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5x5x0.9 mm
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m Qualification

AEC-Q100
grade 1
qualified

AEC-Q100
grade 1
qualified

Automotive single channel pyro-fuse driver

Features
. AEC-Q100 grade 1 qualified g
. Very low power consumption:

- Less than 10 pA in deep-sleep mode (only trigger detection enabled)
- Less than 4 mA in low-power mode (trigger detection enabled, ER boost
recharge active, cyclic diagnostics every 100 ms)
. Boost regulator to charge Energy Reserve (ER) with bang-bang control to
reduce consumption
. FENH/FENL digital input triggers, compatible to level or PWM signals (16 kHz
and 125 kHz), with line integrity check feature

. Autonomous cyclic diagnostic routine to ensure detection of all failures which
may prevent safe deployment and/or cause inadvertent deployment

. Programmable deployment profile: current value and time duration can be
adapted to different pyro-fuse igniters

. Firing strategy supporting multiple retry attempts based on user-selectable
FIRE_GOOD signal

. Embedded NVM for configuration parameters storage and runtime

configuration integrity check

. Easy integration with L9965C companion CSA, implementing many of the
safety mechanisms needed to achieve safety targets, thus allowing easy
L9965P plug and play in the system

. Pyro-fuse deployment available down to a minimum operating battery voltage
of 6V

. 24-bit peripheral SPI for direct MCU/L9965C interface
. Compatible with pyro-fuses certified according LV-16 and USCAR-28

Application

. High voltage battery packs for BEVs and PHEVs
. Backup energy storage systems and UPS

Description

L9965P/ is a single channel pyro-fuse driver capable to break high voltage battery
busbar quickly and reliably in case of short circuit or car crash.

To accomplish this function, the device features a dual FET output stage made of a
HS and a LS powerMOS. The stage is equipped with a closed loop current feedback
and can be configured to deliver controlled firing profiles programming both current
value and time duration.

Moreover, the power stage is able to perform a defined number of auto-retry attempts
based on the success or not of the deployment.

The device embeds a programmable firing logic allowing to generate the trigger
signal from two SPI commands or from two digital inputs (FENH/FENL).

The digital input triggers are compatible with both level and PWM encoding,
supporting 16 kHz and 125 kHz encoded signals.

plectronics sales office.
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The device supports the charging of an external capacitor to be used as tank
capacitor or as energy reserve (ER) in case of battery loss. An internal boost
regulator can be used to control the ER cap voltage around a programmable
setpoint. Boosting the input battery voltage allows using smaller ER capacitor values
to store the energy needed for firing, even in case of ECU battery loss.

The device has been designed to deliver maximum safety and performance while still
being energy efficient. A low-power operation strategy allows minimizing the idle
consumption, keeping the device in an ultra low power state while still performing all
the diagnostic sweeps needed for achieving the safety targets. The periodicity of the
diagnostic sweeps can be programmed in order to comply with any FTTI. During
such ultra low power state, the device is still sensitive to wake-up/trigger sources in
order to be ready to fire.

Operation in conjunction with L9965C companion chip allows simplifying the software
development, as many safety mechanisms are already implemented by L9965C.

Product summary

L9965P-FN Tray Full 1S026262
VFQFN32 | 7456 and compliant AEC-qQJ;)"(;igcrjade 1
LOSBOPFN-TR reel ASIL-D systems ready
L9965P-FP Tray Full 15026262
TQFP32L  Tape and compliant AEC-QJ;)Ii(:ié:];ade 1
LO9BEP-FP-TR reel ASIL-D systems ready d
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1 Block diagram and pin description

1.1 Block diagram

Figure 1. Block diagram
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Pin description

1.2

Figure 2. Pinout (top view)

TQFP package

VFQFN package
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Table 1. Pin function

IR ™ N N

CWUP Cyclic wake-up input Local
2 GND2 Ground pin - Global
3 FAULTN Open-drain fault output pin - Local
4 AUX1 Short to ground in application - Local
5 NCS SPI chip select PU Local
6 SCLK SPI clock PD Local
7 SDI SPI data in (MOSI) PD Local
8 SDO SPI data out (MISO) - Local
9 VIO Digital output buffer supply input - Local
10 AUX2 Short to ground in application - Local
11 ™ ST test mode pin, short to ground in application PD Local
12 GND1 Ground pin - Global
13 AUX3 Open in application PD Local
14 FENH Fire enable high-side PU/PD (configurable) Local
15 AUX4 Open in application PD Local
16 FENL Fire enable low-side PU/PD (configurable) Local
17 PGND Pyro-fuse driver low-side ground - Local
18 NC No connection - Local
19 PR Pyro-fuse driver low-side output - Global
20 NC No connection - Local
21 PF Pyro-fuse driver high-side output - Global
22 NC No connection - Local
23 PS Pyro-fuse driver high-side supply - Global
24 NC No connection - Local
25 ERDCHSW | Energy reserve discharge switch - Local
26 NC No connection - Local
27 ERBST Main supply/energy reserve boost output - Global
28 NC No connection - Local
29 BSTGND Energy reserve boost ground - Local
30 ERBSTSW | Energy reserve boost switching node - Local
31 NC No connection - Local
32 VBATMON Input battery monitor pin - Global
33 EP Exposed pad: connect to GND - -
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Thermal ratings

Table 2. Thermal ratings

TR TITCTI

TamB Operating and testing temperature
Ty Junction temperature for all parameters 40 - 150 °C
Tste Storage temperature 40 - 150 °C
RTH jaTQFP \‘J)l;rgﬁggr; to ambient thermal resistance, TQFP32 /z\:ggrglcr;g JEDEC standard on 204 - °C/W
RTH,_ja.QFN Junction to ambient thermal resistance, VFQFN32 According JEDEC standard on 35 - cw
package 2s2p PCB
Electrical ratings
The following section describes the different operational ranges.
For each device pin:
. Operating range (OR): within this range functions operate as specified and without parameter deviations.

All the device electrical parameters are tested and guaranteed in this range and are valid in the whole T
operating range, unless otherwise specified.

. Absolute maximum rating range (AMR): within this range functions may not operate properly. However,
the IC will not be damaged. Exposure to AMR conditions for extended periods may affect device reliability.
Exceeding any AMR may cause permanent damage to the integrated circuit.

. Currents are noted with a positive sign when flowing into a pin.

. Integrated protections and diagnostics are designed to prevent device destruction under the fault
conditions described in the specification. Fault conditions are considered to be out of normal operating
range. Protection functions are not designed for continuous repetitive operation.
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Table 3. Pin electrical ratings

e R

Vvio VIO: voltage range vs. GNDx -0.3 3
VERBST ERBST: voltage range vs. GNDx -0.3 6 26 40 vV o -
. Only if
VERBSTSW E:EBSTSW' voltage vs. GNDx -0.3 0 VERBST_110*VDFW 40 V | ERBST
9 used
VERDCHSW ERDCHSW: voltage vs. GNDx 0.3 6 VERBST 40 Vo -
range
Vps PS: voltage range vs. GNDx -0.3 6 26 40 AV
VBATMON: voltage
VVBATMON range vs. GNDx
BSTGND: voltage
VBSTGND range vs. GNDx -0.3 -0.1 0.1
VpGND PGND: voltage range vs. GNDx -0.3 -0.1
VNecs NCS: voltage range vs. GNDx -0.3 0 Vvio
VscLk SCLK: voltage range vs. GNDx -0.3 0 Vvio 20 vV oo-
Vspi SDI: voltage range vs. GNDx -0.3 0 Vvio 20 Vo -
Vspo SDO: voltage range vs. GNDx 0.3 Vvio Wiot0.3 | VvV -
__--_---
FENH,FENL: voltage
VFENX range vs. GNDx -0.3 Vvio
VpF PF: voltage range vs. GNDx -1 0 Vps Vpst0.3 V -
PR: voltage range vs. GNDx -0
Vewup CWUP: voltage range vs. GNDx -0 Vvio
VEAULTN FAULTN: voltage range vs. GNDx -0.3 Vvio
DS14702 - Rev 6 page 7/88
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Table 4. Absolute maximum ratings

20
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CWUP
GND2 GND1, GND2 and EP in short to substrate
FAULTN
AUX1
NCS
SCLK
SDI
SDO
VIO
AUX2
™
GND1 GND1, GND2 and EP in short to substrate
AUX3
FENH
AUX4
FENL
PGND
NC
PR
PF
PS
ERDCHSW
ERBST
BSTGND
ERBSTSW
VBATMON
EP GND1, GND2 and EP in short to substrate

-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3

-0.3
-0.3
-0.3
-0.3
-0.3

-0.3
-0.3
-0.3
-0.3

0

20
20
20
20
20
Vvio+0.3
20
20
20

20
20
20
20
0.6

35
Vpg+0.3
40
40
40
0.6
40
40

< < < €K K K K K KK KKK KKK

< € < < < < < < /<
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2.3 ESD ratings

Table 5. ESD ratings

Tstconon i T o U ot

Global pins are connected at ground_all
VEsD_HBM_GLOBAL Human body model except global pin under test (ground_all = -4 - 4 kV | -
all ground pins connected together).

Local pins, test done according to AEC-

VEsp_HBM_LocAL  Human body model Q100-002. -2 - 2 kV | Class C2
VEsD_cpbMm_LATERAL A Charged device model | Test done according to AEC-Q100-011 500 - 500 V ClassC3
VEsp com corner | Charged device model o6 according to AEC-Q100-011 750 - 750 V  Class C4
- for corner pins
I aTcH_UP Latch up current test Test done according to AEC-Q100-004 -100 - 100 mA | -
DS14702 - Rev 6 page 9/88
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3 Functional description

In the following paragraphs all the bits in bold are located in the NVM and are protected by lock to avoid
unwanted modification (see the Section 3.15: Configuration Lock).

3.1 Device functional states (FSM)
The L9965P/ operates according to the FSM shown in the Figure 3.

Figure 3. Device FSM

ERBST >V por_stay + VPor_Hys

ERBST <V por_staY

FENH active level
OR FENL active level

OR SPI valid pattern ERBST <V por_steY

Diag Routine Over
DIAG_START =1

FENH asserted
OR FENL asserted
OR SPI ARM frame

ERBST <V por staY

NORMAL

(CWUP =0 AND Fault timeout not running AND
(CommTimeout not running AND ERBST not switching)
OR SPI SLEEP frame

(FENH deasserted AND
FENL deasserted AND

JFENH asserted deploy not started)
OR FENL asserted OR ARM Timeout expired
OR SPI ARM frame OR FIRE_GOOD

ERBST <V por_stay

The Table 6 summarizes the FSM behavior, describing the transitions and the resources active in each operating
state.

DS14702 - Rev 6 page 10/88

Downloaded from Arrow.com.


http://www.arrow.com

L9965P

Functional description

DS14702 - Rev 6

Table 6. Device FSM

Device OFF Any state
Ultralow power NORMAL
state for managing
DEEP- long inactivity
SLEEP | periods or
implementing low-
power strategies
OFF
DEEP-
SLEEP
DIAG Diagnostic state
NORMAL
DEEP-
SLEEP
Normal operating
NORMAL state ARM
DIAG
ARM Prepare to deploy '\:)?gmgl‘

Downloaded from Arrow.com.

When the ERBST voltage falls below the
VPOR TH threshold

When CWUP is low, fault timeout

(tFAULT_HANDLING_TIMEOUT) is expired, the
SPI communication timeout
(tspi_comm_TIMEOUT) is expired and ERBST
is not working (ER CAP charged)

OR
SPI SLEEP frames

When ERBST voltage rises above the
Vpor_TH threshold

When CWUP is asserted

When commanded via SPI

Wake-up from any of the enabled sources
(FENH or FENL or SPI valid pattern)

All the enabled deploy conditions (FENH
and FENL) are deasserted

OR

Arming timeout (corresponding to
deployment time) expired

OR
FIRE_GOOD

Diagnostic routine over

At least one deploy condition asserted
between FENH, FENL or SPI ARM frame

None

Wake-up from cyclic wake-up
pin (CWUP)

Wake-up via peripheral SPI

Wake-up from fire enable
inputs (FENH/FENL)

Wake-up from cyclic wake-up
pin (CWUP)

Wake-up via peripheral SPI

All resources are active in
NORMAL.

Additionally, all the resources
needed to perform the
diagnostic routine

All resources are active,
except the ones needed to
perform the diagnostic routine

All resources active in
NORMAL, except the ones
needed to perform the
diagnostic routine
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3.1.2

Note:

Note:

3.2

3.21

DS14702 - Rev 6

SPI SLEEP commands

To force the device to go in a DEEP-SLEEP state, the following procedure shall be implemented:
1. MCU writes 0x77 into the SPECIAL_KEY register to enter partial go-to-sleep;

2. MCU writes 0xCC into the SPECIAL_KEY register to confirm go-to-sleep.

Diagnostics summary
This section describes in detail the enable/masking of all the diagnostic features implemented in the device,
according to the functional state.

Many diagnostics may be subject to user-defined configurations and/or enable. The following table assumes that
all diagnostics have been enabled in the device configuration.

Table 7. Diagnostics summary

ERBST PS d:f:ldxer Deployment Dia_g Oscill_ator Refer(_ance iri:tzg?i?y
oV uviov diag autoretry routine monitor monitor check
OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF
DEEP-SLEEP ~ OFF | OFF OFF OFF OFF OFF OFF OFF OFF
DIAG AON | AON AON OFF OD/CYC AON AON AON AON
NORMAL AON | AON AON OFF OFF AON AON AON AON
ARM AON | AON AON AON OFF AON AON AON AON
. AON — Diagnostic always-on and running
. OD — Diagnostic available on-demand
. CYC — Diagnostic cyclically activated by internal timer

. OFF — Diagnostic disabled/masked

Power management
The IC is supplied by ERBST pin, which is then used to generate all the internal regulated supplies.

The IC is usually supplied by an isolated DC/DC converter feeding from the 12 V LV supply (reinforced isolation);
alternatively by an isolated DC/DC converter from the HV battery pack.

Power management electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T; according to the Table 2.

page 12/88
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VPOR_TH

IBASE_sLPO

IBASE_sLP1

IBASE_NORM

IBASE_DIAG

IDELTA_BOOST

IDELTA_ADC

IDELTA_ACT_PD_PR
IDELTA_SS
IDELTA_NVM
IDELTA_ABIST

IDELTA_HWSC

IDELTA_VRCM_CHECK

IDELTA_PYRO_LEAK_TEST

IDELTA_RES_MEAS

IDELTA_FET_TEST

IDELTA_ER_CAP_DIAG

lvio_Base

lvio_DELTA

DS14702 - Rev 6
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Table 8. Device current consumption

LT I

POR threshold (sensed on ERBST pin)

Base current consumption of the device in
DEEP-SLEEP state (from VBATMON,
ERBSTSW, ERBST, ERDCHSW and PS)

Base current consumption of the device in
DEEP-SLEEP state (from VBATMON,
ERBSTSW, ERBST, ERDCHSW and PS)

Base current consumption of the device in
NORMAL state with all resources enabled
(from VBATMON, ERBSTSW, ERBST,
ERDCHSW and PS)

Base current consumption of the device in
DIAG state with all resources enabled
(from VBATMON, ERBSTSW, ERBST,
ERDCHSW and PS)

Delta current when the boost controller is
in the duty-phase

Delta current when the voltage ADC is
enabled and continuously converting

Delta current when the PR active pull-
down is enabled

Delta current when the spread spectrum is
enabled

Delta current when the NVM is
downloaded

Delta current when the ABIST is running

Delta current from ERBST when the
HWSC is running

Delta current when the VRCM check is
running

Delta current when the pyro outputs
leakage test is running

Delta current when the pyro igniter
resistance measurement is running

Delta current when the FETSs test is
running

Delta current when the ER capacitor
diagnostic is running

Base current consumption from VIO pin

Delta current consumption from VIO pin
with activity on FAULTN and SDO

-40 °C < Tamp < +85 °C
DEEP-SLEEP

+85 °C < Tamp < +125 °C
+85°C < T,<+125°C
DEEP-SLEEP

NORMAL

DIAG with no diagnostics active

NORMAL, DIAG, ARM, boost
charging the ER cap (excluding
boost charging current)

NORMAL, ADC continuously
converting for on-demand
conversions

NORMAL, PR pull-down
enabled

NORMAL, spread spectrum
enabled

NORMAL, NVM download

DIAG, ABIST continuously
running

DIAG, HSWC continuously
running

DIAG, VRCM check
continuously running (excluding
diagnostic currents)

DIAG, pyro outputs leakage test
continuously running

DIAG, Pyro igniter resistance
measurement continuously
running (excluding diagnostic
currents)

DIAG, Pyro deployment FETs
test continuously running
(excluding diagnostic currents)

DIAG, ER capacitor diagnostic
continuously running (excluding
diagnostic current sunk from
ERDCHSW)

DEEP-SLEEP, SDO in Hiz

NORMAL, DIAG, ARM

- - 10 | pA
- - 15  pA
- - 24 mA
- - 24 mA
- - 7.5 mA
- - 35 mA
- - 02 mA
- - 0.06 mA
- - 1 mA
- - 06 mA
- - 35 mA
- - 42 mA

- 35 mA
- - 45 | mA
- - 35 mA

- 25 mA
- - 1 uA
- - 500 pA
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3.3 Power supply section

3.31 Main supply (ERBST)
The ERBST pin is the main supply. This line:
. Feeds the internal VANA LDO used for biasing the analog circuitry.
. Feeds the internal VDIG LDO used for biasing the digital circuitry.
. Feeds the internal VSTBY LDO used for biasing the circuitry in DEEP-SLEEP.

The boost regulator is disabled by default and can be enabled via NVM setting the ERBST_EN bit to 1. Once the

boost regulator is enabled via NVM, it can be turned-off via the ERBST_DIS bit.

Once VErBsT > VVBATMON - VERBST_DIS fort> tERBST_READY_FLTv the initial charge phase is over, the

ERBST_RDY bit in the ERBOOST register is set to 1 and the switching operation starts. This ensures the

presence of the external diode between VBATMON pin and ERBST pin. If VERBST < VVBATMON - VERBST_DIS after

terBST_READY_FLT, the ERBST regulator is turned-off and the ERBST_RDY bit is set to 0.

Once started, the boost operates according to a bang-bang strategy, as shown in the Figure 4:

. The controller is enabled and boosts the battery voltage whenever Vergst falls below the VER wkup_THx
voltage programmed in the VER_WKUP_TH bit field for an interval longer than tgr_wkup_FLT-

While in the duty phase, the IC is kept in NORMAL and any transition to DEEP-SLEEP is delayed until the
setpoint has been reached.

. The controller is disabled whenever VergsT reaches the target Vergst xxx setpoint.

This strategy guarantees high energy efficiency meantime the ER cap voltage is always charged for firing the
pyro-fuse. In fact, considering the typical range for CergsT capacitor, the boost controller spends most of the time
in the disabled state.

Figure 4. ERBST controller working principle

Verast 300
0.9Vegast xxx : AVpiscHarGE

ERBST

VR wiup_THx
ter_wkup_FIL [}

VEResT_FOR_min

terBST_STARTUP toiscHArGE torarce

ERBST_EN

?:(TDISLST BDL'E’S ENABLED DISABLED ENABLED DISABLED

To allow quick charging of the ER cap at every system startup, the boost controller has been designed to
guarantee a maximum tgrgsT starTUp Startup time in the worst-case application scenario.

Moreover, the controller has been designed to limit the maximum power consumption to P|y_grasT- It is possible
to enable this function through the PIN_LIMIT bit in NVM.

Note: In applications where the power limitation is required, to limit the initial inrush current it is possible to mount the
resistor RgHg between the VBATMON pin and the ERBST inductor Leggst. Once the initial charge phase has
finished (Verst > Vvatmon - VErBST Dis), the ERBST_RDY bit is set to 1. The MCU can read this flag and
drive a GPIO to short the resistor Rgye.

It is possible to kept disabled the ERBST regulator setting ERBST_DIS=1 in the ERBOOST register.

DS14702 - Rev 6 page 14/88
Downloaded from Arrow.com.



http://www.arrow.com

L9965P

Functional description

Lys

3.3.1.1 ERBST diagnostics
Table 9. ERBST diagnostics
Fault type Assertion condition IC reaction to assertion Release condition i reac‘:ll::rto flag Maskable
The ERBST_UV flag is
If the VergsT Vvoltage falls set If the VergsT Vvoltage FAULTN line is
below VergsT uv_TH for rises above VERBST UV | released
ERBST UV | an interval longer than FAULTN line is asserted | 1y + VERBST UV _HYS: Pyro-fuse fire i Non-maskable
teresT Uv_FLT the ERBST we e .| the fault flag can be yro-fuse fire is
UV fault is acknowledged l‘f fire inhibit” signalis | ¢\ red by MCU possible again
The ERBST_OV flag is
) set ERBST_OV_FAULTN_MSK
If the VergsT voltage rises o Ifthe Versst voltage | FAULTN line is masks fault redirection on FAULTN
above Verpst oy 1 for | FAULTN lineis asserted | grops below VerssT ov | released pin
ERBST OV | an interval longer than The ERBST is turned TH - VERBST OV _HYS: .
terasT ov_FLT the ERBST | off the fault flag can be Pyrojfuse flrg is ERBST_lQV_FIRE_MSK masks
possible again the inhibition of pyro-fuse fire

ERBSTSW

OV fault is acknowledged

If the ERBSTSW current
raises above lgresT oC

oc for NERBST OC_COUNT
times the ERBST OC fault

The “fire inhibit” signal is
set

The ERBST_OC flag is
set

FAULTN line is asserted

cleared by MCU

Power cycle (CWUP
toggle) is needed to
restart again

None

commands

ERBSTSW_OC_FAULTN_MSK
masks fault redirection on FAULTN
pin

The ERBST is turned

is acknowledged OFF
riho ERSBSTW diver | The ERBST_OTflagis | If the ERBSTSW driver
T P P set temperature drops ERBST re-enabled
ERBSTSW | ERBSTSW_SD oran below TERBSTSW SD - ERBSTSW_OT_FAULTN_MSK
interval longer than FAULTN line is asserted = i masks fault redirection on FAULTN
oT TerssTSW_sp _Hys, the | FAULTN line is
t th —SL o i
ERBSTSW_SD_FLT € The ERBST is turned fault flag can be cleared | released pin
ERBST OT fault is
OFF by MCU
acknowledged
The ERBST_DLOSS flag
is set
If VErBsTSW-VERBST
voltage rises above the FAULTN line is asserted
VERBST_DLOSS_TH
ERBST | threshoid for The ERBST is turned Power gycle (CwupP ERBST_DLOSS_FAULTN_MSK
: OFF toggle) is needed to None masks fault redirection on FAULTN
diode loss | NergsT DLOSS_COUNT restart again pin
times, the external diode | The ERBSTSW clamping
loss failure is voltage is activated,
acknowledged limiting the voltage value
to VERBSTSW_CLAMP
See the
See the See the See the . . . .
BS;SSND Section 3.13: Ground loss | Section 3.13: Ground Section 3.13: Ground Isoiztlr:;r?i‘tl?‘ Ground 2%?1;2? (Seeﬁgol\;g,'\:)a' Ground loss
monitor (GNDMON) loss monitor (GNDMON) | loss monitor (GNDMON) (GNDMON)
3.3.1.2 ERBST electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T according to the Table 2.

Table 10. ERBST supply electrical parameters

ERBST undervoltage

VERBST_UV_TH threshold Max slew rate = 2.3 V/ms - 5.3 ERBST
VERBST UV_HYS E;?esrzs?:derVO'tage Max slew rate = 2.3 V/ms 50 - 150 mV  ERBST
{EREST UV AT E”';E:ﬁ;:”de”’o'tage Tested by SCAN 7 9 1 | us  ERBST
VERBST OV TH Eﬁiﬂlgve“’o'tage gg '&Sf"éﬁf ,g mn;ixs?eovr\? r;?;u: gfs 274 - 311V ERBST

Vims

DS14702 - Rev 6
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VERBST_OV_HYS

terBST OV_FLT

VERBST 000

VERBST_001

VERBST 010

VERBST 011

VERBST 100

VERBST 101

VERBST 110

VERBST 111

VER_WKUP_THO
VER_WKUP_TH1
VER_WKUP_TH2
VER WKUP_TH3
VER_WKUP_TH4
VER_WKUP_TH5
VER_WKUP_TH6

VER_WKUP_TH7

teER_WKUP_FLT

PIN_ERBST

NERBST

ferBST

tERBST_ON_MIN

CerBST

CeRBST_ESR

ERBST overvoltage
hysteresis

ERBST overvoltage
filter time

ERBST regulated
voltage

ERBST cap discharge
threshold (in tracking
with VERBST xxx
setpoint)

ERBST discharge
comparator deglitch

Boost input peak power

Boost efficiency

Switching frequency

Minimum ON-time

External output
capacitor

External output
capacitor ESR

Max slew rate = 2.3 V/ims

Tested by SCAN

ERBST_SET = 000

All operating lines and loads
ERBST_SET = 001

All operating lines and loads
ERBST_SET =010

All operating lines and loads
ERBST_SET =011

All operating lines and loads
ERBST_SET =100

All operating lines and loads
ERBST_SET =101

All operating lines and loads
ERBST_SET =110

All operating lines and loads
ERBST_SET =111

All operating lines and loads
VER_WKUP_TH = 000
VER_WKUP_TH = 001
VER_WKUP_TH = 010
VER_WKUP_TH = 011
VER_WKUP_TH = 100
VER_WKUP_TH = 101
VER_WKUP_TH = 110
VER_WKUP_TH = 111

Guaranteed by SCAN

Input power limitation to
guarantee tergsT_STARTUP iN
ViN=6Vto 18 Vrange

PiN_ERBST = PIN_ERBSTmax
VIN =6V
Guaranteed by design

Design info, taking in

consideration temperature and

external competent variations
Design info

Application info, including
component tolerance

Application info, including
component tolerance

150

17

16.92

17.86

18.80

19.74

20.68

21.62

22.56

NA

15.04
15.98
16.92
17.86
18.80
19.74
20.68
NA

17

1.8

0.6

1.6

0.1

100

20

18

19

20

21

22

23

24

NA

16
17
18
19
20
21

22
NA

20

80

250 ERBST
21 us ERBST
19.08 V ERBST
20.14  V ERBST
2120 V ERBST
2226V ERBST
2332V ERBST
2438 V ERBST
2544 V ERBST
NA \% ERBST
16.96 V ERBST
18.02 V ERBST
19.08  V ERBST
20.14  V ERBST
2120 V ERBST
2226 V ERBST
2332V ERBST
NA \% ERBST
21 us ERBST
2.6 W ERBST
ERBST,

. WIwW ERBSTSW
24 | MHz ERBST

- ns ERBSTSW
1.2 mF ERBST
500 @ mQ ERBST
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LErBST External output inductor -20% 33 +20% pH ERBST
Application info
LErRBST DCR External inductor DCR  Application info - 1.5 Q ERBST
External diode forward T
Vbrw voltage Application info - 1.2 \% ERBST
ERBST disable .
; Voltage difference between VBATMON,
VERBST DIS theshold during power- VBATMON pin and ERBST pin 15 22 27 \% ERBST
teresT_READY_FLT | ERBST ready filter time @ Tested by SCAN 10 | 20 25 us VBEARTéVIS?N
From VERBST =5.3V to 90% of
VERBST_110
tERBST_STARTUP ERBST startup time c -=c - 220  ms ERBST
ERBST = CERBSTmax
VIN =6V
Thermal shutdown . o
TERBSTSW_SD threshold Guaranteed by design 150 - 190 C ERBST
TERBSTSW_SD_HYS m:;?;' dsr:‘;;‘f:r‘g’gis Guaranteed by design 5 - 15  °C  ERBST
terBST SD_FLT ;Ii'rr;eermal shutdown filter Guaranteed by design 7 85 10 us ERBST
ERBSTSW k
lERBST_PEAK_LIML0 | "mitgﬁc‘;‘n PIN_LIMIT = 0 330 - 480 mA  ERBSTSW
PIN_LIMIT =1
ERBSTSW k —
IERBST_PEAK_LIM_1 current li mitgt?:n Vi =6V 300 - 440  mA ERBSTSW
IN =
ERBSTSW overcurrent
IERBST_0C threshold 460 - 700 mA ERBSTSW
N Number of counts
ERBST_OC_COUNT oo urn-off Overcurrent events - 5 - # ERBSTSW
B itch ON
RpsoN_ERBsTSW reos?sitaivg:c © - - 1 Q ERBSTSW
vV ERBST diode loss Voltage difference between 23 33 40 v ERBST,
ERBST_DLOSS_TH | yetection threshold ERBSTSW pin and ERBST pin : : : ERBSTSW
VERBSTSW_CLAMP cE:IEr?wii-lr;zv\\/loil)tgge Diode loss 33 - 40 \% ERBSTSW
NERBST_DLOSS_COUNT lgl:f?rt;etrucr);ic#mts Diode loss clamping events - 3 - # ERBSTSW
From 10% to 90% of
VERBSTSW_max
tRISE_ERBSTSW ERBSTSW rise time Min lerpcnsw peak current - - 15 ns ERBSTSW
Application info
From 90% to 10% of
VERBSTSW_max
tFALL_ERBSTSW ERBSTSW fall time Max lerochsw peak current - - 20 ns ERBSTSW
Application info
DS14702 - Rev 6 page 17/88
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3.3.2 Power stage supply (PS)
The PS pin is the power stage supply input. This line:
. Feeds the level shifters between the signal stage and the power stage.
. Feeds the HS circuitry of the power stage.
3.3.2.1 PS diagnostics
Table 11. PS diagnostics
e Assertion condition e reactl_on L Release condition 19 [ERE N 1D Maskable
type assertion flag clear
The PS_UV flag is
If the Vps voltage falls = S€t 'rTStZ: ;/;jv‘f\';age FAULTN line is
below Vps Uy Th, the  FAULTN line is PS_UV | released
PS UV Y TH *+ VPs uv HYS Non-maskable
PS_UV fault is asserted the PS_UV flag can | FYyro-fusefireis
acknowledged The “fire inhibit” be cleared by MCU possible again
signal is set
The PS_OV flag is i the V " PS_OV_FAULTN_MSK
If the Vps voltage set © Vps vollage FAULTN line is | masks fault redirection on
rises above FAULTN line is drops below Vps_ov released FAULTN pin
PS OV Vps ov_th, the asserted _TH-Vps_ov _Hys: the . fre i s o S
PS_OV faultis PS OVflagcanbe  "yro-fusefireis ' PS_OV_FIRE_MSK masks
acknowledged The “fire inhibit” cleared by MCU possible again | the inhibition of pyro-fuse fire
signal is set commands
3.3.2.2 PS electrical parameters
All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T according to the Table 2.
Table 12. PS supply electrical parameters
51l =
Vps uv_TH | PS undervoltage threshold Max slew rate = 2.3 V/ms
Vps_uv_Hys | PS undervoltage hysteresis Max slew rate = 2.3 V/ms 150 - | 250 mV PS
tps uv_FLT | PS undervoltage filter time Tested by SCAN 17 20 | 21 us | PS
Considering max nom value of 26 V + 5%
Vps ov TH | PS overvoltage threshold 274 - 311 V PS
- Max slew rate = 2.3 V/ms
Vps_ov_Hys | PS overvoltage hysteresis Max slew rate = 2.3 V/ms 150 - | 250 mV PS
tps ov_FLT | PS overvoltage filter time Tested by SCAN 17 1 20 21 us | PS
3.3.3 10 output buffer supply (VIO)
The VIO pin is the digital output buffer supply. This line feeds the SDO output buffer. It is suggested to add a
bypass ceramic capacitor near the VIO pin.
The VIO shall be supplied externally and it enables compatibility with both 3.3 VV and 5 V controllers.
There is no diagnostic on the VIO supply.
DS14702 - Rev 6 page 18/88

Downloaded from Arrow.com.



http://www.arrow.com

L9965P

Functional description

3.41

Note:

3.4.1.1
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Wake-up sources
The following section lists the available wake-up sources and their behavior.

Whenever a wake-up source is validated, the wake-up sequence is initiated and shall successfully end within
twakeup_TiMeouT- Otherwise, the IC returns to the previously held low power state.

Table 13. Wake-up sources electrical parameters

st condon i Ty W unit | in

Timeout for completing the wake-up Tested by SCAN | 20 - 25 CWUP, FENH, FENL,

t
WAKEUP_TIMEOUT sequence SPI

Wake-up from cyclic wake-up pin (CWUP)
The CWUP pin can be used by the host controller for the following purposes:
. Triggering cyclic wakeups and diagnostics in low-power strategies.

. Keep the device constantly in NORMAL state in full-power strategies.

When the CWUP pin is set high for longer than tcwup_powerup_puLske (tcwup_ LT filter time is applied), a wake-
up condition is acknowledged and latched in the CWUP_WAKEUP bit in INTERNAL_STATUS register. The IC
completes the power-up phase after tcwup wakeup_TIME Since the CWUP signal is set high.

This wake-up source is always available.

NVM data is automatically downloaded into local registers after an FSM transition from DEEP SLEEP to DIAG,
following a wake-up from CWUP.

CWUP electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T according to the Table 2.

Table 14. CWUP electrical parameters

L I

tewup_FLT CWUP filter time Input filter time, guaranteed by design ns CWUP

Minimum time to guarantee a correct
power-up (starting from the CWUP lowto 100 - - us  CWUP
high transition)

t CWUP min input pulse
CWUP_POWERUP_PULSE | ;' it power-up

From the CWUP low to high transition to
fewup_wakeup_TiMe | IC wake-uplatency i BiAG (ful Sownload of NVM) “ | - | 1 | ms CWUP
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3.4.2

Note:

Note:

3.4.21
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Wake-up from fire enable inputs (FENH/FENL)

In DEEP-SLEEP state, the IC is still responsive to FENH/FENL inputs to quickly wake-up and be ready to fire
when required.

When either FENH/FENL pin holds the active level for longer than treny_ LT, @ Wake-up condition is
acknowledged and latched in the FENX_WAKEUP bit in the INTERNAL_STATUS register.

If active level of FENH and FENL pins disappears after wake-up trigger, the IC remains in NORMAL state for
treEnx waAKeEUP waiT before returning in DEEP-SLEEP state.

These wake-up sources can be enabled by setting FENH_EN = 1 and FENL_EN =1 in NVM.
The active levels can also be programmed through FENH_LEVEL and FENL_LEVEL.
To speed up the wake-up procedure and be immediately ready for a potential deployment, when the device is

awakened by FENH/FENL pin, NVM operations are locked (neither download nor upload), BOOST and cyclic
diagnostics activation are also inhibited.

A transition to DEEP SLEEP is needed to unlock NVM and to restart BOOST and cyclic diagnostics.
At the first transition from OFF to SLEEP after the power-up, the device would not react to the FENx wake-up.

FENH/FENL wake-up electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T; according to the Table 2.

Table 15. Wake-up sources electrical parameters

2 3

FENH, FENL input FENH,

tFENX_FLT filter Analog filter, guaranteed by design 250 800 FENL

t IC wake-up latenc From the FENH/FENL assertion to the IC ) - 400 s FENH,

FENX_WAKEUP_TIME P Y in ARM state (no NVM download) H FENL

t IC wake-up wait From the FENH/FENL assertion to the IC 18 2 21 ms FENH,

FENX_WAKEUP_WAIT P return in DEEP-SLEEP state : : FENL
page 20/88
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3.4.3 Wake-up via peripheral SPI
The IC can be woken up by any valid SPI frame. A wake-up condition is acknowledged when the following pattern
is received:
1. A NCS high to low transition
2. 24 SCK pulses
3. A NCS low to high transition
To prevent the logic being stuck in the wake-up detection state upon incomplete patterns, the
tspi_wakeuP_TIMEOUT is started upon every NCS assertion, and the wake-up pattern shall end before timeout
expiration, otherwise it is discarded.

Wake-up frames are not decoded, so their content may be arbitrary.

Note: It is strongly recommended to send READ commands to avoid inadvertent write operations in case the device is
already awake.

When a correct wake-up sequence is acknowledged, the event is latched in the SPI_WAKEUP bit located in the
INTERNAL_STATUS register. The latch-set pulse also triggers the start of the tsp|_comm_TIMEOUT COMMuUnication
timeout. Such a timer is intended to avoid the IC being left unintendedly in a high consumption power state in
case the controller is unresponsive:

. The tspi_comm_TIMEOUT is reset and restarted in case a valid frame is received (no CRC error and correct
number of SCK pulses).
. The tsp|_comm_TiIMEOUT IS reset and stopped in case a high level is detected on CWUP. From that moment

on, moving the device to a low power state requires setting CWUP low.

Figure 5. Wake-up condition by peripheral SPI

NCS VALID
< . >
t=0 SPI_WAKEUP_TIMEOUT
% 24
SCLK
Note: NVM data is automatically downloaded into local registers after an FSM transition from DEEP SLEEP to

NORMAL, following a wake-up via the SPI peripheral.
3.4.3.1 SPI wake-up electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T; according to the Table 2.

Table 16. SPI electrical parameters

N O

Ti t f f wak N DI
tsp _WAKEUP_TIMEOUT fr:]nfgu or receive of wake-up Guaranteed by SCAN 0.4 ms SDCOS SSCLK
Communication timeout started NCS SDI
tspi_comm_TIMEOUT | in case of wake-up via Guaranteed by SCAN - 2 - s ’ .
- - : SDO, SCLK
peripheral SPI
From the NCS low to high
t IC wake-up latenc transition to the IC in ) ) 1 ms NCS, SDI,
SPI_WAKEUP_TIME P Y NORMAL (full NVM SDO, SCLK
download)
DS14702 - Rev 6 page 21/88
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3.5 Fault notification (FAULTN)

Detected faults are reported via SPI by the FAULTN_ECHO bit of the GSW. The FAULTN_ECHO bit being set to
‘1’ indicates the IC has not detected a failure.

Additionally, the fault status can also be reported by the FAULTN output, which can be disabled by setting
FAULTN_DIS =1 in NVM.

Whenever a fault condition is detected, the open-drain FAULTN output is asserted low. The output is released
when every latched fault has been cleared.

Depending on the IC configuration, some diagnostics can be masked and their redirection onto FAULTN line can
also be masked. Refer to the diagnostic tables for the specific masking conditions.

Whenever a fault is asserted and the CWUP input level is low, the trauLT HANDLING_TIMEOUT IS released and runs
in background. The timeout is reset by the CWUP high level: if the host controller does not raise CWUP before
the timeout expires, the IC moves back to DEEP-SLEEP. If a fault occurs when the CWUP input level is high and
it is still present when the CWUP input level is set low, the trauLT HANDLING TIMEOUT does not start.

3.51 FAULTN integrity check

To enable reaching the safety targets at system level, the IC provides a means to periodically verify the integrity of
the FAULTN line. Depending on the power management strategy, different configurations may apply, as reported
in the Table 17.

Table 17. FAULTN configuration according to different power management strategies

Power
management | -3965C | L9965/ CWUP FAULTN Configuration
state state
strategy

. The FAULTN path is
Pulse generation FAULTN_DIS =0 continuously c?hecked,

Full power NORMAL NORMAL Static high every FAULTN CYCLIC PULSE = 1 allowing quick detection of
{FAULTN_PERIOD - - - line stuck failures

The FAULTN output integrity
FAULTN_DIS =0 can only be verified

Full power NORMAL NORMAL Static high Level mode .
FAULTN_CYCLIC_PULSE = 0 manually using the
FAULTN_FORCE command
V(\?Xl((:IE_LCP Cyclic high The FAULTN path is
(alternation pulse Pulse generation  EAyLTN DIS =0 checked at each cyclic
Low power NORMAL between generated by every - wake-up event: FAULTN low
L9965C or = tcwup periop | FAULTN_CYCLIC_PULSE =0 pyises are synchronized to
DEEP-SLEEP - )
MCU received CWUP pulses
and DIAG)

FAULTN_FORCE should be used only with FAULTN_CYCLIC_PULSE = 0. If used with
FAULTN_CYCLIC_PULSE = 1, itis a fault injection.

When enabled, the integrity check can be executed:

DS14702 - Rev 6 page 22/88
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. Continuously in full power mode (refer to the Figure 6)

- This diagnostic requires FAULTN_CYCLIC_PULSE = 1. Pulse generation starts teayLTn PERIOD after
such a bit is written high (see the Figure 7). -

- If a failure occurs and FAULTN is held active low for fault signaling, the trauLTn PERIOD timer is kept
under reset. It restarts once all faults have been cleared and FAULTN returns to its inactive high
state.

. Manually

- Setting FAULTN_FORCE = 1 forces the FAULTN output low, instead setting FAULTN_FORCE =0
releases the output. The FAULTN_FORCE command overrides any other FAULTN output buffer
driving signal.

- This strategy is recommended when multiple L9965P/ are present in the system and their FAULTN
outputs are connected in wired-OR.

. Once per cycle in low power mode (refer to the Figure 8 and Figure 9)

- At each CWUP rising edge, the L9965P/ starts its cyclic wake-up.

- Once awake, the L9965P/ generates a negative pulse lasting trauLtn_puLse on the FAULTN output
line.

- This diagnostic does not require the use of the FAULTN_CYCLIC_PULSE bit since the FAULTN pin
is automatically checked at each wake-up cycle.

Figure 6. FAULTN integrity check in full power mode

FAULT EVENT TIMEOUT

CWUP

towup_wakeup_TIME

FAULT

trauLTN PERIOD CLEARED

FLTIN_L9965C
FAULTN_L9965P || - - - [ | ||

teauLt_puLse [P

Internal timeout

of L9965C 1 1AL 11 | [ 1

§FAULT teLmin_TivEOUT
Internal deglitch LATCHED |
of L9965C |

RN DEGLITCH

Figure 7. FAULTN cyclic pulse generation start

CWuUP

FAULTN_CYCLIC_PULSE 0 21

tewup_fvakeup_TiME

FLTIN_L9965C J J J u u

FAULTN_L9965P

tFAULTN_PULSE [
tFAULTN_PERIOD tFAULTN_PERIOD
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Figure 8. FAULTN integrity check in low power mode (example of timeout detected by L9965C)

MCU intervenes switching

tewup_PERIOD_xxx to full power for fault
(L9965C) acknowledgement routine
CWuP
tewur_{iakeur_TiME TIMEOUT
FLTIN_L9965C FAULT
FAULTN_L9965P o g CLEARED%
trauLTn_pULSE [€=]
Internal timeout
of L9965C
trLTIN TIMEOUT

Internal deglitch
of L9965C

Figure 9. FAULTN integrity check in low power mode (example of fault detected by L9965P)

MCU intervenes switching

towup_PERIOD i to full
A = power for fault
(L9965C) acknowledgement routine
(CWUP_HOLD =1)

CWUP

towup_Yiakeur_TivE

§AULT FAULT %
CLEARED
L99§5P starts
FLTIN_L9965C ety ~
FAULTN_L9965P

FLTIN Timeout restarted by
FLTIN rising edge in full power
mode (CWUP_HOLD = 1)

FAULT
LATCHED

trauLTn_puLse [P

Internal timeout

of L9965C /

Internal deglitch

of L9965C
| | A

rLTIN DEGLITCH

3.5.2 FAULTN electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T according to the Table 2.

Table 18. FAULTN electrical parameters

st conon i Ty e k||

tFAULTN_PERIOD FAULTN line integrity pulse period Guaranteed by SCAN ' 55 - 145 ms FAULTN
tFAULTN_PULSE FAULTN line integrity pulse duration = Guaranteed by SCAN - 10 - us | FAULTN
tFAULT _HANDLING_TiMEOUT | Fault handling timeout Guaranteed by SCAN 1.8 | 2 = 2.1 s  FAULTN
DS14702 - Rev 6 page 24/88
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3.6 Pyro-fuse deployment stage

The Figure 10 shows the pyro-fuse deployment stage architecture.

Figure 10. Pyro-fuse deployment stage architecture

HS_RET_CFG |_DEPLOY_CFG
HS_RET_DLY_CFG T_DEPLOY_CFG

DECODER

FIRE_INHIBIT

FIRE_GOOD_SEL

CONTROL
DRIVER RPYRO

FIRE_GOOD

FIRE_LEND  FIRE_END_BY_FAULT

FENx_DEGLITCH FENx_EN
FENx_FAULT_PERIOD FENx_MODE FENx_DLY_CFG
FENx_LEVEL
FENx_FREQ
Two independent paths are implemented to drive the HS and LS output switches:
. One via hardware through FENH and FENL pins.
. One via software through two SPI commands.
Three substages are present:
. Signal stage

- The FENH and FENL signals decoders are configured via SPI registers and their configuration is
stored into NVM.

- A delay stage on the FENx path enables fine-tuning of the trigger output propagation delay for
applications where several L9965P/ pyro-fuse drivers need to be phase-shifted.

- A parallel decoder stage for SPI arming commands is available.
. Control driver

— The control driver translates the signal stage outputs into suitable commands for the power-stage
output domain.

. Power stage

- The LS and HS are turned on by a latch whose reset occurs whenever the fire attempt ends
successfully or the deploy timer expires.

- A HS current sensing is implemented to deploy the pyro-fuse with the programmed current profile
and manage the deployment autoretry.

- The power stage is inhibited by a “fire inhibit” signal in case a fault occurs.

DS14702 - Rev 6 page 25/88
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3.6.1 Signal stage (FENH/FENL/SPI)
The IC has two digital inputs, FENH and FENL, whose signals are treated by two different decoders to generate
the driving stimulus for the HS and LS switches.
Additionally, the switches can be triggered by dedicated SPI commands.

The FENH/FENL/SPI decoders are only available in DIAG, NORMAL and ARM states, while in DEEP-SLEEP
they are disabled, since FENH/FENL/SPI may only be used as wake-up sources.

3.6.1.1 FENH/FENL decoders configuration

The two decoders can be individually enabled by setting FENH_EN = 1 and FENL_EN = 1. When disabled, their
output is always in the inactive state (no trigger).

Before being input to the digital decoders, the FENH/FENL inputs are always pre-filtered by an analog stage
(trenx_FLT) to prevent noise from altering the decoding process.

Each decoder can be configured in different modes:
. FENH_MODE/FENL_MODE = 0 sets the level-based decoding
- A programmable deglitch filter trenx_peGLITCH helps to filter out unwanted spikes on the trigger
inputs. The deglitch value is valid for both FENH and FENL inputs.

— When the FENL/FENH deglitched signal holds the active level, an arming condition is acknowledged
on the corresponding branch.

. FENH_MODE/FENL_MODE = 1 sets the PWM-based decoding. The PWM-based encoding allows the
L9965P/ continuously monitoring the status of the trigger lines, being capable of detecting frequency drifts
and stuck-at faults in real-time, as described in the Section 3.6.1.2.

The decoder frequency can be selected between two options:

- FENH_FREQ/FENL_FREQ = 0 sets the 125 kHz option

- FENH_FREQ/FENL_FREQ = 1 sets the 16 kHz option

The programmable Nrenx FAuLT PERIOD Up/down counter is used to deglitch the PWM periods. The
counter value is valid for both FENH and FENL inputs. The counter output behaves as follows:

- In case it reaches the programmed threshold, it saturates and an arming condition is acknowledged
on the corresponding branch.

- In case the output value is less than the programmed threshold, the arming is released.
The FENH/FENL active state is configured through FENH_LEVEL/FENL_LEVEL bits:
. FENH_LEVEL = FENL_LEVEL = 0 sets the active state to:
- Low level in case of level-based decoding (FENx_MODE = 0)
- ton_FAULT oL low on-time in case of PWM-based decoding (FENx_MODE = 1) and high frequency
selected (FENx_FREQ = 0)
- toN_FauLT 1L low on-time in case of PWM-based decoding (FENx_MODE = 1) and low frequency
selected (FENx_FREQ = 1)
. FENH_LEVEL = FENL_LEVEL = 1 sets the active state to:
- High level in case of level-based decoding (FENx_MODE = 0)
- ton_FauLT oH high on-time in case of PWM-based decoding (FENx_MODE = 1) and high frequency
selected (FENx_FREQ = 0)
- ton_FauLT_1H high on-time in case of PWM-based (FENx_MODE = 1) decoding and low frequency
selected (FENx_FREQ = 1)

Note: To be robust against common cause failures, it is recommended to apply complementary active states to FENH
and FENL.

Having selected the active states, the FENH/FENL internal pull-up/pull-down resistors can be programmed
accordingly to manage the Hi-Z input condition:

. FENH_PU_PD/FENL_PU_PD = 0 enables the internal pull-up to the 3.3 V internal regulator.

. FENH_PU_PD/FENL_PU_PD = 1 enables the internal pull-down to GND.

Note: To prevent inadvertent trigger generation in case of pin loss, it is recommended to select the internal pull-up/pull-
down configuration which leads the input signal to the inactive state in case of FENH/FENL pin loss.

The decoder output normally holds the inactive level. The block generates an active output level (delayed if delay
is set) whenever the switches need to be turned ON in response to a valid trigger detected on FENH/FENL.
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Whenever one of the two signals FENH/FENL is detected as valid, the FSM moves to ARM state. If both FENH
and FENL are detected as valid, the deployment takes place as both HS and LS switches are closed.

It is possible to check the arming condition set by FENH and FENL reading the dedicated bits, respectively
FENH_ARM and FENL_ARM.

The deployment condition is latched: to ensure reliable deployment delivering a suitable amount of energy to the
igniter, an ongoing deployment (FIRE_RUNNING bit set to 1) cannot be interrupted even if the trigger conditions
disappear.

After the deployment is complete, whatever the outcome is (FIRE_END bit set to 1 if no faults occur,
FIRE_END_BY_FAULT bit se to 1 if a PS_OV or PGND_LOSS fault occurs), the device returns to NORMAL
state.

The Table 19 summarizes FENH/FENL decoder output according to the different configurations:

Table 19. FENx decoder output behavior

FENx_EN m FENx_LEVEL FENXx input (deglitched) Decoder output
0 X X Low

X
1 0 0 0 High
1 0 0 1 Low
1 0 1 0 Low
1 0 1 1 High
1 1 0 25% duty High
1 1 0 75% duty Low
1 1 1 25% duty Low
1 1 1 75% duty High
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3.6.1.2 FENH/FENL integrity check

The IC provides diagnostics embedded in the decoder stage aimed at verifying the integrity of the trigger input
signals. Their behavior depends on the corresponding signaling mode and configuration:

. In PWM mode (FENx_MODE = 1), the signal integrity is continuously monitored by an internal timer
measuring the time interval between rising edges

- Signals whose frequency lies within fFENX_PWM_PER|OD_TH_XL/fFENX_PWM_PER|OD_TH_XH limits are
considered valid and their duty-cycle is furtherly evaluated by the decoder to determine whether the
pulse corresponds to a fire/no-firelinvalid command (see the Figure 11).

- Signals whose frequency is higher than frenx_pwm_PERIOD_TH_xH a@re considered invalid and the
corresponding FENH_HIGH_FREQ / FENL_HIGH_FREQ latch in FENX_INTEGRITY_STATUS
register is set (see the Figure 12).

- Signals whose frequency is lower than fFENX_PWM_PERIOD_TH_XL but still higher than
fFENx_PWM_PERIOD_TH_xT are considered invalid and the corresponding FENH_LOW_FREQ /
FENL_LOW_FREQ latch in FENX_INTEGRITY_STATUS register is set (see the Figure 12).

— If the signals frequency drops below frenx_PwM_PERIOD_TH_xT, @ timeout condition is acknowledged
and the corresponding FENH_PWM_TIMEOUT / FENL_PWM_TIMEOUT latch in
FENX_INTEGRITY_STATUS register is set (see the Figure 11).

- The above requirements on frequency can be seen also as requirements on times, as shown in the
Figure 13.

- The internal timeout to check the PWM frequency starts as soon as the FENx_MODE bit is set to 1
and is reset on each rising edge (see the Figure 11 and Figure 12).

- “No-fire” and “invalid” signals decrement the Nrenx FauLT perIoD fault counter by 1, while “fire”
signals increment the NFENX_FAULT_F’ERIOD by 1. In case of “timeout”, the NFENX_FAULT_F’ERIOD
counter is reset and restarts from 0.

. When in level mode (FENx_MODE = 0), the signal integrity check can be enabled by setting

FENH_INT_CHECK_EN = 1/FENL_INT_CHECK_EN =1

- In this scenario, the IC locks to the FAULTN signal to perform the FENH/FENL integrity check. An
internal trenx_TIMEOUT IS Started upon FAULTN rising edge and reset after two consecutive edges on
the corresponding FENX line.

- If the timeout expires, the corresponding FENH_LEV_TIMEOUT/FENL_LEV_TIMEOUT latch in the
FENX_INTEGRITY_STATUS register is set (see the Figure 14). Once latched, the fault is cleared,
and the correspondent timeout is reset, when the FENH_LEV_TIMEOUT/FENL_LEV_TIMEOUT bit is
read.

— When the low power strategy is implemented, to detect a possible fault due to timeout expiration, the
IC shall be kept awake for a time greater than trenx_TiMEOUT. This could be done simply by keeping
the CWUP pin high for more than treny_TiMEOUT. @nd/or enabling VRCM check and pyro outputs
leakage test.

. Alternatively, a manual integrity check can be performed by the MCU, toggling the FENH and FENL input
signals and looking at the FENH_ECHO and FENL_ECHO status bits in the FENX_INTEGRITY_STATUS
register.
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Figure 11. FENx line integrity check in PWM mode (example of timeout detection)
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Figure 12. FENx line integrity check in PWM mode (example of frequency out of range)
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Figure 13. FENx decoder times in PWM mode
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Figure 14. FENXx line integrity check in level mode (example of timeout on FENH)
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3.6.1.3 Programmable delay

In systems where multiple L9965P/ ICs are used, it may be required to apply a phase shift between pyro-fuses
deployment (see example in the Figure 15).

In such case, the deploy control stage can be configured to apply a tpepLoy_peLay shift to the start of the
deployment procedure (when both arming conditions are set).

The delay is programmed through the FENx_DLY_CFG bit.

The delay insertion is only available in case of deployment triggered via FENH/FENL signals, while it shall be
managed by MCU timers in case of deployment triggered via SPI.

Figure 15. Example of two pyro-drivers in a system

L9965P

500us delay
RSHUNT RSHUNT

PACK-

3.6.1.4 Pyro-fuse trigger via SPI
The output switches can be triggered also by SPlI commands:
. Writing the 0x155 command in the HS_CMD register
. Writing the 0xX2AA command in the LS_CMD register

HS_CMD and LS_CMD are located at different addresses of the SPI register map so that a sequence of two
commands is needed to perform a deployment. The two commands are intentionally different to prevent
inadvertent deployment.
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3.6.1.5 FENH/FENL diagnostics

Table 20. FENH/FENL diagnostics

IC
Assert.lon IC reaction to assertion Rele.a_se o Maskable
condition condition to flag
clear
When in PWM If the input
mode signal
(FENX_MODE = The FENx_HIGH_FREQ ' period FENx_MODE = 0 masks diagnostic
1) if the input flag is set becomes execution. When disabled, the
FENX signal period FAULTN line is asserted  /OWerthan  FAULTN ' FENx_HIGH_FREQ flag can always be
high high lineis  cleared by the MCU.
becomes lower
frequency than high NFENx_FAULT_PERIOD threshold released
threshold the high | counter is decremented  the fault flag FENX_HIGH_FREQ_FAULTN_MSK
) resho fe Itl'g by 1 can be masks fault redirection on FAULTN pin
requency fault is
acknowledged cleared by
MCU
When in PWM If the input
mode signal
(FENx_MODE = The _FENX—LOW—FREQ period FENx_MODE = 0 masks diagnostic
1) if the input flag is set becomes execution. When disabled, the
FENx low | signal periodis  FAULTN line is asserted Ih'ghef than IFAU_LTN FENx_LOW_FREQ flag can always be
frequency | between low and ow ine 1s cleared by the MCU.
timeout FENX_FAULT_PERIOD e e """ FENX LOW _FREQ FAULTN_MSK
thresholds the | counter is decremented the fault flag — ! Q_ _ )
f resho sf e;t ow by 1 can be masks fault redirection on FAULTN pin
requency fault is
cleared by
acknowledged MCU
When in PWM If the input
mode The signal
(FENx MODE = cpn, pwm TIMEOUT | Period FENx_MODE = 0 masks diagnostic
FENx 1) ifthe input flag is set becomes execution. When disabled, the
timeout in | Signal period o higher than  FAULTN ' FENx_PWM_TIMEOUT flag can always
PWM becomes lower FAULTN line is asserted | timeout line is be cleared by MCU.
than timeout N threshold released
mode  ihreshold the FENx_FAULT_PERIOD the fault flag FENX_TIMEOUT_FAULTN_MSK
PWM timeout counter is reset (but not can be masks fault redirection on FAULTN pin
fault is stopped) cleared by
acknowledged MCU
When in Level
?,l%d,\fx MODE = FENx_MODE = 1 masks diagnostic
0) following a execution. When disabled, the
FAULTN pL?Ise FENx_LEV_TIMEOUT flag can always
FENx  the FENX input’ The The fault be cleared by MCU.
timeout in | signal is expected FENX_LEV_TIMEOUT  flag can FAULTN

P FENx_INT_CHECK_EN = 0 masks
flag is set always be | lineis — = —

level to exhibit two cleared b released diagnostic execution. When disabled,
mode edges within FAULTN line is asserted | the MCU y the FENx_LEV_TIMEOUT flag can
trenx_TIMEOUT- If always be cleared by MCU.

this does not
happen, the level
timeout fault is
acknowledged

FENX_TIMEOUT_FAULTN_MSK
masks fault redirection on FAULTN pin
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3.6.1.6 FENH/FENL electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T according to the Table 2.

Table 21. FENH/FENL decoder electrical parameters

T

FENH,
tFENX_DEGLITCH_00 FENX_DEGLITCH = 00 - - FENL
FENH,
tFENX_DEGLITCH_01 FENX_DEGLITCH = 01 - 80 - us FENL
FENH/FENL input level
deglitch filter FENH
tFENX_DEGLITCH_10 FENX_DEGLITCH = 10 - 320 - us FENL.
_ FENH,
tFENX_DEGLITCH_11 FENX_DEGLITCH = 11 - 11280 - us FENL
_ . FENH,
NFENX_FAULT_PERIOD_00 FENX_FAULT_PERIOD = 00 - 2 - | periods FENL
_ . FENH,
NFENX FAULT PERIOD 01 FENX_FAULT_PERIOD = 01 - 8 - | periods FENL
B B B FENH/FENL PWM
periods deglitch filter FENH
NEENX_FAULT_PERIOD_10 FENX_FAULT_PERIOD =10 - 32 - | periods FENL1
_ . FENH,
NEENX_FAULT_PERIOD_11 FENX_FAULT_PERIOD = 11 - 128 - | periods FENL
— FENH,
fFENX PWM_FREQ 0 ' FENH/FENL decoder ~ FENX_FREQ=0 - 125 - KkHz o ey
frequency in PWM
frENx_PWM_FREQ 1 | Mode FENx_FREQ = 1 - 16 - KHz 'T:im
FENH,
tFENX_PWM_PERIOD 0 FENx_FREQ =0 - 8 - us FENL
FENH/FENL decoder
period in PWM mode FENH
tFENX_PWM_PERIOD 1 FENx_FREQ = 1 - 625 - us FENL
_ FENH,
tFENx_PWM_PERIOD_TH_ 0L FENH/FENL period FENx_FREQ=0 13 - - s FENL
monitor low threshold
FENH
trenx_Pwm_pERIOD_ TH_11 | (PWM low frequency)  FEny FREQ = 1 99 - - us FENL.
_ FENH,
tFENx_PWM_PERIOD_TH_OH  FENH/FENL period FENx_FREQ =0 - - 4 Hs FENL
monitor high threshold
trenx_Pwi_PERIOD_TH 11 | (VWM high frequency) ' FENy FREQ = 1 - - 38 us ';i’::t
t FENH/FENL period = . . FENH,
FENx_PWM_PERIOD_TH_OT F/FENL p FENx_FREQ =0 20 ps FENL
monitor timeout
threshold (in tracking FENH
tFENX_PWM_PERIOD_TH_1T | with low threshold) FENx_FREQ =1 159 - - Hs FENL
t fmerange oriow | FENCMODE =1 FENX FREQ 1o 50 5q 5 FEN
ON_FAULT_OL . ge = 0 and FENx_LEVEL = 0 ol el e H FENL
signal at high PWM
FENH/FENL valid on-
. ] FENx_MODE = 1, FENx_FREQ FENH,
{ON_FAULT_0H time range for high =0 and FENx_LEVEL = 1 AT 6082 ws ey
signal at high PWM
FENH/FENL valid on-
. FENx_MODE = 1, FENx_FREQ FENH,
toN_FAULT 1L tlme range for low = 1and FENx_LEVEL =0 11.4 | 15.6 30.6 us FENL
signal at low PWM
DS14702 - Rev 6 page 33/88

Downloaded from Arrow.com.



http://www.arrow.com

m L9965P

Functional description

st conon i Ty x| | —pin—

FENH/FENL valid on-

. ) FENx_MODE = 1, FENx_FREQ FENH,
toN_FAULT_1H time range for high = 1 and FENx_LEVEL = 1 343 469 647 us FENL
signal at low PWM
FENH/FENL timeout for FENH
tFENX_TIMEOUT integrity check in level FENx_MODE =0 175 2 225 ms FENL’
mode
FENH
tDEPLOY_DELAY_00 FENX_DLY_CFG =00 - 0 - ms FENL‘
_ FENH,
tDEPLOY_DELAY 01 FENX_DLY CFG =01 1.8 2 2.2 ms FENL
FENH/FENL deploy
trigger delay FENH
tDEPLOY_DELAY_‘lO FENX_DLY_CFG =10 3.6 4 4.4 ms FENL’
_ FENH,
tbEPLOY DELAY_ 11 FENX_DLY CFG =11 7.2 8 8.8 ms FENL
3.6.2 Power stage (PS/PF/PR/PGND)

The power stage is made of two power switches whose actuation is triggered by two independent paths, as
shown in the Figure 10.

The Figure 16 shows the equivalent load model of a pyro-fuse igniter input. The following circuit have been
considered when performing power stage diagnostics and deployment simulations.

Figure 16. Pyro-fuse input model

RWIRE/2 I-WIRE/2 LEN”

I i
l Cryro

Ruwire/2 Lwire/2

(PR e WV—
&

RPYRO

3.6.2.1 Active pull-down on LS

A pull-down current generator (Iact pp_pr) is present on PR pin to have a minimum current-limited pull-down
path to PR and PF pin. The circuit is connected between PR pin force pad and GND pin. As a diagnostic resource
is enabled, the pull-down generator is automatically disabled. It is possible to force the disable state of the pull-
down generator using the PR_PD_DIS bit located in the INTERNAL_CFG register.

3.6.2.2 LS driver deactivation delay
Adelay t s orr peacT is implemented in the LS driver deactivation with respect to HS driver to:
. Limit the LS recirculation energy after fire to E s cLamp;

. Protect the device pins against voltage spikes at the end of a deployment event, clamping the voltage to
VLs_cLavP-

No equivalent delay is applied at deployment event start.

3.6.2.3 Pyro-fuse deployment profile

The HS power-stage features a current controlled powerMOS supporting flexible deployment profiles. It is
possible to configure both the current level and the duration:

. The I_DEPLOY_CFG field selects the target deploy current level;
. The T_DEPLOY_CFG field selects the target deploy time.
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The HS switch has been designed to withstand a maximum deployment energy of Ens pepLoy x starting from the
maximum operating T,.

3.6.24 Deployment routine
As soon as the IC enters the ARM state, any ongoing diagnostic is interrupted.
Once in ARM state, if a valid trigger command is received, the tpgp| oy deployment timer starts. The current
flowing in the HS is monitored by a dedicated current comparator, whose threshold is Ipep_mon_TH @nd is
proportional to the programmed deployment current value IpepLoY xx-

One digital current counter is present to count how much time the deployment current stays above Ipep_moN_TH-
It is initialized to O upon system power-on and reset. The value is stored in the DEP_CURR_MON bit field located
in the DEPLOY_CURRENT_MONITOR register. The counter is reset when the device goes in ARM state and a
new valid deployment command sequence is received. The value of this counter is then compared with the digital
value of tpgp_mon_TH threshold.

The deployment current monitor timer threshold tpep mon_TH Can be calculated as follows:

tpep_mon_TH = DEP_MON_THR X tpgp mon_TH_RES (1)

After a deployment event, a pyro igniter resistance measurement can be performed and the result, saved in the
RES_MEAS_POST register, is compared with the Reyro_posT TH threshold selected through VRES_POST_TH
bit in NVM.

Note: If a deployment attempt ends successfully, the pyro-fuse resistance increases to values greater than 100 Q.
Hence, if further deployments are attempted, almost the entire PS voltage would fall on the initiator resistance,
which in turn would result in the PF-PR voltage measurement close to saturation. This can be seen as a further
confirmation of the fire outcome (FIRE_GOQD bit set).

The deployment routine ends when the FIRE_GOOD signal is set to 1. In this case the deployment info is saved
and then the device returns in NORMAL state.

Through the FIRE_GOOD_SEL bit field, it is possible to select when the fire good signal is set (Figure 17):

. Measured resistance value above resistance threshold (FIRE_GOOD_SEL = 00)

. Deployment current value above the current monitor threshold for the selected deployment current duration
(FIRE_GOOD_SEL =01)

. Measured resistance value above resistance threshold AND deployment current value above current

monitor threshold for the selected deployment current duration (FIRE_GOOD_SEL = 10)
. Fire good signal is never set (FIRE_GOOD_SEL = 11)

Figure 17. Fire good signal selection

Rpyro>Reyro post x — 00
IoepLov™Ipep_mon_tH fOr toepLov>toer MoN TH ——— o4
FIRE_GOOD
Reyro>Rpyro posT x & IoepLov™>loep mon_TH fOr toepLov>toer mon T+ 10
0 —— 11

FIRE_GOOD_SEL

The “fire inhibit” signal inhibits the deployment of the pyro-fuse, sets the FIRE_INHIBIT latch and asserts the
FAULTN line. Any further deployment is not possible until latched bit is read (clear-on-read bit).
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3.6.2.5 Safe operating area

There is no constraint on the selection between different IpepLoy_xx and tpepLoy, SO it is under user's
responsibility to prevent excessive thermal heating in the squib driver section by setting the deploy parameters
carefully.

The power stage has been sized according to the following recommended combinations:

. IpepLOY 00 @nd tpepLoy = 1050 ps
Profile valid for 8.4 V < Vpg < 27.3 V (Vpg min = 8.4 V considering max resistance contribute)

. IpepLoY 01 @nd tpepLoy = 750 ps
Profile valid for 9.8 V < Vpg < 27.3 V (Vpg min = 9.8 V considering max resistance contribute)

. IpEpLOY_10 @nd tpepLoy = 550 ps
Profile valid for 11.2 V < Vpg £ 27.3 V (Vps min = 11.2 V considering max resistance contribute)

. IpepLoy_11 and tpepLoy = 250 ps
Profile valid for 19.6 V < Vpg < 27.3 V (Vps min = 19.6 V considering max resistance contribute)

The power stage is not sized to stand a deployment event with PF pin shorted to ground. So, if this scenario is
expected, the maximum operating voltage on PS pin should be reduced accordingly to chosen deployment profile:

. IpEpLOY 00 @nd tpepLoy = 1030 ps

This profile is valid for 6 V < Vpg <23V
. IpepLOY 01 @nd tpepLoy = 750 ps

This profile is valid for 6 V < Vpg <23 V
. IpepLOY 10 @nd tpepLoy = 550 ps

This profile is valid for 6 V < Vpg <22V
. IpepLoY_11 @nd tpepLoy = 250 ps

Not tolerated

The effective deployment time tpep grr (time interval in which the deployment current value is above 90% of the
programmed target value IpepLoy_xx) can be calculated as follows:

tpep_erF = tpepLoy — tpep_pry = DEP_TIME_X X tppproy_rEs — tpEP_DLY 2)
Where:
. DEP_TIME_x * tpepLoy_REs is the equivalent time of the programmed deployment duration counter value.
. toep pLy is the delay time between the actual receiving of the deployment start signal (SPI CS rising edge

or FENH and FENL acknowledge) and the rising deployment current value reaching 90% of the
programmed target value.

3.6.2.6 Deployment auto-retry
The IC offers the possibility of performing multiple fire attempts in case the first one fails:
. The HS_RET_CFG bit field configures the maximum number of deployment attempts.
. The HS_RET_DLY_CFG bit field configures the interval between consecutive retry attempts.
If one of the following conditions occurs, the auto-retry is stopped:

. FIRE_GOOD is set following a successful deployment.
. The maximum number of attempts (configured by HS_RET_CFG bit field) is exceeded without a successful
deployment.

The FIRE_GOOD_SEL = 11 case is useful in test case scenario where the Pyro igniter is replaced by a dummy
load: multiple deployments are performed and their number is limited by the configured maximum number of
retries.

Note: The time between two retries is the bigger between the resistance measurement time and the interval time
defined by HS_RET_DLY_CFG bit field in NVM.

If, once reached the maximum number of attempts, the deployment condition is still present (FENH and FENL
signals still in active state), another retry routine is performed after a minimum delay time of trRet RoUTINE_DLY-

The number of performed deployments is readable in the DEPLOY_CNT bit field in the DEPLOY_STATUS
register.
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3.6.2.7 Deployment electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T according to the Table 2.
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IpEPLOY_00
IpEPLOY 01
IpEPLOY 10
IpEPLOY 11
tDEPLOY_RES
NpepLOY
toepPLOY

tLs oFF_DEACT

ELs cLamp

Vis_cLamp

tDbEP_CUR_RISE

toep_pLy

tDEP_CUR_FALL

tDEP_CUR_MON

IDEP_MON_TH

tDEP_MON_TH_RES

Npep_MON_TH

tDEP_MON_TH

Ens_pEPLOY 1

Table 22. Deployment electrical parameters

Pyro-fuse deployment
current

Deployment timer
resolution

Deployment timer bits
number

Deployment timer

Delay between HS
turn-off and LS turn-off

Low side recirculation
energy after fire

LS voltage clamp

From 10% to 90% of
the IpepLoy_xx

From deployment start
signal (SPI CS rising
edge or FENH/FENL
acknowledge) to 90%

of the IpepLoy_xx

From 90% to 10% of
the IpepLoy_xx

Deployment current
monitor resolution

Deployment current
monitor threshold

Deployment current
monitor timer threshold
resolution

Deployment current
monitor timer threshold
bits number

Deployment current
monitor timer threshold

High side switch
deployment energy
capability

|_DEPLOY_CFG = 00
|_DEPLOY_CFG = 01
|_DEPLOY_CFG = 10

|_DEPLOY_CFG = 11

T_DEPLOY_CFG

tpEPLOY_RES *
T_DEPLOY_CFG

Considering Lwire + Lemi

TysTarT = 135 °C

Including Rpyro, Lwire: CwiRE:
Lemi: Cpyro

Including Rpyro, Lwire: CwiRE:
Lemi: Cpyro

Including Rpyro, Lwire: CwiRE:
Lemi: Cpyro

DEP_CURR_MON

DEP_MON_THR

toEP_MON_TH_RES *
DEP_MON_THR

Single event, Vpg =27.3V
Ipep = 1.91 A, ton = 1191 ps
Rason_1Ls =0 Q, Rwire = 0.1 Q

Rpyro = 1.7 Q, Ty sTarT = 135
°C

1.75
2.00
3.50

14.7

90%*IpEPLOY_xx

16

32

1.91

2.23

2.55

4.46

17.3

2032

300

40

32

50

32

992

54.4

us

Bits

us

us

ud

us

us

us

s

us

Bits

us

mJ

PGND

PR,
PGND

PR,
PGND

PR,
PGND

PS, PF

PS, PF

PS, PF

PR,
PGND

PR,
PGND

PR

PF, PR

PF, PR

PF, PR

PS, PF

PS, PF

PS, PF

PS, PF

PS, PF

PS, PF
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Ens pEPLOY 2

Ens pEPLOY 3

EHs DpEPLOY 4

RdsoN_Hs
Rason_Ls
Lwire
Lemi

Rwire

Cpyro

Rpyro

RpyrRo _POST 0

RpyrRO_POST 1

Cesp

NHs_RET 00
NHs_RET o1
NHs_RET 10
NHs_RET 11
tHs RET 00
tHs RET_01

tHs RET 10

High side switch
deployment energy
capability

HS switch ON
resistance

LS switch ON
resistance

Pyro-fuse wire load
inductance

Pyro-fuse input EMI
filter

Pyro-fuse wire load
resistance

Pyro-fuse differential
capacitance between
input contacts

Pyro-fuse igniter
resistance

Pyro-fuse igniter
resistance threshold
post deployment

PF/PR PCB connector

input capacitance for
ESD/EMI

HS deployment
attempts

HS delay between
retry attempts

Single event, Vpg =27.3V
Ipep = 2.23 A, ton = 851 ps
Rason_Ls =0 Q, Rwire = 0.1 Q
Rpyro = 1.7 Q, Ty starT = 135
°C

Single event, Vpg = 27.3V
Ipep = 2.55 A, ton = 630 ps
Rason_Ls =0 Q, Rwirg = 0.1 Q

Rpyro = 1.7 Q, Ty sTaRT = 135
°C

Single event, Vpg = 27.3 V
Ioep = 4.46 A, ton = 289 ps
Rason_Ls = 0 Q, Rwire = 0.1 Q

Rpyro = 1.7 Q, Ty sTART = 135
°C

Isink = 100 mA

ISOURCE =100 mA

Application information

Application information

Application information

Application information

Application information

VRES_POST TH=0
VRES_POST TH=1

Application information

HS_RET_CFG = 00
HS_RET_CFG = 01
HS_RET_CFG = 10
HS_RET_CFG = 11
HS_RET_DLY_CFG = 00
HS_RET_DLY_CFG = 01

HS_RET_DLY_CFG = 10

1.7

13

0.46

0.92

1.38

99
49

22

0.5

1.5

44.2

36.5

24.9

0.7

0.5

36

7.7

1.1

100

2.5

138

0.54

1.08

1.62

mJ

mJ

mJ

uH

uH

nF

nF

times

times

times

times

ms

ms

ms

PS, PF

PS, PF

PS, PF

PS, PF

PR,
PGND

PF, PR
PF, PR

PF, PR
PF, PR

PF, PR

PF, PR

PF, PR
PF, PR

PR,
PGND

PR,
PGND

PR,
PGND

PR,
PGND

PR,
PGND

PR,
PGND

PR,
PGND
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HS delay between

tHs RET 11 retry attempts HS_RET_DLY CFG=11 1.84 2 216 ms PGND
Delay between two PR
tRET_ROUTINE_DLY ' consecutive retry 0.46 0.5 054 ms PGN’D
routines
PR active pull-down
IacT_PD_PR current 0.7 1 13 | mA PR
3.7 Diagnostic routine

The IC integrates an intelligent controller designed to automatically perform diagnostic sweeps aimed at
guaranteeing the safety targets on deployment and non-deployment.

Figure 18. Diagnostic routine

AB|ST : HWSC VRCM CHECK : LEAK TEST i FET TEST ; RES MEAS ; DIAG

t t tieak_TesT trer_TeST t
ABIST HWSC tvrem_cHECK RES_MEAS ter_cAP_DIAG

The diagnostic flow has been specifically designed to ensure that each step validates the circuitry necessary to
perform subsequent checks.

In case the routine detects a failure during any of the steps, it immediately stops, setting the corresponding fault
flag and asserting the FAULTN line. If there is a fault during ABIST step, the routine does not stop but the
corresponding fault flag is set and the FAULTN line is asserted.

3.71 Routine execution modes
Every time the routine is triggered, the FSM moves to the DIAG state.
There are two types of triggers available:
. On-demand: triggered by MCU
. Cyclic: autonomously triggered by an internal timer or triggered by an external CWUP pulse

The two execution modes are mutually exclusive: on-demand triggers cannot interrupt cyclic executions and vice-
versa.

3.7.1.1 On-demand
This strategy is available every time the IC is in a NORMAL state.

On-demand execution is triggered by MCU writing DIAG_START = 1 in the DIAG_CMD register and configuring
the steps to be executed in the same command frame:

1. Writing ABIST = 1 enables the ABIST (analog built-in self-test).

Writing ADC_HWSC = 1 enables the HWSC (hardware self-check).

Writing VRCM_LEAK_TEST = 1 enables the VRCM check and the pyro outputs leakage test.
Writing PYRO_RES = 1 enables the pyro igniter resistance measurement.

Writing FET_TEST = 1 enables the pyro deployment FETs test. This test includes the VRCM check and the
pyro outputs leakage test.

6. Writing ER_CAP = 1 enables the ER capacitor diagnostic.

During the diagnostic execution the SPI_DIAG_RUNNING bit is set to 1. Once the on-demand diagnostic is
completed, the SPI_DIAG_END bit is set to 1.

On-demand triggers do not increment the internal cycle counter whose value is stored in CYC_DIAG_NCYCLE bit
field in CYCLIC_DIAG_STATUS register.

ok wDn

3.7.1.2 Cyclic
This strategy is available in both full-power mode and low-power mode:
. When in full power mode (CWUP = 1, static), the periodicity can be configured programming the
tblaG_ROUTINE_PERIOD_xxx time.
. When in low power mode (periodic CWUP triggers), the periodicity is given by the CWUP signal.
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Diagnostic steps can be individually enabled/disabled via dedicated NVM configuration bits:

. ADC_HWSC_EN = 1 schedules the HWSC for cyclic execution
- ADC_HWSC_NCYCLE field specifies the periodicity of execution

. LEAK_EN = 1 schedules the VRCM check and pyro outputs leakage test for cyclic execution
- LEAK_NCYCLE field specifies the periodicity of execution

. PYRO_RES_EN = 1 schedules the pyro igniter resistance measurement for cyclic execution
- PYRO_RES_NCYCLE field specifies the periodicity of execution

. FET_EN = 1 schedules the pyro deployment FETs test for cyclic execution
- FET_NCYCLE field specifies the periodicity of execution

. ER_CAP_EN = 1 schedules the ER capacitor diagnostic for cyclic execution
- ER_CAP_NCYCLE field specifies the periodicity of execution

The NVM configuration guarantees the execution of the diagnostics (CYC_DIAG_RUNNING in
CYCLIC_DIAG_STATUS register set to 1) even in the absence of MCU supervision. The routine is executed only
after the NVM has been downloaded.

When the device is in full power, a new routine is inhibited if a fail in integrity check occurs
(CYC_CFG_CRC_FAIL bit set).

The internal cycle counter CYC_DIAG_NCYCLE bit field is incremented at the end of each diagnostic sweep. In
case it reaches saturation, it rolls over restarting from zero.

3.7.2 Routine steps
The following sections list all the diagnostic steps performed during the diagnostic routine.

3.7.21 ABIST (analog built-in self-test)
This step aims at verifying the proper behavior of analog comparators.
In cyclic diagnostic it is not possible to disable the ABIST, so it runs at every cycle.
In case of fault, the ABIST_FAIL bit in the INTERNAL_STATUS register is set and the FAULTN pin is asserted.
The ABIST diagnostic step duration is tag|sT-

Note: In cyclic diagnostic the ABIST cannot be disabled, so it runs at every cycle.

3.7.2.2 HWSC (hardware self-check)
This step aims at verifying the integrity of conversion paths from an input to the ADCs.
The following paths are checked:
. PF vs PR to check the integrity of differential measurement pre-deployment.
. PF vs PR to check the integrity of differential measurement post-deployment.
. VRCM vs PGND to check the integrity of VRCM measurement.
This test does not require any previous diagnostic to be safely executed.

Figure 19. Differential ADC HWSC

CH+ [—O \0

o_

DIVIDER & ADC
: L MAIN
INTERNAL SHIFTER N— |
REF
CH- O \o
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The diagnostic for PF vs PR path (differential ADC) works as follows: the pins are disconnected from the inputs
and, applying different internal reference voltage, automatically checks the ADC offset error and the ADC gain
error.

In the specific case of VRCM path, a direct VRCM output conversion takes place to verify the regulator output is
in the expected range.

The HWSC diagnostic step duration is tywsc-

Table 23. ADC HWSC diagnostics

IC
(L IC reaction to assertion SR [eaetion Maskable
condition condition to flag
clear
If either an The
offset or gain PF_PR_PRE_HWSC_FAIL FAULTN
PFvs lemoris  flagis set The fault | mors . ADC_HWSC_EN = 0 masks cyciic
PR detected during FAULTN line is asserted flag can diagnostic trigger (but not the on-
dpr?- the ZF \:S PR . always be | Cyclic demand one)
eploy | pre-deployment | piggnostic routine is stopped diagnostic
HWSC ' HWSC, the pre- | 4 ﬂge end of ADC HWSgpstep cleared on triggers PF_PR_PRE_HWSC_FAULTN_MSK
fail  deploy HWSC read are masks fault redirection on FAULTN pin
fail i Cyclic diagnostic triggers are
aitis A unmasked
acknowledged | inhibited
If either an ™
offset or gain e
i PF_PR_POST_HWSC_FAIL PAULTN
PE%’S detected during flag is set The fault  rgleased A.DC_HV.VS(.J_EN = 0 masks cyclic
the PF vs PR FAULTN line is asserted flag can diagnostic trigger (but not the on-
dPOSIt' post- always be | Cyclic demand one)
eploy Diagnostic routine is stopped diagnostic
HWSC dep'&‘;’éme”t at ﬂ?e ot ADG stgpstep cleared on triggers PF_PR_POST_HWSC_FAULTN_MSK
fail | HWSC, the read are masks fault redirection on FAULTN pin
post-deploy Cyclic diagnostic triggers are
HWSC fail is inhibited unmasked
acknowledged
The VRCM_HWSC_FAIL flag FAULTN
If an error is is set line is ;
detected during The fault | rgleased ADC_HWSC_EN = 0 masks cyclic
VRCM | the VRCM vs FAULTN line is asserted flag can diagnostic trigger (but not the on-
HWSC  PGND HWSC,  pjagnostic routine is stopped | always be C_yclic . demand one)
fail - the VRCM at the end of ADC HWSC step | Cleared on fr'iag’;i’:t'c VRCM_HWSC_FAULTN_MSK masks
HWSC fail is Cvalic di tic tr read 99 fault redirection on FAULTN pin
acknowledged yclic diagnostic triggers are are
inhibited unmasked
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3.7.2.3 VRCM check
This step aims at diagnosing the voltage regulator/current monitor (VRCM) works properly.

This test requires HWSC (hardware self-check) prior to execution to cover possible faults determining VRCM is
out of range. To achieve safety targets, it is strongly recommended to apply such strategy before running this test.

Figure 20. VRCM test

PS
lpr pu
PF
Cesp
0
+ VVRCM_REF
RPYRO
1 -
PR
Cesp |

$ o_pf pr_sel
lpr_PD

rDGND

The VRCM can be checked verifying the VRCM multiplexer connections to the PF or PR pins:
. STB check:

- The Ipr_py generator is connected to PF pin.

- The VRCM is connected to PF pin.

- If the VRCM works properly the VRCM_STB_FAIL flag remains zero.
. STG check:

— The Ipr_pp generator is connected to PR pin.

- The VRCM is connected to PR pin.

- If the VRCM works properly the VRCM_STG_FAIL flag remains zero.
This test allows to check the I eak_source_TH a@nd ILeak_siNk_TH current thresholds.
The VRCM check diagnostic step duration is tyrcm_cHECK-
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Assertion condition

Table 24. VRCM STB/STG diagnostics

IC reaction to
assertion

Release condition

IC reaction

to flag
clear

Maskable

DS14702 - Rev 6
Downloaded from Arrow.com.

LEAK
SINK
LOw

LEAK
SOURCE
LOW

When IPF_PU is
enabled, if the STB
flag is not internally
set after
tVRCM_LEAK_FLT
expired, the
VRCM_STB_FAIL
fault is
acknowledged

When IPR_PD is
enabled, if the STG
flag is not internally
set after
tVvRCM_LEAK_FLT
expired, the
VRCM_STG_FAIL
fault is
acknowledged

The
VRCM_STB_FAIL
flag is set

FAULTN line is
asserted

Diagnostic routine is
stopped at the end of
the leakage current
test step

Cyclic diagnostic
triggers are inhibited

The
VRCM_STG_FAIL
flag is set

FAULTN line is
asserted

Diagnostic routine is
stopped at the end of
the leakage current
test step

Cyclic diagnostic
triggers are inhibited

The
VRCM_STB_FAIL
flag can always be
cleared on read

The
VRCM_STG_FAIL
flag can always be
cleared on read

FAULTN
line is
released
Cyclic
diagnostic
triggers are
unmasked

FAULTN
line is
released
Cyclic
diagnostic
triggers are
unmasked

LEAK_EN = 0 masks cyclic
diagnostic trigger (but not the
on-demand one)

LEAK_LOW_FAULTN_MSK
masks fault redirection on
FAULTN pin

LEAK_EN = 0 masks cyclic
diagnostic trigger (but not the
on-demand one)

LEAK_LOW_FAULTN_MSK
masks fault redirection on
FAULTN pin
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3.7.24 Pyro outputs leakage test
This step aims at verifying that PF/PR pins are floating, with no parasitic leakage towards battery or ground.

This test requires the VRCM check to verify that VRCM output and diagnostic thresholds are in range. To achieve
safety targets, it is strongly recommended to apply such a strategy before running this test.

Figure 21. Pyro outputs leakage test

PF

Coal

Vvrem_Rer
RPYRO

PR

CESﬂ_

$ o_pf_pr_sel

The diagnostic works as follows:

. PF leakage test:
- The VRCM is connected to PF and starts charging the PF node to Vyrcwm_REeF-

- If no leakage is present, the voltage on PF pin is Vyrcm_rer @and no current is sunk or sourced by the
VRCM.

- If there is a leakage to battery, the VRCM sinks current trying to force Vyrcm Rer- If the sunk current
is greater than |LEAK_SINK_TH for tVRCM_LEAK_FLTs the PF_STB flag is set.

- If there is a leakage to the ground, the VRCM sources current trying to force Vyrcm_Rer- If the
sourced current is greater than ILEAK_SOURCE_TH for tVRCM_LEAK_FLT: the PF_STG flag is set.

. PR leakage test:
- The VRCM is connected to the PR and starts charging the PR node to Vyrcm_REF-

— If no leakage is present, the voltage on PR pin is Vyrcm_Rer and no current is sunk or sourced by
the VRCM.

- If there is a leakage to battery, the VRCM sinks current trying to force Vyrcm Rer- If the sunk current
is greater than ILEAK_SINK_TH for tVRCM_LEAK_FLTa the PR_STB flag is set.

- If there is a leakage to ground, the VRCM sources current trying to force Vyrcy_rer- If the sourced
current is greater than I gak_source_TH for tyrem_LEAk_FLT, the PR_STG flag is set.

The leakage test diagnostic step duration is t_ gax_TEST-
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Table 25. PRIPF leakage diagnostics

Fault . i IC reaction to Release IC reaction
Assertion condition . o Maskable
type assertion condition | to flag clear

The PF_STG flag

is set
If the VRCM current  FAULTN line is FAULTN line
exceeds asserted The isreleased | LEAK_EN = 0 masks cyclic diagnostic

PE lLeak_souRcE_THfOr | piagnostic routine  PF_STG flag trigger (but not the on-demand one)

an interval longer than  is stopped atthe | Can always Cyclic
STG fyRCM LEAK FLT, the end of the leakage be cleared diagnostic PF_PR_STB_STG_FAULTN_MSK
PF STG fault is step on read triggers are | masks fault redirection on FAULTN pin
acknowledged o ) unmasked
Cyclic diagnostic
triggers are
inhibited
The PF_STB flag
is set
FAULTN line is .
If the VRCM current asserted FAULTN line
exceeds | EAK SINK TH The PF_STB | js released LEAK_EN = 0 masks cyclic diagnostic
PF  foran interval longer  Diagnostic routine flag can Cvalic trigger (but not the on-demand one)
is stopped atthe | always be Y

STB than tvrom teak Fir, 2 0 EE 2 o Clearedon  diagnostic | PF_PR_STB_STG_FAULTN_MSK
the PF_STB fault is step 9 read triggers are | masks fault redirection on FAULTN pin
acknowledged unmasked

Cyclic diagnostic

triggers are

inhibited

The PR_STG flag
is set

If the VRCM current  FAULTN line is ™ FAULTN line

exceeds asserted PRe sSTG is released LEAK_EN = 0 masks cyclic diagnostic

|LE/:\K_SOURCE_TH for ' piagnostic routine flag can Cyclic trigger (but not the on-demand one)

fV”R'";e["Eﬂéo:fTert;gan is stopped atthe  awaysbe  giagnostc | PF_PR_STB_STG_FAULTN_MSK
CM_LEAK_FLT, endofthe leakage  cleared on  triggers are  masks fault redirection on FAULTN pin

PR
STG

PR_STG fault is step read
acknowledged o ) unmasked
Cyclic diagnostic
triggers are
inhibited
The PR_STB flag
is set
FAULTN line i .
Ifthe VRCM current  _ooomo FAULTN line
The is released LEAK_EN = 0 masks cyclic diagnostic

exceeds ILEAK_SINK_TH _ _ PR STE i |
PR | foran interval longer | Diagnostic routine — ag trigger (but not the on-demand one)

i can always  Cyclic
STB  than tvrem Leak_rir, 19 SioPPed IZ:I:‘aege be cleared | diagnostic | PF_PR_STB_STG_FAULTN_MSK

the PR_STB fault is step on read triggers are | masks fault redirection on FAULTN pin

acknowledged unmasked
Cyclic diagnostic
triggers are
inhibited
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3.7.2.5 Pyro igniter resistance measurement
This step aims at measuring the pyro-fuse igniter circuit resistance and verifying that it lays within safety-limits.

This test requires HWSC (hardware self-check) prior to execution to cover possible faults determining
measurement error out of range. It also requires the VRCM check to verify that test currents are in range. To
achieve safety targets, it is strongly recommended to apply such a strategy before running this test.

Figure 22. Pyro igniter resistance measurement
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lpF_pu

RWlRE/2 I—WIRE/2 LEM|

PF LYY Y,
YW

l CPYchL

T RPYRO
Rwire/2 Lwire/2
PR ~AN—— -
Cespl.
lpr_PD $
GNDl
The diagnostic works as follows:
. The Ipr_py and lpr_pp currents are enabled, so that a Ipr_py current flows through PF and PR.
. The IC waits for the differential voltage settling between PF and PR.
. The ADC converts the PF vs PR differential voltage and compares the obtained Vpyro result to the
VRes_Low_TH @nd VRes HiGH_TH limits.
. The Ipr_py and lpr_pp currents are disabled.
The pyro resistance sensitivity can be computed as follows:
Vpyro _ 9Rpyro 1 Q mQ
R = = = =255 = 16.275+== 3
PYRO = Tprpy — OVeyro  Iprpy 4 LSB )

The VRes Low TH and VRes HigH_TH thresholds can be programmed in NVM respectively in VRES_LOW_TH
and VRES_HIGH_TH bit fields.

The result is saved in the RES_MEAS_PRE register.

The resistance measurement diagnostic step duration is trRes_meas-
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Assertion
condition

Table 26

IC reaction to
assertion

Release condition

. Pyro igniter diagnostics

IC
reaction
to flag
clear

Maskable

DS14702 - Rev 6
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Pyro low
resistance

Pyro high
resistance

If the PF vs PR
converted voltage
is lower than
VRes_Low_TH the
PYRO_LOW_RES
fault is
acknowledged

If the PF vs PR
converted voltage
is higher than
VRES_HIGH_TH the
PYRO_HIGH_RES
fault is
acknowledged

The
PYRO_LOW_RES
flag is set

FAULTN line is
asserted

Diagnostic routine
is stopped at the
end of PYRO RES
step

Cyclic diagnostic
triggers are
inhibited

The

PYRO_HIGH_RES
flag is set

FAULTN line is
asserted

Diagnostic routine
is stopped at the
end of PYRO RES
step

Cyclic diagnostic
triggers are
inhibited

The
PYRO_LOW_RES
flag can always be
cleared on read

The
PYRO_HIGH_RES
flag can always be
cleared on read

FAULTN
line is
released
Cyclic
diagnostic
triggers
are
unmasked

FAULTN
line is
released
Cyclic
diagnostic
triggers
are
unmasked

PYRO_RES_EN = 0 masks cyclic
diagnostic trigger (but not the on-
demand one)

PYRO_LOW_RES_FAULTN_MSK
masks fault redirection on FAULTN

pin

PYRO_RES_EN = 0 masks cyclic
diagnostic trigger (but not the on-
demand one)

PYRO_HIGH_RES_FAULTN_MSK
masks fault redirection on FAULTN
pin
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3.7.2.6 Pyro deployment FETs test
This step aims at verifying that HS and LS FETs can be switched ON/OFF.

This test requires HWSC (hardware self-check) prior to execution to cover possible faults determining VRCM out
of range. It also requires the VRCM check to verify that diagnostic currents are in range. To achieve safety
targets, it is strongly recommended to apply such a strategy before running this test.

Figure 23. HS/LS deployment FETs test
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The diagnostic works as follows:
. PF (HS) switch test:

- The VRCM is connected to PF pin.

- The HS FET is turned ON.

- The VRCM sinks current trying to maintain V\yrcm_REF-

- If the FET is working properly, this current exceeds the threshold I eak_sink_TH for the filter time

treT_TEST FLT, the PF_FET_STB flag is set and the HS FET is turned off immediately.

. PR (LS) switch test:

- The VRCM is connected to PR pin.

- The LS FET is turned ON.

— The VRCM sources current trying to maintain Vyrcm_REF-

- If the FET is working properly, this current exceeds the threshold I eak_source_TH for the filter time
treT TEST FLT, the PR_FET_STG flag is set and the LS FET is turned off immediately.

The FETs test diagnostic step duration is tret_TEST-

In both tests the current on PF and PR pins will not exceed the VRCM current limits lyrRcm_souRCE_Lim OF
lvrRem_siNk_Lim- During FETSs test, energy available to the load is limited to less than Ergt_TEST
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Table 27. HS/ILS FETs diagnostics

Fault . i IC reaction to Release IC reaction
Assertion condition . oo Maskable
type assertion condition | to flag clear

The PF_FET_STG

flag is set
If, during the HS ON  PAULTN line is HS_LS_FET_EN = 0 masks cyclic
phase, the VRCM asserted FAULTN line | diagnostic trigger (but not the on-
PF | current raises above Diagnostic routine is | The flag is released | gemand one)
| for i i -
FET  ILEAK_SOURCE_TH stopped immediately | can be Cyclic PF_FET_FAIL_FAULTN_MSK masks
STG | longer than and the PF command | cleared on | yiagnostic i )
) : 9 fault redirection on FAULTN pin
fail | treT_TEST FLT, the will be set OFF read triggers are
PF_FET_STG faultis - . unmasked PF_FET_FAIL_FIRE_MSK masks the
knowl Cyclic diagnostic inhibition of pyro-fuse fire commands
acknowledged triggers are inhibited Py
The “fire inhibit” signal
is set
The PF_FET_FAIL
flag is set
If, during HS ON phase, L HS_LS_FET_EN = 0 masks cyclic
the VRCM current does = TAULTN line is FAULTN line | giagnostic trigger (but not the on-
pp | Mot exceed the asserted The flag is released | demand one)
threshold Diagnostic routine is | can be Cycli
FET || s after stopped immediatel dleared on yclic PF_FET_FAIL_FAULTN_MSK masks
fail | CEAKSINK_TH: : PP Y diagnostic  fault redirection on FAULTN pin
trET_TEST TO the testis - o e diagnostic read triggers are
terminated and the FET | . S unmasked PF_FET_FAIL_FIRE_MSK masks the
h triggers are inhibited Lo )
is turned-off inhibition of pyro-fuse fire commands
The “fire inhibit” signal
is set
The PR_FET_STB
flag is set
FAULTN line is _ .
If, during the LS ON asserted FAULTN line HS_LS_[:ET_EN = 0 masks cyclic
phase, the VRCM ! diagnostic trigger (but not the on-
|fER"r current raises above Dtiagno(?t_ic rouctji_n? ils The kf)lag IS rel.eased demand one)
ILeak_sink_TH for longer  $'oPPeC Tmediately - can be Cyclic PR_FET_FAIL_FAULTN_MSK masks
STB and the PR command | cleared on | yiagnostic = .
.~ than teeT TEST FLT, the ) 9 fault redirection on FAULTN pin
fail - - . will be set OFF read ;
PR_FET_STB faultis triggers are
knowlodaed Cvelic diagnostic unmasked PR_FET_FAIL_FIRE_MSK masks the
acknowledge Y gnostic inhibition of pyro-fuse fire commands
triggers are inhibited
The “fire inhibit” signal
is set
The PR_FET_FAIL
flag is set
If, during LS ON phase, Lo HS_LS_FET_EN = 0 masks cyclic
the VRCM current does FAUIF;H\(; line is FAULTN line | diagnostic trigger (but not the on-
not exceed the asserte The flag isreleased  demand one)
PR " threshold Diagnostic routine is ' can be Cvcli
FET || SOURC after  stopped immediatel dleared on yclic PR_FET_FAIL_FAULTN_MSK masks
fail | EAK-SOURCETH: = = PP Y diagnostic  fault redirection on FAULTN pin
trET_TEST TO the testis - o e diagnostic read triggers are
terminated and the FET unmasked PR_FET_FAIL_FIRE_MSK masks the

is turned-off
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The “fire inhibit” signal
is set

inhibition of pyro-fuse fire commands
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Table 28. FETs test results

N S

PF(HS) FET test

0 0 PF FET fail

0 1 PF FET test pass OR leakage to battery

1 0 PF STG fail

1 1 PF FET test pass OR leakage to battery followed by leakage to ground
0 0 PR FET fail

0 1 PR STB fail

1 0 PR FET test pass OR leakage to ground

1 1 PR FET test pass OR leakage to ground followed by leakage to battery

3.7.2.7 ER capacitor diagnostic

This step aims at verifying the integrity of the energy reserve capacitor (ER CAP). This is achieved by measuring
the following quantities:

. Effective capacitance value of Cgrgst €electrolytic capacitor.
. Equivalent series resistance (ESR) of CerpsT €electrolytic capacitor.

Figure 24. ER capacitor diagnostic

toi Vo ti Vy Vy ty tyi Vs
poc e o v R+
tconv twaT  tconv twar  tconv toch = N*tcony twar teony

BoosT [HEES e

These two measurements are done by the IC at the same time, by activating the ER discharge switch and
measuring the voltage drop on ERBST pin and current flowing in RERpcHsw-
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Figure 25. ER cap discharge path
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The ER discharge switch is an integrated switch that creates a low-ohmic path between the ER capacitor
connected to ERDCHSW pin and ground. In the standard application scenario with ERBST mounted, the
ERDCHSW is externally connected to the ER capacitor with an external resistor (Rpcug). So, this resistor defines
the current used during the discharge phase of the ER capacitor diagnostic.

The ER discharge switch can also be controlled via SPI with the ERDCHSW_EN bit located in the ERCAP
register.

The ERDCHSW_EN bit is set by the microcontroller but it is automatically cleared and ERDCHSW is disabled
when the energy stored in the ER cap is needed as energy reserve:

. For the device itself when it enters the DEEP-SLEEP state.

. For deployment event when the IC enters ARM state.

. For ER cap diagnostic when the IC enters DIAG state.

Note: There is no constraint between the ERBST enable and the ERDCHSW enable, so it is under the user's
responsibility to prevent a possible conflict and avoid an excessive thermal heating in the integrated ER
discharge switch.

The ER discharge switch has an overcurrent protection feature performed through a voltage comparator that
monitors the Vpg voltage of the switch. When the voltage on ERDCHSW pin exceeds VErpcHsw_ov_H for a time
longer than terpcHsw_FLT, the switch is disabled, the FAULTN pin goes low and the ERDCHSW_QV bit in the
ERCAP register is set to 1. The switch is re-enabled if the voltage on ERDCHSW pin is lower than
VERDCHsw_ov_L for a time longer than terpcHsw _FLT (fault is considered as disappeared) and the
ERDCHSW_OV bit is read and cleared. The ERDCHSW_QV is mapped to FAULTN. This fault can be triggered
only during ER cap diagnostic or if ERDCHSW_EN = 1.

Referring to a simplified schematic of the Figure 25, typical VergsT and VerpcHsw discharge profiles are shown
in the Figure 26.
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Figure 26. ER cap discharge pins voltage profiles

Aty Aty
: > v
) ! 1 start

VERBST

Vstart_t1 +

Vstop AVer

Vstop_t2 -

V tart
VERDCHSW >

stop

*
RDCH IDCH

Atpch

to tia t1 g tha th tp

To perform capacitance and ESR measurements, the device has two dedicated ADCs: one for voltages'
measurement, one for current measurement.

Before to run the diagnostic, the user should write:

. Capacitance threshold via ERCAP_C_THRJ[7:0] bit field in NVM, precalculated by the user using the
following formula:

[ ] ("00"&ERCAP_C_THR[7:0]&"0000") x LSB,
CluF| = R
ERDCHSW

. ESR threshold via and ERCAP_ESR_THRJ[6:0] bit field in NVM, precalculated by the user using the
following formula:

ESR[mQ.] = (ERCAP_ESR_THR[6:0]&"0000") x L5Besk foggRDC”SW (5)

To reduce the noise during the measurement step, the ERBST is automatically disabled during the ER capacitor
diagnostic (see the Figure 27).
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Figure 27. ERBST management during ER cap diag
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The IC performs the sequence of measurements automatically and saves the calculations in the
CAP_VALUE[13:0] and ESR_VALUE[12:0] bit fields.

Atimeout ter_cap piac_To for diagnostic duration is present. If it is exceeded, the process is halted and the
ERCAP_DIAG_END_TO flag is set in the ERCAP register.

If the diagnostic ends within the timeout, the device saves the CAP_VALUE in ERCAP_DIAG_CAP_READ_0 and
ERCAP_DIAG_CAP_READ_1 registers, and the ESR_VALUE in ERCAP_DIAG_ESR_READ_0 and
ERCAP_DIAG_ESR_READ_1 registers.

At this point the IC automatically compares CAP_VALUE and ESR_VALUE with the thresholds previously saved
in NVM, respectively ERCAP_C_THR and ERCAP_ESR_THR.

The FAULTN line is asserted:

. If CAP_VALUE[13:0] < (“00” & ERCAP_C_THR[7:0] & “0000”), and ERCAP_LOW_C flag is set in the
ERCAP register.

. If ESR_VALUE[12:0] > (ERCAP_ESR_THR[6:0] & “0000”), and ERCAP_HIGH_ESR flag is set in the
ERCAP register.

Note: A high threshold is defined for capacitance value and a low threshold for ESR since, due to aging and thermal
stress, an electrolytic capacitor over the years shows a decrease of the capacitance value and an increase of
the ESR.

Knowing RerpcHsw, the MCU can check C and ESR calculation values as follows:

1

C= CAP_VALUE[13: 0] X LSB¢ X yr—
ERDCHSW

ESR = ESR_VALUE[lZ 0] X LSBESR X RERDCHSW (7)

Once started, the ER capacitor diagnostic process can only be interrupted by a deployment request.

Once a request is over, to proceed with a new one the ER_CAP bit must be left at 1 and the DIAG_START bit in
the DIAG_CMD register must be set back to 1 (it returns automatically to 0).

The ER capacitor diagnostic step duration is dependent on the capacitor value, as specified by ter_cap_piagt and
ter_caAP DIAG2:
The possible results of ER capacitor diagnostics are reported in the Table 29.
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Fault type

Assertion
condition

Table 29. ER capacitor diagnostics

IC reaction to assertion

Release
condition

IC
reaction
to flag
clear

Maskable

DS14702 - Rev 6
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Low
capacitance
value of ER

cap

High ESR
value of ER
cap

Capacitance
or ESR out of
range

ER cap
diagnostic
timeout

If the converted
CAP_VALUE is
lower than the
capacitance
threshold, the low
capacitance fault is
acknowledged

If the converted
ESR_VALUE is
higher than the
ESR threshold, the
high ESR fault is
acknowledged

If the converted
CAP_VALUE or the
converted
ESR_VALUE are
out of range, the out
of range fault is
acknowledged

If the diagnostic
time exceeds
ter_cAP DIAG_TO
timeout, the
diagnostic timeout
fault is
acknowledged

The ERCAP_LOW_C flag is set
FAULTN line is asserted

Diagnostic routine is stopped at
the end of ER cap diagnostic
step

The ERCAP_HIGH_ESR flag is
set

FAULTN line is asserted

Diagnostic routine is stopped at
the end of ER cap diagnostic
step

The ERCAP_OUT_OF_RANGE
flag is set

FAULTN line is asserted

Diagnostic routine is stopped at
the end of ER cap diagnostic
step

The ERCAP_DIAG_END_TO
flag is set

FAULTN line is asserted

Diagnostic routine will be
stopped at the end of ER cap
diagnostic step

The fault
flag can
always be
cleared on
read

The fault
flag can
always be
cleared on
read

The fault
flag can
always be
cleared on
read

The fault
flag can
always be
cleared on
read

FAULTN
line is
released

FAULTN
line is
released

FAULTN
line is
released

FAULTN
line is
released

ER_CAP_EN = 0 masks
cyclic diagnostic trigger (but
not the on-demand one)

ERCAP_FAULTN_MSK
masks fault redirection on
FAULTN pin

ER_CAP_EN = 0 masks
cyclic diagnostic trigger (but
not the on-demand one)

ERCAP_FAULTN_MSK
masks fault redirection on
FAULTN pin

ER_CAP_EN = 0 masks
cyclic diagnostic trigger (but
not the on-demand one)

ERCAP_FAULTN_MSK
masks fault redirection on
FAULTN pin

ER_CAP_EN = 0 masks
cyclic diagnostic trigger (but
not the on-demand one)

ERCAP_FAULTN_MSK
masks fault redirection on
FAULTN pin
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3.7.3 Diagnostic routine electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T according to the Table 2.

Table 30. Diagnostic routine electrical parameters

o 1 2

DIAG_ROUTINE_PERIOD =

tDIAG_ROUTINE_PERIOD_00 00 85 | 100 115 -
DIAG_ROUTINE_PERIOD =
tDIAG_ROUTINE_PERIOD_01 Diagnostic routine o1 - 255 300 345 ms -
execution period in
DIAG_ROUTINE_PERIOD =
tDIAG_ROUTINE_PERIOD_10 NORMAL 10 - 425 500 575 ms -
DIAG_ROUTINE_PERIOD =
tDIAG_ROUTINE_PERIOD_11 " - 595 700 805 ms -
NcycLE_oo <DIAG_X>_NCYCLE =00 - 1 - cycles -
NcycLe o Cyclic periodicity <DIAG_X>_NCYCLE = 01 - 4 - cycles -
NcveLe 10 configuration <DIAG_X> NCYCLE = 10 - 16 | - cycles -
NcycLE_11 <DIAG_X>_NCYCLE = 11 - 64 - cycles -
taBIST ABIST duration - 0.3 - ms -
PS, PF, PR,
ERRpwsc ADC HWSC error -52 - 52 LSB PGND
, . PS, PF, PR,
thwsc HWSC time duration - 1.5 - ms PGND
PF pullup diagnostic
IpF_PU current 38 40 42 mA PF
PF pullup diag current
SRipF_pu slew rate 150 200 250 pA/us PF
PR pulldown
lPR_PD diagnostic current 50 75 | 100 | mA PR
VRCM regulated
VVRCM_REF voltage 225 25 275 V PF, PR
VRCM source current
IVRCM_SOURCE_LIM limitation -20 - -10  mA PF, PR
VRCM sink current
IVRCM_SINK_LIM limitation 10 - 20 | mA PF, PR
Deglitch filter time for
tvRCM_LEAK_FLT STB/STG detection Guaranteed by SCAN 17 20 23 us PF, PR
tvRCM_CHECK VRCM check time - - 16 | ms PF, PR

duration

Leakage to ground
ILEAK_SOURCE_TH (STG) threshold for 57 - 145 | pA PF, PR
VRCM regulator

Leakage to battery
ILEAK_SINK_TH (STB) threshold for 57 - 145 A PF, PR
VRCM regulator

Application information

Equivalent leakage Detection is guaranteed below

R : ini -
LEAK_TH resistance threshold minimum 15 48 kQ PF, PR
No detection is guaranteed
above maximum
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tLEAK_TEST

tRES_MEAS

VRES_LOW_TH

VRES_HIGH_TH

ERRToT_PRM

tFET TEST FLT

tFET _TEST TO
tFET TEST

EFeT _TEST

RpsoN_ERDCHsW

VERDCHSW_OV_H

VERDCHSW_OV_L

tERDCHSW_FLT

VbeH

VbeH_LsB

VbcH_Ace

NpcH_INTG_BIT

AVER

AVER 5B

AVER aAcc

Leakage test time
duration

Pyro igniter resistance
measurement time
duration

Pyro igniter resistance
low threshold (7 bit)

Pyro igniter resistance
high threshold (7 bit)

Pyro igniter resistance
measurement total
error

Deglitch filter time for
STB/STG detection
during FETs test

LS/HS FET test
timeout

FET test time duration

Energy transferred to
load during FETs test

ER discharge switch
ON resistance

ER discharge switch
VDS monitor
overvoltage threshold

ER discharge switch
VDS monitor
overvoltage threshold

ER discharge switch
filter time

VERBST-VERDCHSW
input differential
measurement range

VERBST-VERDCHSW
input differential
measurement LSB

VERBST-VERDCHSW
voltage measurement
accuracy

Integral of VergsT-

VERDCHsw internal
number of bits

ER cap discharge
voltage range during
ER cap diagnostic

ER cap discharge
voltage LSB during ER
cap diagnostic

ER cap discharge
voltage measurement
accuracy

VRes Low TH=4"
Vapc_Lss_o * CODE 0

Guaranteed by SCAN

VREs Low TH=4"
Vapc_Lss_o * CODE 0

Guaranteed by SCAN

-8
0.85
190

Design info -
lerDcHsW = 0.5 A 0.25
Low to high 3.4
High to low 3.0

8

ER cap diagnostic 15

ER cap diagnostic -

15V < VerssT ~ VERDCHSW < 5
30V

Design info -

Design info 0

Dedicated 12-bit ADC to
directly convert differential -
voltage

Dedicated 12-bit ADC to
directly convert differential
voltage

200

10

8.8

12

0.6

1.21

1.21

210

0.2

170

22

3.8

3.4

12

30

PF, PR
ms PF, PR
\% PF, PR
\Y PF, PR
% PF, PR
us PF, PR
us PF, PR
ms PF, PR
uJ PF, PR

Q ERDCHSW

\ ERDCHSW

\ ERDCHSW

us | ERDCHSW
v ERBST
ERDCHSW
-y ERBST
ERDCHSW
o ERBST
° ERDCHSW
bit ERBST
ERDCHSW
\Y; ERBST
pv ERBST
mvV ERBST
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st conon iy tox Ut | P

ER cap discharge

AVER cap voltage due to 0.4 - 0.7 \Y, ERBST
capacitance
ER cap discharge Lo
AVER ESR voltage due to ESR Design info 0.1 - 045 V ERBST
(R CAP DIAGH ER cap diag total Design info with 100 pyF ) 0.63 ) e ERBST
- - running time VergsT = 20 V, Rpchg =62 Q ' ERDCHSW
{ER AP DIAGS ER cap diag total Design info with 1.2 mF ) 93 ] s ERBST
- - running time VeresT = 20 V, Rpchg = 62 Q ' ERDCHSW
LSBEsr ESR/RerpcHsW Design info - 3852 - g -
LSB¢ RerpcHsW CER Design info - 2535 - MF*Q -
Sample time of each
ts ErR_caP conversion on voltage | Design info - 64 - us -
ADCs
Time needed for Lo
tLock_ER tsTART CONVersion Design info - 464 - us -
Time to reach steady
ter_MEAS_DELAY state after ERDCHSW | Design info - 64 - us -
enabled
ter_cAP DIAG_TO ER cap diag timeout Design info - - 25 ms -
3.8 Voltage ADC

The IC implements a multichannel, fully differential 10-bit ADC for internal and external voltage measurements.
The ADC supports the following 7 inputs:

. PS, PF, PR, PGND, used for on-demand conversions and by the diagnostic routine
. VRCM, used by the diagnostic routine

. ERBST, used for on-demand conversions and by the diagnostic routine

. GND, used for on-demand conversions and by the diagnostic routine

The ADC is designed to convert any of the following 7 paths:
. PS vs PGND
. PF vs PGND
. PR vs PGND
. PF vs PR in high resolution (pre-deployment), with Ipr_py and Ipr_pp enabled
. PF vs PR in low resolution (post deployment), with Ipr_py and Ipr_pp enabled
. ERBST vs GND
. VRCM vs GND (VRCM enabled)
The ADC conversion formula is the following:
Vapc = LSB x CODE (8)

Where LSB is Vapc_LsB_x (according to conversion requested) and CODE is a 10-bit signed word.

DS14702 - Rev 6 page 57/88
Downloaded from Arrow.com.



http://www.arrow.com

‘ L9965P
’l Functional description

3.8.1 Measurement trigger modes
The ADC supports three different conversion execution modes:

. On-Demand, triggered by MCU writing ADC_CONV_CMD bit equal to 1 and configuring the input channel
with the AMUX_CONF bit field in the same command frame (see the Table 31):

- This type of request does not move the FSM to DIAG state.

- Results of the on-demand ADC conversions are available in the ADC_CONV_RESULT register when
ADC_CONV_RDY bit is set to 1.

- If the ADC is just busy, the ADC_BUSY bit is set to 1.
. Cyclically:

- In full-power mode (CWUP = 1, static), the diagnostic routine runs every tpjag_ROUTINE_PERIOD- The
voltage ADC is involved in some diagnostic steps (if such steps are enabled).
- In low-power mode (periodic CWUP pulses), the diagnostic routine is executed at every wake-up.
- These types of requests move the FSM to DIAG state.
. Asynchronously:

- If the FSM moves to the ARM state, the ADC is used for post-deployment resistance measurement if
selected as the FIRE_GOOD source.

- The result of this conversion is reported in the RES_MEAS_POST register.
Conflict between multiple triggers is managed as follows:

. If the FSM is in DIAG state (either triggered by CWUP in low-power mode or triggered by the MCU in full-
power mode), on-demand triggers are discarded.

Note: When in low-power mode, the FSM moves to DIAG upon cyclic powerups. Hence, the cyclic execution of
the diagnostic routine is guaranteed by design.
. If an on-demand conversion is being performed, the cyclic execution of the diagnostic routine is skipped
and it will be performed upon the next useful trigger period.
. In any case, if the FSM moves to the ARM state, any ongoing conversion is interrupted and the ADC will be

set up for post-deployment resistance measurement. This deployment trigger has the highest priority.

Table 31. ADC input channel selection for on-demand conversions

000 PS vs PGND

001 PF vs PGND

010 PR vs PGND

oM PF vs PR (high resolution - pre deployment)
100 PF vs PR (low resolution - post deployment)
101 ERBST vs GNDx

110 VRCM vs PGND

11 Not used

The ADC LSB is rescaled according to the selected channel and to the diagnostic steps.
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3.8.2 Voltage ADC electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T according to the Table 2.

Table 32. Voltage ADC electrical parameters

o e ]

VAIN_RANGE_0 Pyro-res measurement (PF vs PR) - 300 mV

Pyro-deployment retry (PF vs PR) and

VAIN_RANGE_1 AlINx differential volta_ge input VRCM measurement 0 - 5 \
measurement operative range

VAIN_RANGE. 2 (Iz)lr;;i;_r;zir;d conversions (PS, PF, PR and 0 ) 273 v
VaADC_LSB_0 VAIN_RANGE_0 - 0651 - mVv
VaDC_LSB_1 AINx measurement resolution VAIN_RANGE_1 - 1069 - mVv
VaADC_LSB_2 VAIN_RANGE_2 - 5527 - | mV
NBiT_ADC ADC bit number Design info (signed word) - 10 - bit
VADC_OFFSET_ERR_0 Pyro-res measurement (PF vs PR) -5 - 5 LSB
VADC_OFFSET_ERR_1 ADC offset error? Pyro-deployment retry (PF vs PR) -5 - 5 LSB
VADG_OFFSET ERR 2 (E)E-Bdg_rgand conversions (PS, PF, PR and 5 ) 5 LSB
VADC_GAIN_ERR 0 Pyro-res measurement (PF vs PR) -2 - 2 %
VADC_GAIN_ERR 1 ADC gain error® Pyro-deployment retry (PF vs PR) -2 - 2 %
VADC_GAIN_ERR 2 g;gjg_rlp)and conversions (PS, PF, PR and 2 ) 2 %
tapc_conv ADC conversion time Guaranteed by SCAN - 350 380 s

1. The min voltage for ERBST voltage measurement is 4.7 V (below the device is off).
2. Single shot samples are characterized by a superimposed Gaussian noise, with zero-mean and standard deviation.
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3.9 Oscillators
This section describes the device oscillators.

3.91 Main oscillator and aux oscillator
The main oscillator operates at fyain_osc and is disabled in DEEP-SLEEP state.
The main oscillator has a spread spectrum feature that varies its frequency instantaneously of Dyain_osc, using
fmaiN_osc_mop as the modulation frequency. It is enabled through the OSC_SS_EN bit in the INTERNAL_CFG
register.
The aux oscillator operates at fstgy_osc and is disabled in DEEP-SLEEP state.

3.9.1.1 Oscillators electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T according to the Table 2.

Table 33. Main oscillator electrical parameters

. e —— L

fvaIN_osc Main oscillator frequency 15.1 16.9  MHz
fMAIN_osc_mop | Main oscillator modulation frequency - 8 - kHz
DmaIN_osc Main oscillator frequency deviation due to spread spectrum 2 3 4 %
fsTBY Osc Aux oscillator frequency 460 500 @540 @ kHz
3.9.2 Oscillator monitor

When enabled, the main and aux oscillators are cross-checking each other for detecting frequency deviations or
stuck failures.

The frequency drift is detected if the deviation is higher than Afyion_FaiL, in this case the OSCI_FAIL flag in the
INTERNAL_STATUS register is set and any pyro-fuse deployment is inhibited by the “fire inhibit” signal.

If an oscillator is stuck, it is detected in tosc_sTtuck_TIMEOUT. In this case a POR signal is issued and the IC
moves to OFF state and then to DEEP-SLEEP.

3.9.21 Diagnostics

Table 34. Oscillator monitor diagnostics

Fault type Assertion condition e reactl_on L2 Release condition (& [Eeeiem D Maskable
assertion flag clear

The OSCI_FAIL flag

If the main oscillator deviation | 'S S€t g‘thg tr.nair'1 olscillator FAULTN line is  NOn-maskable
Oscillator | becomes higher than FAULTN line is the;’r']aA'?” ISIoWer  released This diagnostic is
deviation | Afyion_FaiL, the oscillator fail | asserted MON_FAIL: Deployment is only active in
is acknowledged the fault can be y NORMAL and
9 The “fire inhibit” cleared by MCU ~ released DIAG
signal is set
Non-maskable
If no edges are present for The “fire inhibit” Power cycle o o
Oscillator = more than signal is set (CWUP toggle) is None This dlagnqstlc is
stuck tosc_sTuck_TiMEOUT, the needed to restart only active in
POR occurs The POR occurs again NORMAL and
DIAG
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Oscillators diagnostics electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T according to the Table 2.

Table 35. Oscillator monitor electrical parameters

Oscillator delta frequency threshold

The device features the following GPIOs:

Oscillator stuck detection timeout

Guaranteed by SCAN
Guaranteed by SCAN

. CWUP, FENH, FENL, SCK, NCS are digital inputs whose receivers are available in every device state.
. SDl is a digital input whose receiver is available in DIAG, NORMAL and ARM states.
. FAULTN is an open-drain whose output buffer is available in DIAG, NORMAL and ARM states.
. SDO is a push-pull whose output buffer is available in DIAG, NORMAL and ARM states.

3.9.2.2
Afvion_FAIL
tosc_sTuck_TIMEOUT
3.10 GPIOs
3.10.1

GPIOs electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T according to the Table 2.

VGpioH
VaepioL
tePio_RISE

tePio_FALL

VGPioL_ob

RFAULTN_EXT PU

CFAULTN_EXT

Rapio_wk_pu

Repio_wk_PD

VGPIO_IN_HIGH

VGPIO_IN_LOW

CePio_EXT

DS14702 - Rev 6
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Table 36. GPIOs electrical parameters

L TN T

GPIO high output value
GPIO low output value
GPIO rise time
GPIO fall time

GPIO low output value in
open-drain configuration

FAULTN external pull-up
resistor for open-drain
configurations

FAULTN external bypass
capacitor

GPIO weak pull-up resistor
to 3.3V

GPIO weak pull-down
resistor to GND

GPIO high input level

GPIO low input level

GPIO external bypass
capacitor

SDO, Isource =2 mA
SDO, Igink =2 mA
SDO, 60 pF load
SDO, 60 pF load

FAULTN, Igink = 2 mA

Application information

Application information,
including parasitics

FENH_PU_PD =0
FENL_PU_PD = 0, NCS
FENH_PU_PD = 1
FENL_PU_PD =1

SCK, CWUP, SDI

FENH, FENL, NCS, SCK,

CWUP, SDI

FENH, FENL, NCS, SCK,

CWUP, SDI

FENH, FENL, NCS, SCK,

CWUP, SDI

Application information,
including parasitics

Vyi0-0.4

-1%

0.6

0.6

4.7 1%

1.4

1.4

0.4
50
25

0.4

21

2.1

0.7

100

\
ns

ns

\

kQ

nF

MQ

MQ

pF

SDO
SDO
SDO

FAULTN

FAULTN

FAULTN

FENH, FENL,
NCS

FENH, FENL,
SCK, CWUP,
SDI, AUX3,
AUX4

FENH, FENL,
NCS, SCK,
CWUP, SDI

FENH, FENL,
NCS, SCK,
CWUP, SDI

FENH, FENL,
NCS, SCK,
CWUP, SDI
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3.1 Internal monitors

To guarantee the correct behavior of all the analog circuitry, the IC implements two identical and independent
reference generators. They constantly monitor each other while in DIAG, NORMAL and ARM states. In case of
failure, FAULTN pin is asserted, BIAS_WARNING bit in the INTERNAL_STATUS register is set and the
deployment is inhibited by the “fire inhibit” signal.

There are also two voltage monitors on 3.3 V internal sleep regulator:

. In case an OV event occurs, FAULTN pin is asserted and the V3V3_SLEEP_OQV bit in the
INTERNAL_STATUS register is set, but the deployment is not inhibited.
. In case an UV event occurs, FAULTN pin is asserted and V3V3_SLEEP_UV bit in INTERNAL_STATUS

register is set, but the deployment is not inhibited.

In case there is a supply loss meanwhile the IC is in DEEP-SLEEP state, the NPOR_SLEEP_EVENT bit in the
INTERNAL_STATUS register is set.

3.12 Die temperature (T;) monitor
The IC constantly monitors the junction temperature (T;) by means of an embedded sensor placed away from the
power stage.

Junction temperature measurement is stored in the TEMPERATURE register and can be computed according to
the following formula:

T][°C] = 1.74192 X TEMPERATURE_CODE — 89.988 (9)

3.12.1 Die temperature monitor electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T according to the Table 2.

Table 37. Die temperature monitor electrical parameters

Ty ERR Die temperature total conversion error
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3.13 Ground loss monitor (GNDMON)

To detect failures in grounding, the IC integrates a ground loss monitor that is always enabled when it is in DIAG,
NORMAL and ARM states.

3.13.1 Ground loss monitor diagnostics

Table 38. Ground loss monitor diagnostics

IC
Assertion condition & reactl_on to Release condition reaction Maskable
assertion to flag
clear
If a differential voltage If the differential voltage
greater than The PGND_LOSS flag between GND and
VPGNDfLOSSfTH arises is set PGND falls below Pyro-fuse
PGND | between GND and FAULTN line is VpGND_Loss_TH for a fire is N Kabl
LOSS  PGND for a time longer | asserted time longer than possible on-maskable

tpeND_LOSS_FLT, the fault  again
flag can be cleared by

than tpgnD_LOSS_FLT,

the PGND loss fault is The “fire inhibit” signal

i t
acknowledged 'S 8¢ MCU
The BSTGND_LOSS
flag is set
. . FAULTN line is If the differential voltage
If a differential voltage asserted between GND and
greater than
v If enabled, ERBSTis | Do oND falls below
BSTGND_LOSS_TH . : VBSTGND_Loss THfora | Pyrofuse BSTGND_LOSS_MSK
arises between GND disabled . 7 T
BSTGND and BSTGND for a time time longer than fire is masks the inhibition of
LOSS longer than If disabled, ERBST is | tgsteND_Loss_FLT. the possible | pyro-fuse fire

t the not turned-on ERBST is automatically | again commands
BSTGND_LOSS FLT, ¥ (diagnostic is active reenabled and the fault
BSTGND loss faultis  thanks to IBSTGND_PU  flag can be cleared by

acknowledged internal pull-up) MCU
The “fire inhibit” signal
is set
3.13.2 Ground Loss monitor electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T; according to the Table 2.

Table 39. Ground Loss monitor electrical parameters

L T T T

VpGND_Loss TH | PGND ground loss detection threshold - 920 | mV GND1, GND2, PGND

tpeND_Loss_FLT | PGND ground loss detection filter time | Tested by SCAN | 46 50 | 54 pups =~ GND1, GND2, PGND

BSTGND ground loss detection GND1, GND2,
VBSTGND_LOSS_TH threshold 300 - 920 mVv BSTGND
tBSTGND_LOSS_FLT EniZGND ground loss detection filter Tested by SCAN | 1.9 | 23 2.7 s GNBDS1'IlGGI\'l\l|§2‘
IBSTGND_PU BSTGND pull-up current 25 40 55 A BSTGND
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3.14 Serial peripheral interface (SPI)
The IC integrates a Serial Peripheral Interface (SPI) to communicate with host controller.
Internal pullup resistors address open failures on SDI, NCS and SCLK pins.

Table 40. SPI quick look

Protocol Out-of-frame
Single frame length 24-bit
Frame protection 5-bit CRC with poly = x"5+x"2+1 (0x25) and seed = 0b11111 (0x1F)
Max frequency 2 MHz
CPOL 0
CPHA 1

The protocol implements a Global Status Word (GSW) providing info on NVM status and FAULTN signal.
The frame format is shown in the Table 41.

Table 41. SPI frame format

Bit 23 22 21 20 19 18 17 16 15 14 /13 12 11 10 9 8 7 6 54 3,2 10
MOSI R/W ADDRESS 0 O DATA WRITE CRC
MISO = SPIERR ADDRESS FEEDBACK GSW DATA READ CRC

MOSI frame:
. [23] bit: R/W flag selects if the current operation is a read (0) or write (1) operation

. [22-17] bit field: SPI register address

. [16-15] bit field: reserved, fixed to 00

. [14-5] bit field: data write

. [4-0] bit field: CRC checksum generated by SPI controller

MISO frame:

. [23] bit: SPI error flag: the previous frame has an error due to length (long or short), stuck, wrong CRC,
wrong command or wrong address

. [22-17] bit field: SPI register address feedback. Last received valid frame address feedback

. [16-15] bit field: global status word (GSW), provides information related to NVM status and IC high level
error (NVM_BUSY on bit 16, FAULTN_ECHO on bit 15)

. [14-5] bit field: data read

. [4-0] bit field: CRC checksum generated by SPI

The following errors can be detected and the correspondent error flag is set in SPI_STATUS register:
. Frame with less than 24 bits. The SPI_FRAME_SHORT bit is set.

. Frame with more than 24 bits. The SPI_FRAME_LONG bit is set.

. Frame with a wrong CRC. The SPI_CRC_ERROR bit is set.

. Frame with a wrong address. The SPI_ADDRESS_ERROR bit is set.

. Frame with an error (OR of previous errors). The SPI_FRAME_ERROR bit is set.
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3.14.1

3.14.2

3.15
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SPI electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T according to the Table 2.

Figure 28. SPI timing diagram
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Table 42. SPI electrical parameters

ferk SPI transfer frequency Application info SCLK
toLk Clock period Application info 500 - - ns SCLK
teLk_H Clock high time Application info 210 - - ns SCLK
teLk_ Clock low time Application info 210 - - ns SCLK
tcLk_Leap | Clock lead time Application info 200 - - ns SCLK
tcik_Lac | Clock lag time foLk = 2MHz 200 - - ns SCLK
tspi_setup | MOSI input setup time Application info 50 - - ns SDI
tspi_HoLD MOSI input hold time Application info 50 - - ns SDI
tsbpo_acc | SDO access time foLk = 2 MHz, Coap = 60 pF - - 100 ns SDO
tspo_vaLip | SDO output valid time foLk = 2 MHz, Coap = 60 pF - - 150 ns SDO
tspo_pis SDO disable time foLk = 2 MHz, Coap = 60 pF - - 100 ns SDO
tno_pata | SPlinterframe time foLk = 2 MHz 800 R R ns NCS

SPI register map
L9965P register map is available in the STSW-L9965FW software package.

Configuration Lock

To prevent inadvertent modification of safety relevant registers (SRR) and safety latent registers (SLR), written in
bold in this document, such register map sectors are protected by a lock field.

By default, SRR/SLR registers are locked.

To configure the device, the following procedure shall be implemented:

1. MCU writes 0x55 in the SPECIAL_KEY register to enter in partial unlock.
2. MCU writes 0x33 in the SPECIAL_KEY register to confirm the full unlock.
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3. MCU changes any configuration register within tcrg_TiIMEOUT-

4. MCU reapplies the lock writing OxAA in the SPECIAL_KEY.

If the tcrg_TIMEOUT €xpires, the lock is automatically reapplied.

Trying to write a protected register (SRR or SLR) without unlocking will result in the data being discarded.

Note: . Writing lock-protected registers only alters the current configuration loaded in the SPI registers. To save
the configuration and guarantee a correct reload at each power-up, the update has to be pushed into the
non-volatile memory (NVM), as described in the dedicated section.

. For temporary modifications to the IC configuration, which do not need to be pushed in the non-volatile
memory, it is recommended to disable the configuration integrity check (CONF_CRC).

3.15.1 Configuration lock electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T; according to the Table 2.

Table 43. Configuration Lock electrical parameters

tcre_TIMEOUT Configuration lock timeout Tested in SCAN
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3.16 Software reset (SW_RST)

It is possible to reset the configuration of the device sending a SW_RST sequence.

Once triggered, the software reset procedure resets all SPI registers to their default values, including diagnostic
fault flags and lock protected bit fields.

To reset the device configuration, the following procedure shall be implemented:

1. MCU writes 0xE1 into the SPECIAL_KEY register to enter partial reset mode.
2. MCU writes Ox1E into the SPECIAL_KEY register to confirm the reset.

Frames must be sent exactly in this sequence, otherwise registers will not be reset.

Note: Since the NVM is redownloaded at each wake-up, the new configuration eventually applied shall be pushed into
the memory with a “write” instruction. Otherwise, the old configuration will be restored at the next wake-up event.

3.17 Configuration integrity check (CONF_CRC)

To guarantee the integrity over time of NVM downloaded trimming/calibration and configuration data, both safety
relevant and latent register content is automatically and cyclically checked against corruption within NORMAL
mode. This is possible because local register data is provided with a CRC signature, that is checked every
tconF_crc_PERIOD, While no operation on the NVM is being performed (NVM circuit in reset state).

The duration of the calculation is tconF_crc_TIME-
In case of check failure, the following actions are performed:

. In case trimming/calibration data has failed the CRC signature check, CYC_TRIM_CAL_CRC_FAIL latch is
set (clear-upon-read).

. In case IC configuration data has failed the CRC signature check, CYC_CFG_CRC_FAIL latch is set
(clear-upon-read).

. In both cases, the deployment is inhibited and FAULTN is asserted but there is no interruption/inhibition of

other IC functionalities.
In case of permanent data corruption, failure latch set pulse occurs every tconF_cRc_PERIOD-
The local register CRC signature is managed in the following way:

. Every time NVM data is downloaded into local registers (either automatically or user-driven), a CRC
signature is refreshed as well and written in the CLIENT_CONFIG_CRC bit field.
. Every time the user changes the local register data, the corresponding CRC signature is not automatically

updated, thus a CRC check failure is expected at the next execution cycle. By the way, as the user triggers
the NVM upload and refresh operation, after the NVM sector CRC has been automatically updated, the
local register CRC signature is updated accordingly and no further CRC check failure is expected.

The integrity check can be disabled by setting CYC_CRC_DIS = 1. After the diagnostic has been disabled, it is
still possible to clear-upon-read both CYC_TRIM_CAL_CRC_FAIL and CYC_CFG_CRC_FAIL. Disabling such
diagnostic can be useful to mask systematic CRC failure detection when updating IC configurations. The
deployment inhibition is removed. On the other hand, leaving it enabled while updating register configurations
may be used as a fault injection strategy to assess the correct functionality of the diagnostics.

3171 Configuration integrity check electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T according to the Table 2.

Table 44. Configuration integrity check characteristics

tcONF_CRC_PERIOD Configuration integrity check period Tested by SCAN
tcoNF_CRC_TIME Configuration integrity check time Tested by SCAN 175 190 @ 210 us
3.18 Non-volatile memory (NVM)

The IC allows saving key configuration parameters in the internal NVM.
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3.18.1 NVM read/write operations

When the IC performs FSM transitions to DEEP-SLEEP state, a selected group of data stored in local registers is
retained to guarantee IC correct operation (managed by nPOR_SLEEP), while all other data is lost (managed by
nPOR_MAIN). Such data will be redownloaded in the next transition to NORMAL or DIAG state.

When the IC performs FSM transitions to OFF state, all data stored in local registers is lost; NVM data will be

redownloaded in the next transition to NORMAL or DIAG state.

In NORMAL state, the following commands in NVM_OP_CMD register allow user interaction with the NVM:

. NVM_OPERATION = 0x3 triggers the NVM upload and refresh: this operation fetches the data previously
written into configuration registers and writes it to the relative NVM sectors, then it automatically triggers a
full NVM redownload to guarantee whole data consistency. The operation lasts tyym_upLoap and during
such time interval the MCU will not be able to perform R/W operations (any command will be discarded).

. NVM_OPERATION = 0x5 triggers the NVM refresh, fetching the data from NVM sectors and writing it to the
configuration registers. The operation lasts tyym_pownLoap and during such time interval the MCU will not
be able to perform R/W operations (any command will be discarded).

During NVM upload/download operations, the NVM_BUSY flag indicates that NVM is busy. During such an

interval, it is highly recommended to avoid triggering conversions or actuating loads, as the trimming and

calibration data is being refreshed, and data through SPI are not available (read commands return all zeros).

Once the task is complete, the NVM_BUSY bit is set low and the NVM circuit is kept under reset.

In NVM upload operations, NVM_ERASE_VERIFY_ERROR flag indicates that an error has occurred during NVM

erasing, NVM_PROGRAM_VERIFY_ERROR flag indicates that an error has occurred during NVM programming.

Every time a SW_RST is commanded, the parameters not pushed inside the NVM with a write command will be

lost.
Note: NVM_ERASE_VERIFY_ERROR and NVM_PROGRAM_VERIFY_ERROR are NOT mapped to FAULTN.
Note: Before interacting with the NVM, the MCU shall hold CWUP high to prevent the IC moving back to DEEP-

SLEEP due to communication timeout.

Every time a write operation is performed, the IC automatically decrements by one the NVM write counter that
starts from 31. The counter value is stored in the NVM as well and is user-accessible reading
NVM_UPLOAD_COUNT bit (read-only). As the number of write operations reaches Nnym_wRrITE_cvcLEs limit, the
counter has reached the zero value and it will be never be updated anymore. When such a limit is exceeded, data
retention is not guaranteed anymore. By the way, the IC continues to accept and perform every write operation,
even ifitis beyond NNVM_WRITE_CYCLES count.
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3.18.2 NVM data integrity checks

NVM content can be categorized in two main groups: trimming/calibration data (used to guarantee function

accuracy) and configuration data (used to IC configuration). All this data is organized in sectors, each of them

individually protected by CRC. Trimming/calibration data and configuration data are in different sectors.

Every time the IC performs an NVM download operation (either automatic or user-driven), an integrity check

against the NVM CRC (sector by sector) is performed as well. In case of check failure, the following actions are

performed:

. The sector data that fails CRC check is not downloaded into the local registers and is replaced by all zeros.
Hence, depending on the sector content, either function accuracy will not be guaranteed or IC expected
configuration will not be applied.

. In case at least one of the trimming/calibration sectors has failed the CRC check,
NVM_CRC_TRIM_CAL_FAIL latch is set (clear-upon-read). When NVM_CRC_FAIL_MSK is set to 1, this
flag can always be cleared.

. In case at least one of the IC configuration sectors has failed the CRC check, NVM_CRC_CFG_FAIL latch
is set (clear-upon-read). When NVM_CRC_FAIL_MSK is set to 1, this flag can always be cleared.

. The deployment is inhibited and FAULTN is asserted but there is no interruption/inhibition of other IC
functionalities. It is possible to mask this behavior setting the NVM_CRC_FAIL_MSK bit.

Every time the user triggers an NVM upload and refresh operation, the corresponding sector CRC is updated as
well; this is done by IC automatically.

3.18.3 NVM electrical parameters

All parameters are tested and guaranteed in the following conditions, unless otherwise noted: all supplies
according to the Table 3; T according to the Table 2.

Table 45. NVM electrical parameters

st conon i ] U

Number of allowed NVM write cycles to guarantee

NNVM_WRITE_CYCLES data retention Guaranteed by SCAN | - - 31 | cycles
NVM upload time duration (as sum of write and
t ” - -
NVM_UPLOAD download operations) Guaranteed by SCAN 12 ms
tNvM_DOWNLOAD NVM download time duration Guaranteed by SCAN | - - 500 us
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4 Application scenarios

4.1 Typical application circuit

The application scenarios shown in the following are only for reference. Please refer to the Application Notes for
more information.

411 12 V battery with MCU and ERBST mounted

The Figure 29 shows a typical application diagram for a pyro-fuse system using the ERBST regulator and
interfaced with a generic MCU.

Figure 29. Application circuit: 12 V battery with MCU and ERBST mounted

OPTIONAL

¥oeo

aull AH

1sgy3 LA

NowlveA ||

MSLS8y3 i

anolsg
MSHOQY3

5V or 3.3V

| | FauLTN + Deployment 8
L ! ; ;

driver

MCU
PMIC [ ] cwup

Global configuration and
control, ADC, bias and
| | sbimosi diagnostics

|| spomiso

The Cgr electrolytic capacitors are connected to ERBST regulator that charges them to a higher voltage respect
to battery level VgaT.

ERDCHSW pin is used to allow Cgg controlled discharge for safety and diagnostic purposes. RpcHg sets the limit
current for the discharge phase.
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41.2 12 V DC-DC with MCU and ERBST mounted

The Figure 30 shows a typical application diagram for a pyro-fuse system supplied by a low current DC-DC
regulator, using the ERBST regulator and interfaced with a generic MCU.

Figure 30. Application circuit: 12 V DC-DC with MCU and ERBST mounted
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The Cgr electrolytic capacitors are connected to ERBST regulator that charge them to a higher voltage respect to
battery level Vgar. In this case the ERBST power limit function can be used to limit the ERBST input power and
so the power required to the 12 V DC-DC regulator.

ERDCHSW pin is used to allow Cgr controlled discharge for safety and diagnostic purposes. RpcHg sets the limit
current for the discharge phase.
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41.3 12 V DC-DC with L9965C and ERBST mounted

The Figure 31 shows a typical application diagram for a pyro-fuse system supplied by a low current DC-DC
regulator, using the ERBST regulator and interfaced with a L9965C companion chip.

Figure 31. Application circuit: 12 V DC-DC with L9965C and ERBST mounted
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The Cgr electrolytic capacitors are connected to ERBST regulator that charge them to a higher voltage respect to
battery level Vgar. In this case the ERBST power limit function can be used to limit the ERBST input power and
so the power required to the 12 V DC-DC regulator.

ERDCHSW pin is used to allow Cgr controlled discharge for safety and diagnostic purposes. RpcHg sets the limit
current for the discharge phase.
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41.4 24V DC-DC with MCU and ERBST not mounted
The Figure 32 shows a typical application diagram for a pyro-fuse system not using the ERBST regulator and
interfaced with a generic MCU.

Figure 32. Application circuit: 24 V DC-DC with MCU and ERBST not mounted
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The ERBST regulator is kept disabled and its components are not mounted. The diode DSy is optional and is
used to avoid back feeding to the DC-DC regulator.
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41.5
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Single deploy signal to the arming logic

The Figure 33 shows a typical application scenario for a pyro-fuse system where only one external signal is
needed for the deployment.

Figure 33. Application circuit: single deploy signal to the arming logic
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In this scenario, it is suggested to short-circuit FENH with FENL, and configure the decoder with the same deploy
logic on both the FENx. To performs the deploy, both the FENx must be enabled.
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4.1.6 Bill of materials (BOM)
Referring to the Figure 16 and Figure 29, the Table 46 reports the bill of materials.

Table 46. Bill of materials (BOM)

e Ll L

TVS, TVS diode (battery transient protection) Breakdown voltage
TVS, ()| TVS diode (reverse battery transient protection) Breakdown voltage -14 \Y
Cesp1 " | EMC filter Capacitance 2.31 pF
Cesp2 "' | EMC filter Capacitance 20 uF
Cing Tank capacitor Capacitance 0.47 uF
Cinz " Tank capacitor Capacitance 2.2 uF
Inductance 27 | 33 39  uH
LergsT (" ERBST inductor
DCR 1.5 Q
DeresT !"! | ERBST diode Forward voltage 12V
RpcH (") | Discharge resistor Resistance 68 Q
Capacitance 100 600 | pF
Cert1 " | Primary energy reserve capacitor (electrolytic)
ESR 100 500 mQ
Capacitance 100 600 | pF
Cer2 " | Secondary energy reserve capacitor (electrolytic)
ESR 100 500 mQ
Csng " | Snubber circuit Capacitance 220 pF
Rsng (") | Snubber circuit Resistance 10 Q
Dual-BJT (V) | Current limiter Max collector current -500 mA
RN (" Input resistance Resistance 22 Q
Rym | Pull down Resistance 680 Q
Reypass (") | Bypass resistance Resistance 4.7 Q
Dgypass ! | Bypass diode Forward current 3 A
Dpsg (! Back feeding protection Forward current 3 A
Cvio VIO bypass capacitor Capacitance 100 nF
RrFauLTN | Pull-up resistor Resistance 4.7 kQ
CrauLTN | Bypass capacitor Capacitance 1 nF
Cpr ESD/EMI capacitor Capacitance 13 | 22 | 138  nF
Cpr ESD/EMI capacitor Capacitance 13 22 138 nF

Pyrofuse model

Lwire Pyrofuse wire load inductance Inductance 36 uH
Lemi Pyrofuse input EMI filter Inductance 7.7  pH
Rwire Pyrofuse wire load resistance Resistance 1.1 Q
CpyrO Pyrofuse differential capacitance between input contacts Capacitance 100 nF
Rpyro Pyrofuse igniter resistance Resistance 1.7 25 Q
1. These components, based on application circuit, could not be mounted.
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4.2 Device positioning in BMS application

The L9965P/ can be interfaced with the companion chip L9965C which performs the function of monitoring HV
battery current, detecting short circuit and triggering pyro-fuse deployment. It also acts as an SPI controller,
forwarding frames sent by MCU to L9965P/.

L9965P/ is identified in the BMS chipset by the BMS_ID bit field located in the BMS_ID register. It is possible to
read the IC version in the CHIP_ID register.

Depending on the source of main supply, the devices can be mounted in HV or LV domain: L9965C, due to its
specific purpose, will always lie in the HV domain, while L9965P/ can be mounted in either of the two, depending
on the user’s hardware and limitations, if any.

In the HV domain, supply can be sourced from an HV battery through an isolated DC-DC converter and shared
between L9965P/ and L9965C (Figure 34 configuration "a").

. Pros:
- Possible to avoid usage of ER boost regulator and related external components.
- Deployment trigger pins direct connection to L9965C.
- L9965C acts as a SPI controller to route commands from the MCU.
. Cons:
— SPI signals suffer a higher delay.

Some pyro-fuse switches might not be compatible with the above solution and require the driving section to be in
the LV ground domain (Figure 34 configuration "b").

. Pros:
- Direct connections to MCU’s SPI.
- Compatibility with all pyro-fuse switches.
. Cons:
- Cannot avoid ER boost usage (unless minimum Vgat can be guaranteed).
- Requires additional components (isolators to interface with L9965C).

Figure 34. Pyro-fuse driver positioning
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5 Package information

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.

5.1 VFQFN32 (5x5x0.9 mm 32+4L WETT. FLANKS) package information

Figure 35. VFQFN32 (5x5x0.9 mm 32+4L WETT. FLANKS) package outline
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Table 47. VFQFN32 (5x5x0.9 mm 32+4L WETT. FLANKS) package mechanical data

Dimensions in mm

Symbol _
I .

A 0.80 0.85 1.00
A1 0.00 0.02 0.05
A2 0.2 REF
A3 0.10 - -
0.20 0.25 0.30
D - 5.00 -
D2 3.55 3.60 3.65
e - 0.5 -
E - 5.00 -
E2 3.55 3.60 3.65
L 0.40 0.45 0.50
L1 0.30 0.35 0.40
L2 - 0.075 -
L3 0.37 0.42 0.47
0.20 - -
N 32+4

Tolerance of form and position

aaa 0.10
bbb 0.10
cce 0.08
ddd 0.05
eee 0.08
fff 0.10
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Figure 36. VFQFN32 (5x5x0.9 mm 32+4L WETT. FLANKS) footprint
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5.2 TQFP32L (7x7x1 mm 32+4L exposed pad down) package information

Figure 37. TQFP32L (7x7x1 mm 32+4L exposed pad down) package outline
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Package information

Table 48. TQFP32L (7x7x1 mm 32+4L exposed pad down) package mechanical data

Dimensions in mm

symbol [ Omewbmwom
I T T
(S} 0° 35 7°
o1 0° - -
o2 10° 120 14°
o3 10° 12° 14°
A - - 1.20
A1 0.05 - 0.15
A2 0.95 1.00 1.05
b 0.30 0.37 0.45
b1 0.30 0.35 0.40
[ 0.09 - 0.20
cl 0.09 - 0.16
D 9.00 BSC
D1 7.00 BSC
D2 - 5.00 5.37
D3 3.40 - -
e 0.80 BSC
E 9.00 BSC
E1 7.00 BSC
E2 - 5.00 5.37
E3 3.40 - -
L 0.45 0.60 0.75
L1 1.00 REF
N 32+4
R1 0.08 - -
R2 0.08 - 0.20
S 0.20 - -
aaa 0.20
bbb 0.20
cce 0.10
ddd 0.20
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Figure 38. TQFP32L (7x7x1 mm 32+4L exposed pad down) pcb land pattern

0.45 08
. A A FA 757 A [ . . L
12 REF YRZA7ZR7Z 0720707 e
% _”E!_DS_ _/ 7
¥ o6 At
7 | | | | |
_'_/______4 / ?/ ?% E 777 R .
7 / _@/ ey / 727
7 | | | || ez
v VA Q) ) |z
: IR Z
. A A A 7";7_ A 7] B
7.4 ggafn:‘ripr—na;i:ci;a.zmm
9 1Y direction)

SOLDERING AREA

[ SOLDER RESIST OPENING

1
|| COPPER LAYER

page 82/88


http://www.arrow.com

ﬁ L9965P

Revision history

Table 49. Document revision history

01-Aug-2024 1 Initial release.
Minor text changes in Section 5.1: VFQFN32 (5x5x0.9 mm 32+4L WETT.

12-Aug-2024 2 FLANKS) package information.
Updated Section 3.5, Section 3.7.2.1, Table 23, Table 27, SPI read/write
10-Jan-2025 3 registers, and Section 5.1.
Minor text changes.
References to FOR removed from Section 2.2.
IpELTA_PR_PD Parameter changed in Ipgita_acT pp_pr @nd its description
updated.
Power cycle means CWUP toggle:Table 9 and Table 34 modified.
Two notes added in Section 3.6.1.1.
Ipp_pr parameter changed in Iact_pp_pr and its description updated.
10-Jun-2025 4 Note added in Section 3.7.2.1.
Section 3.7.2.7 modified: ERDCHSW_OV pulls low the FAULTN pin; detailed
description of ER cap diag removed.
SPI read/write registers: note added, DIAG_CMD description updated.
Added references to nPOR_SLEEP and nPOR_MAIN in Section 3.18.1.
Added references to Application Notes in Section 4.1.
Minor typo fixed.
Added L99BM2P part number and updated document title.
Updated Table 3 (Vergstsw ORmax value), Table 30 (unit), Table 30
(TRIM_HS_RET_CFG description), Table 31 (TRIM_VRES_POST_TH field
name), Table 34 (TRIM_T_DEPLOY_CFG field name), Table 46, and Table 48
(added D2, E2 typ. value).
05-Dec-2025 5 Updated Features, Description, Figure 29, Figure 30, Figure 31, and
Figure 32.
Updated Section 3.7.2.7, Section 3.16, Section 3.18.1, Section 4.1.6, and
added Section 4.1.5.
Removed section Mission Profile.
Removed L99BM2P part number and updated document title.
Updated Features (added AEC-Q100), Section 3.4.1 and Table 14 (renamed
tcwup_wakeup_TiMe and added note), Section 3.4.2, Section 3.4.3,
Section 3.6.1.2 (renamed fi and
02-Jul-2026 6 I ( FENx_PWM_PERIOD_TH_xL
fFENX_PWM_PERIOD_TH_xH Parameters), Table 22 (Rgson_Hs and Rygson_Ls
typcal value), Section 3.7.2.2, Table 27 (Release condition column), Table 36
(Repio_wk_pu @nd Rgpio_wk_pp parameters test condition), Section 3.14.2.
Updated Figure 18 and Figure 19.
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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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