max specified value

N Programmable Balance UV event counter 1 15 events
CELL_BAL_UV_ONT_TH |y ocioid (4 bit)

Postprocessing time during conversion

. 40 us
routine

TPOST_PROCESSING

3.4.2 Battery Stack Monitor (VB)

The battery stack monitor, VB, of the voltage conversion routine monitors the battery stack voltage measuring the
VB pin through an internal divider.

This function is enabled by programming the corresponding VB_EN I2C bit: if disabled, this step is skipped. To
limit power consumption, the internal voltage divider is connected to the VB pin at the beginning of the Voltage
conversion routine and it is disconnected right after the VB measurement step is completed.

Stack voltage measurements are stored in the VB_MEAS register and compared to programmable thresholds in
order to detect the failures listed in Table 12.

Besides cyclic diagnostics performed by the Voltage conversion routine, the IC implements a time-continuous VB
pin monitor, which can be by enabled setting VB_UVLO_EN = 1. Aged packs at low temperatures may exhibit an
abnormal increase in cell resistivity, thus leading to sudden battery voltage undershoots upon system startup or
huge load current pulses. If such a condition persists, HS/LS pre-drivers (CHG/DCHG/FUSE) overdrive may
decrease, thus causing pack relays overheating and possible damage. The Undervoltage lockout (UVLO)
prevents transient brownouts from causing thermal issues to the system by detaching the battery from loads,
shutting off the DCHG FET.
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3.4.2.1 Electrical parameters
All parameters are tested and guaranteed under the following conditions, unless otherwise specified:
VB according to the operating range in Table 2; T;according to the operating range in Table 5.

Table 13. Battery stack monitor external parameters

VB RANGE VB voltage input measurement Range Design info
VB RES VB voltage measurement Resolution Design info 12.2 mV
Nt ADC bit number Design info 12 bit
Programmable VB voltage measurement (8 o
VB_MEAS bit) Vi, 45 = V_Ris * CODE Design info
5.3V<VB<9V
VBERR 1 VB voltage measurement Total -150 150 mVv
- -40°C< Tj<105°C
9V<VB<40V
VBERR 2 VB voltage measurement Total -100 100 mVv
- -40°C< Tj<105°C
40V<VB<
VBERR_3 VB voltage measurement Total 50V -150 150 mV
-40°C< Tj<105°C
Programmable VB OV fault threshold (8 bit)
VB.OVTH Vg, = 16Vh_ps* CODE 0 5% |V
Nve_ov_cNT_ | Programmable VB OV event counter
H threshold (4 bit) Tested by SCAN 1 15 events
Programmable VB UV fault threshold (8 bit)
VoW TH Yy, = 16Vs_ps* CODE 0 5% |V
NvB uv cNT_ | Programmable VB UV event counter
H threshold (4 bit) Tested by SCAN 1 15 events
Programmable plausibility check threshold
between VB and sum of cells (8 bit)
VB_SUM_MAX_ _ 0 50 |V
DIFF_TH VB—SUMMAXDIFFTH = VB~ Vsum
=16Vp grgs*CODE
Battery undervoltage lockout (UVLO) . .
VVB_UVLO_TH threshold Tested in production 8 9 10 \Y
V
VB_UVLO_HY | Battery u_nden/oltage lockout (UVLO) Tested in production 08 1 12 v
s hysteresis
Tve_UVLO. FIL E;zew undervoltage lockout (UVLO) filter Tested by SCAN 100 us
343 Cell temperature monitor (NTC)

The NTC cell temperature monitoring voltage conversion routine monitors pack temperature by sensing the NTC
pin. This function is enabled by programming the NTC_EN bit: if disabled, no conversion occurs.

When NTC_EN = 1, the OD open-drain is switched ON prior to the cells step execution. This allows the voltage
on the NTC pin to settle before NTC acquisition is performed. Once the NTC is completed, the OD open-drain
switch is released, reducing overall current consumption from VREG.

NTC measurements are stored in the NTC_MEAS register and are compared to programmable thresholds to
detect the failures listed in Table 14
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3.4.3.1 Electrical parameters
All parameters are tested and guaranteed under the following conditions, unless otherwise specified:
VB according to the operating range in Table 2; T;according to the operating range in Table 5.

Table 15. NTC measurement parameters

Ratiometric VVRE
VNTc RANGE | NTC pin voltage input measurement range 0.2 vV
- design info G
i o VvRe
VNTC_RES Cell voltage measurement resolution Design info 1212 mV
G
Nt ADC bit number Design info 12 bit
v Programmable NTC measurement (8 bit) Desian inf
NTC_MEAS VNTCMEAS =Vnrc_RrEs*CODE esign info
INTC_LEAK NTC leakage current ADC not converting 150 nA
V 0.2V <VNTC = VREG
NTC_GAIN_ER ' \TC gain error 0.8 +08 %
R -40°C< Tj<105°C
V|
NTC_OFFSET ' NTC offset error -2 +2 LSB
_ERR
VNTC_Noise | NTC conversion noise 1 LSB
| rms
Ttemp_riLTER | NTC acquisition filter time Tested by SCAN 0.8 ms
Programmable NTC OT threshold (12 bit) VVRE
VNTC_OT_TH YNTCorpy = VNTC_RES * CODE 0 G v
NNTC_OT cNT | Programmable NTC OT event counter event
T threshold (4 bit) Tested by SCAN 1 15 s
Programmable NTC severe OT threshold
(negative delta in respect to NTC OT
threshold, 12 bit)
VNTC_SEVERE VNTCSEVEREOTTH = VNTCOTTH —VnTc_RES N 0 VVRE v
OTDELTATH , -hpp G
case of underflow, the VNTCseyere,,,, 1
saturated to the min. specified value
Programmable NTC UT threshold (12 bit) VVRE
VNTC_UT_TH VNTCyryy = YNTC_RES™ CODE 0 G v
NNTC_UT_ONT | Programmable NTC UT event counter event
T threshold (4 bit) Tested by SCAN 1 15 s
3.4.4 Die temperature monitor (T;)

The die temperature step of the voltage conversion routine monitors the L9962 junction temperature. This step is
always enabled.

The die temperature is encoded according to the following formula:
T;[°C] = 343.165 — 0.196 * DIE_TEMP_MEAS (1)

Die temperature measurements are stored in the DIE_TEMP_MEAS register and compared to a programmable
threshold in order to detect the failures listed in Table 16.

Note: In case the DIE_OT flag is asserted, the MCU is expected to move the device to a low-power state (either
SHIPMENT-DEEP SLEEP or STANDBY) within 500 ms in order to prevent damage from overheating.
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Table 16. Die temperature monitor diagnostics

Fault Assertion condition IC reactl_on to Rele_a.se IC reaction to flag Maskable
type assertion condition clear

Charge FET is

. The restored to the
DIE_OT status defined
flag is set by the . DIE_OT_CHG_MSK
. Both ) CHG_ON bit masks reaction on CHG
Charge : If die . The Discharge pin
© [Ifdie and temperature FETisrestored +  DIE_OT_DCHG_MSK
temperature . falls below I
rises above Discharge T _ to the status masks reaction on
DIE h the FETs are TOT—TH defined by the DCHG pin
oT D‘fg—g‘T’f X turned OFF OT_HYST, DCHG_ONbit '«  DIE_OT BAL_MSK
S au . Balancing the DIE_OT |, Balancing FETs masks reaction on
is . flag can be ;
acknowledaed is | db are restored to balancing
9 interrupted :A%ade Y the status . DIE_OT_FAULTN_MSK
on all cells defined by the masks reaction on
. FAULTN corresponding FAULTN pin
line is BAL<x>_ON bit
asserted . FAULTN line is
released
3441 Electrical parameters

All parameters are tested and guaranteed under the following conditions, unless otherwise specified:
VB according to the operating range in Table 2, T; according to the operating range in Table 5.

Table 17. Die temperature monitor electrical parameters

Ti ERR Die temperature total conversion error -10

Tot_TH Overtemperature threshold 150 °c

ToT_HysT Overtemperature threshold hysteresis 5 15 °C
345 Diagnostics principle

The following example on cell UV detection applies to all diagnostics featuring a programmable event counter.
The counter implements a symmetric hysteresis:

. Each fault is asserted if the corresponding threshold is exceeded. In such a case, the L9962 puts in place
the programmed reactions, based on the masking bits.
. The fault counter is saturated to the programmed threshold as long as the fault is still present. During such

an interval, any attempt to clear the fault status is discarded. To avoid inadvertent fault detection, the fault
counter threshold is saturated to 1 on the lower bound, meaning that at least one fault event must occur for

fault detection. Writing ‘0’ to any 12C fault counter threshold will result in the internal threshold being

clamped to ‘1’

. When the fault is removed and the event counter reaches zero, the fault flag can be cleared on write by the
MCU. In such a case, the system is brought back to a functional state.

. To clear a fault, a write access is necessary, which must be the value "1'.
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Figure 7. Example of cell UV detection
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3.5 Current conversion routine

The current conversion routine can be enabled by programming the CSA_EN bit: if disabled, the monitoring
functions and Coulomb counting are not available.

Enabling the current conversion routine increases the VB current consumption by lyg NORM_DELTA_CSA-

3.51 Current sense ADC (ISENSEP/ISENSEM)

The L9962 integrates a current sense amplifier and a fully differential sigma-delta ADC, capable of performing
continuous acquisition of the pack current using an external shunt resistor connected between the ISENSEP and
ISENSEM pins.

Each sample acquisition lasts for Tcyr_riLTER (Programmable via T_CUR_FILTER field) and a new acquisition
starts upon completion of the previous conversion. Being dependent on junction temperature measurements, the
CSA performances are guaranteed only in case Voltage conversion routine is enabled and running (whatever the
cycle period is).

The latest sample acquired by the ADC is available in the CUR_INST_MEAS register, encoded in two's
complement.

The CSA comes with a native gain error of CSAgain_ERR. To further improve the accuracy, the L9962 offers the

possibility to perform end of line calibration using a single setpoint. By programming the CSA_GAIN_FACTOR
register, the gain error can be reduced to CSAgaIN_ERR_CAL-

The end of line calibration procedure is the following:

1. Read the CSA_GAIN_FACTOR register and store the factory correction factor Kgain_FacToRy in @ temporary
variable

Force a precise and stable Vcsa_caL voltage on the ISENSEP-ISENSEM pair
Enable the CSA and the Coulomb counter by programming CSA_EN =1 and CC_ACC_EN =1
Let the Coulomb counter acquire at least 30 samples in order to eliminate any superimposed noise

Download the Coulomb counter data as described in Coulomb counting and extract the Vcsa_veas average
value.

6. Calculate the gain correction factor Keain_caL

o~ N

VCSACAL
Vesaypas

(2)

Keaingy, =

7. Calculate the end of line correction factor Keain_goL and write it into the CSA_GAIN_FACTOR register
KGAINEOL = KGAINFACTORYKGAINCAL (3)

8. Push the data into the NVM following the procedure described in Non-Volatile Memory (NVM).
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3.5.2 Coulomb counting

To enable the accumulation function, the CC_ACC_EN bit must be set. When Coulomb counting is active, current
samples are continuously accumulated in the CC_ACC register, while the CC_SAMPLE_CNT counts the number
of samples stored in the accumulator. Disabling the Coulomb counting will cause the accumulator and sample
counter to reset: to avoid loss of information, the MCU is supposed to download the Coulomb counter information
before disabling it.

The MCU must periodically poll the Coulomb counter to retrieve the charge information. The following procedure
has to be implemented in order to guarantee proper data synchronization between the accumulator and sample
counter:

1. The MCU writes CC_ACC_MSB register with OxFFFF data
a. The accumulator is cleared upon write

b. A snapshot of the internal sample counter and accumulator is loaded into CC_SAMPLE_CNT,
CC_ACC_MSB and CC_ACC_LSB fields.

c. The shadow register of the internal sample counter is meanwhile reset
2. MCU reads the CC_ACC_MSB register
3. MCU reads the CC_ACC_LSB_CNTR register

The Coulomb counting operation requires the MCU to track the charge added/subtracted from the battery pack
over time. The L9962 helps track the charge variation AQ in the battery pack by continuously acquiring and
accumulating the current. This significantly reduces the MCU reading rate, simplifying user SW.

The Coulomb counting routine may refer to a known previous charge Q(tp) and apply the following equation:

" Repunr

K
Qt) = Qo+ AQ =Qp+ AT Z Iegr(K) = Qe + Teur_riurir Z Vpirr(k)
K=1

Z Vpipr(k) = CC_ACC*Vyp_pes
k=1

Where:

. Vpirr = ISENSEP-ISENSEM

. CC_ACC is the accumulator, encoded in two’s complement

. RsHunT is the external shunt resistor mounted between ISENSEP and ISENSEM

Then, the Q(tk) just evaluated becomes the Q(t) for the next iteration.

The CC_SAT read-only flag reports the status of the accumulator and sample counter: if either of the two
saturates, the CC_SAT is set to ‘1’ and an RDY pulse is generated to inform the MCU that the register data is
ready. Meanwhile, the accumulation is stopped and CC_ACC and CC_SAMPLE_CNT are frozen.

3.5.2.1 Electrical parameters
All parameters are tested and guaranteed under the following conditions, unless otherwise specified:
VB according to the operating range in Table 2, T;according to the operating range in Table 5.

Table 18. Coulomb counter electrical parameters

Nacc Coulomb counter accumulator size Design info
NsAMPLE_CNT Coulomb counter sample counter size Design info 8 bit
3.5.3 Overcurrent monitor

When the CSA is enabled, the L9962 can protect the battery pack from overcurrent events in both charge and
discharge directions. The absolute value of each current sample is compared to a programmable digital threshold
CSA.

This diagnostic can be enabled via the OVC_EN bit and covers the failures listed in Table 19.
To avoid false detections, overcurrent thresholds shall only be modified while OVC_EN = 0.
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The recommended re-engagement strategy in case of persistent OVC failure detection is:
. Poll the PERSIST_OVC_<x> flags for at least 5TCUR_FILTER to check if the fault is still present
. 1. If the flag can be cleared, the fault has disappeared and the FET can be re-engaged

2. Otherwise, re-engaging the FET is not recommended and SW should let the L9962 blow the FUSE (if
not masked)
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3.54 Short-circuit in discharge protection

When the CSA is enabled, the L9962 protects the battery pack from short-circuit in discharge by sensing the
current through the shunt resistor with a faster filter time Tsc_riLTER, Programmable in the SC_FILTER field. This
diagnostic is enabled by using the SC_EN bit and covers the failures listed in Table 20.

Writing SC_EN = 1 enables the short-circuit monitor after a maximum delay of 528 ps.
To avoid false detections, overcurrent thresholds shall only be modified while SC_EN = 0.
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3.5.4.1 Electrical parameters
All parameters are tested and guaranteed under the following conditions, unless otherwise specified:

VB according to the operating range in Table 2; T;according to the operating range in Table 5.

Table 21. Short-circuit in discharge electrical parameters

Symbol Parameter lest
conditions

T Programmable short-circuit in | Tested by 16ps*[1+2min( 16ps*[1+3*2min(C
SC_FILTER discharge filter time (3 bit) SCAN CODE 4); ODE4)]
Short-circuit measurement Lo 2.34
VSC_RES resolution Design info (300mv/27) mV
Programmable short-circuit in
discharge threshold (4 bit)
Vsc_tH Vscpy = 49.14mV + 14 50 275 mv
.04mV *CODE
Programmable persistent
short-circuit in discharge
VpERSIST SC_TH threshold (4 bit) 50 275 mv
SCPERSISTTH =49.14mV
+ 14.04mV *CODE
Vsc_TH_ToL Vsc_TH gain error -10 +10 %
VSC_TH_OFFSET VSC_TH offset error -5 +5 mV
TPERSIST SC_BLA | Persistent short-circuit in
. R 3.1 3.65 ms
NK discharge blanking time
3.6 Cell balancing

The L9962 provides passive cell balancing by discharging battery cells through the Cx pins. To balance a cell, it
should be enabled by using the corresponding VCELL_EN_<x> bit and to activate the balancing switch on a cell,
the corresponding BAL<x>_ON bit must be set. Balancing is inhibited if cell voltage falls below the balance
undervoltage threshold (refer to Cell voltage monitor (Cx)).

Balancing current must be limited to a maximum of Iga._max Via cell filtering resistors. It is recommended to
balance only non-adjacent cells. Care must be taken when balancing adjacent cells in order not to violate the
IsaL_max constraint.

To allow cell voltage relaxation, balancing is stopped for TgaL_seTTLING before running the first step of the Voltage
conversion routine. It is then automatically re-engaged after the VB step completion.

Figure 8. Balancing timing diagram

B | A |
G iwtapte | il o [+ E|
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3.6.1 Electrical parameters
All parameters are tested and guaranteed under the following conditions, unless otherwise specified:
VB according to the operating range in Table 2; T;according to the operating range in Table 5.

Table 22. Balancing electrical parameters

COO M 3

Rps_on Balancing FET ON resistance | loyt=70 mA
IBAL_MAX Maximum balancing current For each balancing FET 70 @ mA
RCx=39 Q, external Cap 470 nF
T Cell balance driver turn-on
ON_BAL time From BAL<x>_ON command to 30% 5 12 ps
of VDS
RCx=39 Q, external Cap 470 nF
T Cell balance driver turn-off
OFF_BAL time From BAL<x>_OFF command to 3 9 20 s
70% of VDS
ttling ti f Il
TBAL_SETTLING ieealsrL%eInT:n?e ore ce TMEAS_CYCLE/8 ms
3.7 HSILS pre-drivers (CHG/DCHG/FUSE)

The L9962 integrates three pre-driver stages aimed at managing pack connection to external loads and chargers.

3.71 Battery pack charge/discharge relays (CHG/DCHG)

The L9962 integrates a dual pre-driver stage used to control the external charge (CHG) and discharge (DCHG)
MOSFETs. Each pre-driver can be independently configured as high-side or low-side by means of the
CHG_HS_LS and DCHG_HS_LS configuration bits.

For each MOSFET:
. xxx_HS_LS = 0 selects a low-side configuration.
. xxx_HS_LS = 1 selects a high-side configuration.

The default configuration after device power on is HS for both CHG and DCHG MOSFETS. The MOSFETs can be
used both in a back-to-back HS/LS topology, or in a standalone HS/LS topology:

. HS back to back topology: CHG_HS LS ="1", DCHG_HS_LS="1"

. LS back to back topology: CHG_HS_LS ="1", DCHG_HS_LS="0"

. CHG and DCHG in LS standalone topology: CHG_HS_LS ="0", DCHG_HS_LS="0"

. CHG and DCHG in HS standalone topology: CHG_HS_LS ="1", DCHG_HS_LS="1"

. CHG in standalone LS topology and DCHG in standalone HS topology: CHG_HS_LS ="0",
DCHG_HS_LS="1"

. CHG in standalone HS topology and DCHG in standalone LS topology: CHG_HS_LS ="1",
DCHG_HS_LS="0"

The gate driver outputs are enabled in NORMAL mode only, and are in high impedance while in STANDBY or
SHIPMENT - DEEP SLEEP states.

When in NORMAL state, the CHG and DCHG FETs can be commanded ON/OFF using I2C registers:
. DCHG_ON commands the DCHG FET
. CHG_ON commands the CHG FET

Several diagnostics may have an impact on the CHG/DCHG output state, which can be forced low by the L9962
independently of the status of the above commands.

3.7.1.1 Electrical parameters

All parameters are tested and guaranteed under the following conditions, unless otherwise specified:
VB according to the operating range in Table 2, T; according to the operating range in Table 5.
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Table 23. Charge - Discharge gate driver electrical parameters

O

Pre-driver expected switching

FprDRV frequency Application info Hz

CPRORV_ LOAD E%Lgvslsir:]tscapacitive load on CHG/ Application info 10 nF
VB > 9V 9 105 11.7

VGs_oN CHG/DCHG ON voltage
5.7<VB<9V 65 75 9
I(CHG)= I(DCHG)=0.5* *IPD_MIN=0.46 mA

VGs_oFF CHG/DCHG OFF voltage 100 | mv

- V(VSx)=0 V

V(CHG)-V(VSC)=0 V

Ipy CHG/DCHG current source V(DCHG)-V(VSD)=0 V -2.4 -0.6  mA
V(VSx)=0 V
V(CHG)-V(VSC)=5 V

IpD CHG/DCHG current sink V(DCHG)-V(VSD)=5 V 125/ 70 120 mA
V(VSx)=0 V
V(CHG)-V(VSC)=0.3 V

Rpp CHG/DCHG pull-down resistance V(DCHG)-V(VSD)=0.3 V 35 Q
V(VSx)=0 V

3.7.2 FUSE pre-driver

Under certain conditions classified as permanent failures, the L9962 can be programmed to activate the FUSE
pre-driver. An external NMOS can be driven to blow a fuse connected in series to the battery pack's positive
terminal.

The following list of failures is classified as permanent:

. Severe cell UV: aimed at preventing copper deposition (see Cell voltage monitor (Cx))

. Severe cell OV: aimed at preventing explosion hazard (see Cell voltage monitor (Cx))

. VVB vs. sum of cells plausibility check fail: aimed at preventing BMS permanent malfunction (see Battery
Stack Monitor (VB))

. Severe NTC OT: aimed at preventing fire hazard (see Cell temperature monitor (NTC))

. Persistent charge current: aimed at preventing overcharge (see Overcurrent monitor)

. Persistent discharge current: aimed at preventing overdischarge (see Overcurrent monitor)

. Persistent short circuit in discharge: aimed at preventing fire hazard (see Short-circuit in discharge
protection)

In addition to the internal diagnostics, L9962 can also enable the FUSE pre-driver upon:
. User request through 12C
1. FUSE must start from the OFF condition (FUSE_TRIG_FIRE = 01)
2. FUSE shall be first armed by writing FUSE_TRIG_ARM = 10
3. The FUSE can be then fired by setting FUSE_TRIG_FIRE = 10 within Tryse timeour. otherwise the
fire command will be discarded

Note: Rewriting FUSE_TRIG_ARM = 10 while the timeout is running restarts the timer. Writing FUSE_TRIG_FIRE =
01 interrupts the FUSE activation. Writing FUSE_TRIG_ARM = 10 while FUSE_TRIG_FIRE = 10 immediately
fires the FUSE.

. Secondary protector activation detection: if the FUSE voltage rises above Vrysg tH for longer than
TruSE_FILTER, the FUSE pre-driver is enabled and the FUSE_EXT flag is set. Once triggered, the action
can no longer be inhibited unless a GO2SHIP/GO2SLP command is issued.

3.7.2.1 Electrical parameters
All parameters are tested and guaranteed under the following conditions, unless otherwise specified:
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VB according to the operating range in Table 2; T;according to the operating range in Table 5.

Table 24. FUSE pre-driver electrical parameters

IFuse Fuse pre-driver pull-up current VFUSE = 0V

VEUSE_TH FUSE external activation detection threshold 0.8 1.8

VEUSE_HYST FUSE external activation detection threshold hysteresis 0.1 0.5

TFUSE_FILTER FUSE activation/deactivation digital filter 85 104 120 us

Truse_TiMeouT | FUSE fire command timeout in respect to fuse arm event 1.6 2 23 s

Rruse FUSE pull-down resistance 50 100 150 KQ
3.8 Digital 1/0s (RDY/SDA/SCL/FAULTN_SAFE/FAULTN/OD)

The following paragraph lists the electrical characteristics of the device digital 1/Os.

3.8.1 Data-Ready Interrupt pin (RDY)
The RDY pin is used signal the system MCU when new data is available. The RDY signal is a positive pulse
lasting for Trpy_puLse uUpon the following events:
. After each Voltage conversion routine task is completed (as shown in Figure 9)
. If the Coulomb counter saturates (upon CC_SAT flag positive edge, see Coulomb counting)
. Any time the device enters NORMAL state

Figure 9. RDY pulse generation upon voltage conversion routine task termination

tle t2e t3e ‘tde t5e t6e t7e
”_ll 2 i3 4 15 16 17

PP Y

12c

RDY TROY_PULSE I

bie Temp measreg
VCELL1 measreg

VCELLZ measreg CELL? Voltage meas reg ]
VCELL3 measreg CELL3 Voltage meas reg |
VCELL4 measreg

VCELLS measreg

VCELL6 measreg

VCELLY measreg

VCELLE measreg CELLB Voltage meas reg

VCELLS measreg

VCELLI0 measreg [ chliOVohtagemeasreg |
VBATT meas reg [ VeATTvoltagemessieg |

GPIO/NTC meas reg VGPIO/NTC Voltage meas reg

3.8.1.1 Electrical parameters
All parameters are tested and guaranteed under the following conditions, unless otherwise specified:
VB according to the operating range in Table 2; T; according to the operating range in Table 5.

Table 25. RDY interrupt pin electrical parameters

104 12

TRDY_PULSE RDY interrupt pulse duration Tested by SCAN 85
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3.8.2 Fault interrupt pin (FAULTN)
The FAULTN pin indicates when a failure is detected . FAULTN is an open-drain output active low.
Several failures can be redirected to the FAULTN line depending on their masking bit. Refer to Voltage conversion
routine and Current conversion routine for a list of specific failures.
FAULTN can also be used by a secondary protector in order to disconnect the battery pack from the load or the
charger. When not internally pulled low, FAULTN can be externally pulled low for TeauLtn_Low: The L9962 will

force the CHG/DCHG outputs low, regardless of CHG_ON and DCHG_ON commands and L9962 internal
diagnostics. The event is latched by FAULTN_EXT bit. CHG/DCHG will be released upon flag clear by the MCU.
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3.8.2.1 Electrical parameters
All parameters are tested and guaranteed under the following conditions, unless otherwise specified:

VB according to the operating range in Table 2; T;according to the operating range in Table 5.

Table 26. Digital output electrical characteristics

e e i o

FAULTN input filter time for secondary protector activation Tested by SCAN = 17 | 21 25

TEAULTN_LOW detection

3.8.3 MCU emergency reset (FAULTN_SAFE)

The MCU should normally manage the communication with the battery charger, ensuring cells are properly
charged to 100% state of charge. In case the MCU operation fails, the battery cells could be overcharged, leading
to fire/explosion hazards.

The L9962 can reset the MCU should a cell overvoltage condition be detected. This is done by connecting the
FAULTN_SAFE open-drain output to the MCU reset pin (active low).

When overvoltage failures are directed to the FAULTN_SAFE pin, the output will be pulled low for
TrAULTN_sAFE_Low to allow a proper reset of the MCU.

3.8.3.1 Electrical Parameters
All parameters are tested and guaranteed under the following conditions, unless otherwise specified:
VB according to the operating range in Table 2, T;according to the operating range in Table 5.

Table 27. Digital output electrical characteristics

TEAULTN_SAFE_LOW FAULTN_SAFE low interval Tested by SCAN 85 104 12

3.84 Electrical parameters
All parameters are tested and guaranteed under the following conditions, unless otherwise specified:
VB according to the operating range in Table 2; T;according to the operating range in Table 5.

Table 28. Digital output electrical characteristics

Low input level
VIN_L Slow rising ramp on input pin 0.8 1.8
Valid for FAULTN, SDA, SCL

Input hysteresis i ;
ViN HYS puthy Input considered high when VIN > 01 0.8 v
- Valid for FAULTN, SDA, SCL VIN_L + VIN_HYS
Vout_ L Low output level IOUT =2 mA 0 0.4 v
Vout H High output level IOUT =2 mA VREG-0.4 VREG V
Cload=120pF
Output Rise time
Tout_RISE From 20 to 80% of final value 1 35 ns
- Valid for RDY
Guaranteed by design
Cload=120pF
Output fall time
TouT FALL From 80 to 20% of initial value 1 35 ns
- Valid for RDY.
Guaranteed by design
VOPEN_DRAIN gzgg;ﬁ;%neﬁ?uwalent ON resistance lop=2mA 0.01 015 v
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Valid for SDA, FAULTN,
FAULTN_SAFE, OD

3.9 I2C communication interface

The L9962 uses an I2C slave peripheral interface to communicate with a host MCU on an addressed I2C bus.
The 12C peripheral uses two lines to implement communication:

. SCL (serial clock): a digital input receiving clock from the master unit of the 12C bus
. SDA (serial data): a digital input/output used for sending and receiving data clocked by the master unit of
the 12C bus

The L9962 12C peripheral is compliant with the I2C fast standard (400 kbit/s).

3.9.1 I2C physical layer

SDA is an open-drain pin and requires an external pull-up resistor to VREG, while SCL is a digital input pin.
Master/slave units can only force SDA/SCL low, while a release condition corresponds to all units not forcing a
zero, thus resulting in SDA/SCL pulled high passively to VREG.

3.9.1.1 Clock polarity

Figure 10. 12C Clock Polarity

Data on the SDA line is sampled on the SCL rising edge and must fulfil tsy_par (setup) and typ_par (hold)
constraints, while it is allowed to change during SCL low semi-period. A single bit is transferred per clock period.

3.9.1.2 Start/stop conditions

Figure 11. 12C Start/Stop Conditions

SDA

[ A _

5 P

Start Condition Stop condition

Every communication window is defined within the START and STOP conditions. These are always generated by
the master.
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. A START condition corresponds to an SDA HI—LO transition while SCL is HIGH. The SCL must verify the
tsu_sTa (setup) and typ_sta (hold)constraints

. When a START condition is detected an internal watchdog timer is reset and started

. A STOP condition corresponds to an SDA LO—HI transition while SCL is HIGH. The SCL must verify the
tsu_sTo (setup) and typ_sTo (hold)constraints

. If the communication breaks down or any issue occurs while an 12C frame is ongoing, the IC will be able to
re-engage after a TI2C_TIMEOUT time.

After the STOP condition, the bus must be left idle for at least tgyg before issuing a new START condition. The

L9962 resets its 12C logic upon each START/STOP condition detection.

3.9.1.3 ACK/NACK

In a communication window, every byte transferred over the I2C bus is followed by a 9t bit representing the
Acknowledge (ACK) or Not Acknowledge (NACK) condition. For each byte, the peripheral receiving data will
either confirm its availability to continue the communication (ACK) or will signal unavailability (NACK).

. An ACK is represented by SDA LOW on the 9t SCL pulse

. A NACK is represented by SDA HIGH on the 9" SCL pulse

There are five conditions leading to the generation of a NACK by a receiver:

1. Absence of receiver: no receiver is present on the bus with the transmitted address so there is no device to
respond with an ACK

2. Receiver busy: the receiver is unable to receive or transmit because it is performing a real-time function and is
not ready to start communication with the master

3. Wrong data received: during the transfer, the receiver receives data or commands that it does not understand.
If the CRC check is enabled, L9962 will generate a NACK in case corrupted data is detected.

4. Receiver buffer full: during the transfer, the receiver cannot receive more data.

5. Transfer completed: a master-receiver must signal the end of the transfer to the slave transmitter.

When the L9962 generates a NACK, the error state is latched and any subsequent write operation will not be
accomplished. The MCU is expected to issue a STOP condition to reset the 12C logic.

3.9.2 I2C protocol layer

3.9.2.1 Addressing and R/W bit
The ADDRESS byte is formed by a 7-bit address field plus a R/W bit
. By default, the ADDRESS is 0b1001001.
- The address can be changed by programming the DEV_ADDR_ID register

- The address can be stored in the NVM in order to allow the integration of the L9962 on a multichip
bus

. The R/W bit is processed as follows
—  R/W =1 means READ
—  R/W =0 means WRITE

3.9.2.2 CRC

The L9962 can check data integrity by means of a CRC. By default, this feature is disabled and can be enabled
by programming the CRC_EN bit.

The CRC poly is: x8+x2+x+1
The CRC initialization is 0.

The L9962 exploits received CRC information to validate each WRITE operation, eventually issuing a NACK and
discarding data in case of corruption detection

In read operations, the L9962 equips the output data with CRC to allow the MCU to validate the received data.

The MCU may:
. validate data on-the-fly, generating a real-time NACK in case of corruption detection
. validate the data offline, discarding it in case of corruption detection
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3.9.2.3 Single read/block read

The READ operation shall be used to retrieve information from the internal 12C registers. However, as the device
implements a Clear-on-Write approach, it will not clear any latch.

Figure 12. 12C generic READ operation

READ:
1BYTE 1BYTE 1BYTE 1BYTE 1BYTE 1BYTE 1BYTE 1BYTE 1EBYTE

SLAVE |55\ REG |, ng SLAVE

ADDR " "' ADDR ADDR

RA DATA A DATA A CRC A DATA A DATA A CRC AP

The elementary READ operation consists of:

1. a START condition

2. the SLAVE ADDRESS byte (with R/W = 0) identifying the slave device to be activated

3. the REGISTER ADDRESS byte identifying the memory address where data has to be read
4. a STOP condition

This first instruction subset loads the starting address into the memory address counter. Then the following
sequence starts the download of the data:

1. a START condition

2. the SLAVE ADDRESS byte (with R/W = 1) identifying the slave device to be activated
3. the L9962 will output two data bytes

4. the L9962 will output an optional CRC byte covering all the previous bytes.

In a block read, the MCU can continue reading by clocking additional packets of two data bytes (plus a third CRC
byte optionally generated by the L9962). The REGISTER ADDRESS defined in step 3 will be considered as the
starting address, and the memory address counter will be incremented by 1 for every 2 bytes output.

In case REGISTER ADDRESS saturates, the L9962 will output OXFF bytes.
The READ operation terminates with a STOP condition.

3.9.2.4 Single write/block write

The WRITE operation shall be used to configure device parameters and send actuation commands. As the 12C
peripheral implements a Clear-On-Write approach, the WRITE operation must also be used to reset any latch
writing a logic ‘1’ to the corresponding bit.

Figure 13. I2C generic WRITE operation

. MCU (master)

1BYTE 1BYTE 1BYTE 1BYTE 1BYTE 1BYTE 1BYTE 1BYTE

A DATA A DATA A CRC A DATA| A DATA A CRC A P

The elementary WRITE operation consists of:

. a START condition

. the SLAVE ADDRESS byte (with R/W = 0) identifying the slave device to be activated

. the REGISTER ADDRESS byte identifying the memory address where data has to be written
. two data bytes

. an optional CRC byte covering all the previous bytes
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In a block write, the operation can continue by sending other packets formed by two data bytes and an optional
CRC covering the previous two bytes. The REGISTER ADDRESS defined in step 3 will be considered as the
starting address, and the memory address counter will be incremented by 1 for every 2 bytes received.

In case REGISTER ADDRESS saturates, the L9962 will generate a NACK and data is be written into internal
registers.

In case the received CRC is wrong, the L9962 generates a NACK and the corresponding data is not written into
internal registers.

The WRITE operation terminates with a STOP condition.

3.9.2.5 Electrical parameters
All parameters are tested and guaranteed under the following conditions, unless otherwise specified:
VB according to the operating range in Table 2, T;according to the operating range in Table 5.

Table 29. I2C electrical parameters

symbas | aramser et cantions i T e

Guaranteed by

FscL Communication frequency design 80 400 | kHz

tLow LOW period of the SCL clock 1.3 us

tHIGH HIGH period of the SCL clock 0.6 us
SCL hold (High) time, after SDA falling edge has created the

tHp_sTA START condition, for the START condition to be correctly 0.6 us

detected

SCL set-up time to High (SDA already High) before SDA falling
tsu_sta edge creates the START condition sequence (by falling when 0.6 us
SCL is steadily high)

tHp_DAT SDA hold time after SCL falling edge 300 - ns

tsu_part SDA set-up time before SCL rising edge 100 - ns
With 4.7kQ pull-up

tr Rise time of SDA signal resistor and 40pF 0 300  ns
load
With 4.7kQ pull-up

t Fall time of SDA signal resistor and 40pF 0 300  ns
load

trf scL Rise/fall time SCL signal 0 300  ns

SCL set-up time to High (SDA already Low) before SDA rising
tsu_sto edge creates the STOP condition sequence (by rising when SCL 0.6 us
is steadily high)

SCL hold (High) time, after SDA rising edge has created the

tHD_sTO STOP condition, for the STOP condition to be correctly detected 0.6 us
tBUF Bus free time between a STOP and START condition 1.3 us
Cp Capacitive load for each bus line 400 @ pF
Ti2c_TIMEOUT 46 50 54 @ ms
tvp_paT_Ack | Data (ACK) valid time 0.9 | us
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Figure 14. Timing on the 12C bus
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3.10 Non-Volatile Memory (NVM)

The L9962 allows saving key 12C configuration parameters in the internal NVM. Not all I2C register are stored in
the NVM: refer to the register map file attached, where a color code identifies configuration registers stored in the
NVM.

The following 12C commands allow interacting with the NVM:

. NVM_WRITE_READ_CODE_CMD = 0xAAAA triggers the NVM upload fetching the data from 12C registers
and moving it to the NVM sectors. The operation lasts Tyvm_upLoap @and during such an interval the MCU
will not be able to perform 12C R/W operations

. NVM_WRITE_READ_CODE_CMD = 0x5555 triggers the NVM download fetching the data from NVM
sectors and moving it to the I2C registers. The operation lasts TnvMm_bDownNLoaD @nd during such an interval
the MCU will not be able to perform 12C R/W operations.

The NVM can be written a maximum of Nyym wRITE_cycLes. If this limit is exceeded, data retention is not
guaranteed. The NVM_UPLOADS_COUNT counter stores the number of NVM write operations executed and is
saturated to 31.

At each device wake-up, the NVM is autonomously re-downloaded and the related I2C configuration registers are
refreshed. Thus, the MCU is not required to run configuration functions at each wake-up.

The MCU shall disable any load actuation (CHG/DCHG, Balancing and FUSE) before launching an NVM
download/upload command.

Data stored in the NVM is checked against corruption:

. If the trimming & calibration data is corrupted, the CRC_TRIM_CAL_FAIL flag is set and the FAULTN pin is
asserted
. If the user sectors are corrupted, the CRC_CFG_FAIL flag is set and the FAULTN pin is asserted

Whenever data corruption is detected (CRC_TRIM_CAL_FAIL or CRC_CFG_FAIL), the diagnostic routines will
not be stopped and faults might be inadvertently flagged. However, all the actuations due to internal faults will be
inhibited as if the corresponding masking bit (*_MSK) was set.
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3.10.1 Electrical parameters
All parameters are tested and guaranteed under the following conditions, unless otherwise specified:
VB according to the operating range in Table 2, T; according to the operating range in Table 5.

Table 30. NVM electrical parameters

NNVM_WRITE_CYCLES NVM allowed write cycles Guaranteed by design 16 cycles
TNVM_UPLOAD NVM upload time Guaranteed by design 65 ms
TNVM_DOWNLOAD NVM download time Guaranteed by design 5 ms
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4 Device register map

L9962 register map is available in the STSW-L9962FW software package.
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5 Application information

5.1 Power supply circuit

Figure 15. Power supply circuit
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Table 31. Recommended power supply components

Components | Value m Max. tolerance m Comments

LPF inductance for battery path.

The filter cut-off frequency is
Ls 1 uH 20% 150mA 1

f e —
¢ (ZN«ILB(CBl + 632)

Provides battery stabilization.

0,
Ce1 10 Wk 10% 100V Filter noise on VB sense line.

Filter high frequency noise on VB
Cg2 220 nF 10% 100 V sense line. Place as close as
possible to VB pin.

Charge pump tank capacitor.
Ccp 68 nF 10% 25V Mount as close as possible to
VCP pin.

Charge pump flying capacitor.
Ccp 1 6.8 nF 10% 50V Mount as close as possible to
VCP1P/1M pin.

Charge pump flying capacitor.
Ccp 2 6.8 nF 10% 50V Mount as close as possible to
VCP2P/2M pin.

Tank for the VREG regulator.

CvreG 4.7 uF 10% 16V Mount as close as possible to
VREG pin.
The BAT46WJF is recommended
Dzp 100 \% to protect VB against reverse
battery

DS15069 - Rev 4 page 48/71



‘_ L9962
,’ Application information

5.2 Cell voltage sensing and balancing circuit

Figure 16. Cell voltage sensing and balancing circuit

|
Ripe I
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Table 32. Typical BOM for cell voltage sensing and balancing circuit

Components | Value m Max. tolerance m Comments

LPF resistor for cell voltage
measurement. It is also used to
limit the balancing current. The
differential filter cut-off frequency

. 1
is fr= ————
fe (4mRLprCLpF)

RLpF 39 Q 10% 1/8W

LPF capacitor for cell voltage
measurement. The differential
CLpF 470 nF 10% 16V filter cut-off frequency is

fe= e
(4mR1prCrpF)
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5.3 Current sense circuit

Figure 17. Current sense circuit
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Table 33. Typical current sense BOM

Components Value K Comments
tol ce

Risense 47 Q 0.1% 1/10W
CiSENSE_cM 33 nF 5% 16V
CISENSE_1 47 uF 10% 16V

It is used both for filter differential and common-mode noise
on the ISENSEp/ISENSEm input. The differential filter cut-off
frequency is

1

fe= CISENSE_CM)

<47TRISENSE<CISENSE_1 + CISENSE_2 + 5

The common-mode filter cut-off frequency is
1

(2nR;sgNSECISENSE_CM)

fc

Filter common -mode noise. The common mode filter cut-off
1

(2mR1sgNSECISENSE_CM)

frequency is f¢ =

Filter differential low frequency noise on the ISENSEp/
ISENSEm input. The differential filter cut-off frequency is

fc= L

CISENSE_CM
4nRisEnsE\ CISENSE_1 + CISENSE_2 + —————

Shunt resistor is used for current sensing and coulomb counting. Rating depends on the maximum battery current
(RsHUNT * |SENSE_MAX2)- Different RgyynT values are possible as long as Rsyyunt * Isense stays in the differential
measurement range [-200 ; +200] mV and the ISENSEp/ISENSEm AMR are not violated.
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5.4 NTC analog front end

Figure 18. NTC measurement circuit
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Table 34.
L T S (= === N—
Rnte 10% 1/10W NTC resistor
Provides VREG/2 polarization for
0,
Rey 33 kQ 10% 110w NTC typical value
Filters the NTC signal: cut-off
RFIL 10 kQ 10% 1/10W fre : _
quency is fr = —————
€~ @rRppCri)
Filters the NTC signal: cut-off
CriL 10 nF 10% 16V frequency is f¢ =

(2mRp1LCriL)
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5.5 HS/LS pre-drivers circuit
L9962 Supports two pre-driver circuits fully configurable.
Each predriver can be configured to work either in LS or HS according to configurated bit.

Table 35. HS/LS predriver stand-alone topology

il
L
; ; !
T
il
L
1 1 |
I
T
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0 1 T
I
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il
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1 0 T
I
T
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A back to back topology is also fully supported as described below:

Table 36. HS/LS predriver back to back topology

CHG_HS_LS DCHG_HS_LS

L9962

VSD DCHG CHG VSC
- L1

Charger

——— T

A

HS Configuration

Table 37. Typical HS/LS pre-drivers BOM

Components | Value Comments
tolerance

Rche 10% 1/8 W | Pull-down resistor

RpcHa 2 MQ 10% 1/8 W | Pull-down resistor

McHe 60V  Battery charge FET. The STL130N6F7 is recommended
MbcHe 60V  Battery discharge FET. The STL130N6F7 is recommended

(Optional) DR recirculation diode intended to protect VSD/VSC pin by
recirculating the energy stored in the parasitic inductance of wires in case
the charge/discharge phase is sudden interrupted by Mcyg / MpcHa

Dr 44 vV FET. The component has to be chosen with an Rdyn that guarantee to
not violate the VSD AMR according to the max current surge.

SMABJ40A/CA recommended for a typical scenario with a maximum DC
operating VB = 44V.

(Optional) Capacitance limits the maximum pin slew/rate in case of

0,
Cr 100 | nF 10% 6ov charge/discharge phase is sudden interrupted.
Rvsc 22 | Q 5% 118 W' protection on VSC pin in HS configuration, to avoid AMR violation in case
Cvsc 1 uF 5% 100V of hot-plug spikes
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Figure 19. Optional TVS diode
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(Optional) The SMCJ40A diode can be used to mitigate the effects of parasitic inductances on the battery lines,
which can cause overshoot on the battery line when high currents are interrupted.

The diode has to be placed as close as possible to the battery and GND connector.
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5.6 Fuse circuit

Figure 20. Fuse circuit
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Table 38. Typical BOM of the fuse circuit

Componens vatie | Unt o tree | tg— commems |

Filters the signal coming from
redundant protector: cut-off
Rruse 15 kQ 10% 1/4W frequency is

fc 1

 (2nRpysECrysE)

Filters the signal coming from
redundant protector: cut-off

Cruse 2.2 nF 10% 60V frequency is
1
fe=
€~ @rRpyseCruse)
Decoupling resistor for wired-OR
Rruse_ext 15 kQ 10% 1/4W connection with a secondary
protector
The STD47N10F7AG is
Mruse 100V recommended
Dzruse 14 \
The ITV5432L4030WR is
FUSE 62V recommended for applications up
to 30A
Pull-down resistor. It is intended
Rpp_Fuse 1 MQ 10% 1/8W to keep the voltage low in
STANDBY state.

Diode reverse voltage has to be
chosen according to
VFUSE_EXT.

Example: if VFUSE= 3.3 V, the
diode reverse voltage can be 20
V; if VFUSE= 60 V, the diode
reverse voltage has to be at least
60 V.

Druse_exT
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5.7 Digital 1/0s

Figure 21. Typical digital 1/Os circuit
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WAKEUP AAA ' 510}
L Rwaxeup
Cwaxeup

Table 39. Typical BOM for a digital 1/Os circuit

Components | Value m Max. tolerance m Comments

RrLTs up 47 10% 1/10W Pull-up resistor
ReLt up 4.7 kQ 10% 1/10W Pull-up resistor
RscL_up 4.7 kQ 10% 1/10W Pull-up resistor
Rspa_up 4.7 kQ 10% 1/10W Pull-up resistor

LPF resistor for RDY signal. The

RrpY 100 0 10% 1/8W differential filter cut-off frequency

. 1
isfc=——7—"7F—
¢~ (nRrpyCroy)
Debouncing filter resistor for push
0,
RNsHIP 10 kQ 10% 1/10W button
RNsHIP_PD 100 kQ 10% 1/10W Pull-down resistor
RWAKEUP 1 KO 10% 1/10W Debouncing filter resistor for push
button
Debouncing filter capacitor for
[}
CNSHIP 100 nF 10% 100V push button
Debouncing filter capacitor for
[}
CWAKEUP 100 nF 10% 100V push button
LPF capacitor for RDY signal.
Croy 100 oF 10% 16V The filter cut-loff frequency is
fe= (4mRrpyCrpY)
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Componens vatie | Unt o tornee g commems — |

Push button to wake up L9962

PB from SHIPMENT - DEEP SLEEP
state
Dwakeur 100 \Y Blocking diode
5.8 Charger connection

In case of LS configuration, if the charger is hot-plugged (that is, with its two terminals not in High-Z condition),
the VSC pin needs to be protected against AMR violation. ST recommends the application circuit in Figure 22.

On the contrary, the HS configuration does not require any additional components, but requires the FET’s
common drain to be connected to VB in order to feed the CP with the higher voltage between the battery stack
and battery charger, thus ensuring the right overdrive to switch on the discharge MOSFET.

Figure 22. Application circuit in LS/HS configuration

i

Charger

]
LI

A —

LS Configuration HS Configuration

Table 40. BOM in LS configuration when charger is hot-plugged

S T

RCHG_P 5% 1/10W Pull-down resistor
RGCHG 22 kQ 5% 1/4W Limits Zener current

Clamps the VGS of the CHG
DZCHG 14 \Y MOSFET

Level shifter used to drive the
CHG MOSFET. NHUMD12 NPN-
PNP transistor switch pair is
recommended.

NHUMD12
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5.9 Unused pins connections

Cells shall be mounted starting from the top pair (C10-C9) and moving downwards. C pairs (CX — CX-1) which
are completely unused shall be short-circuited and connected to the negative terminal of the first mounted cell

upwards.
If less than 5 cell channels are used:
. Mount the cells starting from the top-most (C10-C5).

. A minimum of 5 cells must be connected to the L9962 and the top-most cell of the stack must be

connected to the C5 pin.

Figure 23. Unused pins connections

ISENSEM

ISENSER

o PACKs

Besides, for other functions, when not used, the recommended pin configuration is according to the following

table:

Table 41. Typical unused pins connection

ISENSEP Current sense ADC
positive input terminal
9 ISENSEM Curr.ent.sense AQC
negative input terminal
18 RDY Ready interrupt output
13 NTC NTC sensing input
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Analog in connect to GND
Analog in short to ISENSEP and
9 connect to GND
Pull-down to GND by
Push/pull 100 kO
Analog in Short to GND
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oD

FAULTN_SAFE

FAULTN

WAKEUP

NSHIP

FUSE

DCHG-VSD

VSC-CHG

C1,C2,C3,C4,C5

Co

Open-drain switch for
NTC connection to
GND

Critical fault output

Fault output / external
CHG DCHG shutdown
trigger

Wakeup from
STANDBY input

Wakeup from
SHIPMENT - DEEP
SLEEP input

Fuse pre-driver output /
external fuse activation
trigger

Discharge switch gate

Charge switch source
and gate

Cell sensing/balancing
terminal

Cell sensing/balancing
negative terminal

Open-drain

Open-drain

Digital input / open-
drain

Digital I/0

Analog input

Analog out/digital in

Analog out

Analog out

Analog in

Analog in

Short to GND

Short to GND

Pull-up 4.7 kQ to VRreg

Short to GND through
C=100nF and pull-up to
VB through R=100 kQ

Short to GND through
C=100nF and pull-up to
Vreg through R=100kQ

Pull-down to GND by
10 kQ

Short VSD to DCHG
and pull-down to GND
through R=2MQ

Short VSC to CHG and
pull-down to GND
through R=2 MQ

Shorted to GND

Short to C1 and short
to GND
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6 Package Information

In order to meet environmental requirements, ST offers these devices in different grades of ECOPACK packages,
depending on their level of environmental compliance. ECOPACK specifications, grade definitions and product
status are available at: www.st.com. ECOPACK is an ST trademark.

6.1 TQFP 7x7 48L EXPOSED PAD DOWN package information

Figure 24. TQFP 7x7 48L EXPOSED PAD DOWN
BOTTOM VIEW

L
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o
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*- . - ?_.‘“1 |’ |
s Ao [Flea@ldesh) Ll i
[0} — = SECTION B-B
=1 W—El.'-'
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Figure 25. Proposed PCB landpattern
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Table 42. TQFP 7x7 48L EXPOSED PAD DOWN package mechanical data

ST Databook

Sl I B == A==
(S] 0° 3.5° 7°

o1 0° - ]
e2 10° 12° 14°

o3 10° 12° 14°

A - - 1.20 15
A1 0.05 - 0.15 12
A2 0.95 1.00 1.05 15
b 0.17 0.22 0.27 9,11
b1 017 0.20 0.23 1
c 0.09 - 0.20 1
ct 0.09 - 0.16 1
D 9.00 BSC 4
D1 7.00 BSC 2,5
D2 - - 4.47 13
D3 2.50 - - 14
e 0.50 BSC

E 9.00 BSC 4
E1 7.00 BSC 2,5
E2 - - 4.47 13
E3 2.50 - - 14
L 0.45 0.60 0.75

L1 1.00 REF

N 48 16
R1 0.08 - .
R2 0.08 - 0.20

s 0.20 - ]

Table 43. Tolerance of form and position

Tolerance of form and position

aaa 0.20
bbb 0.20
1,7,20
cce 0.08
ddd 0.08

Notes

1. Dimensioning and tolerancing schemes conform to ASME Y14.5M-1994

2. The Top package body size may be smaller than the bottom package size by as much as 0.15 mm.
3. Datums A-B and D to be determined at datum plane H.

4. To be determined at seating datum plane C.
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5. Dimensions D1 and E1 do not include mold flash or protrusions. Allowable mold flash or protrusions is “0.25
mm” per side. D1 and E1 are maximum plastic body size dimensions including mold mismatch.

6. Details of pin 1 identifier are optional but must be located within the zone indicated.
7. All Dimensions are in millimeters.
8. No intrusion allowed inwards the leads.

9. Dimension “b” does not include dambar protrusion. Allowable dambar protrusion shall not cause the lead width
to exceed the maximum “b” dimension by more than 0.08 mm. Dambar cannot be located on the lower radius or
the foot. Minimum space between protrusion and an adjacent lead is 0.07 mm for 0.4 mm and 0.5 mm pitch
packages.

10. Exact shape of each corner is optional.
11. These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.
12. A1 is defined as the distance from the seating plane to the lowest point on the package body.

13. Dimensions D2 and E2 show the maximum exposed metal area on the package surface where the exposed
pad is located (if present). It includes all metal protrusions from exposed pad itself. Type of exposed pad is
variable depending on leadframe pad design (T1, T2, T3), as shown in the figure below. End user should verify
D2 and E2 dimensions according to specific device application.

B

T1 12 [E

NOTE: number, dimensions and position of shown grooves are for reference only

14. Dimensions D3 and E3 show the minimum solderable area, defined as the portion of exposed pad which is
guaranteed to be free from resin flashes/bleeds, bordered by internal edge of inner groove.

15. The optional exposed pad is generally coincident with the top or bottom side of the package and not allowed
to protrude beyond that surface.

16. “N” is the number of terminal positions for the specified body size.
17. For Tolerance of Form and Position see Table.
18. Critical dimensions:
18.1 Stand-Off
18.2 Overall Width
18.3 Lead Coplanarity
19. Component cross reference: DM00516738.
20. For Symbols, Recommended Values and Tolerances see Table below:

For flange-molded packages, this

N ) ) tolerance also applies for basic
The tolerance that controls the position of the terminal pattern with dimensions D1 and E1. For packages

aaa respect to Datum A and B. The center of the tolerance zone for each tooled with intentional terminal tip

terminal is defined by basic dimension e as related to Datum Aand B. | protrusions, aaa does not apply to those

protrusions.

The bilateral profile tolerance that controls the position of the plastic
bbb body sides. The centers of the profile zones are defined by the basic
dimensions D and E.

The unilateral tolerance located above the seating plane where in the This tolerance is commonly know as the

cee bottom surface of all terminals must be located. “coplanarity” of the package terminals.
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ddd The tolerance that controls the position of the terminals to each other. This tolerance is normally compounded
The centers of the profile zones are defined by basic dimension e. with tolerance zone defined by “b”.

21. POA FORMAT & CONTENT spec. reference number is CD10033601.

22. Notch may be present in this area (MAX 1.5mm square) if center top gate molding technology is applied.
Resin gate residual not protruding out of package top surface.

Parts marked as ES are not yet qualified and therefore not approved for use in production. ST is not responsible
for any consequences resulting from such use. In no event will ST be liable for the customer using any of these
engineering samples in production. ST’s Quality department must be contacted prior to any decision to use these
engineering samples to run a qualification activity.
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7 Ordering information

Table 44. Ordering information

T S L S T N

L9962 Tray
TQFP48
L9962-TR Tape&Reel
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Table 45. Document revision history

15-Jan-2026 1 Initial release.

Minor changes, typos correction in the document and updated images

04-Feb-2026 2 Section 5.5, Figure 20 and Figure 23

Minor changes to Section 3.7.1 Battery pack charge/discharge relays (CHG/

06-Mar-2026 8 DCHG) and Section 5.5 HS/LS pre-drivers circuit

Updated Table 23, modified Section 4: Device register map and Figures in

16-Jun-2026 4 Table 36.

DS15069 - Rev 4 page 66/71



‘_ L9962
,’ Contents

Contents
1 Pin description and block diagram..............coi i e 3
1.1 Device PinOUL. . .. ..o 3
1.2 Block diagram . .. ... 5
2 Product electrical ratings ..ot it e i enrnn s annnnnnannns 6
2.1 Operating Range (OR) . . ... .. e e e e 6
2.2 Absolute Maximum Ratings (AMR) . . . ... 7
2.3 ESD ratings . . ..o 7
24 Thermal ratings . . ... 8
3 Functional description. ...t i ittt iana s rnann s nannnns 9
3.1 Device functional states . . .. ... 9
3141 SHIPMENT - DEEP SLEEP . . . ... e 9
3.1.2 STANDBY . .. 9
313 NORMAL . . 10
314 Electrical parameters . .. ... .. 12
3.2 Wake-up sources (NSHIP/WAKEUP) . . . ... o e 13
3.21 Electrical parameters . ... .. . . 13
3.3 VREG LDO .. 14
3.31 Electrical Parameters . . . ... ... 14
3.4 Voltage conversion routine. . . ... ... i e 15
3.4.1 Cell voltage monitor (CX). . . . . oo e 16
3.4.2 Battery Stack Monitor (VB) . . .. .. .o 20
3.4.3 Cell temperature monitor (NTC) . . ... ... e 23
344 Die temperature monitor (Tj) . . ... ... .. 26
3.4.5 Diagnostics prinCiple . . . . ..o 27
3.5 Current CoNVersion rOULINE. . . .. ... o e 28
3.51 Current sense ADC (ISENSEP/ISENSEM) . . ... ... . e 28
3.5.2 Coulomb counting . . . ... ..o 29
3.5.3 Overcurrent MONItOr . . . .. .o 29
3.54 Short-circuit in discharge protection .. ... ... .. . . 33
3.6 CellbalanCing . ... ... 35
3.6.1 Electrical parameters . ... ... ... 36
3.7 HS/LS pre-drivers (CHG/DCHG/FUSE) . . .. ... . e 36
3.71 Battery pack charge/discharge relays (CHG/DCHG). . . ....... ... ... ... ... ..., 36
3.7.2 FUSE pre-ariver . . ... e 37
3.8 Digital 1/0s (RDY/SDA/SCL/FAULTN_SAFE/FAULTN/OD) . ...t 38

DS15069 - Rev 4 page 67/71



ﬁ L9962

Contents

3.8.1 Data-Ready Interrupt pin (RDY) . . ... 38

3.8.2 Faultinterrupt pin (FAULTN) . . . ..o e 39

3.8.3 MCU emergency reset (FAULTN_SAFE) . ... . i 40

3.84 Electrical parameters . . ... ... . 40

3.9 12C communication INterface . . ...........o.oiui i 41

3.9.1 12C physical layer . .. ... ... 41

3.9.2  12Coprotocol layer . ... ... ... 42

3.10  Non-Volatile Memory (NVM) ... .. e e et 45
3.10.1  Electrical parameters . ... ... . 46

Device register Map ........coiiiiiiiiii ittt iae et iaa i i a e 47

5 Applicationinformation............. .. i 48
5.1 Power supply Circuit . . ... ... e 48

5.2 Cell voltage sensing and balancing circuit. .. .......... ... ... ... .. .. .. . .. .. . ... 49

5.3 Current sense CirCUIt. . . .. ... . e 50

54 NTCanalog front end . . ... ... e e 51

5.5 HS/LS pre-drivers CirCUit . ... ... . e 52

5.6 FUSe CIrCUIL. . . . 55

57 Digital 1/0s . . . oo 56

5.8 Charger CoNNECHION. . . . ... 57

5.9 Unused pins CONNECHIONS . . . . ... . . e 58

6 Package Information. ... i s 60
6.1 TQFP 7x7 48L EXPOSED PAD DOWN package information......................... 60

7 Orderinginformation ...ttt i i i i e e e a e 65
ReVISion RiStory .. ... . ..ot ettt i s 66
Listof tables ... i i 69
List Of fiQUIres. . ..o i 70

DS15069 - Rev 4 page 68/71



‘_ L9962
,’ List of tables

List of tables

Table 1. Device PINOUL . . . . . .. 3
Table 2. Operating ranges . . . . . . . oo ot 6
Table 3. Absolute maximum ratings . . . . . . ... 7
Table 4. ESD proteCtion . . . ... ... 7
Table 5. Thermal ratings . . . . . . . ..o 8
Table 6. L9962 operating states electrical parameters. . . . . . ... . . 12
Table 7. VREG electrical parameters . . . . . .. .. 13
Table 8. VREG electrical parameters . . . . ... .. 14
Table 9. Voltage conversion routine execution parameters. . . . . ... .. .. . 15
Table 10.  Cell voltage monitor diagnostiCs. . . . . . . . .o 17
Table 11.  Cell voltage monitor electrical parameters. . . . . . . . .. ... 19
Table 12. Battery stack monitor diagnostics. . . . . . . .. . 21
Table 13. Battery stack monitor external parameters. . . . . . ... . 23
Table 14.  NTC temperature monitor diagnostiCs. . . . . . . . .. 24
Table 15. NTC measurement parameters . . . . . . . . ..t e e e e e 26
Table 16. Die temperature monitor diagnostiCs. . . . . . . . . . .. e 27
Table 17. Die temperature monitor electrical parameters. . . . . . ... . 27
Table 18. Coulomb counter electrical parameters. . . . . . ... . 29
Table 19.  Overcurrent diagnostiCs . . . . . . . . 31
Table 20.  Short-circuit in discharge diagnostiCs . . . . . . . . . .. 34
Table 21. Short-circuit in discharge electrical parameters . . . . .. ... .. . . 35
Table 22. Balancing electrical parameters . . . . . . . . . 36
Table 23. Charge - Discharge gate driver electrical parameters . . . .. .. ... ... .. .. . 37
Table 24. FUSE pre-driver electrical parameters . . . .. .. ... . . . e 38
Table 25. RDY interrupt pin electrical parameters. . . . . . . . ... .. 38
Table 26. Digital output electrical characteristics . . . ... ... ... .. . . e 40
Table 27. Digital output electrical characteristics . . .. . ... ... . . e 40
Table 28. Digital output electrical characteristics . . . . .. ... . 40
Table 29. 12C electrical ParamMEterS. . . 44
Table 30. NVM electrical parameters . . . ... . .. e 46
Table 31. Recommended power supply COMPONENES . . . . . . . . e 48
Table 32. Typical BOM for cell voltage sensing and balancing circuit . .. .. ... ... ... . ... .. .. .. . . .. ... . .... 49
Table 33. Typical current sense BOM . . . . . . . 50
Table 34. . . e e 51
Table 35.  HS/LS predriver stand-alone topology. . . . . . .. ... e 52
Table 36. HS/LS predriver back to back topology . . . . . . . .. 53
Table 37. Typical HS/LS pre-drivers BOM . . . . . . . 53
Table 38. Typical BOM of the fuse Circuit. . . . . . . . . 55
Table 39. Typical BOM for a digital I/Os circuit. . . . . . ... 56
Table 40. BOM in LS configuration when chargeris hot-plugged . . . ... ... . ... . . . . 57
Table 41.  Typical unused pins CONNECLION . . . . . . . . .. L e e e e e 58
Table 42. TQFP 7x7 48L EXPOSED PAD DOWN package mechanicaldata . . .. ........... ... . ... ... . ... .... 62
Table 43.  Tolerance of form and position. . . . . . .. ... . 62
Table 44. Ordering information. . . . . . . .. . 65
Table 45. Document revision history . . . . . . . .. 66

DS15069 - Rev 4 page 69/71



‘_ L9962
,’ List of figures

List of figures

Figure 1. Block diagram . . .. . 5
Figure 2. Device FOM . . . e 9
Figure 3. Timing diagram: transition from NORMAL to STANDBY upon GO2STBY command. . .. ................ 10
Figure 4. Timing diagram: transition from STANDBY to NORMAL upon WAKEUP detection. . . .. ................ 11
Figure 5. Voltage conversion routine Steps. . . . . . . . . 15
Figure 6. Correct management of the task execution periodicity . . .. . ... ... .. . . 15
Figure 7. Example of cell UV detection . . . . . ... . 28
Figure 8. Balancing timing diagram. . . . . . .. 35
Figure 9. RDY pulse generation upon voltage conversion routine task termination . . . ........... .. .. .. ... .. .. 38
Figure 10.  12C Clock Polarity . . . . . . .o 41
Figure 11.  12C Start/Stop Conditions. . . . . . . . .. . 41
Figure 12.  12C generic READ OPEration. . . . . . .. oottt e e e e 43
Figure 13.  12C generic WRITE OPeration . . . . . .. ..ottt et e e e e e e e e e 43
Figure 14.  Timingonthe 12C BUS . . . .. .. .. . .t 45
Figure 15.  Power supply CirCUit . . . . . . .. 48
Figure 16.  Cell voltage sensing and balancing circuit . . . .. ... .. ... . . . . e 49
Figure 17.  Current sense CirCUit . . . . . . . .. . 50
Figure 18.  NTC measurement CirCUIt. . . . . . . . . . . . e e e e e e 51
Figure 19.  Optional TVS diode . . . .. .. .. e 54
Figure 20.  FUSe CIrCUIt . . . . . . . 55
Figure 21.  Typical digital I/Os Circuit . . . . . . . .. . 56
Figure 22.  Application circuit in LS/HS configuration . . . . . . .. .. 57
Figure 23.  Unused pinS CONNECHIONS . . . . . . . . oo e e e e e e e e e e 58
Figure 24.  TQFP 7x7 48L EXPOSED PAD DOWN . . . . .o e e e e e e e e e 60
Figure 25.  Proposed PCB landpattern. . . . . .. .. 61

DS15069 - Rev 4 page 70/71



‘,_l L9962

IMPORTANT NOTICE — READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice.

In the event of any conflict between the provisions of this document and the provisions of any contractual arrangement in force between the purchasers and
ST, the provisions of such contractual arrangement shall prevail.

The purchasers should obtain the latest relevant information on ST products before placing orders. ST products are sold pursuant to ST’s terms and
conditions of sale in place at the time of order acknowledgment.

The purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
the purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

If the purchasers identify an ST product that meets their functional and performance requirements but that is not designated for the purchasers' market
segment, the purchasers shall contact ST for more information.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2026 STMicroelectronics — All rights reserved
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