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Application note
L9678 user configurable airbag

Introduction

This document explains the features and benefits of the L9678 device, target for entry level
airbag system, with flexible configuration for power supply and management.

The configuration of the device depends on the specific application.
Guidelines for different operating modes of the device are provided.

Meaning features are the flexible configuration, availability of different voltage regulators,
two PSI-5 sensor interfaces, four DC sensors interface, two GPOs, high or low level
diagnostic test, arming managed following both internal or external safing engine,
deployment profile selectable, 32 bit SPI communication.

Note: The following information is given as a hint for the implementation of the device only and
shall not be regarded as a description or warranty of a certain functionality, condition or
quality of the device.
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1.1

3

Description

The L9678 IC is a system chip solution targeted for emerging market applications. Base
system designs can be completed with the L9678, SPC560Px microcontroller and an on-
board acceleration sensor or PSI5 sensor.

Main features

Main features are:

Energy reserve voltage power supply

— High frequency boost regulator, 1.875 MHz

—  Output voltage user selectable, 23 V or 33 V 5%
User configurable linear power supplies

— 5.0Vand 7.2V +4% output voltages

—  External pass transistor

Fully integrated 3.3 V £4% linear regulator

Battery voltage monitor and shutdown control with wake-up control
System voltage diagnostics with integrated ADC
Crossover switch

—  Crossover performance, max 3 Q, 250 mA max.
Squib deployment drivers

— 4 channel HSD/LSD

— 25V maximum deployment voltage

- 12A@2msand 1.75A @ 0.5/0.7 ms deployment profiles
— Integrated safing FET linear regulator, 20 V nominal
—  Current monitoring

— Rmeasure, STB, STG and leakage diagnostics

— High and low side driver FET tests

—  Safing FET test

User customizable safing logic

Two channel PSI-5 remote sensor interface with SPI selectable switched/regulated
output voltage (asynchronous mode)

Four channel hall-effect, resistive or switch sensor interface
ISO9141 transceiver

Dual channel configurable high-side/low-side LED driver
Watchdog timer

Two integrated oscillators: 7.5/16 MHz

COVRACT function to connect externally of IC VIN to reserve capacitor
Temperature sensor

32 bit SPI communications

Minimum operating voltage = 6 V

Operating temperature, -40 °C to 95 °C

Packaging - 64 pin

DoclD025845 Rev 3 9/198
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Application overview

Different configurations for the device are possible. The device configurations are selected
via SPI.

Two different ways for the diagnostics, high level and low level, can be chosen.

In low level diagnostic an external logic takes care of all the required set-up necessary for
the requested measurement.

In high level diagnostic, the set-up for the measurement request is managed by the device
itself.

The choice of high level or low level diagnostic is done via SPI.

The IC status during its running can be partitioned in 4 phases POWER OFF / SLEEP
MODE / ACTIVE MODE / PASSIVE MODE.

This document explains in which way the device can be used.

3
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Figure 1. Functional block diagram
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2 Power up

Power off / sleep mode / active mode / passive mode

To pass from one mode to the others, see the flow here below:

Figure 2. Device states

From
any state

POWER-OFF MODE
(All supplies disabled)

WAKEUP <

WakeUpFilt = 0 WU_mon

AND
SPI_SYS_CTL(SP)/OFF = 1)

WAKEUP
MONITOR
state

[(WAKEUP < WU_off) AND (WakeUpFilt = 0)]

WakeUpFilt= 1
AND
(VBATmON<VBGOOD RIS
OR State SLEEP MODE
VIN<VIN@&OOD) (All Supplies Disabled,
Wakeg%':"ﬁ 0 V3V3INT and CVDD reg
WakeUpFilt=[1 i
al eA’\;I)nl VBATmon<VBBAD enabled in AWAKE state)
OR
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m°/:ND VIN<VINBAD
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STARTUP
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AND
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POWERMODE
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(Disable ER Boost
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other supplies enabled)

WakeUpFilt = 0 AND
SPI_SLEEP

Twakeup Timer: Cleared if (State = WAKEUP MONITOR or AWAKE ) and WakeUpFilt=0
GAPGPS02870
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Status of power control is readable via SPI:

$04 SYS_STATE

POWER_CTL_STATE, bit [2:0] | 000 = AWAKE

001 = START UP

010 = RUN

011 =ER

100 = POWER SHUT-DOWN
101, 110, 111 unused

2.1 Power off

This state represents the case of low power supply and POR.

No voltage regulators are enabled.

211 From power off to sleep mode
Condition to enter into the next phase (sleep mode):
WAKEUP>WU_mon WU_mon (1.5V max)

Power supplies are not necessary at their correct value.

2.2 Sleep mode
Supposing the external power supplies are increasing and WAKEUP pin connected to

external power supply, WAKEUP pin raises too.

As WAKEUP pin is over the second threshold WU_on (4V+5V), the two internal 3.3V
voltage regulators run:

3V3INT is not accessible as it is internal only;
CVDD is available on pin 9

WakeUpFIt=1 means that WAKEUP pin is high at least 1 ms.

221 From sleep to active mode
Condition to enter into the next phase (Active mode):
(WakeUpFIt=1) & (VBATmon>VBGOOD) & (VIN>VINGOOD)

That means: the IC waits until WAKEPU is steadily high (at least 1ms) and the external
power supplies have reached their correct values, VBGOOD for VBATmon pin and
VINGOOD for VIN pin.

VBGOOD / VBBAD and VINGOOD/VINBAD are fixed via SPI (so through the
microcontroller), writing SYS_CTL register at any time and the default value:

b12=0, VINGOOD = [5V:5.5V], VINBAD = [4.5V:5V]
b11, b10=00, VBGOOD = [5.5V:6V], VBBAD = [5V:5.5V]
‘Yl DoclD025845 Rev 3 13/198
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$02 SYS_CTL Config. in INIT, DIAG, SAFING, SCRAP, ARMING state

VIN_TH_SEL, bit 12 |0 =5.5V, VINGOOD = [5V:5.5V], VINBAD = [4.5V:5V]
1 =7.5V, VINGOOD = [7V:7.5V], VINBAD = [6.5V:7V]

VBATMON_TH_SEL, bit 11, 10 |00 =6V, VBGOOD = [5.5V:6V], VBBAD = [5V:5.5V]
01 =6.8V, VBGOOD = [6.3V:6.8V], VBBAD = [5.5V:6.3V]
10 =8V, VBGOOD = [7.5V:8V], VBBAD = [7V:7.5V]
11 = 8.8V, VBGOOD = [8.3V:8.8V], VBBAD = [7.8V:8.3V]

From active back to sleep mode

Condition to turn back into the previous phase (POWER-OFF MODE):
WAKEUP<WU_mon WU_mon (1.5V max)

That means that WAKEUP turns low.

Active mode

Active mode corresponds to the normal IC operation.

Until POR is not released, ERBOOST follows VBATT, the two internal voltage regulators,
VINT3V3 and CVDD are running.

As POR is released (see Section 5.8: RESET), ERBOOST starts running, followed by VDD5
and then by VDD3V3 (VDD3V3 is supplied by VDD5).

Once VDD5 and VDD3V3 are at their correct value, the microcontroller is supplied. IC
RESET pin is released and the microcontroller starts running too.

Microcontroller first checks

In this phase the microcontroller shall service the watchdog routine, (see Section 4.1:
Initialization - Watchdog function.

The microcontroller has to verify the correct connection of the external reserve capacitor on
VER pin, enabling ER charge block

$02 SYS_CTL Config. in INIT, DIAG, SAFING, SCRAP, ARMING state

ER_CUR_EN, bit 7 [0 = ER current source OFF requested
1 = ER current source ON requested

and verify that VER voltage increases linearly (constant current).

VER voltage is readable through ADC. Registers involved in this operation are the four
DIAGCTRL_x

$3x DIAGCTRL_x —x=A,B,C,D

Casex=A

3

DoclD025845 Rev 3




AN4437 Power up
$3A DIAGCTRL_A Config. in DIAG, SAFING, SCRAP, ARMING state
NEWDATA[19] |0 = cleared on read
new data available from the conversion |1 = conversion finished
ADCREQ_A, bit [6:0] |$26 = VER
request (MOSI)
ADCREQ_A, bit [16:10] |$26 = VER
readout (through MISO),
ADCRES_A, bit [9:0] | 10bit ADC result correspondent to the ADCREQ_A, bit
[9:0]
Once read the ADC measurement, to obtain the voltage value it is necessary to consider the
divider ratio of the ADC. In case of VER, itis 15:1.
Table 1. VER measurement of the value ratio ADC
Divider ratio
Measurements
15:1 10:1 71 4:1 1:1
VER J
In case of problem, the microcontroller has to switch off the ER charge.
Note: ER charge is limited at 20mA, so any load connected to VER (VRESDIAG for example)

3

subtracts current to the external reserve capacitor charge.

As shown in Figure 3, a 1 ms filter time is implemented on the WAKEUP input signal.

After that 9 ms has been elapsed with no WAKEUP de-assertions, WAKEUP active

condition is latched.

Figure 3. Wake-up input signal behaviour

PASSIVE MODE

SLEEP MODE ACTIVE MODE
A )) ))
(s «
WU_on
WU_off .
WAKEUP ' .
P P (( « P »
<ims 1ms <1ms 1ms
< 10ms >
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t

GAPGPS02871
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2.3.2
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From active to passive mode

Conditions to enter into the next phase (PASSIVE MODE):
1 - (WakeUpFIt=0) & SPI_SLEEP cmd
2 -VIN<VBGOOD VBGOOD (5.5V+6 V)
The first case represents the normal IC shut-down, required by the microcontroller. The

microcontroller puts the WAKEUP pin low for at least 1ms and sends the dedicated SPI
command:

$03 SPI_SLEEP Config. in INIT, DIAG, SAFING, SCRAP, ARMING state
SLEEP_MODE, [15:0] |$3C95

The second case represents the event of low battery, because, for example, battery
connection has been lost.

From active back to sleep mode

Condition to enter into the previous phases (SLEEP MODE):

(WakeUpFIt=0) OR (VBATmon < VBBAD) OR (VIN<VINBAD)
That means that WAKEUP is not steadily high for at least 1ms in the first 9ms, or the
external power supplies are turned at low value:

VBATmMon<VBBAD or VIN<VINBAD (4.5 V+5 V)

being VBBAD =5 V+5.5V and VINBAD =4.5V+5 V.

Passive mode

In Passive mode (ER state) ERBOOST can be disabled or not; it depends on
KEEP_ERBST_ON bit, SYS_CFG register:

KEEP_ERBST_ON=0 — ERBOOST disabled in ER state
KEEP_ERBST_ON=1 — ERBOOST not disabled in ER state

In PASSIVE MODE "ER charge" is disabled to decouple ERBOOST from VER.

There are two cases:

1. The first case is a driven switch off through an SPI_ SLEEP command and WAKEUP is
low.

The driven switch off can be received by the IC also during a low VIN voltage (second
case). In this condition the system survival is guaranteed by the energy stored in the
external reserve capacitor.

2. The second case is related to a low VIN voltage value. ER switch is automatically
turned on to connect VIN to VER.

The energy requirement, which may include the firing too, is taken from the external
reserve capacitor, until the capacitor is depleted and POR happens.

In this condition, current from the external reserve capacitor is limited by "ER switch" at
300 mA min, regardless VER value (22 V or 33 V).

The external reserve capacitor has to be chosen taking into account the highest energy
requirement.
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2.41

3

If the capacitor on VER pin is not fully charged and VIN goes low, the external reserve

capacitor could not be able to supply the system with the energy required.

COVRACT
When the IC moves in PASSIVE MODE, COVRACT signal is asserted.

Figure 4. WAKEUP filter time

File Vert BasedeiTempi Trigger Wisual. Cursori Misura Matem. Analisi Utilita® Aiuto Zoom ”('-1

base -398 mg| (Trigger (M)
5.00 Vidiv| 5.00 Vidiv| 5.00 Vidiv| 100 ms/div] Stop 8.45V
10.00 V ofst -14.95 V ofst| -14.90 V ofs 1.00MS  1.0MSis]Edge Megativo)

LeCroy 2/5/2013 4:45:28 PM

In Figure 4 are reported signals when the IC moves in PASSIVE MODE because of battery

lost: ch1 = RESET, ch2 = COVRACT, ch3 = VIN, ch4=VER.

In the next Figure 5 two possible usages of COVRACT function are shown in case of

supplementary deployment ASICs and/or satellite receivers to be supplied during Autarchy

mode (battery loss).

Being ER SWITCH current limited (300-500 mA), in the above mentioned cases a

supplementary cross over switch may be needed and the simplified external circuitry to be

used is shown below.
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Figure 5. COVRACT external components usage
N
LA
VBAT > '
OPTION A >
—|X SUPPLY
VIN VER
Supplemental
Deployment ASIC’s
L9678/79/80 and/or Satellite
COVRAGT K Receivers
OPTION B
VBAT '
—|>|—o
X
— SUPPLY
VIN VER
Supplemental
Deployment ASIC’s
L9678/79/80 and/or Satellite
COvRAGT K Receivers
= GAPGPS02879

The difference between options A and B is just the current that flows through the diode
(active or passive) placed between battery line (VBAT) and VIN pin.

If the current consumption of additional ASICs is too high to permit the L9678 to work at low
battery level, the option A is mandatory, otherwise option B is OK too.
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From passive back to active mode

Condition to turn into the previous phases (ACTIVE MODE):

If the IC is in PASSIVE MODE due to low battery, as VBATmon turns at correct value (before
POR event) the IC turns back into ACTIVE MODE

VBATmon >VBGOOD

If the IC has been passed in PASSIVE MODE due to a SPI request, to turn back in ACTIVE
MODE it is necessary:

(WakeUpFilt=1) & (VBATmon >VBGOOD) & (VIN> VINGOOD)

From passive back to sleep mode

Condition to turn into the previous phases (SLEEP MODE):

If the IC is in PASSIVE MODE - power shutdown state, to turn back in SLEEP MODE it is
necessary

(WakeUpFilt=1) & [(VBATmon <VBGOOD) OR (VIN< VINGOOD)]

From passive back to power off mode
Condition to turn into POWER OFF MODE:

If the IC is in PASSIVE MODE - power shutdown state, to turn back in POWER OFF MODE
it is necessary a second SPI command

WakeUpFIt=0) & SPI_POWER OFF cmd

$02 SYS_CTL Config. in INIT, DIAG, SAFING, SCRAP, ARMING state

SPI_OFF, bit4 |0 = no effect
1 = transition to POWER OFF

If this second SPI request is not received by the IC, that is in PASSIVE MODE due to a SPI
SLEEP mode request (with correct value of power supply), the IC remains in PASSIVE
MODE.

In the table here below disabled blocks in each IC state are shown:

Table 2. Blocks disabled in each IC state

SLEEP MODE ACTIVE MODE PASSIVE MODE
POWERMODE
POWER WAKEUP | AWAKE | STARTUP | RUN ER
OFF SHUTDOWN
Wakeup .
Detector Disabled
Intern reg. Disabled | Disabled
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Table 2. Blocks disabled in each IC state (continued)
SLEEP MODE ACTIVE MODE PASSIVE MODE
POWERMODE
POWER WAKEUP | AWAKE | STARTUP| RUN ER
OFF SHUTDOWN
ERB T
Reg 00s Disabled | Disabled | Disabled Disabled Disabled
VSUP reg. , . .
Disabled | Disabled | Disabled
(only L9678-S) | ' '
ER CAP current | iy, hled | Disabled | Disabled Disabled | Disabled
charge
ER switch Disabled | Disabled | Disabled | Disabled |Disabled
VDDS5 reg. Disabled | Disabled | Disabled
VDD3V3 reg. Disabled | Disabled | Disabled
Deployment Disabled | Disabled | Disabled
drivers
X;F safing FET | hisabled | Disabled | Disabled
Remote Sensor | . hled | Disabled | Disabled
Interf.
Watchdog Disabled | Disabled | Disabled
Diagnostic Disabled | Disabled | Disabled
DC sensor interf. | Disabled | Disabled | Disabled
GPO drivers Disabled | Disabled | Disabled
Safing logic Disabled | Disabled | Disabled
ISO 9141 Disabled | Disabled | Disabled
20/198 DoclD025845 Rev 3 KYI
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3.1

)

Power up and power down

Power up sequence

The aim of the procedure is to reach WakeUpFilt=1, VBATmon>VBGOOD, VIN>VINGOOD.
Different cases are possible as:

WAKEUP rises after that VBAT is GOOD, Figure 6;
WAKEUP rises while VBAT is rising, Figure 7.

Figure 6. Example of power up sequence - VBAT then WAKEUP

VIN current

VBAT

(VBALwGN)

VBGOOD

WU_on

WAKEUP |

— | WU_mon

VINT, CVDD

POR

BSTSW

VDD5

VDD3V3

VDD3V3

threshold 7L

RESET

SPIER
charge on

RESET|

Hold
Time

VER

—

GAPGPS02873
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Figure 7. Example of power up sequence - WAKEUP then VBAT

VIN current
VBAT
(VBATTmon) = VBGOOD
/’/
WU_on
WU_mon WAKEUP
VINT, CVDD
POR

BSTSW |_| I_l |_|

E OST

VDD5 /

VDD3V3

VDD3V3 threshol(7’L

RESET

SPIER
charge on

RESET]
Hold
Time

VER

_—

GAPGPS02874

At the end of the power up sequence the device is in ACTIVE MODE.
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Power down sequence

Different possibilities are available.

Normal power shut down driven by microcontroller: first WAKEUP is driven low and then an
appropriate command is sent (SLEEP MODE), Figure 8:

It could happen that the IC receives the first command, indicated as SLEEP MODE in the
figure, but not the second. Being VIN at its correct value, the IC remains in that state.
Microcontroller should recognize the bad situation and manage it.

Figure 8. Microcontroller drives the power shutdown

VBAT
(VBATTmon)

—— VBGOOD
—— VBBAD

WU_on
WAKEUP i WU_off

SLEEP
SHUT
SPI MODE DOWN
VINT/CVDD

threshol

VINT, CVDD

BSTSW |_| I_I I_

ERBOOST

VER

VDD5 \

N
VDD3V3
threshold
VDD3V3 \ reshe
RESET
POR
This period of time can be held for a long
time, because battery is good. The system
waits until a dedicated frame has switch off.
GAPGPS02875
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Another shut down is related to low battery. Shut down is related to low energy available,
until POR happens, see Figure 9.

In this case "ER switch" is automatically closed. VIN is thus connected to VER whose
voltage is close to ERBOOST. As consequence, the external reserve capacitor depletes,
VER and VIN voltages are consequently reduced.

CVDD/VINT and VDD5/VDD3V3 switch off depends on their load. The higher is the current
they have to furnish, the shorter is the time they are on.

Figure 9. Power shutdown due to low or lost battery

VBAT=WAKEUP \

N VINGOOD
VIN

—

\ VINT/CVDD
threshold
VINT, CvDD N\

ERBOOST

\

In this period of time ER switch js ON

VER

VDD5

VDD3V3

vDD3V3 \threshold

RESET

POR

GAPGPS02876
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4 Operative state

As the device has been turned on, all voltage regulators run. Being VDD5, VDD3V3 present,
the microcontroller is supplied, but still in RESET. As VDD5 and VDD3V3 are at their correct
value and no fails are present (see Section 5.8: RESET), RESET pin is released and the
microcontroller starts working.

The following states are distinguishable (see Figure 10):

Initialization / diagnostic / safing / scrap / arming

Figure 10. Device functionality

SSM Reset

Configuration enabled for:

- Watchdog timing thresholds
- ARM in/out select

- RSU output type (Gm/SW)

/ - Diag sample select

- VSF voltage select

Testing enabled for:
WD1 RUN - ARMx, VSF
- Deploy time
- HS/LS & HSS FET

WD1 OVERRIDE

Configuration enabled for:

- Safing records and control
/ - Deploy mask

- HS/LS GPO
SPI SAEMNG_STATE
ARM, VSF determined
by safing engine \
ARMXx = 0|
4« |VSF=0
ACLBAD =2 ACLGOOD =3

ARMx = 1
4— | VSF=1

GAPGPS01118

IC states are readable through SPI:

$04 SYS_STATE

OPER_CTL_STATE, bit[10:8] |000 = INIT

001 = DIAG

010 = SAFING

011 = SCRAP

100 = ARMING

101, 110, 111 unused

3
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4.1
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Initialization - Watchdog function
The first state of the IC is when the microcontroller starts is the INITIALIZATION state.

The state in which the IC is, is readable via SPI:

$04 SYS_STATE

OPER_CTL_STATE bit [10:8] |000 = IC in INIT state

In this phase the following configurations are managed:

e  Set-up of watchdog parameters, before the watchdog is asserted
e  Safing engine parameters

e  General system configuration

e VSF voltage

Figure 11. Watchdog functionality

WSM reset (from any state)/
WD1_LOCKOUT=1
WD1_WDR=0

WD1_ERR_CNT=0
WD1_ERR_TH_WE=1

500ms AND
WD1_TOVR=1

WDT/TM>Vwp_overrioe AND
SPIWD1_TEST
WD1_LOCKOUT=0

1ms/

WD1 OVERRIDE

500ms AND
WD1_TOVR=0/

WD1_LOCKOUT=1
WD1_ERR_CNT++

WD1_refresh OK/
WD1_WDR=0
WD1_ERR_TH_WE=0

If
(WD1_ERR_CNT<WD1_RETRY_TH)

WD1_LOCKOUT=0
WD1_ERROR/
WD1_LOCKOUT=1
WD1_ERR_CNT++

OK/ SPI WD1_TEST/

WD1_refresh

GAPGPS02877

Watchdog status is readable via SPI:

3
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$2C WD_STATE
WD1_STATE bit [10:8] [000 = INIT

001 = RUN
010 =TEST
011 = RESET
100 = OVERRIDE

411 WATCHDOG INITIAL

3

As WSM is released (see Section 5.8: RESET), watchdog is in its initial state, WD1 INITIAL.
In WD1 INITIAL state all arming signals are disabled to prevent deployment. As entered in
WD1 INITIAL, the counter of a first 500 ms time window is started.

In this phase, through WDTCR register, it is also defined the time window to service WD1.
As the IC passes in DIAGNOSTIC state, WD1 parameters can't be modified any more.

WD_RETRY_CONF register $28 has also to be programmed during this phase in order to
set the WD1_RETRY_TH bit: the meaning of such a threshold is explained in Section 4.1.2:
WD1 INITIAL - WD1 RESET.

$2A WDTCR Config. in INIT only state

WD1_MODE, bit 14 |0 = fast WD1, 8 us timer resol. (2 ms max value)

1 = slow WD1, 64 ps timer resol. (16.3 ms max value)

WDTMIN bit [13:7] | WD1 min time window. In according to WD1_MODE, $32 = 400 us in
fast mode.

Update by WSM_RESET or dedicated SPI write

WDTDELTA bit [6:0] | WD1 delta value

(WDTMAX=WDTMIN+MDTDELTA), in according to WD1_MODE,
$19 = 200 s in fast mode

Update by WSM_RESET or dedicated SPI write

$28 WD_RETRY_CONF Config. in INIT only state
WD1_RETRY_TH bit [2:0] | WD1 ERR_CNT threshold before setting definitively WD1_LOCKOUT bit.

Once the ASIC leaves the WD1INITIAL state, the register $28 cannot be anymore written
(internal signal WD1_ERR_TH_WE is no more asserted and register is locked for writing
access).

The watchdog block can remain indefinitely in INITIAL state, without any watchdog service,
in case WD1_TOVR is set via SPI. In this case, RESET toggling (1ms RESET active each
500ms) is disabled allowing some very initial operations (i.e. microcontroller FW flash)
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41.2

28/198

Figure 12. WD1 INITIAL

500ms AND
WD1_TOVR=1

/4

GAPGPS02878

$01 SYS_CFG Config. in INIT only state

WD1_TOVR, bit 0 |0 = timeout is active
1 = timeout is disabled

Disabling initial RESET toggling does not depend on the state of WDT/TM pin: SPI
command is effective even if WDT/TM is grounded.

To pass to another WD1 state, from WD1 INITIAL, there are the following possibilities:
WD1 INITIAL - WD1 RESET
Figure 13. WD1 INITIAL - WD1 RESET

WSM reset (from any state)/
WD1_LOCKOUT=1

WD1_ERR_CNT=0
WD1_ERR_TH_WE=1

500ms AND
WD1_TOVR=0/

WD1_LOCKOUT=1
WD1_ERR_CNT++

GAPGPS02880

If neither WD1_TOVR is set in the first 500 ms nor WDOG service occurs, WD1_LOCKOUT
bit is set and an error counter, WD1_ERR_CNT, is incremented. Then WATCHDOG block

moves in reset, WD1 RESET.
WD1_ERR_CNT is readable via SPI:

S74
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3

$2C WD_STATE

WD1_ERR_CNT bit [3:0] |Range 0:7

When WD1_LOCKOUT is set, all arming signals are disabled and deployment is inhibited.
WD1_LOCKOUT is readable on SPI:

$00 FLTSR

WD1_LO, bit7 |0=WD1_LOCKOUT is inactive

1 =WD1_LOCKOUT is active

WD1 INITIAL - WD1 OVERRIDE

Figure 14. WD1 INITIAL vs. WD1 OVERRIDE

WDT/TM>Vwp_overrie AND
SPIWD1_TEST
WD1_LOCKOUT=0

WD1 OVERRIDE

GAPGPS02881

The watchdog transition from WD1_INITIAL state to WD1_OVERRIDE state corresponds to
the transition from INIT to DIAGNOSTIC mode of the IC, see Figure 10.

In order to enter this state, the pin WDT/TM must be biased to the voltage
VWD_OVERRIDE and a proper SPI frame must be sent, accessing to the register

$35 WD_TEST Config. in INIT, DIAG, SAFING state

Bit [15:8] |$3C to enter in WD_TEST

VWD_OVERRIDE=10V + 14V
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41.4
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WD1 INITIAL - WD1 RUN

When the watchdog routine is correctly serviced, the watchdog block enters in RUN MODE
(Figure 15).

Figure 15. WD1 INITIAL vs. WD1 RUN vs. WD1 RESET

WD1_refresh OK/

WD1_WDR=0

WD1_ERR_TH_WE=0

If

(WD1_ERR_CNT<WD1_RETRY_TH)
WD1_LOCKOUT=0

WD1_ERROR/
WD1_LOCKOUT=1
WD1_ERR_CNT++

GAPGPS02882

In the transition WD1_INITIAL state to WD1_RUN, WD1_ERR_CNT holds its value.

If WD1_ERR_CNT has reached its threshold, WD1_RETRY_TH, WD1_LOCKOUT bit
remains set; lockout is automatically removed otherwise.

The number of allowed error cycle before permanently asserting the lockout is defined via
SPlinto the WD1_RETRY_TH.

$28 WD_RETRY_CONF Config. in INIT

WD1_RETRY_TH bit [2:0] [WD1 ERR_CNT threshold before setting definitively
WD1_LOCKOUT bit.

The watchdog transition from WD1_INITIAL state to WD1_RUN state corresponds to the
transition from INIT to DIAGNOSTIC mode of the IC, see Figure 10.

Watchdog service is defined into register WD1T:

$2B WD1T Config. in INIT, DIAG, SAFING, SCRAP, ARMING state
WD1CTL, bit[1:0] |00 OR 11 NOP
01 =code A
10 = code B

Correct watchdog service is controlled through a programmable time resolution counter,
WD1_TIMER, whose parameters are defined in WDTCR register $2A in INIT state, (see
Section 4.1.1: WATCHDOG INITIAL).

$2B WD1T Config. in INIT, DIAG, SAFING, SCRAP, ARMING state

WD1_TIMER, bit[15:8] |8 bit wd counter

3
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The counter WD1_TIMER, is reset every time a valid WD1CTL (watchdog service) is
received.

If WD1CTL are serviced too early or too late with respect to the time window, the watchdog
error counter, WD1_ERR_CNT, is incremented. WD1_LOCKOUT is set and watchdog
status passes in WD1 RESET state, (see Section 4.1.2: WD1 INITIAL - WD1 RESET) for

the management.
RESET pin is asserted with t,,q,st time:
0.9ms < twdrst <1.1ms

Watchdog error, WD1 WDR, is readable via SPI:

$00 FLTSR

WD1 WDR, bit5 |0: WD1_WDR signal = 0, WD1 correctly serviced
1: WD1_WDR signal = 1 being WD1 not correctly serviced

In the follow Figure 16 is sketched the WD1 service.

Figure 16. WATCHDOG service
A A A

-B
B

|

WD1CTL - A

WD1CTL - A

WD1CTL - A WDA1CTL - B

WDTDELTA
/ yd Y
/ WDTMIN

WD1CTL - A
WD1CTL
WD1CTL -

WwD1
counter
Any WD1 An
Vo1 ) y WD1
refresh in this Any WD1 refreshin 1 o i this
period this period eriod
determine determine WD1 perio
refresh determine
WD1ERROR WD1 ERROR
WD1 serviced in WD1 serviced in
the correct timw the correct timw
window: refresh of window: refresh of
WD1 counter WD1 counter GAPGPS02883

If more than one WD1 with the same key value is received (for example A instead of B, see
Figure 16), the WD1 counter is not refreshed until the correct key value is received in the
defined time window (WDTMIN, WDTDELTA) and no error signals are asserted.

If more than one WD1 with the same key value (....A A Ainstead of ...A and than B) is
received no error signals are asserted even if the WD1 refresh command arrived before the
counter has reached WDTMIN programmed value.
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41.5 WD1 RUN - WD1 TEST
From WD1 RUN, through a SPI command, WD1 passes in WD1 TEST:

$35 WD_TEST Config. in INIT, DIAG, SAFING state
bit [15:8] | $3C to enter in WD_TEST

This state generates a WD1_ERROR, without asserting WD1_LOCKOUT=1.

Figure 17. WD1 RESET - WD1 TEST

WD1_refresh OK/ SPIWD1_TEST/

GAPGPS02884

This is used to test the WD refresh. Typically it is implemented once per power up, even if
there are no restrictions to accede to this mode in other moments.

In this state, deployments are not enabled.

Servicing WD1, watchdog turns back into WD1 RUN.

4.2 Diagnostic

Once WD1 is in WD1 RUN state or WD1 OVERRIDE state, the IC passes in DIAGNOSTIC
state, see Figure 10.

The state in which the IC is, is readable via SPI:

$04 SYS_STATE
OPER_CTL_STATE bit [10:8] |001 = IC in DIAG state

In DIAGNOSTIC state, the remaining IC configuration is allowed:
Safing records;
Deployment masks.

3
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In DIAGNOSTIC state, several tests of the device are allowed:
HS LS switch tests of the squib drivers (ignored out of this phase);
HS safing FET (ignored out of this phase);
Arming output to check for non stuck-at conditions on the pin and for configured firing
time.
Note: ARM output and VSF test are mutually exclusive.
Diagnostic foresees two different modes, high level and low level diagnostic.
In high level diagnostic, set-up of each requested test is managed by the IC itself.
In low level diagnostic, set-up of each requested test is managed by the external logic
(microcontroller).
The selection between high and low level diagnostic is done writing the appropriate value of
DIAG_LEVEL (bit 15) $38 LPDIAGREQ register:
$38 LPDIAGREQ Config. in DIAG, SAFING, SCRAP, ARMING state
DIAG_LEVEL, bit 15 |0 = low level mode
1 = high level mode
Once in DIAGNOSTIC state there is the possibility to pass in SAFING state or in SCRAP
state, through dedicated commands.
4.3 SAFING

3

To pass in SAFING from DIAG state it is necessary a dedicated SPI frame:

$31 SAFING_STATE Config. in DIAG state only
bit [15:0] [ $ACAC to enter in SAFING state

The state in which the IC is, is readable via SPI:

$04 SYS_STATE
OPER_CTL_STATE bit [10:8] |010 = IC in SAFING state

Logic performs safing function through safing engine management.
Once in SAFING state, the IC returns to INITIALIZATION state only through a SSM_RESET.
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4.4

4.5
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SCRAP
To pass in SCRAP from DIAG state it is necessary a dedicated SPI frame:

$30 SCRAP_STATE Config. in DIAG state only
bit [15:0] [$3535 to enter in SCRAP state

The state in which the IC is, is readable via SPI:

$04 SYS_STATE
OPER_CTL_STATE bit[10:8] |011 = IC in SCRAP state

Once in SCRAP state, the IC returns to INITIALIZATION state only through a SSM_RESET.

In SCRAP state the microcontroller drives the transition to ARMING state and monitors
Remote Sensor SPI interface (L9678-S). Safing logic is disabled.

ARMING

This phase is the last enabling for the deployment.

Special care has to be taken to control the entry into and exit from ARMING state. The
mechanism is managed through ACL (Additional Communication Line).

In ARMING state the arming output is asserted.

Exit from this state occurs when a timeout happens without a correct ACL signal or
SSM_RESET is asserted.

3
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5 Voltage regulators

2 internal linear voltage regulators:
e  3V3INT for internal analog blocks

e CVDD for internal digital blocks. It requires an external filter capacitor (100 nF) on pin
CvDD.

1 switching regulator, ERBOOST 23 V or 3 3V programmable via SPI
1 linear regulator VDD5 5V

1 linear regulator VDD3V3 3.3 V

1 optional linear regulator VSUP 7 V (L9678-S)

1 linear regulator VSF 20 V, 25 V programmable via SPI

5.1 Internal voltage regulators

In SLEEP MODE, the two internal regulators, 3V3INT and CVDD, are switched on, so that
the device is ready for the full activation.

The other voltage regulators are enabled in ACTIVE MODE.
Requirement: VIN>VINGOOD1max = 5.5V

5.2 ERBOOST

Features

e Boost enable via SPI (default active)
e  Boost works at 1.875 MHz, 2.13 MHz, 2 MHz, selectable via SPI.
e ERBOOST is 23 V as default value and it is configurable, via SPI, at 33 V.

SPI configuration:

$02 SYS_CTL Config. in INIT, DIAG, SAFING, SCRAP, ARMING state

ER_BST_V, bit9 |0 =23V selected (22.6v+25V)
1 = 33V selected (31.65V+35V)

ER_BST_EN, bit6 |0=ER_BOOST OFF
1=ER_BOOST ON - default

$2D CLK_CONF Config. in INIT state only
ERBST_SEL, bit[1,0] |00 = 1.88Mhz
01 =2.13Mhz
10 = 11 = 2Mhz

3

DoclD025845 Rev 3 35/198




Voltage regulators AN4437

Activation
Requirement: VINGOOD1max =55V <VIN<18V

IC in ACTIVE mode

ERBOOST pin follows battery until POR is released. As POR is released, BOOST runs
being as default active, and ERBOOST voltage increases up to 23 V (default) or 33 V, if
selected, (see Section 3.1: Power up sequence).

Normal function

ERBOOST supplies VSF safing regulator, the GPO drivers and the internal current
generator "ER charge" 30 mA typ. ER charge then charges the external reserve capacitor

on VER pin.
Figure 18. ERBOOST functionality
POWER-OFF_MODE SPI_SYS_CTL(ER_BST_EN=1)
OR SLEEP_MODE reo o
ER BOOST
power mode control [(Active_mode =0 OR
ER BST OFF VBATMON <vBBAD) | ERBST STBY
Default SYS_CTL(ER BST_EN) =1 Active_mode = 1 AND
at POR = 1 AND (ER_state=0 OR
VBATMON > VBGOOD SYS_CFG(KEEP_ERBST_ON)=0)]

AND

VIN > VINGOOD
AND
SYS_CTLER_BST_EN)=1
AND
GNDBOOST _loss = 0
AND
ERBST_OT=0
AND
ERBST_DISABLE=0

VIN < VINBAD SPI_FLTSR READ
OR " AND
SYSCTL(ER_BST_EN) =0 ERBST_OT=0
OR

GNDBOOST _loss = 1

OR
ERBST_DISABLE=1
ER BST ON ER BST OT

ERBST_OT=1/

GAPGPS01120

Diagnostic

Diagnostic read out via SPI:
e ERBOOST status (ON or OFF)
¢ OVER/UNDERVOLTAGE

$05 POWER STATE

ER_BST_NOK, bit 12 |1 =V_ERBOOST<ERBOOST OK
0 =V_ERBOOST>ERBOOST_OK

ER_BST_ON, bit8 |1 =ERBOOST ON
0 = ERBOOST OFF or (OVERTEMPERATURE or STANDBY)

ERBOOST_OK =18V + 22V if ERBOOST =23 V
ERBOOST_OK =26V + 30V if ERBOOST =33V

3

36/198 DoclD025845 Rev 3




AN4437

Voltage regulators

Protection

Short to battery determines an over-temperature event (readable via SPI) that switches off

the regulator.

Overtemperature

$00 FLTSR

ER_BST_OT, bit 17

0 =NO FAULT

1=FAULT

The over-temperature event is latched in the register until it is read through the SPI.

To switch on again ERBOOST, it is necessary to enable again ERBOOST via SPI:

$02 SYS_CTL

Config. in INIT, DIAG, SAFING, SCRAP, ARMING state

ER_BST_EN, bit 6

0= ER_BOOST OFF
1= ER_BOOST ON

Ground loss determines the regulator's switch off. As soon as ground connection is

restored, the regulator restarts automatically, without the ‘SWITCH ON’ SPI command.

After an under/over voltage detection, as soon as voltage turns to its correct value, the
regulator restarts automatically, without the ‘SWITCH ON’ SPI command.

Threshold to deactivate ERBOOST:

ERBST_DISABLETH = VIN-ERBOOST
1.6V <ERBST_DISABLETy <25V

Threshold to activate the ER Boost CLAMP:
CLAMP_ENtH = (ERBSTSW - ERBOOST)

1.6V < CLAMP_ENyy <25V

Figure 19. ERBOOST protection

MM

I

™~
L1

VIN

L1

5 ERBSTSW ERBOOST

enable

ERBST_DISABLE 14

ERBST
Driver &
Control

CLAMP_EN

CLAMP

BSTGND

GAPGPS01635
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5.3

38/198

Deactivation
ERBOOST can be disabled via SPI:

$02 SYS_CTL Config. in INIT, DIAG, SAFING, SCRAP, ARMING state

ER_BST EN, bit6 |0=ER_BOOST OFF
1= ER_BOOST ON

In case of low or lost battery, the IC passes in PASSIVE MODE / ER state, the regulator can
be switched off or not, depending on KEEP_ERBST_ON bit, SYS_CFG register:

$01 SYS_CFG Config. in INIT

KEEP_ERBST_ON bit 12 |0 = ERBOOST disabled in ER state
1 = ERBOOST not disabled in ER state

ER CHARGE - ER SWITCH
ER CHARGE

Features
e |ER_charge 20 mA + 40 mA
¢ RDS(on)max=20Q

Activation

e Requirement: VINGOOD1max =55V <VIN<35V
e ERBOOST=8V

e ICinACTIVE mode

SPI command:

$02 SYS_CTL Config. in INIT, DIAG, SAFING, SCRAP, ARMING state

ER_CUR_EN, bit 7 |0 = ER current source OFF requested
1 = ER current source ON requested

3
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Normal function
ER CHARGE charges the external reserve capacitor connected to VER pin.
Figure 20. ER CAP functionality
SSM_Reset
ER CAP charge control
Default SYS_CTL(ER_CUR_EN) =0at SSM_RESET = 1
ER_charge ON=0
Active_mode =1 Active mode =0
AND OR
SYS_CTL(ER_CUR _EN)=1 SYS_CTL(ER_CUR EN)=0
ER charge_ON =1
GAPGPS01119
Note: ER CHARGE is able to deliver 20 mA (worse case) to charge the external capacitor. Any

3

connections to VER pin determines an additive contribution in terms of current consumption.
Due to the max current limitation of ER CHARGE block, each additive load on the pin lowers
the current inside the external reserve capacitor increasing the time needed to fully charge
it.

For example, connecting VRESDIAG to VER, during diagnostic or at the DCS switch on, the
current required by VRESDIAG is higher than 20mA (the capacitor provides the extra
current).

Diagnostic

ER charge status is readable on SPI:

$05 POWER STATE

ER_CHRG_ON, bit 7 |0 = ER charge ON
1 = ER charge OFF

Deactivation
Out of ACTIVE mode ER charge is switched off to decouple ERBOOST pin from VER
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ER SWITCH

Features
e RDS(On)=05Q+3Q
e current limitation at his activation (300 mA min / 500 mA max)

Activation
Requirement: VINGOOD1max =55V <VIN<35V
IC in PASSIVE mode.

Normal function
When ER switch is on, VIN is supplied through ER switch by the external reserve capacitor.

The energy stored in the external reserve capacitor guarantees the energy supply for the
device until POR occurs, including the deployment (if required) in case of battery low or lost
too.

ER switch implements a current limitation (300mA:500mA) to avoid in-rush current as ER
switch is enabled or in case of a short to ground.

Figure 21. ER SWITCH functionality

T1 Timeout

ER Switch

ER_switch_STBY
Start T1 1 ms

gyment in progress”

ER_SWITCH_TSD

Passive_mode = 1
AND
ER_SW_OV =0

R_SWITCH_TSD = 1

ER_switch_OFF_OT

(ER_SWITCH_TSD =1
AND
“deployment not in progress”)

ER_SW_OV =0if VIN<VER + 0.1V

GAPGPS02885
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3

Protection

Dedicated thermal sensor, active when no deploy is running and monitored through
ER_SW_TSD comparator.

In thermal shutdown, with no deployment running, ER_SWITCH is turned OFF so the
energy taken from the external reserve capacitor is not available. In this condition the
regulators are not any more supplied and POR occurs.

Comparator thresholds are:
150°C < TJSD_ERSW < 190°C
5°C < THYS_TSDERSW <15°C

ER switch status is readable on SPI:

$05 POWER STATE

ER_SW_ON, bit4 |0=ER SWITCH OFF
1=ER SWITCH ON

To avoid continuously on and off cycling, there is a timeout T1, 1ms typ.

ER switch is protected against reverse biasing to avoid back-feeding of battery to the
external reserve capacitor.

Deactivation

It is deactivated when the device exits from PASSIVE mode.

VDDS5 linear regulator

Features

e 5V linear regulator, slope controlled, derived directly from battery line through an
external PNP (hgg min 50).

e VDD5 output voltage: 4.85V +5.15V

e VDD5 load current 0.5 mA + 200 mA

e VDDS5 stability requires an external small capacitor 3 yF + 31 pF.

e  Current limitation is guaranteed controlling the output current on BVDD5 pin.

Activation
Requirement: VINGOOD1max =55V <VIN<35V

It starts in ACTIVE mode and continues to work in PASSIVE mode too, being supplied
through ER switch by the external reserve capacitor.

As the regulator starts running, the under-voltage that occurs before the regulator has
reached its correct value, it is not considered a fault (under-voltage fault) in the first 3ms
after the regulator is switched on.
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Normal function

VDD5 is used to supply eventual 5 V compatible devices on board.

VDDQ pin defines the voltage level on I/O pin:
e if VDDQ is connected to VDD5 it means that digital I/O pins 5V are compliant.
o if VDDAQ is connected to VDD3V3 it means that digital /O pins 3.3V are compliant.

Figure 22. VDD5 functionality

VDD5
power mode control

POWER-OFF_MODE
OR SLEEP_MODE

VDD5_OFF
Clear VDD5_OV

ACTIVE_MODE OR T2 timeout

PASSIVE_MODE

(VDD5_UVSD=1 AND T1 timeout)
OR

VDD5
SHUTDOWN
Start T2 5ms
Latch VDD5_OV

VDD5_rampup VDD5_OV = 1
Start T1 3ms
\VDD5_UVSD masking

T1 timeout

VDD5 UVL =1

VDD3V3_0V =1

GAPGPS01637

VDD5UVSD = VDD5UVL =18V +2.2V
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Diagnostic:
OVERVOLTAGE VDD5_OV = 5.2V + 5.5V, latched
UNDERVOLTAGE VDD5_UV =4.5V + 4.8V

UNDERVOLTAGE LOW LEVEL VDD5 UVL =1.8V + 2.2V
VDD?5 state active VDD5_ACT

Diagnostic read out through SPI:

$05 POWER STATE

VDD5_UV, bit 11 |0 = VDD5>VDD5_UV
1=VDD5>VDD5_UV

VDD5_0V, bit 10 |0 = VDD5<VDD5_0OV
1=VDD5>VDD5_0OV

VDD5_ACT, bit3 |0 =VDD5 in OFF or SHUTDOWN state
1 =VDD5 in RAMPUP or ON

VDD5_ACT bit is used by the microcontroller to monitor the VDD5 status, ON or OFF.

Protection

Current limitation is guaranteed by means of controlling output current on BVYDDS5 pin (4 mA
to 10 mA).

Deactivation

Deactivation is determined by all the conditions that bring back the IC in SLEEP mode.
In case of VDD5_UV, or VDD5 OV or VDD3V3_QV the regulator is switched off.

5.5 VDD3V3 linear regulator

Features

3.3 V full integrated linear regulator slope controlled derived from VDD5.
VDD3V3:32V +34V

VDD3V3 load current 0.5 mA + 125 mA

VDD3V3 load current limitation: 150 mA min

VDD3V3 stability requires an external small capacitor 3 yF + 31 pF.

Activation

Requirement: VDD5min = 4.85 V < VDD5.

It starts in ACTIVE mode and continues to work in PASSIVE mode too, being supplied by
VDD5 and VDD5 is supplied, via ER switch, by the external reserve capacitor.

3
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Normal function

VDD3V3 is used to supply 3.3 V devices, as for example, the microcontroller if it has been
chosen one whose /O pins are 3.3 V compatible.

VDDQ pin defines the voltage level on I/O pin:
e if VDDAQ is connected to VDD5 it means that digital I/O pins 5 V are compliant.
o if VDDAQ is connected to VDD3V3 it means that digital /O pins 3.3 V are compliant.

Figure 23. VDD3V3 functionality

SLEEP_MODE OR
POWER-OFF_MODE

VDD3V3
OFF

VDD3V3
power mode control

T2 timeout

In VDD5_ON state

VDD3V3

SHUTDOWN
Start T2 5ms

Not in VDD5_ON state

VDD3V3_ON

GAPGPS01638

Diagnostic
OVERVOLTAGE VDD3V30V = 3.43V + 3.6V
UNDERVOLTAGE VDD3V3UV = 3.0V + 3.17V

VDD3V3 active state
Diagnostic read out through SPI:

$05 POWER STATE

VDD3V3_UV, bit 14 |0 =VDD3V3>VDD3V3_UV
1=VvDD3V3>VDD3V3_UV

VDD3V3_0V, bit 13 |0 =VDD3V3<VDD3V3_0OV
1=VvDD3V3>VDD3V3_0OV

VDD3V3_ACT, bit1 |0 =VDD3V3in OFF or SHUTDOWN state
1=VDD3V3is ON

3

DoclD025845 Rev 3




AN4437

Voltage regulators

Note:

5.6

3

VDD3V3_ACT bit is used by the microcontroller to monitor the VDD3V3 status, ON or OFF.

Protection

Current limitation of VDD3V3 is IO_LIM = 150 mA max.

If the VDDQ pin (digital outputs supply) is connected to the VDD3V3 and any of the digital
I/O pins are connected to 5V logic, there is no internal blocking diode to prevent 3.3V supply
back feeding.

Deactivation

Deactivation is determined by all the conditions that bring back the IC in SLEEP mode.
It is switched off in case VDD5 is NOT IN on STATE.

VSUP Linear regulator (available for L9678S version)

Features

e 6.8V linear regulator slope controlled, derived directly from battery line through an
external PNP (hgg min 50)

e VSUP output voltage: 6.5V +7.1V

e VSUP load current 0.5 mA + 200 mA

e VSUP stability requires an external small capacitor 3 pF + 30 pF.

e  Current limitation is guaranteed controlling the output current on BVSUP pin.

As the regulator starts running, the under-voltage that occurs before the regulator has
reached its correct value, it is not considered a fault (under-voltage fault) in the first 3ms
after the regulator is switched on.

Activation

Requirement: VINGOOD2max =6.8 V<VIN<35V

IC in ACTIVE or PASSIVE mode; in PASSIVE mode VSUP is supplied through ER switch by
the external reserve capacitor.

SPIl command:

$02 SYS_CTL Config. in INIT, DIAG, SAFING, SCRAP, ARMING state
VSPU_EN, bit5 [0 =VSUP commanded OFF
1 = VSUP commanded ON

Normal function

VSUP is used to supply 6.8 V devices as, for example, the PSI-5 sensor.
In case of L9678 version, VSUP pin can be connected to GND.
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Figure 24. VSUP functionality

VSup POWER-OFF_MODE
power mode control OR SLEEP_MODE
Default SYS_CTL(VSUP_EN) =0
at POR=1
(ACTIVE_MODE OR 21
PASSIVE_MODE) timeout
SYS_CTL(VSUP_EN) =1 SYS_CTL(VSUP_EN) =0
y
vsh (VSUP Juv=1 AND T timeout VsupP
rampup N
Start T1 3ms s;UTTg(QWN
VSUP_UV masking, arf ms
VSUP_UV =0
AND
T1 timeout
GAPGPS01639
Diagnostic

$05 POWER STATE

VSUP_NOK, bit9 |[0: VSUP is in its correct range VTHLVSUP<VSUP<VTHHVSUP

1: VSUP is out of its correct range (VSUP<VTHLVSUP) OR (VSUP>
VTHHVSUP)

VSUP_ACT, bit2 |0 =VSUP in OFF or SHUTDOWN state

1 =VSUP in RAMPUP or ON

VTHHVSUP = 8 V max

VTHLVSUP = 6.5V min

VSUP_ACT bit is used by the microcontroller to monitor the VSUP status, ON or OFF.
Protection

Current limitation is guaranteed by means of controlling output current on BVSUP pin (4 mA
to 10 mA).

Deactivation
Through SPI disable command.

In case of VSUP under-voltage condition that lasts for at least Tyg,puysit (27 WS + 33 us) after
5 ms, VSUP is switched off.
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5.7 VSF linear regulator

Features

e full integrated linear regulator derived from ERBOOST
e VSFis 20V as default value and it is configurable at 25 V via SPI

$01 SYS_CFG Config. in INIT state

VSF_V, bit2 |0=20V selected (18 V + 20 V)
1=25V selected (23 V + 27 V)

VSF stability requires an external small capacitor 2.9 nF + 14 nF.

Turn on time = 100 ps

Activation

Requirement: VINGOOD1max =55V <VIN<35V
VSF + 2V < ERBOOST

IC in ACTIVE or PASSIVE mode

Activation of this regulator is so conditioned:

Figure 25. VSF enable

ARM_EN ——
SAFESEL

ARM1INT

ARM2INT

FENH

FENL
SAFING STATE

DIAG STATE
DSTEST (VSF)

VSF_EN

I% I17

ARMING STATE

GAPGPS01121

SAFESEL configures (via SPI) the safing logic, internal or external:

$01 SYS_CFG Config. in INIT state

SAFESEL, bit 3 |0 = internal safing engine
1 = external safing engine - default

If the IC is in DIAGNOSTIC state, VSF_EN is linked to the request to activate VSF:

3
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$36 SYSDIAGREQ Config. in DIAG state
DSTEST, bit [3+0] |0110 = VSF regulator active

Normal function

VSF is used to supply an external N channel safing FET.

Diagnostic

$05 POWER STATE

VSF_ACT, bit0 |0: VSF_EN=0
1: VSF_EN =1

Protection

Output load current limitation Ig |y =7 MA + 13 mA
Output voltage drop-out = (ERBOOST-VSF) = 2 V max

Deactivation

See picture above: any condition that does not satisfy the condition reported.

5.8 RESET
RESET is active low.

Figure 26. Regulators diagnostic errors

VBGR Reference for
(Reference) Controlling all supplies
VINT3V3 VBGM
(Monitor)

| VBG_READY

VINT_OV
r VINT3V3
Monitor VINT_UV
VDD_OV
r VvDD VREG_ERR
VDD Monitor VDD_UV

VDD3V3_ OV
it VDD3V3_ERR
VDD3V3 Monitor | VDD3V3 UV _|
L oDs VDD5_OV
VDD5 Monitor VDD5 UV VDD5_ERR

GNDSUBXx
GNDA GNDA_ERR
GNDA Monitor I
D— GND_ERR
GNDD ! GNDD_ERR
GNDD Monitor

GAPGPS01122
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List of the internal reset signals:
VBG_READY problem on band gap

VREG_ERR problem on internal voltage regulators
VDD3V3_ERR problem on VDD3V3 voltage regulator

VDD5_ERR problem on VDDS5 voltage regulator

GNDA_ERR GNDA shift greater than 300mV respect to GND SUB
GNDD_ERR GNDD shift greater than 300mV respect to GND SUB
GND_ERR GNDA_ERR or GNDD_ERR

These signals are grouped into 3 internal bit:

Figure 27. RESET organization

GND_ERR
CLKFRERR
VBG_READY ? POR
VREG_ERR \%

VDD5_ERR
- WSM_Reset
SYS_CFG(DIS_VDD5_ERR) /H 4 -
VDD3V3_ERR

0.5ms
stretch

WD1 RESET state SSM_Reset

RESET (pin)
GAPGPS01657

POR (POR bit) takes into account problems on the internal voltage regulators (3V3INT and
CVDD), on GND connections, and problems in the clock frequency.

WSM_Reset (WSMRST bit) takes into account the same problem of POR and problems on
the external voltage regulators, VDDS5 or VDD3V3.

Problems on VDD5 can be ignored depending on DIS_VDD5_ERR bit configuration:

$01 SYS_CFG Config. in INIT state

DIS_VDD5_ERR, bit 14 |0 =VDD5 OV/UV generates reset
1 = VDD5 OV/UV doesn’t generate reset
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SSM_Reset (SSMRST bit) takes into account the same problem of WSM_Reset and

problems on the watchdog service.

$00 FLTSR

WSMRST, bit 3 |0 = WSM RESET has not occurred
1 =WSM RESET has occurred

SSMRST, bit 2 |0 =SSM RESET has not occurred
1 =8SSM RESET has occurred

POR, bit0 |0 =POR RESET has not occurred
1 =POR RESET has occurred

RESET pin (not SSM_Reset) summarizes all the above mentioned cases.
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- For configuration, control and read out status of the IC.
Table 3. Global SPI register map
Operating State(")
GID RID / WID Hex | RIW Name Description
Init | Diag | Ssafing | Scrap | Arming
0 |0|0O|O|O|0O|O|O]|S%00| R FLTSR Global fault status register
Power supply configuration (regulators'
0 |0|0O|0O|O|O|0O|1] %01 |RW SYS CFG output voltage selection, enable internal X
safing engine)
Register to control the power management
0 |0(0|0|0O|0|1]|0] %02 |RW SYS_CTL (enable for tests in diag state, enable for X X X X X
power mode control bit)
QD) 0 |0|O|O|O|O|1[1]%03| W SPI_SLEEP Sleep Mode command X X X X X
g Read register to report in which state the
5 0 |0|0O|0O|O|1]|0|0]|%04| R SYS_STATE power control state machine is and also in
§ which Operating state we are.
Py Power state register (feedback on regulators'
[}
; 0 1010040110} 1)%05 R POWER_STATE status and voltage thresholds)
0 [0[0|0O|0O|1|1|0]| %06 |RW DCR_O X X X X
0 [0[0|0O|O|1|1|1]|8%07 |RW DCR_1 ] ) ) X X X X
Deployment configuration register
0 [0[0O|0O|1]|0|0O|O0O| %08 |RW DCR_2 X X X X
0 [0[0|0O|1]|]0|0|1]$%09|RW DCR_3 X X X X
0 |0|0|0O|1|0|1]|0]$0A
0 |0|0|O|1|0|1]|1]|%0B
0 |0|0O|O|1|1]|0]|0]S$0C
0 |0|0O|O|1|1]|0]|1]$%0D
0 |0|0|O|1|1|1]0]$0E
0 |0|0|O[1|1]|1]1]|$0F
N 0 |0|0|1[|0|0|0]|0O] %10
2 0 |o|o|1]0]|0]0]1]$1
[e7]
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Table 3. Global SPI register map (continued)

Operating State(!)

GID RID / WID Hex | RIW Name Description
Init | Diag | Ssafing | Scrap | Arming

0 [0[0O|1]0]|0|1|0]|%12|RW DEPCOM Deployment command register X X
0 |0|O|1|0|0|1]|1]%13| R DSR_0
0 |0|0|1|0|1|0|0|%14| R DSR_1 ]
o Tololilol ol s3] R DSR 2 Deployment status register
0 |0|0O|1|0|1|1]|0|%16]| R DSR_3
0 |0|O|1[O0|1]|1]1]$17
0 |0|0O|1[1|0|0]|0O] $18
0 |0|O|1[1|0|0]|1]$%19
0 |0|O0|1[1|0|1]|0]|%1A
0 |0|O|1][1|0|1]|1]|%1B
0 |0|O|1|1|1]|0]|0]8%1C
0 |0|O|1|1|1]|0]|1]|%1D
0 |0|O|1[1|1|1]0]|%1E
0 |0|O|1[1|1|1]|1]|%1F| R DCMTSO01

Deployment current monitor register
0 |0|1]/0[0|0|0|0|%20| R DCMTS23
0 |0|1]0|0|0|0]|1] %21
0 |0|1]0[0|0|1]|0] $22
0 |0|1]0[0|0|1]|1] %23
0 |0|1]0[{0|1|0]|0] $24
0 [0[1]0]|0]|1]|0|1]|%25|RW SPIDEPEN Lock/Unlock command X X
0 |0|1]|0|0[1]|1]0]|%26| R LP_GNDLOSS Loss of ground fault for squib loops
0 |0O|1]0|0[1]|1[1]|%27| R VERSION_ID Device version
0 |0|1]0[1|0|0|0|%$28 |RW| WD_RETRY_CONF |Watchdog Retry Configuration X
0 |0|1]0[1|0|0]|1] %29
0 [0[1]0]|1]0|1|0]|$%$2A|RW WDTCR Watchdog timer configuration X
0 [0[1]0]|1]0|1|1]|%2B|RW WD1T Watchdog key transmission & Test mode X X X X X

IdS
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Table 3. Global SPI register map (continued)

Operating State(!)

GID RID / WID Hex | RIW Name Description
Init | Diag | Ssafing | Scrap | Arming

0 |0|1]0[1|1|0]|0|%2C| R WD_STATE Watchdog state

0 [0[1]0]|1]|1]|0|1|%2D|RW CLK_CONF Clock Configuration X

0 |0|1]|0[1|1|1]0]$%2E

0 |0|1]0O[1[1|1]1]%2F

0 |0|1]|1|/0[0|0[|0]| %30 | W SCRAP_STATE Scrap State command X

0 [0O[1]1]0]|0|0|1]|%31]| W SAFING_STATE Safing State command X

0 |0|1]1][0|0|1]|0] $32

0 |0|1]1[0|0|1]1]$33

0 |0|1]1][0|1|0]|0] $34

0 [0O[1]1]0]|1]|0|1|%35| W WD_TEST Watchdog first and second level test X X X X X

0 [0O[1]1]0]|1]|1|0]|$36 |RW SYSDIAGREQ Diagnostic command for system safing X

o lol1l1]ol1]1]1]s37| R LPDIAGSTAT II?)l:s:ostlc results register for deployment

o lol1/1/1|0]0]o]s$38|RW LPDIAGREQ Diagnostic configuration command for X X X X
deployment loops

0 |0|1]1|1][0]|0|1] %39 |RW SWCTRL DC sensor diagnostic configuration X X X X
In WID is AtoD converter control register A.

0 [0O[1]1]1]0|1|0]|$3A|RW DIAGCTRL_A In RID is AtoD result A request. X X X X
In WID is AtoD converter control register B.

0 [O[1]1]1]0|1|1]|8$3B|RW DIAGCTRL_B In RID is AtoD result B request. X X X X
In WID is AtoD converter control register C.

0 |0|1]1[1[1|/0]|0]|$%$3C|RW DIAGCTRL_C In RID is AtoD result C request, X X X X
In WID is AtoD converter control register D.

0 |0|1]|1[1[1|0]|1]|8%3D|RW DIAGCTRL_D In RID is AtoD result D request, X X X X

0 |0|1]|1]1|1|1]0]$3E

0 |0|1|1[1|1]|1]1]8$3F

0 |1|/0]/0[0|0|0]|0] $40

0 |1|0[|0|0|0|0]|1] %41
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Table 3. Global SPI register map (continued)

GID

RID / WID

Hex

R/W

Name

Description

Operating State(!)

Init

Diag

Ssafing

Scrap

Arming

$42

R/W

GPOCR

General Purpose Output configuration

X

$43

R/W

GPOCTRLO

General Purpose Output control register

X

$44

R/W

GPOCTRLA1

General Purpose Output control register

X

$45

$46

GPOFLTSR

General Purpose Output fault status register

$47

ISOFLTSR

ISO9141 fault status register

$48

$49

$4A

R/W

RSCR1

PSI5 configuration register

$4B

R/W

RSCR2

$4C

$4D

$4E

R/W

RSCTRL

Remote sensor control register

$4F

$50

RSDR1

Remote sensor data and fault flag registers

$51

RSDR2

$52

$53

$54

$55

$56

$57

$58

$59

$5A

o|lo|o|oo|0o|0o|Oo|O0O|0O|0O|O0O|O|0O|O|0O|0O|O|0O|0O|O|O0O|O|O|O|O]| O

Al AalAalalalalalalalalalalalalalalalalalalalalalalal

«lNeolNolNolNolNolNol ol ol ol ol ol Nol ol Noll ol ol Nol ol Noll ol ol Nol Nol ol o)

SlalalalalalalalalalalalOl0OlO0O|l0O|OjlO|O|O|O|O|O|O|O| O

Al alalalO|O|OC|O|OCO|O|O|O|| |||~ O|O|OC|O|O]| O
O|lOo|O|O| ||| |O|l0O|0C|O||||r|Ol0C|OC|OC|=|=_2|~|~|]O|O

= D2 | OO | 2| OO | 2|00 | 2|00 | 2|00 ~ajlO0O|lO| = =

= O |O| =2 |O|=_|O|~|O|~|O|=_|O|~|O|~|O|=_|O|~|O|—~|O|—~|O
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Table 3. Global SPI register map (continued)

GID

RID / WID

Hex

R/W

Name

Description

Operating State(!)

Init

Diag

Ssafing

Scrap

Arming

$5C

$5D

$5E

$5F

$60

$61

$62

$63

$64

$65

$66

R/W

SAF_ALGO_CONF

Safing Algorithm configuration register

$67

$68

oO|lo|o|oo|oo|oo|oo|Oo|Oo|O0O|O|O|O| O

Al Al Al alAalAalalalalalalalal

AlalalalalalaAala|lala|lo|lolo| ©

O|O|OC|O0O|O|OC|O|C|O|O| |-
2| 2| O|0O|0O|OC|O|C|O|O |-
Ol O| | | A a|l0O|0C|0C|O0O| |

O|lOoO|=|~|O|O||_2|OC|lO|=~|~|O|O

= O|=|O| =~ |O|=_|O|~|O|—~|O|=~|O

$69

o

—_

o
-
o

—_

o

$6A

ARM_STATE

Status of internal arming signals FENH,
FENL, ARMx

$6B

$6C

$6D

$6E

R/W

LOOP_MATRIX_ARM1

Assignment of ARM 1 pin to which LOOPS

$6F

R/W

LOOP_MATRIX_ARM2

Assignment of ARM 2 pin to which LOOPS

$70

$71

$72

$73

AEPSTS_ARM1

o|lo|o|o|o|o|o|o|o| O

Alalalalalalalalal

AlalalalaAalalalalal

Al Al aAalaAala~alO|l OOl O ©O
O O OO0 O |l Al ala
SOl OOl OOl O Al O

O| = | 2| OO | | O| O =

OO~ |O| 2O O| -~

$74

AEPSTS_ARM2

Arming pulse stretch timer value
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Table 3. Global SPI register map (continued)

GID

RID / WID

Hex

R/W

Name

Description

Operating State(!)

Init

Diag

Ssafing

Scrap

Arming

$A3

$A4

$A5

Safing record request target

$A6

R/W

SAF_RESP_MASK_1

$A7

R/W

SAF_RESP_MASK_2

$A8

R/W

SAF_RESP_MASK_3

$A9

R/W

SAF_RESP_MASK_4

$AA

$AB

$AC

$AD

$AE

$AF

$BO

$B1

$B2

$B3

$B4

$B5

$B6

$B7

$B8

Safing record response mask

X | X | X| X

$B9

R/W

SAF_RESP_TARGET 1

$BA

R/W

SAF_RESP_TARGET 2

$BB

R/W

SAF_RESP_TARGET 3

Al AalAalalalalalaAalalalalaAalalalalalalalAalalalalalaAalal -

«lNeolNolNol ol NolNol ol ol ol ol NolNol ol Nol ol NolNolNol Noll ol NolNol NolNol o)

Al AalaAalalalalalalalalalalalalalalalalalalalalalalal

Al alalalAalaAafaAalaAalalalaAalAalO0O|lO|0O|O|lO|Oj|O|O|O|O|O| O

R RA A Al Al OO0l OO |l alal~al0o|l0jl0loOf O
=S| O O 0| O | 2| A A |00 0| 0O | A2~ |l0O|l0O|l0CO|0O| |~ 0O

O| = | 2| OO | 2|0 O | 2|0| 0| | 2|00 2|00 ~lO0O|lOC| =

O |O|~|O| 2|02 O|~|O|_|O|_|O|~|O|_|O|_|lO|~|O|=_|Of=

$BC

R/W

SAF_RESP_TARGET 4

Safing record response target

X | X | X| X

IdS
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SPI

Operating State(!)
Init | Diag | Ssafing | Scrap | Arming
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Table 3. Global SPI register map (continued)

GID

RID / WID

Hex

R/W

Name

Description

Operating State(!)

Init

Diag

Ssafing

Scrap

Arming

$EB

$EC

$ED

$EE

Safing record threshold

$EF

R/W

SAF_CONTROL_1

$FO

R/W

SAF_CONTROL_2

$F1

R/W

SAF_CONTROL_3

$F2

R/W

SAF_CONTROL_4

$F3

$F4

$F5

$F6

$F7

$F8

$F9

$FA

$FB

$FC

$FD

$FE

Safing record control

X | X | X| X

Al AalAalalalalalalalalalalalalalalalalalala

Al Aalalalalalalalalalalalalalalalalalalala

Al alalalalalalalalalalalalalalalalalalala

Al Al Al Al AaAlAaAalAaAalaAalaAalaAalAaAlAalAalAa|l | ~lO|]O|]O]| O] O
Al Al Al Al Al Al Al aAa|lO|l0O|lO|O|O]|CO|0CO| O |l
S| A A A 0| 0| 0| 0O | a0l |~ O

= | 2| OO | 2| OO | 2|00 |||l | ~jO0O|O| -

= | O = | O | O = | O = |O| O O OO O] -

$FF

R

SAF_CC

Safing record compare complete

1.

A check mark indicates in which operating state a WRITE-command is valid.
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SPI_MOSI: for input register. MSB is the first bit received, LSB the last
SPI_MISO: for output register. MSB is the first bit transmitted, LSB the last

SPI_SCK: clock, slave input data latched on SPI_SCK rising edge and slave output data
shifted on falling edge

SPI_CS: chipselect CS =H — SPI pins in tri-state
CS =L — SPI communication enabled
There are other two chip selects, SAF_CS0 and SAF_CS1. They are used for a specific

communication between sensor interface and IC, see Section 4.3: SAFING.

Figure 28. SPI signals

_\ =
SPI_CS 1 15
PEENQIPE-EIN 6 2
r /—
I <«
SPI_SCLK f
- 9 —>[13|«—
J_LI 41_2, 10
| < >
SPI_MOSI LSB OUT DONTY
_ MSB OUT >¢ DATA X X CARE 1
RN BN
SPI_MISO —]' MSB IN ‘—< DATA >-< LSBIN
GAPGPS01152

SPl is 32 bit, so organized:

31|30 |29 |28 [27 26|25 |24 |23 |22 |21] 20 [19][18[17] 16

62/198

SPI_MOSI | GID RID[6:0] WID[6:0] WPAR
SPI_MISO GSWI[10:0] | RPAR | READ[19:16]
5| 1413121109 |8]7[6[5] 4 [3[2]1]0
SPI_MOSI WRITE[15:0]
SPI_MISO READI[15:0]
GID global ID, shared between RID and WID
WID / RID register definition Write and Read

WPAR / RPAR odd parity bit Write and Read, calculated on all the 32 bit
GSwW Global Status Word

WRITE Data input (15:0)

READ Data output (19:0)

MSB is the first bit transmitted from the master to the IC slave and LSB (MOSI signal) is the
last. The same happens on MISO signal.

3
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SPI

3

Global Status Word bit organization:

MISOBIT| 31 30 29 28 27 26 25 24 23 22 21
7] = N T
| L il > > o) a
S S| 5|2 |k |e || 2|82 |53 ¢
MISO oo o LL [m] = L - > > | I
o w 0 = o) = [T x x
» a) @ o i o 8 ) & i
= a O O w
GSW BIT 10 9 8 7 6 5 4 3 2 1 0

Due to an SPI_MOSI, the correspondent SPI_MISO is available in the same slot of time of
the SPI_MOSI (in frame).

FAULT cases on SPI

GSw SPIFLT, bit 31 (bit 10 of GSW)

0 = no fault

1 = fault

SPI_FLT indicates:
1. number of SPI_SCK different from 32;
2. WPAR bit error in MOSI

Any incorrect access to a register (write/read) is forbidden, but SPIFLT bit is not set.

ERR_WID / ERR_RID

If an SPI write command, with correct WID, is received but the IC is in a status where the
writing operation into the addressed register is forbidden (see INIT, DIAG, SAFING, SCRAP,
ARMING states), the command itself is discharged and ERR_WID in the next GSW is set.

ERR_WID is not set when a read only register is addressed through WID. The command is
ignored.

GSW ERR_WID, bit 22 (bit 1 of GSW)

0 = no error

1 =error

If an SPI command is referred, through a RID address, to an unused register, ERR_RID is
set in the current GSW and the command is discharged.

GSW ERR_RID, bit 21 (bit 1 of GSW)
0 = no error
1 =error
DoclD025845 Rev 3 63/198
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SAFING

Safing logic is based on

e  On board sensors and/or remote sensors (PSI 5)

e ARM signal: two internal ARMIINT (i=1,2) or two external FENH, FENL

Figure 29. Internal ARIMNG signals

SCLK_G
MOSI_G
MISO_G

CS_G
SAF_CS0
SAF_CS1

SAFING STATE

DIAG STATE

DSTEST(ARM)
DSTEST(PULSE)

CHxDEP

ARMING STATE

E

Dﬁ)— ARMAINT

SPI Decode / Pulse
Threshold Stretch
— | Compare
N
L/

—T[}L

j)— ARM2INT

GAPGPS02887

ARM pin can be (in according to SAFESEL, bit3 $01 SYS_CFG) the output of the arming
signal generated by the integrated safing engine or it can be the combination of
FENH/FENL signals that come from external logic:

Figure 30. ARMING organization

WD1_RUN —
WD1_LOCKOUT

SSM_RESET

WD1_OVERRIDE

FENL

FENH

SAFING STATE
SAFESEL

)

I

q

T

Safing
Engine

ARM1INT Z

ARM2INT

ARM_EN

~
)

GAPGPS02886
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SAFING

71

Note:

3

SPI sensor data decoding - Configuration

IC is able to process data coming from both PSI5 remote sensors or on board sensor. Data
processed can be used in order to engage the ARMING internal procedure.

Following pins are involved in this process:

e SPI_CS (active low) is the standard chip select of SPI;

e SAF_CS0, SAF_CS1 (active low) to select up to two on board sensors;

e MOSI is the input data for the IC and MISO is the output data of the IC when CS is low.

MISO is internally read back. Data will be sent out the IC or not basing on SPI_CS.

When SAF_CSO0 or SAF_CS1 is asserted, IC can sniff data on MISO pin (MOSI remains an

input pin). So the IC knows what microcontroller requires and what sensor answers.
Figure 31. MOSI, MISO, SPI_CS, SAF_CS0, SAF_CS1, SCLK

SPI_CS

L9678
MOSI REQ_MASK, REQ_TARGET _ N

MISO RESP_MASK, RESP_TARGET, v
MICROCONTROLLER DATA MASK MISO
block

SCLK 1 >
|

SENSOR 0 SENSOR 1

SAF_CS0

SAF—CS 1 GAPGPS02888

The external logic guarantees that SAF_CS0, SAF_CS1 and SPI_CS are not asserted
simultaneously; if it happens, the frame is discharged.

Safing configuration register is done through SAF_CONTROL_x registers x=1+4.
$EF — SAF_CONTROL_x — x=1

$F0 — SAF_CONTROL_x — x=2

$F1 — SAF_CONTROL_x — x=3

$F2 — SAF_CONTROL_x — x=4

All safing records are reset by SSM reset.

Case x=1

DoclD025845 Rev 3 65/198
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ARMING considering positive or negative acceleration

It defines if arm is with positive or negative acceleration or both.

$EF SAF_CONTROL_1 | Config only in DIAG state

ARMSELT, bit [15,14] |00, 11 = ARMP or ARMN
01 =ARMP
10 =ARMN

SPI field selection

SPI field selects (for the safing record x) which 16-bit field in the SPI messages will be used
in the response on MISO. In case of message having less than 32 bit, this bit doesn't care.

This bit will be relevant in the SAF_RESP_MASK definition, where it is defined which bit,
sent from sensor to microcontroller, contain the data, the first 16 or the second 16 bit.

$EF SAF_CONTROL _1 |Config. only in DIAG state

SPIFLDSELA1, bit 13 |0 = first 16 bit of SPI_MISO frame
1 = second 16 bit of SPI_MISO frame

LIMIT SELECTION
It defines the out-of-range threshold, considering PSI 5 sensor at 8 bit or 10 bit.

This bit is taken into account if LIM_ENXx is set.

$EF SAF_CONTROL _1 | Config. only in DIAG state

LIM_EN1, bit 12 |0 = 8 bit data range |data|>120d, data not recognized valid
1 =10 bit data range |data|>480d, data not recognized valid

LIMIT ENABLE

To enable or not the out of range control.

$EF SAF_CONTROL _1 | Config. only in DIAG state

LIM_EN1, bit 11 |0 = data range limit disabled
1 = data range limit enabled

comMB

This command allows, performing mathematic elaboration as sum or difference between
accelerations read from different sensors, to elaborate the direction of the acceleration
detected from x-y axis to have an on-axis response. The direction depends on the sensor
orientation inside the system.

$EF SAF_CONTROL_1 | Config. only in DIAG state

COMBX, bit [10] [0 = combine function disabled
1 = combine function enabled

3

DoclD025845 Rev 3




AN4437

SAFING

3

When the “combine function” is enabled, the elaboration, being x=1, 3, is:
e  Safing record pairs x, x+1 (1, 2/ 3, 4)

e  Safing record (x) = data(x) + data (x+1)

e  Safing record (x+1) = data(x) - data (x+1)

Since this elaboration is performed using two safing records, the elaboration itself is
performed only after that the two safing records have been captured (CC_x=1).

In case of an on-board dual axis sensor which is offset 45 degrees from center, the IC
allows vector addition/subtraction to refer the sensor data to the vehicle axis.

Here below it is shown how to refer to the data caught by the sensors, referred to their axis
orientation, to the axis LONG and LAT of the vehicle, through simple sum or difference of
sensor data, with the aim of managing the ARMING process.

Figure 32. Sensor's axis and vehicle's axis correlation

A LONG
——r
il -—.-‘H'.
rl |.T
. I LAT
" f >

LAT -

GAPGPS02890

LONG= X* cos(@)+ Y* cos(@+90°)
LAT = X* cos(@+90)+ Ycos(@+180)

if

0 =45

LONG= x*—z—y*—zz—z(X—v)
2 2 2

LAT=—X*—2—YQ =——2(X+ Y)
2 2 2

GAPGPS02889

Thresholds are referred to LONG and LAT reference system;

Data caught from sensor are referred to X and Y axis. These axis are rotated with respect to
LONG and LAT axis, see Figure 32.
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The thresholds (TH_LONG and TH_LAT thresholds) must consider the sensor direction with
respect to the vehicle axis, so the trigonometric parameters (8) are known and included in

the thresholds:
IX-Y|> TH* 2 = TH_LONG
V2
|X+Y|> TH* 2 _ TH_LAT
\/E GAPGPS02891
DWELL

Once an arming condition is detected, it remains valid for DWELL time (pulse stretch time)
waiting for an eventual firing command.

DWELL time is blocked by SSM reset.

In case different values are configured for the four safing records, the value considered is
the longest one.

Figure 33. ARMING enable pulse stretch
Arming Safing Logic
Processed result
I
11

I
I
[ > [ E—>

Less Than Pulse Pulse Stretch
Stretch Time Time

|

T

Arming Enable I
Pulse Stretch I

Pulse Stretch Time

GAPGPS01148

$EF SAF_CONTROL _1 |Config. only in DIAG state

DWELLXx (x=1), bit [9,8] |00 =2048ms
01 =256ms
10 = 32ms
11 =0ms

Note: In SAFING configuration it is defined the time DWELL, that is the period of time in which the
ARMING signal, once asserted, is valid waiting for a deployment command.

In DEPLOYMENT configuration it is defined the time DEPLOY EXPIRE TIME, that is the
period of time in which the deployment command, once received, is valid waiting for the
ARMING signal asserted.

3
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ARM

There are two internal arming signals (ARM1INT, ARM2INT). The safing record can be
assigned to one or both of them (ARM1INT ARMZ2INT).

This allows grouping the sensors that recognize a high acceleration based on their direction,
representing then the crash event.

ARM1TINT - ARM2INT are linked to the deployment loop following LOOP_MATRIX_ARMXx
set-up, $6E and $6F registers:

$6E LOOP_MATRIX_AMR1
$6F LOOP_MATRIX_AMR2

ARMx_Li, i=3..0, b[3:0] |0 =ARMXx not associated with loop i
1 = ARMx associated with loop i

Config. only in DIAG state

In this way it is possible to establish which deployment loop will take place based on the
direction of the crash event.

A safing record can be mapped at the same time both on ARM1INT and ARM2INT

x=1

$EF SAF_CONTROL _1 |Config. only in DIAG state

ARM2x, bit 5 |0 = safing record x not assigned to ARM2INT
1 = safing record x assigned to ARM2INT

ARM1x, bit4 |0 = safing record x not assigned to ARM1INT
1 = safing record x assigned to ARM1INT

CS
To associate a safing record with one of the 3 chip select, SPI_CS, SAF_CS0, SAF_CS1

$EF SAF_CONTROL _1 | Config. only in DIAG state

CSx, bit [3+1] | 001 = SAF_CSO0 associated to safing record x
010 = SAF_CS1 associated to safing record x
101 = SPI_CS associated to safing record x

Others = no CS associated to safing record x
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IN FRAME

As said, the answer (on MISO) can be in frame with the request (MOSI) or out of frame. The
IC has to be aligned to the option chosen

Figure 34. SPI sensor frame organization

MOSI | Requestn| |  Unused |
~
MISO | Status || Responsen |

MOSI [ Requestn | [ Requestn+i |
N

MISO | Requestn-1 | | Responsen |

GAPGPS02892

$EF SAF_CONTROL _1 | Config. only in DIAG state

IF1, bit 0 |0 = response out of frame (record x)
1 =response in frame (record x)

SPI is 32bit:

31|30 |29 |28 |27 26|25 |24 |23 |22 |21] 20 [19][18[17] 16

SPI_MOSI
REQUEST

GID RID[6:0] WIDI[6:0] WPAR

SPI_MISO
REQUEST

GSW[10:0] RPAR READ[19:16]

1514 1B3[12]|1M|10]9[8][7]6][5] 4 [3]2]1] o0

SPI_MOSsI
REQUEST

WRITE[15:0]

SPI_MISO
REQUEST

READI[15:0]
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Compatible on board sensors are able to communicate over 16, 32 or even more bit frames.

Useful information for the microcontroller requests is supposed to be always located on the
first 16MSBs (GID, RID, WID, WPAR), while the useful information for sensor response can
be located both on first 16 or second 16bit block of response from sensor.

If the frame is shorter than 16 bit, the frame is discharged;

In case of frame length between 16 and 32 bit, 16 MSB are latched while the latter bits are
ignored.

In case of 32 bit frame or longer, 32 MSB are latched, while the latter bits are ignored by the
IC; in this case first or second 16 bit block is considered, depending on the configuration of
the bit SPIFLDSELA1.

In order to extract useful information from the data sniffed over the SPI bus, IC provides
definition for configurations of proper request masks and response masks, which can be
programmed by the microcontroller, see Section 7.2.
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Sensor data are processed as described below. The IC provides four 16 bit registers for
safing records.

ENABLE
Each safing record has to be activated, through 7F SAF_ENABLE

These bit determine when a safing record is active or inactive.

$7F SAF_ENABLE | Config. in DIAG, SAFING, SCRAP, ARMING state

EN_SAF4, bit3 [0 = disable
EN_SAF3, bit2 |1 =enable
EN_SAF2, bit 1
EN_SAF1, bit 0

THRESHOLD
Each safing record has to be compared with a threshold, configured only in DIAGNOSTIC
state, one threshold for each safing record:

$DF — SAF_THRESHOLD x — x=1

$EO0 — SAF_THRESHOLD_ x — x=2

$E1 —» SAF_THRESHOLD x — x=3

$E2 — SAF_THRESHOLD_ x — x=4

x=1,

$DF SAF_THRESHOLD_1 |Config. only in DIAG state
SAF_THRESHOLD_1, bit [15+0]

The threshold is always programmed in absolute value, even if the safing record is a simple
sensor data or data combination, sum or difference.

The safing record is compared with the SAF_TH.

Inside the IC there are two dedicated counters (POS_COUNT, NEG_COUNT) to count, with
the weight ADD_VAL and SUB_VAL, how many times the safing record overcomes the
threshold SAF_TH.

These counters (POS_COUNT, NEG_COUNT) have their limits, ARMN_TH, ARMP_TH.
These parameters are defined in the SAF_ALGO_CONF register.

Counters' values are updated on each sensor sample received.

$66 SAF_ALGO_CONF | Config. only in DIAG state
ADD_VAL, bit [2+0] |incremental step size
SUB_VAL, bit [5+3] |decremental step size
ARMN_TH, bit [13+10] | Threshold negative counter
ARMP_TH, bit [9+6] | Threshold positive counter
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If safing record > +|SAF_TH| — it is incremented the positive counter, POS_COUNT of
ADD_VAL; otherwise the counter is decremented of SUB_VAL

If safing record < -|SAF_TH| — it is incremented a negative counter, NEG_COUNT of
ADD_VAL; otherwise the counter is decremented of SUB_VAL.

Values of NEG_COUNT and POS_COUNT counters are compared with two thresholds,
ARMN_TH and ARMP_TH respectively to define ARMN and ARMP signals

If POS_COUNT = ARMP_TH — ARMP set
If NEG_COUNT = ARMN_TH — ARMN set

Based on ARMSEL bit (register $EF-$F2) and on ARMP/ARMN result, the internal arming
flags will be asserted or not.

Once the sample cycle time is elapsed, the sensor data received (CC_x=1) flags that the
arming processing has been successfully run.

In case of no data received (CC_x=0) it is possible to configure how the IC behaves. A
possibility is to consider the "no data" received event in a similar way than a data below
threshold (arming counters decremented) or by taking a more severe alternative (arming
counters reset).

$66 SAF_ALGO_CONF | Config. only in DIAG state

NO_DATA, bit 15 |0 = event count reset if CC=0 when SPI has read the SAF_CCx bit (no
acceleration data received)

1 = event count decremented by SUB_VAL when SPI has read the
SAF_CCx bit (no acceleration data received)

COMPARE COMPLETE

Data sample cycle is managed by the microcontroller reading CC_x bit;
typical timing for sampling cycle is 500 ps (sensor sampling period 475 us + 525 us).

Once the IC receives data from sensors, post processing for arming purpose starts and any
other valid data received from sensors are ignored until the microcontroller reads the CC_x
bit.

Should the microcontroller read the CC_x bit and no valid data have been received yet, IC
reacts according to the $66 SAF_ALGO_CONF register, NO DATA bit

$FF SAF_CC

CC_4, bit3 |0 = compare not completed
CC_3,bit2 |1 =compare completed

CC_2, bit 1
CC_1,bit0

3
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SPI sensor data decoding - MASK

Sensors regularly exchange data with the main microcontroller through multiple SPI
messages. Since not all communications between sensors and microcontroller contain data,
it is important for the decoder to properly sort the communications and extract only the
targeted data.
The solution is specific masking definition, per safing record:

REQUEST MASK, TARGET REQUEST (MOSI line)

RESPONSE MASK, TARGET RESPONSE (MISO line)

DATA MASK

SAFING THRESHOLD

REQUEST MASK (on MOSI line)
The registers to be configured are the four SAF_REQ_MASK _x. The explanation is the
same for all the four registers, so only the first is considered:

$80 SAF_REQ_MASK_x — x=1

$81 SAF_REQ_MASK_x — x=2

$82 SAF_REQ_MASK_x — x=3

$83 SAF_REQ_MASK_x — x=4

Case x=1

$80 SAF_REQ_MASK_1 |Config. only in DIAG state

SAF_REQ_MASK_1, bit [15+0]

Here is defined the position, inside the frame, of the bit to be considered in the data
received. This is done by setting bit in SAF_REQ_MASK x located in the position to be
considered.

Extraction of data is done by putting in AND (bit per bit) the SAF_REQ_MASK with the data
received.

TARGET REQUEST (on MOSI line)
The registers to be configured are the four SAF_ REQ_TARGET_x. The explanation is the
same for all the four registers, so only the first is considered:

$93 SAF_REQ_TARGET_x — x=1

$94 SAF_REQ_TARGET x — x=2

$95 SAF_REQ_TARGET_x — x=3

$96 SAF_REQ_TARGET x — x=4

Case x=1

$93 SAF_REQ_TARGET_1 |Config. only in DIAG state
SAF_REQ_TARGET _1, bit [15+0]

Considering the bit selected through REQUEST MASK, the value they have to assume is
indicated in the REQUEST TARGET.
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So in REQUEST MASK it is defined which bit positions to look at; in REQUEST TARGET it
is defined the expected value the bit in the positions defined through REQUEST MASK have
to assume.

This procedure is the definition of the filter of all the data exchanged: which bit consider and
which value they have to assume.

RESPONSE MASK (on MISO line)
The registers to be configured are the four SAF_RESP_MASK_x. The explanation is the
same for all the four registers, so only the first is considered:

$A6 SAF_RESP_MASK_x — x=1

$A7 SAF_RESP_MASK_x — x=2

$A8 SAF_RESP_MASK_x — x=3

$A9 SAF_RESP_MASK_x — x=4

Case x=1

$A6 SAF_RESP_MASK_1 |Config. only in DIAG state
SAF_RESP_MASK 1, bit [15+0]

Here is defined the position, inside the frame received from the sensor (MISO), of those bit
to be considered. This is done setting the bit, in SAF_RESP_MASK x, located in the
position of the bit to be considered.

RESPONSE TARGET (on MISO line)
The registers to be configured are the four SAF_RESP_TARGET _x. The explanation is the
same for all the four registers, so only the first is considered:

$B9 SAF_RESP_TARGET x — x=1

$BA SAF_RESP_TARGET x — x=2

$BB SAF_RESP_TARGET x — x=3

$BC SAF_RESP_TARGET_x — x=4

Case x=1

$B9 SAF_RESP_TARGET_1 |Config. only in DIAG state
SAF_RESP_TARGET _1, bit [15+0]

Considering all the data that can pass on MISO line, the only one that has to be considered
is the data that in the position defined in RESP MASK has the value defined in the RESP
TARGET.

So in RESP MASK it is defined which bit look at; in REQUEST TARGET it is defined the
expected value these bit, coming from the sensors (MISO line), should have.

This procedure is the definition of the filter of all the data exchanged: which bit consider and
which value they should have, sensor side.

3
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DATA MASK (on MISO line) definition, only in DIAGNOSTIC state
The registers to be configured are the four SAF_DATA_MASK_x. The explanation is the
same for all the four registers, so only the first is considered:

$CC SAF_DATA_MASK_x — x=1

$CD SAF_DATA_MASK x — x=2

$CE SAF_DATA_MASK_x — x=3

$CF SAF_DATA MASK x — x=4

Case x=1

$CC SAF_DATA_MASK_1

Config. only in DIAG state

SAF_DATA_MASK _1, bit [15+0]

Here is defined the position,

inside the frame received from the sensor (MISO), of those bit

to be considered. This is done by setting the bit, in SAF_DATA_MASK_x, located in the
position of the bit to be considered.

Figure 35. MOSI, MISO, SPI_CS, SAF_CS0, SAF_CS1, SCLK

CSs

MOSI REQ_MASK, REQ_TARGET N

|4
RESP_MASK, RESP_TARGET, L9678
MICROCONTROLLER | MISO DATA MASK
. A 4 ‘ '
SCLK T
SAF_CS0 SENSOR 0 SENSOR 1
SAF_CS1
GAPGPS02893
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Example to explain safing MASK definition
1. Data sensors are so organized:
Bt | 15 | 14 [ 13 [ 12 | 11| 10 9|8|7|6|5|4|3|2|1|0
SO | 0 |CHi|CHO| P | ST1| STO Sensor data
bit [14,13]= channel selection, x or y
bit [9+0]=data sensor
bit 12=patity bit
bit [11,10]=type of data in sensor data field (acceleration, self-test, error)
2.  If the microcontroller request is (MOSI):

Bt | 15 | 14 | 13 [ 12 | 11 | 10 9|8|7|6|5|43210
sI 0 0 1 X 1 0 X 1 0 1 0
bit [14,13]= 01 this codification can be for example the sensor for x acceleration

bit 12=don't care
bit [11,10]=01 this codification can indicate for example that in the data field are
reported acceleration data
bit [9+4]= don't care. These are the data the sensor sends. Microcontroller reads them,
but doesn't write them
bit [3+0]=address of the sensor, for example 1010 that is sensor n.3
3. Based on this information, the MASK will be:
SAF_REQ_MASK - microcontroller requires something
SAF_REQ_MASKx[15:0]
Bt | 15 | 14 | 13 [ 12 | 11 | 10 9|8|7|6|5|43210

1 1 1 0 1 1 0 1 1 1 1
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bit [15:13], b[11:10], b[3:0] set
bit 12, bit [9:4] correspond to the position of bit not to be considered; they are left at 0.

3
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SAF_REQ_target - microcontroller says what it expects

SAF_REQ_TARGETX[15:0]

Bit

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

0 0 1 X 1 0 X 1 0 1 0

bit 15 is expected @0
bit [14:13] is expected to be 01 being x axis data
bit 12 is the parity bit, so a priori is not defined

bit [11:10] is expected to be 10 because it is supposed that the data received from
sensor will be the acceleration

bit [9:4] are the data, so their value is not known a priori.
bit [3:0] is expected to be 1010 being selected the sensor number 3
SI[15:0] AND SAF_REQ_MASKXx[15:0] = SAF_REQ_TARGETx[15:0]
The SAF_RESP_MASK allows choosing one message among those in the SPI bus.

In this case, the IC sniffs the frame on MISO line. It considers the position of bit at 1 in
the frame.

SAF_RESP_MASKx[15:0]

Bit

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

1 1 1 0 1 1 0

bit 15 is expected at 0, so bit 15 is in a relevant position and bit 15 in the
SAF_RESP_MASK is set.

bit [14:13] expected 01 so bit 14 and bit 13 are set
bit 12 don't care so bit 12 is left at 0
bit [11:10] expected 10 so bit 11, bit 10 are set

bit [9:0] are the data, not useful to identify which message has to be chosen, so they
are left 0

The SAF_RESP_TARGET indicates which values are expected for the bit selected in
the SAF_RESP_MASK:

SAF_RESP_TARGETXx[15:0]

Bit | 15 | 14 | 13 | 12 | 11 | 10 9|8|7|6|5|4|3|2|1|0
0 0 1 X 1 0 X
bit 15=0

bit [14:13]=01

bit 12 don't care — x

bit [11:10]=10

bit [9:0] this field corresponds to the data that are not known a priori — x
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The SAF_DATA MASK indicates where the data bits are localized, in the frame received
from the sensor and identified through SF_RESP_MASK, SAF_RESP_TARGET

In this example data are supposed to be localized in position 9:0, so the correspondent bit
[9:0] =1

SO[15:0] AND SAF_RESP_MASKx[15:0] = SAF_RESP_TARGETX[15:0]

SAF_DATA_MASKx[15:0]

Bit 15 14 13 12 1" 10 9|8|7|6|5|4|3|2|1|0

0 0 0 0 0 0 1

SPI sensor data decoding - Example arming without on
board sensor

Here below there is an example to show how to configure the MASK registers in case of an
ECU where on board sensors are not present and the arming is driven by the data received
through RSU interface. It is supposed a 10 bit PSI5 data transmission (L9678-S case).

In particular, the example shows how to assign safing record 1 to the data from RSUQ;
safing record 1 is assigned to both ARM1int and ARM2int signals.

1. Enable safing record #1

$7F SAF_ENABLE | Config. in DIAG, SAFING, SCRAP, ARMING state

EN_SAF1 (bit 0) =1 |0 = safing record 1 disabled
1 = safing record 1 enabled < chose

2. Configure SAF_REQ_MASK for safing record 1

$80 SAF_REQ_MASK_1 | Config. only in DIAG state
SAF_REQ_MASK1 bit[15:0] |0111 1111 0000 0000 = $7F00

SAF_REQ_MASK is applied on messages recorded from MOSI pin; peripheral device
identification is through GID, RID, WID that are located always in the first 16 bit:

e  bit 31 = GID, not important in this exercise

e it [30:24] = RID [6:0] is the address of the data to be read.

e  bit[23:17] = WID [6:0] is the address of the data to be written, not relevant
e  bit 16 = WPAR not relevant

SAF_REQ_MASK defines, in the first 16 bit, which of them have to be considered, here all
the RIDs, moved to the range [15:0] instead of [31:0]. They are set.

3. Configure SAF_REQ_TARGET for safing record 1

$93 SAF_REQ_TARGET_1 |Config. only in DIAG state

SAF_REQ_TARGET1 bit[15:0] | 0101 0000 0000 0000 = $5000

3
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Here is defined the expected value of the bit extracted through the request MASK.
When bit[14:8] = RID[6:0] = 101, $50, of MOSI frame sent to the IC, a reading access to the
sensor register RSDRO.
All remaining bit, bit[7:0] in the register $93, are don't care in this exercise.
4. Configure SAF_RESP_MASK for safing record 1
$A6 SAF_RESP_MASK_1 |Config. only in DIAG state
SAF_RESP_MASK1 bit[15:0] |1111 1100 0000 0000 = $FC00
SAF_RESP_MASK is applied on messages sniffed from MISO pin;
Useful information from sensor is in the second 16 bit block, READ[15:0]
Here is defined which bit of the sensor RSUO ($50 RSDRO register) have to be considered.
Useful information is FLT bit, ON/OFF bit and LCID[3:0] bit. All remaining bits are don't care
in this exercise.
5. Configure SAF_RESP_ TARGET for safing record 1
$B9 SAF_RESP_TARGET_1 |Config. only in DIAG state
SAF_RESP_TARGET1 bit[15:0] |0100 0000 0000 0000 = $4000
Here is defined the expected value of the bit extracted through the response MASK in the
data received: IC is addressed to read RSUO ($50 RSDRO register).
In this step the following bit have to be considered (see RESP_MASK):
e bit 15 =FLT, expected to be 0
e  bit 14 = on/off expected to be 1, that means the channel is ON
e  bit[13:10] = LCID[3:0] expected to be 0000, RSUO
All remaining bits are don't care in this exercise.
6. Configure SAF_DATA_MASK for safing record 1
$CC SAF_DATA_MASK_1 | Config. only in DIAG state
SAF_DATA_MASK1 bit[15:0] |[0000 0011 1111 1111 = $03FF
Here is defined which bit of the sensor RSUO ($50 RSDRO register) have to be read as data
from sensor.
Note: In case of 8 bit data transmission the data from sensor would be available on DATA[7:0] so

3

mask would be $00FF

All remaining bits are don't care in this exercise.
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7. Configure SAF_CONTROL for safing record 1
$EF SAF_CONTROL_1 Config. only in DIAG state
SPIFLDSEL1 |bit 13 = 1sensor data are transmitted on second 16 bit block of
MISO word
ARM21 [ bit 5 = 1 safing record 1 is assigned to both ARM1int and ARM2int
signals.
ARM11 | bit 4 = 1 safing record 1 is assigned to both ARM1int and ARM2int
signals
CS1[3:1] [bit[3:1] = 101 SPI_CS is selected for safing record 1
IF1 | bit 0 =1 SPI MISO answer is in frame
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All remaining bits are left at their default value

8. Enterin SAFING STATE

$31 SAFING_STATE Config. only in DIAG state
bit[15:0] = 1010110010101100 = $ACAC

This is needed to bring IC in SAFING state from DIAG state: safing records are enabled only
in SAFING STATE.

9. Check IC STATE

$04 SYS_STATE

OPER_CTL_STATE bit [10:8] expected to be 010 ie. IC in SAFING
STATE

This SPI reading command allows to check in which state the IC is (SAFING expected).

10. Read PSI5 Sensor data

$50 RSDRO

FLT, bit 15 | this bit is expected to be 0

on/off, bit 14 | this bit is expected to be 1 channel ON

LCID[3:0], bit [13:10] |expected to be 0000, PSI5 channel 0

DATA, bit [9:0]

3
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11. Check SAF CC bit
$FF SAF_CC
CC_1bit0 |0 = compare not completed for record 1
1 = compare completed for record 1
Safing record can only be evaluated on the first matching input packet. Any further data
packet matches are ignored (i.e. once CC is set, record can't be processed until next sensor
sampling period)
7.4 Additional communication line (ACL)

3

The ACL pin is the Additional Communication Line input with the purpose of safely activate
the arming output for disposal of restraints devices at the end of vehicle life.

A valid ACL allows the IC to pass from Scrap state to Arming state.

To remain in Arming state the IC must receive the correct ACL signal; this must occur before
the scrap timeout timer expires:

TaiseoL= (2*TaLc(min) * (2*TacL(max))
TacL = 187ms + 213ms

A specific waveform needs to be present on this input in order to instruct the IC to arm all
deployment loops and implement the scrapping feature. For those systems not having a
proper ACL stimulus available, L9678 allows the ACL input pin to be successfully triggered
also with one of the MCU output digital ports.

The disposal signal may come from either the vehicle's service connector, or the systems
main microcontroller, depending on the customer's requirements.

The arming function monitors the disposal PWM input (ACL pin) for a command to arm all
loops for vehicle end-of-life airbag disposal.

Figure 36. ACL signal

‘ Cycle time
On time
GAPGPS01149

To remain in Arming state, at least three cycles of the ACL signal must be qualified. To
qualify the ACL signal, the period and duty cycle are checked.

Two consecutive cycles of invalid disposal signal are enough to disqualify the ACL signal.
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8 Deployment

Features:

4 independent loops composed by 4 independent high side and 4 independent low side
all 4 squibs can deploy at the same time or according to a given sequence
deployment granted in case of short to ground of the low side SRx.

firing voltage capability across SSxy and SFi is maximum 25V

max resistance of high side and low side is 10 Q.

each loop can sustain 50 deployment max, waiting at least 10s between each of them
2 supply pins, SS01, SS23 directly connected to the High Side for each channel;

2 dedicated power ground SG01, SG23 each of them able to sustain the current of two
channels simultaneously

SGxy is connected to GNDSUB through a diode so that the device is able to fire in case
of SGxy lost.

8.1 Deployment requirement

Deployment features are deploy current, deploy time and deployment expiration time. The
deployment expiration time is the duration time in which the deploy command remains valid,
once it is received, waiting for the arming signal.

These parameters are defined in DCR register, one per each channel.

Here are explained the commands to configure the IC deployment.

Deployment configuration is done through the four registers DCR_x, x=0-3, DIAG, SAFING,
SCRAP, ARMING state.

$06 DCRx — x=0 channel 0
$07 DCRx — x=1, channel 1
$08 DCRx — x=2, channel 2
$09 DCRx — x=3, channel 3

All deployment configuration registers are reset by SSM reset.

Case x=0

82/198
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Note:

Note:

Note:

3

Deploy current, Deploy time and Deploy expiration time definition

$06 DCRO Config. in DIAG, SAFING, SCRAP, ARMING state

Dep_current, bit [5:4] |00 - 11= not used
01 =1.75A min
10 = 1.2A min

Deploy_timer, bit [7:6] |00 = no deploy
01=0.5ms
10=0.7ms

11 =2ms

Dep_expire_time, bit [3:2] |00 = 500ms
01 =250ms
10 = 125ms
11 =0ms

DWELL time is defined in SAFING configuration. DWELL time is the period of time in which
the ARMING signal once asserted, is valid waiting for a deployment command.

DEPLOY EXPIRE TIME is defined in DEPLOYMENT configuration. DEPLOY EXPIRE TIME
is the period of time in which the deployment command, once received, is valid waiting for
the ARMING signal asserted.

The combination 1.75 A, 2 ms is not allowed.

If the above mentioned case should happen, the IC changes the set-up into 1.2 A/ 500 us and
flags the bit CHxDD, in DSRXx register (deployment status register), one per each channel:

$13 DSRXx register, x=0, channel 0
$14 DSRXx register, x=1, channel 1
$15 DSRXx register, x=2, channel 2
$16 DSRXx register, x=3, channel 3

$13 DSRO register

CHODD, bit [13] |0 = correct current / time combination
1 = incorrect current / time combination.

In order to perform deployment, all the deploy configurations registers ($06 DCR_0, $07
DCR 1, $08 DCR_2, $09 DCR_3) have to be accessed, also if the default values have just
to be confirmed; otherwise IC inhibits deployment. DRCxERR bit in DSRx register reports
this information.

$13 DSRO register

DRCXERR, bit [12] |0 = Deploy configuration change accepted and stored in memory

1 = Deploy configuration change rejected because deploy is in progress (or
DEP_EXPIRE_TIME changed when in DEP_ENABLED state)

For each channel, the deploy requires that high side and low side are enabled first and then
switched on.
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The pictures below show the states of the IC and the signal paths which enable the high
side and low side.

Figure 37. Device functionality
SSM Reset

Configuration enabled for:

- Watchdog timing thresholds
- ARM in/out select

- RSU output type (Gm/SW)

/ - Diag sample select

- VSF voltage select

Testing enabled for:
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- Deploy time
- HS/LS & HSS FET

WD1 OVERRIDE
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/ - Deploy mask

- HS/LS GPO
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Figure 38. High side and low side squib enable
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In the next pages the conditions required to deploy are considered.

8.11 ARMING state

This state corresponds to the disposal of the vehicle (see figures 37 and 39 for
correspondent signals). In this state the high side and low side are enabled.

Figure 39. High side and low side squib enable in ARMING state
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8.1.2 DIAGNOSTIC state

In DIAGNOSTIC state (see Figure 37) it is possible to perform the high side FET test and
low side FET test.

These tests require a sequence of steps, as listed here below. Correspondent signals are
summarized in Figure 40.

1. Chose the channel:

$38 LPDIAGREQ Config. in DIAG, SAFING, SCRAP, ARMING state

LEAK_CHSEL, bit [3:0] |0000= CHANNEL 0
0001= CHANNEL 1
0010= CHANNEL 2
0011= CHANNEL 3

2a. Chose the test, high side FET:

$36 SYSDIAGREQ Config. in DIAG state
DSTEST [3:0]0 |0111 = high side FET test active

2b. Chose the test, low side FET:

$36 SYSDIAGREQ Config. in DIAG state
DSTEST [3:0]0 |1000 = low side FET test active

Figure 40. High side and low side squib enable in DIAG state
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8.1.3 SAFING state
Figure 41. High side and low side squib enable with ARMING signal
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Note:

Note:

3

If WD_LOCKOUT is not set (that is ARM_EN=1 in the Figure 41), high side and low side
enable depends on the safing engine machine, internal or external, in according to
SAFESEL bit.

$01 SYS_CFG Config. in INIT state

SAFSEL, bit 3 |0 = internal safing engine
1 = external safing engine - default

In case of external safing engine (SAFESEL=1), the signals to be considered are FENH,
active high, and FENL, active low.

If the external safing engine is used, FENH and FENL drive directly the output. So, if their
status changes during a deployment, passing from their active state to their inactive state,
the deployment is immediately interrupted.

If the internal safing engine is chosen, FENH and FENL are ignored.

The internal arming signals (ARM1INT, ARM2INT) drive, at the same time, the high side and
the low side;

The external arming signals (FENH, FENL) drive the high side and the low side separately.

If the internal safing engine is used, it is recommended keeping FENH and FENL in their
inactive status, FENH=L, FENL=H to prevent that in case of safing internal engine fault, the
arming signal is set.

In case of internal safing engine (SAFESEL=0), the signals to be considered are ARM1INT,
ARM2INT, ARM1_Lx, ARM2_LX.
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ARM1_Lx, ARM2_Lx signals are used to link the ARM signals, to the deployment loop.
Case x=1

$6E LOOP_MATRIX_ARM1 | Config. in DIAG state

ARM1_L3, bit3 |0 =ARM1 not associated to loop 3
1 = ARM1 associated to loop 3

ARM1_L2, bit2 |0=ARM1 not associated to loop 2
1 = ARM1 associated to loop 2
ARM1_L1, bit1 |0 =ARM1 not associated to loop 1
1 = ARM1 associated to loop 1

ARM1_LO, bit0 |0 =ARM1 not associated to loop 0
1 = ARM1 associated to loop 0

The same for the other ARM2, mapped on register
$6F LOOP_MATRIX_ARMX, x=2

8.1.4 DEPLOYMENT driver

Figure 42. Driver's DEPLOYMENT signals
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List of the requirements to deploy
1. high side and low side are enabled, see previous point (ENABLE_HS & ENABLE_LS =1)

2. no problem on SSM reset that means internal voltage references are at their correct
value (POR=0), VDD5 & VDD3V3 voltage regulators at their correct value too
(WSM_reset=0) and WD asserted or overridden (SSM_reset=0).

3. ICin ARMING or SAFING state
4. SPIDEPREQX, x=0,1, 2,3

$12 DEPCOM Config. in SAFING and ARMING state

CHxDEPREQ, bit x |0 = no change to deploy. control ch x

1 = clear and start the expiration timer in ARMING, SAFING and
DEP_ENABLED state

5. DEP_ENABLE_STATE SPI, unlock command:

$25 SPIDEPEN Config. in SAFING and ARMING state
DEPEN_WR, bit [15:0] |$0FFO0 = LOCK enter deploy disable state
$FOOF = UNLOCK enter deploy enable state

As the SSM_Reset is released, to perform the deployment the DEPEN_WR = UNLOCK
(FOOF) is required for the channel that has to deploy.

After a deploy, the next deployment requires a toggle DEPEN_WR = UNLOCK(FOOF) -
LOCK(OFFO0)-UNLOCK (FOQF) for the channel that has to deploy.

The same is necessary in case of a multiple deployment request, after each deployment
event.

Figure 43 summarizes these requirements:

Figure 43. DEPLOYMENT enable/disable

DEP_DISABLED

SPI_SPIDEPEN(DEPEN_WR) SPI_SPIDEPEN(DEPEN_WR)

UNLOCK LOCK

DEP_ENABLED

GAPGPS01127

Once the 5 above points are satisfied, the Expiration time counter starts.
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This counter takes into account the feature of the IC to accept a deploy command even if
the arming is not yet serviced. If the arm command occurs inside the expiration time, the
deployment takes place otherwise the deployment command is discharged.

Dep_exp_time is defined in DRCx (x=0-3) registers, together with the Deploy_timer and
Dep_current,

$06 DCRx — x=0 channel 0

$07 DCRx — x=2, channel 1

$08 DCRx — x=3, channel 2

$09 DCRx — x=4, channel 3

Case x=0:

$06 DCRO Config. in DIAG, SAFING, SCRAP, ARMING state

Dep_current, bit [5:4] |00 - 11= not used
01 =1.75A min
10 = 1.2A min

Deploy_timer, bit [7:6] |00 = no deploy
01=0.5ms
10=0.7ms

11 =2ms

Dep_expire_time, bit [3:2] |00 = 500ms
01 =250ms
10 = 125ms
11 =0ms

Once the deployment is started, any DEP_EN = $0FFO0 (that means deploy disable), is
ignored. If the same command arrives before the deployment has been started, the
deployment is really disabled and the deploy command ignored.
Once the deployment is started, it can be interrupted by

over-current in the low side

GND loss

SSM reset

End of deployment time
Status of the deployment is reported to the microcontroller through SPI read out in
deployment status register:

$13 DSRXx register, x=0, channel 0

$14 DSRXx register, x=1, channel 1

$15 DSRXx register, x=2, channel 2

$16 DSRXx register, x=3, channel 3

Case x=0, the same for the others:

3
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$13 DSRO

CHOSTAT, bit [14] |0 = deployment not in progress
1 = deployment in progress

CHODS, bit [15] |0 = deployment not successful
1 = deployment successful

If the deployment command lasts for the programmed deploy time, the flag CHxDS (deploy
success) is set.

The event is also reported in GSW, DEPOK bit that is the "OR" of the deployment success
of all the four channels.

MISO BIT 31 30 29 28 27 26 25 24 23 22 21
«» w a & > o) o)
- ¥ — o = [ a) @) = T
| 2] (4
mso | Z | |2 |8 |E|&%|w]g|eg]|3 |
o L ] = () = o x x
w» o |2 |53 & |8 | ¥ | &%
= a 3) 3) w
GSW BIT 10 9 8 7 6 5 4 3 2 1 0
GSW DEPOK, bit 30 (bit 9 of GSW)
0 = all DSR_x / CHxDS bits are = 0 (no deployment success on all channel)
1 = at least a deployment successful on the channels.

In case the deploy success=1, this doesn't mean that the current is really passed through
the squib for the programmed time.

This bit means only that no inhibition of deployment has been received (in external safing
engine FENH/FENL could have disabled the high side or the low side).

In order to know if the current is really passed through the squib the Deploy Current_Mon
registers have to be read.

3
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Deployment driver protection

In order to avoid to damage the IC due to eventual free wheeling, two protections are

implemented.

1. after a deployment, once the High Side is switched off, the low side is kept on for
tpeL_sp s (50 ps min.) in order to allow fly-back.

2. once low side is switched off, a protection against the overvoltage through a clamp
structure is implemented.

On the Low Side there is a current limitation and overcurrent protection circuit that attends
limiting the current at I s sr (2.2 A +4 A) lgc sr (2.2 A+ 4 A) avoiding, in case of pin
short to battery, the channel's damage. If the malfunction lasts over tg 1 v Ls (100 ps
typ) the whole channel (High and Low Side) is switched off until a new deployment
command, via SPI_DEPEN occurs.

The squib driver can stand the short to ground of the pins during the deployment, because
the high side current is limited by the high side itself.

It can manage also the case of SR short to ground after an open circuit, because it is able to
detect the open circuit condition and then limiting the current overshoot as the open circuit
disappears.

In case of squib's intermittence during deployment phase, current limitation is ensured by
the Low Side current limitation, I ;4 sr. If the condition lasts longer than t_ ;105 (20 ps max)
the High Side is switched off for tOF_F_OS_HS (4 ps + 12 ps) and then on again.

This allows distinguish Open Load and Low Side short to battery cases and then proper
manage them.

3
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Deployment driver example

Table 4. Deployment driver example

Register U @ |15|14|13[(12|(11(10|9 |8 |7 |6 | 5 | 4 Description
10: O1=short time
9: RSU switch
8, 7: 8 sample DC-squib-temp
measure
$01 SYS_CFG I WX | X[X|X|X]|]0]1]0]|]0|O0O|O0]|X .
6, 5: 4 sample
3: internal saf eng
2: VSF=20V
0:timeout disable
10, 9, 8 000=INIT
- $04 SYS_STATE - R 0[0|0O 2. 1.0: 010=RUN
8 14: WDTMODE = FAST
g $2A WDTCR | Wi x|ofof1f(1j0j0j1]0[0|0]1 13+7: WDTMIN = 400us
§ 6+0: WDT DELTA = 200us
; 2C WD_STATE - R 0|00 10+8: WD1_STATE=INITIAL
)
; 2B WDIT - Service watchdog A/B/A....
10, 9, 8: 001=DIAG
$04 SYS_STATE - R 0[O0 |1 2.1, 0: 010=RUN
$7F SAF_ENABLE ) WX | X[X|X|[X]|X]|X|X]|X[|X]|X]|X 3+0: SAF1 enabled, other disabled
$80 SAF_REQ_MASK_1 D wioj|1{1(11]|1]1{1]0[0|0]|O0 14+8: chose RID [6:0] bit
14+8: RID [6:0] bit selection
$93 SAF_REQ_TARGET _1 D wjio|1(0(1|0|J0O]jJO|O0O|O0O|O|0O]|O (50=RSU1)
$A6 SAF_RESP_MASK_1 wWitj{1{1(1|1]|1]0]0]|0j0|0]|O0 15+10: chose RSU status bit
$B9 SAF_RESP_TARGET _1 w|jof1j0|0|0jO0O|O|O|O|O]|O0]|DO 15+10: expected bit status of RSU
$CC SAF_DATA_MASK_1 wiojofjfo|loflojOo|1t 1|1 (1|11 9+0: 10 data RSO data bit selection
(o)
@
©
oo

LEVVNV
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Table 4. Deployment driver example (continued)

Register

0

)

151413 |12 11|10 | 9

8

7

6

5

4

3

2

Description

$EF SAF_CONTROL_1

14, 15: 00=arming on ARMP or
ARMN

13: 1=last 16 bit in
RESP_MASK/DATA_MASK

11: DATA RANGE LIMIT O=disable
10: COMB 0O=disabled
9, 8: DWELL 00 = 2048ms

5: 1=SAF_RECORD_1 assigned to
ARM2INT

4: 1=SAF_RECORD_1 assigned to
ARM1INT

3+1: 101=SPI_CS
0: 1=SPI MISO answer in frame

$DF SAF_THRESHOL _1

Set threshold

$66 SAF_ALGO_CONF

15: counter reset

13+10: 0011=NEGATIVE EVENT
COUNT=3

9+6: 0011=POSITIVE EVENT
COUNT=3

5+3: 011=-3
2+0: 001=1

$6E LOOP_MATRIX_ARM1

3, 1: ARM1 assigned to L1 and L3

$6F LOOP_MATRIX_ARM2

2, 4: ARM2 assigned to LO and L2

$02 SYS_CTL

9: ERBOOST=23V

7: ER_CHARGE ON

6: ER_BOOST ON

5: VSUP ON

4: SPI_OFF not required

juawojdag
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Table 4. Deployment driver example (continued)

Register

0

)

15

14

13

12

11

10

9

8

7

6

5

4

3

2

Description

$05 POWER STATE

15: 0=VIN>VINGOOD expected

14: 0=CDD3V3>VDD3V3_UV
expected

13: 0= CDD3V3<VDD3V3_0OV
expected

12: 0=ER_BOOST>ER_BOOST_OK
expected

11: 0= VDD5>VDD5_ UV expected
10: 0=VDD5<VDD5_QV expected

9: 0=VTHLSUP<VSUP<VTHHSUP
expected

: 1=ERBOOST ON expected

: 1=ER_CHARGE ON expected

: 0=ER_SWITCH OFF expected

: 1=VDD5 ramp up or ON expected
: 1= VSUP ramp up or ON expected
: 1=VSUP ON expected

0: 1= VSF_EN=1 expected

= N W A~ N

16

19: 1=WAKEUP>WU_on expected
18: 0=VBATMON>VBBAD expected

17: 0=VBATMON>VBGOOD
expected

16: 0=VIN>VINBAD expected

$4A RSCR1

10: blanktime=5ms
3+0: 0010=PSI5async, 10bit, 125khz

$4E RSCTRL

()

3: 0=CH1EN OFF
1: 1= CHOEN ON

$06 DCR_0

(M

7, 6: 01=0.5ms deploy time

5, 4: 01=1.75A deploy current

3, 2: 00=500ms deploy expiration
time

LEVVNV
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Table 4. Deployment driver example (continued)

Register

0

)

15

14

13

12

11

10

9

8

7

6

5

4

3

2

Description

$07 DCR_1

V)

7, 6: 10=0.7ms deploy time

5, 4: 10=1.2A deploy current

3, 2: 00=500ms deploy expiration
time

$08 DCR_2

V)

7, 6: 01=0.5ms deploy time

5, 4: 01=1.75A deploy current

3, 2: 00=500ms deploy expiration
time

$09 DCR_3

V)

7, 6: 10=0.7ms deploy time

5, 4: 10=1.2A deploy current

3, 2: 00=500ms deploy expiration
time

$13 DSR_0

13: 0=CHODD correct time/current
expected

$14 DSR_1

13: 0=CH1DD correct time/current
expected

$15 DSR_2

13: 0=CH2DD correct time/current
expected

$16 DSR_3

13: 0=CH3DD correct time/current
expected

$31 SAFING_STATE

15+0: ACAC from DIAG to SAFING
state

$04 SYS_STATE 4

10, 9, 8: 010=SAFING expected
2,1, 0: 010=RUN expected

$6A ARM_STATE

3: 1=ARMINT_2 ok expected
2: 1=ARMINT_1 ok expected

$50 RSDRO

15: FLT=0 expected

14: ON/OFF=1 expected
13+10: LCID 0000 expected
9+0: DATA

juawojdag
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Table 4. Deployment driver example (continued)

defined in $66.

Register U @ (15(14|13|12|11 (10| 9 |8 |7 |6 |5 |4 |3 |2 Description
3: 1=CC_4 expected
$FF SAF_CC R e 2: 1=CC_3 expected
®) 1: 1=CC_2 expected
0: 1=CC_1 expected
$25 SPIDEPEN S, A wit1(1|j1j1j0(0(0|0|O0OjO0O|O0O]O0]|1]1 $FOOF=UNLOCK
3: 1=CH3DEPLOY
2: 1= CH2DEPLOY
$12 DEPCOM S, A wiofo|jojojofofojojojo|jojoj|1]1 1- 1= CH1DEPLOY
0: 1= CHODEPLOY
$25 SPIDEPEN - R{ofojojof{1(1(1{1j1{1|11117010 $OFFO=LOCK
$13DSR_0 - R |1 15: 1=CHODS deployment successful
$14 DSR_1 - R 1 15: 1=CH1DS deployment successful
$15DSR_2 - R |1 15: 1=CH2DS deployment successful
$16 DSR_3 - R |1 15: 1=CH3DS deployment successful
I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES (I) = no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING
2. R=READ
W = WRITE
3. Further bit over the 16 standard.
4. Once a deployment successful, restart from point *5 if no parameters have to be changed.
5. repeat the sequence read $50 read $FF up to the data received is greater than threshold or lower than the -threshold defined in $DF for a number of time equal to that
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Diagnostic

For all channels the following diagnostics are implemented:

e High voltage leak test, for SFx, SRx oxide isolation

e Leakage to battery/ground for SFx SRx with/ without squib
e Loop to loop short diagnostic

e  Squib resistance measurement -leakage cancellation

e  High squib resistance, 500 + 2000

e  SSxy, SFx, VER voltage monitor

e High & Low FET diagnostics

e High side driver diagnostic

e Loss of ground

¢ High Side Safing FET diagnostic

e  Deployment timer diagnostic

These diagnostics data are elaborated by a 10 bit ADC converter.
Diagnostic can be done in two ways: high level or low level.

In high level diagnostic, the set-up for each requested measurement is managed by the
device itself.

In low level diagnostic, the set-up for each requested measurement is managed by an
external logic, step by step.

The choice of high level or low level diagnostic is done via SPI:

$38 LPDIAGREQ Config. in DIAG, SAFING, SCRAP, ARMING state
DIAG_LEVEL, bit 16 |0 = low level
1 = high level

In the next figure the relevant blocks used for the diagnostic are reported.

In particular there are a Voltage Regulator Current Monitor (VRCM) and three current
generators that withstand diagnostic operations, ISRC (40 mA), ISNK (limit 70 mA), pull-
down (1mA).
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Figure 44. Diagnostic - blocks overview
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' blgcks HV analog MUX
' Gain =5.25
[} 3v3 supply
[} .
Vgnd or ' d AAA
VBat srx | 1 | ull:ldrg\wn — VWV o
e + Squib resistor HIGH
[}
Rieak ' Short to GND Squib resistor LOW
[} Rleak >10KQno detection
[} Rleak <1KQ detection @
[}
1 / Vref=2v5
h h
' ' -
h '
T '
[} ISINK p
' imit =70mA !
' Short to BAT
------------- Rleak >10KQ no detection
Rleak <1KQ
lea -
VRCM (voltage regulator current monitor )

Driven through
RES MEAS_CHSEL[7:4]
$38 LPDIAGREQ register

GAPGPS02898

3
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Diagnostic AN4437

9.1 Low level

1.  ER charge has to be previously turned ON before running the diagnostic;
2. verify that the IC is in DIAG state, reading register $04;
3. decide, writing the appropriate bit in reg. $38, which diagnostic mode is used;

M|@115|14[13[12|11|10|9 |8 |7 |6|5|4 |3 |2 |1

$02 SYS_CTL |- |W|X|[X]|X O(X|[1]1]0]|]0|X|[X|X]|X]|12:, VIN_TH_SEL depends on

application;

11,10: VBATMON_TH_SEL

depend on application;

9: ER_BST_V

0=23V, 1=33V

7: ER_CUR_EN

0=0OFF, 1=ON

6: ER_BST_EN

0=0FF, 1=0N,

5: VSUP_EN

0=0OFF, 1=ON

4: SPI_OFF

0=no effect, 1=POWER OFF

required

$04 SYS_STATE R 0(0]|1 10, 9, 8 001=DIAG

2,1, 0: 010=RUN

3|$38 LPDIAGREQ 14:0 define the test, see next chapters 15: 0=LOW LEVEL diag setup

$37 LPDIAGSTAT R|O 14:0 define the test, see next chapters 1,5: 0=LOWLEVEL

<3>|19|18|17|16 diag

$3xDIAGCTRL_x
X=A,B,C,D

©®)19]18[17|16

1

-

=
o

w X|IX|IX|X|X[X[X[X 6:0 ADC address

16:10 ADC address 9:0 ADC result 19:1=conversion finished

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

3. Further bit over the 16 standard.

In low level mode, the IC performs the measurement, following external requests. Each test
set-up is driven, step by step, by the microcontroller and the timing for the measurement is
fixed by the microcontroller too.

100/198 DoclD025845 Rev 3
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AN4437 Diagnostic
9.1.1 High voltage leak test, oxide isolation IC-car chassis
Figure 45. High voltage leak test, oxide isolation IC-car chassis

(from Energy Reserve )

Safing

1
]
)
)
1
: transistor
]
)
)
1
1

(—~
e

~N
~

The voltage on SFx and SRx pins raise a high value,

VRESDIAG through ISRC current generator.

\

;

ISINK

llimit =70mA

Vref=2v5

HV analog MUX

3v3 supply

10bit
Toterr =+4LSB
LSB =2.5/1024 V

Rleak >10KQ no detection
Rleak <1KQdetection

Squib resistor HIGH

Squib resistor LOW

o6

Vref=2v5

: :
L)
. 3 ! () 'ﬁszE This high voltage breaks the eventual oxide present on the
""""" T sy L ' ! chassis of the car if SFx or SRx are short circuited to it.
SATBUCK ] LY A
<
1 ]
L ] Bypass |
nF : !
1 ' ' Squib resistance measure
i ! , (system error < 8%)
Vgnd or : (]
VBat SFx ] '
,,,,, A —--——0— 53 . 7 —
RLeak ! ' -
22nF 1 —_—
" : xN H l l
= ' '
] Squib loop :
Rsquib ? : driver and ] Ml ow pass Vout
1Qt0 10Q ! diagnostic , fiter
' blocks '
' : Gain =5.25
)
1 ]
' : —
Vgnd [} -
VBt sRx L0 'P”.L'QNS\W" : 2 B RALA
,,,,, - - I -+ '
Roak i 1 Short to GND
1 ]
1 )
1 )
' )
1 ]
1 ]
1 ]
1 )
1 )
' )
]
'

Short to BAT j

Rleak >10KQno detection
Rleak <1KQdetection

VRCM (voltage regulator current monitor)

GAPGPS02899

This test is mandatory and verifies that no leakages are present on SFx or SRx pins when

high voltage is applied.

ISRC current generator is ON and addressed on SFx.

If there is no leakage, SFx raises up to VRESDIAG and, being the impedance between SFx
and SRx very low (squib connected), SRx follows SFx.

Confirmation of this is done through an ADC measurement request of SFx voltage value.
Supply= VRESDIAG
SET-UP, see Figure 45.

3
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Diagnostic AN4437

M|@]15[14[13]12][11]10| 9 | 8 7|6|5|4 3|2|1|0
3lg38 Lroiagreq |WW] 0 [x[1]0] 1[0 o]0 |RES_MEAS_C|LEAK_CHSEL [15: 0=DIAG LOW LEVEL

HSEL 0100:1111 13:1= pull-down curr. OFF
0000 = ch0 all ch

0001 = ch1 12,11: 01=ISRC=40mA
0010 = ch2 RES_MEAS_CHSEL,
0011 = ch3 OFF for the others

10: 0= ISINK all OFF
9,8:00 VRCM not
connected

7:4 RES_MEAS_CHSEL
3:0 0100-1111 not selected

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(D =noin INIT /(D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

SFx voltages and VRESGIAG are readable by the microcontroller through the ADC
converter in the registers

$3X DIAGCTRL_X — X=A, B, C, D
Case X=A:

M|@|15(14(13[12[11[10| 9 | 8 | 7 6|5|4|3|2|1|0

$3A DIAGCTRL_A - (WX XX X[ X[X[X]X]|X|ADCREQ_A
$46 = SFO
$47 = SF1
$48 = SF2
$49 = SF3
$42 = VRESDIAG
® [19]18]17 ] 16 ||||||
110(0 R |[ADCREQ_A ADCREQ_A 10bit ADC result 19:1=conversion finished

< $46 = SFO

g $47 = SF1

| | [s48=5F2

2 $49 = SF3

$42 = VRESDIAG

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
() =noin INIT /(D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING

2. R=READ
W = WRITE.

3. Further bit over the 16 standard.

Once read the ADC measurement, to obtain the voltage value it is necessary to consider the
divider ratio of the ADC. In case of SFx and VRESDIAG, it is 15:1.

3
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AN4437 Diagnostic

Table 5. VRESDIAG and SFx measurement of the value ratio ADC

Divider Ratio
Measurements
15:1 10:1 71 4:1 1:1
VRESDIAG S
SFx S

As a conversion example, let's consider the case where the VRESDIAG conversion has
been requested and the readout of the ADC register is done.

VRESDIAG =22.6 V measured
ADC = (100110100), = (616)49

In order to obtain the result in Volt, being the ADC characteristic linear,

_616-25V
1024

25:1024 =x: ADC — x =15V

GAPGPS02900

Considering the divider ratio (DR) stated above, the resultis x*DR=1.5*15=226V

Test result:

In case of leakage on High (SFx) or Low Side (SRx), SFx voltage is not able to reach
VRESDIAG and the microcontroller can detect the leakage problem, both on the high side
or on the low side, with no possibility, at this stage, to distinguish which of them is involved in
the problem.

9.1.2 VRCM test validation

Before using VRCM block, that is used in many IC diagnostic, it is necessary a test for its
validation. The test is done through short to battery and short to ground flag verification.

Measurement set-up is composed by 2 steps:
VRESDIAG supplied

3
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Diagnostic AN4437

Figure 46. Diagnostic - VRCM test validation (1)

VER pin
' (from Energy Reserve
[

HS FET diagnosti: check VRCM functionality

Safing
transistor

i ﬂ First we use ISRC current generator to check VRCM block
' = L Anainahahe e
' =
' ISRC
____________ 40mA
'
i
'
= : Bypass ¥
1nF ] ]
1 :ZE:I— Squib resistance measure
' (system error < 8%)
Vgnd or SE 1
YE%&_/\/\M_..._C,IEX e . W
) 1] —_— O\
RLeak : : — VAVAVAV Vref=2v5
22nF 8 —_— I ref=2v
: xN 1
= ] . '
f Squib loop
" ' o s Vout 10bit
Rsquib é [ dlnver an,d 3 EMI low pass Toterr = $4LSB
1Qto 10Q ! diagnostic 1 filter LSB =2.5/1024 V
'
] blocks ' HV analog MUX
' : Gain =5.25
! . 3v3 supply
. —_— \l
Vgnd or Ipulldown r - VAVAVAV
Y.Eia.'._\/wv\_.._ A A /7 Squib resistor HIGH

Squib resistor LOW

'

1 Short to GND
A l l Rleak >10KQno detection
' Rleak <1KQdetection

'

'

'

'

' ? 3
'

'

) Short to BAT

Rleak >10KQno detection
Rleak <1KQdetection

O

Vref=2v5

ISINK

llimit =70mA

GAPGPS02901

VRCM (voltage regulator current monitor)

For set up, refer to Figure 46.

™ [ @ [15[14]13]12]11]10 9|8 7|6|5|4 3|2|1|o
3 |$38 LPDIAGREQ | (I) | W |0 [ X | 1|0 1|0 [VRCM|RES_MEAS |LEAK_CHSE|15: 0=DIAG LOW LEVEL
01 | CHSEL |L 13: 1=pulldown curr OFF
0000 = ch0 [0000 =ch0 |all ch
0001 =ch1 [0001=ch1 [12,11: 01=ISRC=40mA
0010 =ch2 |0010 =ch2 |(RES_MEAS_CHSEL),
0011 = ch3 |0011 = ch3 |OFF for the others

10: 0= ISINK all OFF

9,8:01 VRCM connected
to SFx (LEAK_CHSEL ch)

7:4 RES_MEAS_CHSEL
3:0 LEAK_CHSEL

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(h=no in INIT /(D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING

2. R=READ /W =WRITE

104/198

DoclD025845 Rev 3

RES_MEAS_CHSEL, bit[7:4] and LEAK_CHSEL, bit[3:0] must refer to the same channel.

S74




AN4437

Diagnostic

Test result:

Being ISRC and VRCM connected to SFx, if VRCM works correctly, short to battery,
readable in LPDIAGSTAT register, is asserted for the channel selected:

" |@ 1514131211|10|9|876543|2|1|O
4|$37 LPDIAGSTAT R RES MEAS C| X | X | 1 | 1 [LEAK_CHSEL [19: 0= LOW LEVEL
3) 19118117116 R HSEL 5:1=STB eXpeCted
0000 = ch0 0000 =ch0  |4: 1=test on SFx
o(xj|o 0001 = ch1 0001 = ch1
0010 = ch2 0010 = ch2
0011 = ch3 0011 = ch3

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(h=no in INIT /(D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING

R=READ / W = WRITE
further bit over the 16 standard

If the first step of VRCM test is passed, proceed with the second step.
2" step

Figure 47. Diagnostic - VRCM test validation (2)

VER pin
(from Energy Reserve )t

LS FET diagnostic: check VRCM functionality

)
]
)
)
: Safing
1 transistor
! —1 Second we use ISINK current generator to check VRCM block
................. N
] ' ISRC :
V== : 40mA
[ )
1 )
1 T
)
— : Bypass
1nF [} '
1 :ZE:I— : Squib resistance measure
] ' (system error < 8%)
Vgnd or Sk : :
A —3 - —)
)
[} y —
RLeak [} : — WW Vref<2v5
22nF s 11 — J rer=y
)
: xN 1
= ] . !
' Squib loop :
. ] : Vout 10bit
Rsquib é ' dr,ver an_d 1 EMI low pass Toterr = +4LSB
10t010Q ' diagnostic , filter LSB = 2.5/1024 V
: blocks 1} HV analog MUX
[} ' Gain =5.25
: : ﬂ 3v3 supply
[} ' -
Vand or 1 Ipulidown ! - M
Il ' — VYWV
\./.B.a.'._‘MM_.._ SR : A ] s / 7 squib resistor HIGH
]
RLeak : (] Short to GND Squib resistor LOW
22nF ' ! Il Rleak >10KQno detection
:ZE:'_ 15 ¢ Rleak <1KQ detection @
- ! : I Vref=2v5
1 )
' )
) ‘ )
1 )
' ISINK :
! llimit =70mA Short to BAT
ort to
------------------ ' Rleak >10KQ no detection
Rleak <1KQd i I
VRCM (voltage regulator current monitor) GAPGPS02902
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Diagnostic

AN4437

For set up, refer to Figure 47.

™ 1@ |15 14 |13 [12 [11 [10 |9 |8 7 |6 |5 |4 3 |2 |1 |o
3|$38 LPDIAGREQ| () |W| 0 [X | 1] 0|0 |1 [VRCM|RES_MEAS_|LEAK_CHSEL|15: 0=DIAG LOW LEVEL
10  |CHSEL 13: 1=pulldown curr OFF
0000 =chO  |0000 =ch0 |all ch
0001 =ch1 |0001 =ch1  |12,11: 00/11=ISRC OFF
0010 =ch2 0010 =ch2 [all channel
0011 =ch3 [0011=ch3 |10: 1=ISINK ON

(RES_MEAS_CHSEL)

9,8:10 VRCM connected
to SRx (LEAK_CHSEL)

7:4 RES_MEAS_CHSEL

3:0 LEAK_CHSEL

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(h=no in INIT /(D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING

2. R=READ
W =WRITE

RES_MEAS_CHSEL, bit[7:4] and LEAK_CHSEL, bit[3:0] must refer to the same channel.

Test result:

Being ISNK and VRCM connected to SRx, if VRCM works correctly, short to ground,
readable in LPDIAGSTAT register, is asserted for the channel selected:

M @ |15 [14 [13 |12 |11 |10|9 |8 7065 s |3 |2 |1 |o
4 |$37 LPDIAGSTAT R RES MEAS_ LEAK_CHSEL [19: 0= LOW LEVEL
3) 19 118 |17 |16 R CHSEL 6: 1=STG expected
0000 =chO % |1 % o 0000 =chO 4 O=test on SRx
0 X |0 0001 = ch1 0001 = ch1
0010 = ch2 0010 = ch2
0011 = ch3 0011 = ch3

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(h=no in INIT /(D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING

2. R=READ
W =WRITE

3. further bit over the 16 standard

106/198

If the second step of VRCM test is passed too, VRCM test is validated.
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AN4437 Diagnostic

9.1.3 Leakage test - High side

Figure 48. Diagnostic - leakage test - high side

T VERpn T
! (from Energy Reserve ) (]
: : HS Leakage test
) .
- T et
i _1 ! Ipulldown OFF on loop under measure , ON on the others
! B i Rt . Voltage Regulator Current Monitor circuit  :
= . ;
' = ' p SRG ' " fix SFx pin voltage to  2v5
) .
L — b _ ! soma y - read current through SFx pin
sSxy ] ! - compare current with a threshold
Ny T
)
— : Bypass 1
1nF [} '
1 :gj— \ Squib resistance measure
] : (system error < 8%)
)
V’:\;/r;jalm SFx ' :
,,,,, AN —--14 ' < j
' 1 -\ A
RLeak [} ' — VVVV
ZZnT : N : -, Vref=2v5
[} L :
= ' . ! Y
: Squib loop : y
. : lout 10bit
Rsquib i driver and ' EMI low pass Toterr = #LSB
10t010Q ! diagnostic , filter LSB = 2.5/1024 V
H blocks : HV analog MUX
) Gain =5.25
1 )
' 3v3 supply
‘ ' = T
Vand or 1 Ipulidown ! - M
I ' — VVVV
\./:B.Ei'. » SRx : I=1mA _l / T Squib resistor HIGH
)
RLeak : (] Short to GND Squib resistor LOW
22nF ' HEER Rleak >10KQ o detection
:ZE:'_ 1 Rleak <1KQ detection @
- : : Vref=2v5
1 ]
sox | i ,
L )
_I; ! ISINK :
GNDA llimit =70mA 1 Shortto BAT
beccccccccccccccaaa ' Rleak >10KQ no detection
< Rleak <1KQdetection
VRCM (voltage regulator current monitor) GAPGPS02903

For set up, refer to Figure 48.

ISRC and ISINK are kept off and VRCM is connected to SFx, chosen through
LEAK_CHSEL.

M|@115[14[13[12]11]10] 9 | 8 7|6|5|4 3|2|1|0

3 |$38LPDIAGREQ|(I)|W|0|X|0]|0]|0]|0]|0|1|RES_MEAS_|LEAK_CHSEL [15: 0=DIAG LOW LEVEL

CHSEL 13: 0=pulldown curr OFF
0100:1111 0000 = ch0 for VRCM ch; ON the

0001 = ch1 others

0010 =ch2  |12,11: 00/11=ISRCOFF on
0011 = ch3 all channel

10: 0= ISINK all OFF

9,8:01 VRCM to SFx
(LEAK_CHSEL)

7:4 0100-1111 no selection
3:0 LEAK_CHSEL

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING

2. R=READ
W = WRITE
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AN4437

Diagnostic
Test result:
If there is no leakage on the high side, SFx voltage is equal to VREF=2.5V and no current is
detected by VRCM itself.
SFx voltage is readable addressing the ADC read out on it. The registers involved in this
operation are the four DIAGCTRL_x
$3X DIAGCTRL X - X=A,B,C,D
Case X = A:
(M]@]15]14|13[12[11]10 o [8 |7 |6]5]4]3|2]1]0
$3A DIAGCTRL_A - (WX XXX | X[X[X]X]|X|ADCREQ_A
$46 = SFO
$47 = SF1
$48 = SF2
$49 = SF3
® |19 [18 |17 |16 L] ]
11010 < |- R |JADCREQ_A IADCREQ_A 10bit ADC result 19:1=conversion finished
o $46 = SFO
4 $47 = SF1
g $48 = SF2
< $49 = SF3

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(h=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING

2. R=READ
W = WRITE

3. further bit over the 16 standard

Once read the ADC measurement, to obtain the voltage value it is necessary to consider the
divider ratio of the ADC. In case of SFx and VRESDIAG, it is 15:1 (see Table 5).

In case of a leakage (to ground or to battery), VRCM will sink or source a current to maintain
SFx at VREF. As a consequence, STG or STB is set:

M @ [15[14]13]12 11|10|9|8 70654 3|2|1|o

4 |$37 LPDIAGSTAT | |R RES MEAS_ [X |1 [1 |1 [LEAK_CHSEL|19: 0 = LOW LEVEL
®Tolsl7le]| |R CHSEL 0000 =ch0  [6: 1=STG if leak vs GND
0100-1111 0001=ch1 |5:1=STBIif leak vs
01X]0 0010 =ch2  |BATT
0011 =ch3 4: 1 =test on SFx

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING

2. R=READ
W =WRITE

3. further bit over the 16 standard

Note:

108/198

Pull-down current (1mA) is active on all the channels except the one under analysis. So, the
STG requires further investigation to understand if it comes from a real short to ground of
the channel itself or it comes from a short between the channel itself and another one.
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9.1.4 Leakage test - low side

Figure 49. Diagnostic - leakage test - low side

VER pin

! (from Energy Reserve )

LS Leakage test

Safing
CEDEIEED Ipulldown OFF on loop under measure , ON on the others
Voltage Regulator Current Monitor circuit
- fix SRx pin voltage to  2v5
- read current through SRx pin

- compare current with a threshold

e

Bypass

&4

Squib resistance measure
(system error < 8%)
Vgnd or

Vref=2v5

1l
L

xN

]
]
)
! '
b )
4 ]
]
‘ :
4 )
b )
1
: ;
p ]
p )
U
H ' '
! '
; HEER!
)
4 )
! Squib loop H
Rsquib é ' driver and : vl ow pass Vout
1Qto 100 i diagnostic ! o
! blocks !
)
: :
p ]
p )
4 )
L)
1
: :
p ]
p )
4 )
b )
1
: ;
p ]
b )
! '
: '

10bit
Toterr =+4LSB
LSB =2.5/1024 V

HV analog MUX
Gain =5.25

3v3 supply

Vgnd or
VBat SRx

Ipulldown
I=1mA Squib resistor HIGH

\Y

Squib resistor LOW

Short to GND
Il Rleak >10KQ no detection
Rleak <1KQ detection @
Vref=2v5
Short to BAT j

Rleak >10KQno detection
Rleak <1KQ detection

S=als

ISINK
Ilimit =70mA

VRCM (voltage regulator current monitor) GAPGPS02905

For set up, refer to Figure 49.
ISRC and ISINK are kept off and VRCM is connected to SRx, chosen through LEAK_CHSEL.

(1)|@15|141312|11]10[0[8| 7 | 6 | 5 | 4 [3]2]|1]0

w

$38 LPDIAGREQ|(I){W|0[X|0|0|0|0|1|0|RES_MEAS_CHSEL|LEAK_CHSEL|15: 0=DIAG LOW LEVEL

0100:1111 0000 =ch0  [13: O=pulldown curr OFF for
0001 =ch1 |VRCM ch; ON the others

0010 =ch2 |12,11: 00/11=ISRCOFF on
0011 =ch3 [all channel

10: 0= ISINK all OFF
9,8:10 VRCM to SRx
7:4 0100-1111 no selection
3:0 channel selection

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(h=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING

2. R=READ
W =WRITE
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Diagnostic AN4437
Test resulit:
If there is no leakage on the high side, SRx voltage is equal to VREF=2.5V and no current is
detected by VRCM itself.
Only if the squib is connected, SFx and SRx pin are at the same voltage, so SRx voltage is
readable indirectly through SFx voltage, as done in case of high side leakage test.
SFx voltage is readable addressing the ADC read out on it. The registers involved in this
operation are the four DIAGCTRL_x.
$3X DIAGCTRL_X — X=A,B,C,D
Case X = A:
@5 1a13f1211]10fe s [7 6 |5 |4 s |2 |1 |o
$3A DIAGCTRL_A - WX X[X[X][X]|X]|X]|X]|X|ADCREQ_A
$46 = SFO
$47 = SF1
$48 = SF2
$49 = SF3
® |19 [18 |17 |16 ]
11010 - | RJADCREQ_A ADCREQ_A 10bit ADC result 19:1=conversion finished
<E| -
o $46 = SFO
4 $47 = SF1
g $48 = SF2
B $49 = SF3

110/198

I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(h=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING

R =READ
W = WRITE

further bit over the 16 standard.

Once read the ADC measurement, to obtain the voltage value it is necessary to consider the
divider ratio of the ADC. In case of SFx and VRESDIAG, it is 15:1 (see Table 5).

If the squib between SFx and SRx pin is not connected, SRx voltage read out is not
possible, as it is not mapped into ADC request command.

3
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Diagnostic

In case of a leakage (to ground or to battery), VRCM will sink or source a current to maintain
SFx at VREF. As a consequence, STG or STB is set:

M @ |15 |14 |13 [12 |11 |10|9 |8 76 5 43 |2 |1 |o
4 |$37 LPDIAGSTAT R RES MEAS_ | X |1 |1 |0 [LEAK_CHSEL|19: 0= LOW LEVEL
®[19[18[17116 R CHSEL 0000 =ch0  |6: 1=STG if leak vs
0100-1111 0001 = ch1 GND
01X]0 0010 =ch2 |5: 1= STBif leak vs
0011 =ch3  |BATT
4: O=test on SRx

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=<ARMING / - = ALL STATES
(h=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING

2. R=READ
W =WRITE

3. Further bit over the 16 standard.

Note: Pull-down current (1mA) is active on all the channels except the one under analysis. So, the
case of STG detection, further investigation is necessary to understand if it comes from a
real short to ground of the channel or it comes from a short of the channel with another one.

9.1.5 Leakage test - low side IPD

Figure 50. Diagnostic - leakage test - low side IPD

(from Energy Reserve )

[}

[}

]

]

L}

' Safing
' transistor
[}

]

]

L}

)

]

ESDIAG

LS Leakage test

Ipulldown ON on loop under measure,
Voltage Regulator Current Monitor circuit:
- compare current with a threshold, STG

Vgnd or

Rsquib
1Qto 10Q

2

Vgnd or
VBat

Bypass

Squib resistance measure
(system error < 8%)

xN

Squib loop
driver and

Ipulldown
I=1mA

7

EMI low pass
filter

e

Gain =5.25

O

blocks
%7

)
)
)
1
T
]
)
)
)
1
]
]
)
1
)
1
]
]
)
)
)
1
]
diagnostic :
)
)
1
]
]
)
)
1
]
]
)
)
)
1
]
]
)
)
)
1
]

Y

Short to GND
Rleak >10KQ no detection
Rleak <1KQdetection

HV analog MUX

3v3 supply

Vref=2v5

10bit
Toterr = +4LSB
LSB =2.5/1024 V

Squib resistor HIGH

Squib resistor LOW

0

Vref=2v5
ISINK ?
Ilimit =70mA
Short to BAT
.................. J Rleak >10KQno detection
Rleak <1KQdetection
VRCM (voltage regulator current monitor) ~ GAPGPS02906
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For set up, refer to Figure 50.

After having verified that no HS/LS leakage is present, it is possible to verify if IPD is
correctly working.

VRCM is connected to SRx, chosen through LEAK_CHSEL. IPD is switched on for that

channel.
([@]15[14[13[12[11]10[ 9 | 8 7|6|5|4 3|2|1|o
3|$38 LPDIAGREQ |(I)|W|0 |[X|0|0|0|0|1|1|RES_MEAS_ |LEAK_CHSEL|15: 0=DIAG LOW LEVEL
CHSEL 0000 =ch0  |13: O=pulldown curr OFF for
0100:1111 0001 = ch1 VRCM ch; ON the others
0010 =ch2  [12,11:00/11=ISRC OFF on all
0011 =ch3 [channel

10: 0= ISINK all OFF
9,8:11 VRCM to SRx
7:4 0100-1111 no selection
3:0 channel selection

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES

(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W =WRITE

Test result:

If IPD is working, SRx voltage is equal to VOUT_VRCM and VRCM shows STG.

If, in this condition, STG is not set, it means that there is something not correctly working in

15

11|10|9|8 7

6|54 3|2|1|0

IPD.
Mm@
4|$37 LPDIAGSTAT R
®){19]18|17|16 R
o[x|o

RES_MEAS_CHSEL
0100-1111

1(0|0 |LEAK_CHSEL |19: 0= LOW LEVEL
0000 = ch0 6: 1=STG if OK
0001 = ch1 5:0STB
0010 =ch2 4: 0=test on SRx
0011 =ch3

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES

(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W =WRITE

3. Further bit over the 16 standard.
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9.1.6 Short between loops

Supposing the external squib is connected, a short to ground flag of SRx or SFx can be read

3

as:

Short of the pin with SR or SF of another channel, both SR and SF
Real short of the pin SRx or SFx to GND

Below, four possible cases are presented.

RLeak

Short to GND
Rleak >10KQno detection
Rleak <1KQdetection

{_Saquib resistor HIGH
| _Squib resistor Low
Vref=2v5

Case 1
Figure 51. Diagnostic - short between loops, HSi, HSx, i=x (case 1)
:umm e , Short between loop
! corng : R SFi and SFx with i#x
' renser ! Squib on SFx connected
i ' : -
' ' ! ISRC
________ - 1 40mA
N _ ssoi él :
' (]
J_wnr ! ]
I : : Squib resistance measure
] ' (system error < 8%)
‘gnd or 1 '
VBA 4y A —\
VWY P
RLeak L : : : VAVAVAVIA Vref=2v5
22nF — ref=2v!
[} N LR
T
[} Squib loop (] f
Rsquib ' driver and ' oo
1Qto 10Q § : diagnostic ) e o
1 blocks : HV analog MUX
L} ' Gain =5.25
' ' 3v3 supply
] ' o
and or 1} Ipulldown - M
veat 4 SRO |=TmA. 1 ' — LAAAA
; )
)
)
1
]
]
)
)
)
1

Short to BAT j

Rleak >10KQno detection
Rleak <1KQdetection

VRCM (voltage regulator current monitor)

220F

sG23

GNDA

ISINK

Tlimit =70mA

VRESDIAG
P ————
' '
' ISRC ,
] 40mA 1
> J_ ss23 g: sso1 : -
[ Bypass :
IMF 1 '

' '
] ]

SFx#0 : (]

Rtea T 'T 1 Case i=0 SFO short with another high side SFx, x#0 and squib
2onF ' on channel x connected

I : N Ipulldown OFF on loop under measure (0), ON on the others

[} Squib loop Voltage Regulator Current Monitor circuit:
Rsquib : driver and - fix SFx pin voltage to 2v5
1Qto 100 ' diagnostic - read current through SFx pin

' blocks - compare current with a threshold
]
: Result: STG on SFO

SRx#0 : ‘ ""{l'?,&wn 1

GAPGPS02907
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SFi and SFx, i=x, squib on channel x connected.

If the squib on SFx is not connected, there is no path between SFi (0 in the example) and
ground through SFx, squib, SRx and pull down current generator, so the short of a high side
SFi with another high side SFx is not detectable.

Case 2

Figure 52. Diagnostic - short between loops, HSi, LSx, i=x (case 2)

Safing
transistor

VRESDIA(

]
ISRC 4
40mA g

Short between loop
SFi and SRx with i#x
Squib on SFx not relevant

/gnd or

Bypass

Squib resistance measure
(system error < 8%)

VBat ap
LALAS

RLeak

AR
VWY

I
N

]

EMilow pass
ilter

Gain =5.25
3v3 supply

AL
VWY

Y

Short to GND
Rleak >10KQno detection
Rleak <1KQdetection

Vref=2v5

HV analog MUX

Squib resistor HIGH

Squib resistor LOW

Vref=2v5

Short to BAT j

Rleak >10KQno detection
Rleak <1KQdetection

VRCM (voltage regulator current monitor)

Case i=0 SFO short with a low side SRx, x#0
Ipulldown OFF on loop under measure (0), ON on the others

Voltage Regulator Current Monitor circuit:
- fix SFx pin voltage to 2v5

- read current through SFx pin

- compare current with a threshold

Result: STG on SFO

]
[}
]
[}
] Squib loop
Rsquib ] driver and
1Qt0 10Q ' diagnostic
: blocks
[}
[}
d 1
Veat sro Lo lpulidown L—
- e T
RLeak ] (]
[l ]
[} ]
L} '
] '
[} '
Ll ]
[ ]
] ISINK ]
limit =70mA ~ §
............. '
VRESDIAG
[P - - -
]
1 ISRC
] 40mA -y
D $523 ! '
E T S801 5
1 i i
' Bypass )
nF
T | -
L] ]
[l ]
SFx#0 1 )
.
RLeak : :
mT [} xN '
[l ]
[] Squib loop (]
Rsquib [} driver and '
1Qto 100 ' diagnostic :
! blocks
] ]
[l ]
[} ]
[l '
SR‘xsué ' e = ]
T
L '
ZQHFI ' '
[} ]
= [} '
] '
[} '
se23 |1 SG01 (]
. ]
] ISINK (]
GNDA gy 1 limit =70mA  §
[ L e

GAPGPS02908

SFi and SRx, i#x, squib on channel x not necessary connected.
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P s
:«mm Energy Reserve ) Short between loop
' SRi and SFx with i#x
' Safing VRESDIAG i
h transisior Squib on SFx connected
[}
[}
] [
] [
........ '
' ]
T
' '
' '
: : Squib resistance measure
' 1 (system error < 8%)
' '
b N N
' 4 - AW
] ] . Vref=2v5
T =]
' ]
1 Squib loop ]
Rsquib [} driver and ' 100t
10t0 100 § ! diagnostic \ -~ 158 S2sitoary
' blocks ] HV analog MUX
' 1 Gain =5.25
' 1 3v3 supply
1 —
gnd or | Ipulidown 1 _ AW
(AR ' i sl W = o
Reeak : Short to GND
Ll Rieak >10KQ o detection
: Rleak <1KQdetection
[ Vref=2v5
'
'
]
ISINK (]
llimit =70mA  § Short to BAT
ortto
............. ' Rleak >10KQno detection
Rleak <1KQdetection
VRCM (voltage regulator current monitor)
VRESDIAG
[ —————-
[
' ISRC
h 40mA g
$823 gI SS01 ' -
T
D1 ' ]
Bypass [
IMF ' [
[}
' '
' ]
sexr0 | 1 1
Aok J_ T: ' Case i=0 SRO short with a high side SFx, x#0 and squib on
2onF [} ' channel x connected
I : XN : Ipulldown OFF on loop under measure (0), ON on the others
1 Squib loop (] Voltage Regulator Current Monitor circuit :
Rsquib é [} driver and : - fix SR O pin voltage to 2v5
10t0 10Q : diagnostic ' - read current through SRx pin
1 blocks ' - compare current with a threshold
' ]
'
: ' Result: STG on SRO
SRx#0 | 1 Ipu‘l=l1d'&wn 1 '
T +
' '
220F ' p
h '
= |y '
' '
f '
' '
i ]
h ISINK 1
1 llimit =70mA |
............. '
GAPGPS02909

SRi and SFx, izx, squib on channel x connected

If the squib on SFx, is not connected, there is no path between SRi (0 in the example) and
ground through SFx, squib, SRx and pull down current generator, so the short of a low side
SRi with another high side SFx is not detectable.

3
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Case 4

Figure 54. Diagnostic - short between loops, LSi, LSx, i=x (case 4)

R T
1 (fom Enery Reserve) Short between loop
' . P
b satng ‘resomd SRi and SRx with i#x
[} transistor
[}
L ™mMTy | eccceeeeafe e
' ' '
' ' ISRC !
L [} doma I
....... h
501 gi 1
L | )
] Bypass |
nF h '
Il (] Squib resistance measure
1 (] (system error < 8%)
/gnd or 1 ]
VBat sFo | 3 ] N
1 ' — A
RLeak h ' — M Vref=2v5
22nF —_
' '
I ' N 4
] Squib loop :
; ' ; 10bit
1Qto 10Q h diagnostic 1 filter LSB =2.5/1024 V
' blocks ] HV analog MUX
' ' Gain =525
b 1} 33 supply
d ! 4 : AN
fond or
1 Ipulldown ' -
VBat 1 o b =mA ] h M 7 Sauib resistor HIGH
Reak ' ! Shortio GND | Sauib resisr LOW
220F ' LR Rleak >10KQno detection
1 : 1 Rleak <1KQdetection
: ] ] Vref=2v5
' '
sGot1 | 0 '
[ ?
[} ISINK ?
GNDAR 1 Tlimit =70mA : Shortto BAT
CYEvEvEENEE I Rieak >10KQno detection
Rieak <1KQdetection
VRCM (voltage regulator current monitor)
VRESDIAG
A G "
' ISRC !
1 4omA ¥
' [
| ss2 L 5501 (] o
M ] ]
1 Bypass |
nF 1 ]
' '
' [
SFx#0 : :
ek ? ] ' Case i=0 SRO short with another low side SRx, x#0 Ipulldown
220F : : OFF on loop under measure (0), ON on the others
I ' XN ] Voltage Regulator Current Monitor circuit
] Squib loop ' - fix SR O pin voltage to 2v5
Rsquib é : driver and : - read current through SRx pin
1Qt0 10Q ] diagnostic 1 - compare current with a threshold
' blocks ]
! ! Result: STG on SRO
' '
SBX#U% ' e 1 :
#
L ]
[}
EZHFI i )
' '
' '
' '
[
] ISINK '
limit=70mA  §
------------- '
GAPGPS02910

SRi and SR, i#x, squib on channel x not necessary.

If a STG has been detected, to identify its origin, it is necessary to understand if it is a real
short to ground of the channel or a short between loops.

With respect to the case of STG investigation, in this test the pull down current generators
are switched off for all channels. If the STG is still present, it means a real STG of the
channel under test, otherwise the STG is a short between loops.
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Figure 55. Diagnostic - HS short to Ground

VER pin
(from Energy Reserve

Saiing
transistor

VRESDIAG

501

]
ISRC ¢
40mA I

Short between loop
SFireally STG

gnd or

SFO

Bypass.

Squib resistance measure
(system error < 8%)

VBat 44,
LA

RLeak

Rsquib é
1Qt0 10Q

A
VWY

llj

Vref=2v5

e
i . AP, P

0

N
Squib loop
driver and Tobit
y " EMilow pass Toterr = +4LSB

diagnostic filter LSB =2.5/1024 V

blocks HV analog MUX

Gain =525
343 supply
Ipulldown —1 - W
gAY Squib resistor HIGH

Shortto GND Sauib resistor LOW
Rleak >10KQ o detection
Rleak <1KQdetection

RLeak

Rsquib é
1Qto 10Q

Vref=2v5
SGO1
ISINK
timit =70mA Short to BAT
Evevevevoee= S Rleak >10KQno detection
Rleak <1KQdetection
VRCM (voltage regulator current monitor)
VRESDIAG
B it e
'
'
] '
$523 [ SS01 1
I T :
] Bypass |
nF [} ]
] '
] '
SFx#0 : :
: ] Case i=0 SFO STG
'
20F ' '
I 1 xN i Ipulldown OFF all channels
: Squib loop ' Voltage Regulator Current Monitor circuit
{ driver and : - fix SFx pin voltage to 2v5
[} diagnostic ' - read current through SFx pin
: blocks ] - compare current with a threshold
'
' ]
[] 1 Result: STG on SF0
SRx#0 : s e 1 !
] '
] '
' ]
[ ]
] '
' '
' '
'
ISINK ]
llimit =70mA |
b ]
GAPGPS02911

Real SFi STG in case of STG flag still set and SR pull-down current switched off for all

channels.
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Figure 56. Diagnostic - LS short to Ground

———— - -

o —— =
v Short between loop
[} [} .
| safing | VResoiad SRireally STG
] transistor |
[} [}
[} 1| ecececccccca|reca-
[} [}
| | ISRC
L —=——= 2 | 40mA
D
1
1nF
I Squib resistance measure
(system error < 8%)

AL
VWV

)

Vref=2v5

ZZnT -
Squib loop
Rsquib é driver and

10bit
Toter =+4LSB

10t0 10Q diagnostic B er ™ 158 2251024 v

filter
blocks HV analog MUX
Gain =525

3v3 supply

gnd or Ipulldown AR
VBat SRO = AALAL
e M4 1SJmA Squib resistor HIGH
RLeak
Short o GND | squib resistor LOW
220F I Rieak >10KQ o detection
EB Rleak <1KQdetection

Vref=2v5
ISINK : ?
Ilimit =70mA

‘GNDA ' Short to BAT

—————————————— Rleak >10KQno detection
Rleak <1KQdetection

Y

VRCM (voltage regulator current monitor)

VRESDIAG

Ss01

3
]

> T

Bypass
nF

SFx#0

i Case i=0 SR0O STG
Rieak
22nF
N Ipulldown OFF all channels
Squib loop Voltage Regulator Current Monitor circuit :
Rsquib é driver and - fix SRx pin voltage to 2v5
1Qt0 10Q diagnostic - read current through SRx pin
blocks - compare current with a threshold
Result: STG on SRO
SRx#0 _ IpL:I:Id"?Awn 1
ZZnFI
$G23 SGO1
ISINK !
GNDA Tlimit =70mA :

GAPGPS02912

Real SRi STG in case of STG flag still set and SR pull-down current switched off for all
channels.

In order to understand which pairs loops are involved in the short, each pair has to be
checked. Correspondent set up is done by setting $38 LPDIAG properly:

3
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M[@115[14[13[12[11[10] 9 87|6|5|4 3 |2 |1 |0
3|$38 LPDIAGREQ/|(I)|W|0 [0 |1| 0|0 |0 |0/11/0|RES_MEA |LEAK_CHSEL|15: 0=DIAG LOW LEVEL
S_CHSEL (0000 =ch0  |14: 0=ISRC=40mA
0100:1111 10001 =ch1  |13: 1=pulldown curr OFF for
0010 =ch2 |all channels
0011 = ch3 12,11: 00/11=ISRCOFF on

all channel

10: 0= ISINK all OFF
9,8:01= VRCM to SFx

10 VRCM to SRx

7:4 0100-1111 no selection
3:0 channel selection

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

3
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9.1.7 Squib resistance measurement

IC allows measuring the squib resistance value in the range of 1 Q +10 Q with overall 8%
precision.

This is a two-step process:

15t step

Figure 57. Diagnostic - Squib resistance measurement (1)

| VER pin
(from Energy Reserve)

1°step squib resistance measure:

VRESDIAG

|
|
j |
| R
| Saf?ng :
: transistor | ISRC = 40mA
j N R
I = ! i '
| = | l ISRC |
L __________ r__| | 40mA :
— |
. : Bypass :
1nF | I
1 |ZE:'— : Squib resistance measure
i | (system error < 8%)
e s || :
AW : . ; -
RLeak | : -, Vref=2v5
: xN : Il
|
: Squib loop :
RSqUib : driver and : EMI low pass b Tot e:rOE‘MLSB
1Qto 10Q | diagnostic : fiter LSB = 2.51024 V
: blocks I HV analog MUX
| 1 Gain =5.25
| ] 3v3 supply
| : .
|
Vgnd or | Ipulldown ! -
veat B | P ] | -/ ] R Q Squib resistor HIGH
RLeak : :
Short to GND 4
| AR Rleak >10KQ o detection
: : Rleak <1KQdetection @@
: 6 : Vref=2v5
| |
| |
- |
L i ISINK 1
GNDA% H timit=7omA | I
b= | Rleak >10KQ no detection
=+ Rleak <1KQdetection
VRCM (voltage regulator current monitor) GAPGPS02913
For set up, refer to Figure 57.
Through this set-up, the ISRC is connected to the SFx.
The squib is correctly connected between SFx and SRx.
SRXx is internally connected to ISINK that is able to sink the current.
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M[@]15[14[13[12]11]10] 9 | 8 7|6|5|4 3|2|1|0

3|$38 LPDIAGREQ | (

H{wlo|X|1]0]|1|1]|0]|0|RES_MEAS|LEAK_CHSEL |15: 0=DIAG LOW LEVEL
_CHSEL  |0100:1111 13:1= pull down curr OFF all

0000 = cho ch
0001 = ch1 12,11: 01=ISRC=40mA
0010 = ch2 (RES_MEAS_CH), OFF in
0011 = ch3 the others
10: 1= ISINK
(RES_MEAS_CH) ON, OFF
the others

9,8:00 VRCM not connected
7:4 RES_MEAS_CHSEL
3:0 0100-1111 not selected

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ

W = WRITE.

The first step of the measurement is the read out of the voltage between SFx and SRx that
is named resistance into ADC addressing.

This parameter is readable by the microcontroller, via 10bit ADC, through a dedicated request.

The registers to be read are still the four DIAGCTRL_x. Again the explanation of the first
register (x=A) is true also for the other three registers:

$3X DIAGCTRL_X — X=A,B, C,D
Case X=A:

M T@T1s[14]13[12[11]10[ 9[8[ 76 [5[4 [3]2]1]0

$3A DIAGCTRL_A - WX [X]|X[X[X]|X[X]|X]|X|ADCREQ_A
$06 = squib x resistance
®) |19 17 | 16 L] ] ]
1 <| - | R JADCREQ_A ADCREQ_A 10bit ADC result 19:1=conversion finished

g $06 = squib x
) resistance
a
<

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ

W = WRITE.
3. Further bit over the 16 standard.

3

Once read the ADC measurement, to obtain the value it is necessary to consider the divider
ratio of the ADC. In case of resistance x, itis 1:1.

Table 6. Squib x resistance measurement of the value ratio ADC

Divider Ratio
Measurements
15:1 10:1 71 4:1 1:1
Squib x resistance N
121/198
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2,4 step

Figure 58. Diagnostic - Squib resistance measurement (2)

VER pin
(from Energy Reserve)

Safing
transistor

<
=
=

VVVY

VIJ' ESDIAG

M

ISRC

40mA

i

2°step squib resistance measure:

ISRC=40mA in BYPASS

Vgnd or
VBat S

Rsquib
1Qto 10Q

0

Vgnd or
VBat

ul

Bypass

Squib resistance measure
(system error < 8%)

Squib loop

driver and

diagnostic
blocks

xN

Ipulldown
I=1mA

o

EMI low pass
filter

0

§

Gain =5.25

Short to GND
Rleak >10KQno detection
Rleak <1KQdetection

Vref=2v5

10bit
Toterr =+4LSB
LSB =25/1024 V

HV analog MUX

3v3 supply

———
e

Squib resistor HIGH

Squib resistor LOW

Vref=2v5

S

%
ISINK

llimit =70mA

Short to BAT j

Rleak >10KQno detection
Rleak <1KQdetection

VRCM (voltage regulator current monitor)

GAPGPS02914

For set up, refer to Figure 58.

The set-up is the ISRC connected to the SRx. The squib is correctly connected between
SFx and SRx. SRx is internally connected to ISINK that is able to sink the current.

™ [ @ [1514]13[12]11]10] 9 | 8 7|6|5|4 3|2|1|0
3/$38 LPDIAGREQ | (I) |W |0 |X|1[1]0]|1]|0|0|RES_MEAS_ |LEAK_CHSEL|15: 0=DIAG LOW LEVEL
CHSEL 0100:1111 13:1= pull down curr OFF all
0000 = ch0 ch
0001 = ch1 12,11: 10=ISRC=40mA by
0010 = ch2 pass (RES_MEAS_CH),
0011 = ch3 OFF in the others

10: 1=ISINK

(RES_MEAS_CH) ON, OFF
the others

9,8:00 VRCM not connected
7:4 RES_MEAS_CHSEL
3:0 0100-1111 not selected

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)=no in SCRAP / (A)= no in ARMING

R =READ
W = WRITE.
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The second step of the measurement is the read out of the voltage between SFx and SRx,
named resistance into ADC addressing.

This measurement takes into account the leakage that may be present on SFx SRx pins.

As the previous measurement, also this is readable by the microcontroller, via 10bit ADC,
through the same dedicated request.

The registers to be read are still the four DIAGCTRL_x. Again the explanation of the first
register (x=A) is true also for the other three registers:

$3X DIAGCTRL_X — X=A, B, C,D
Case X=A:

M@ [15 [14 [13 |12 [11 [10]o |8 |7 6|5 |4 |3 |2 |1 |o

$3A DIAGCTRL_A

W iX X [X X | X [X [X [X [X |ADCREQ_A
$06 = squib x resistance

19

BN
~
-
o

)

ADCREQ_A ADCREQ_A 10bit ADC result 19:1=conversion finished
$06 = squib x resistance

P

ADCREQ_A

I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)=no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.
3. Further bit over the 16 standard.
Once read the ADC measurement, to obtain the value it is necessary to consider the divider
ratio of the ADC. In case of resistance x, it is 1:1.
Divider Ratio
Measurements
15:1 10:1 71 4:1 1:1
Squib x resistance v
In LPDIAGSTAT is possible to verify on which channel the resistance measurement has
been performed:
M | @ [15]14]13]12 11|10|9|8 71654 3|2|1|o
4 |$37 LPDIAGSTAT R RES MEAS CH | X | X | X | X [LEAK_CHSEL|19: 0=LOW LEVEL
@) 19]|18(17|16 R SEL
0000 =ch0
0 0001 = cht
0010 =ch2
0011 =ch3
1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
()=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING
2. R=READ
W = WRITE.
3. Further bit over the 16 standard.

574
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Note:
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Having the microcontroller these two measurements (that are two voltage drops across SF
and SR), the squib resistance is so calculated:

AVout = (SFx - SRx), - (SFx - SRx),

GAPGPS02915

AVout

Rsquib = —————
G*ISRC

GAPGPS02916

G = 5.25 1£2% differential amplifier gain

ISRC =40 mA +5%

Let's consider an example where

ADC1sT conversion = (0100111000); = (312)49

ADConp conveRsion = (0010000001); = (129)49

Appc =312-129 = 183

In order to obtain the result in Volt, being the ADC characteristic linear,

2.5:1024 183 2.5V _ 4 4av
5 = X:A —x=—=0.
ADC 1024

GAPGPS02917
In order to obtain resistance value, considering typical factors

X 0.44V

= =2.12Q
G * ISRC 5.25-40mA

Rsquib =
GAPGPS02918

Immediately after the ADC read-out, ISRC is automatically switched OFF to reduce the
power consumption.

3
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9.1.8 High squib resistance diagnostic

The aim of the test is to understand if the squib resistor is below 200 Q, between 500 Q and
2000 Q or beyond 5000 Q

In case of a very high squib resistance, there is the possibility to set a lower ISRC current,
through ISRC_CURR_SEL bit, bit 14, $LPDIAGREQ. In this way, ADC maintains a good
dynamic.

The following description, referred to ISRC = 40 mA, is true also in case of ISRC = 8 mA.

Figure 59. Diagnostic - High squib resistance diagnostic

: VER pin H

(from Energy Reserve ] ) . . .
i ] High squib resistance value detection
: Safing VRESDIAG
b bR With VRCM block we detect:
: = | ) - Squib resistance in low range (200Q + 500Q)
: = | ISRC ! - Squib resistance in High range (2KQ + 5KQ)
| . ___! 40mA

SSxy ;

= Bypass

nF
_L ZE:'— Squib resistance measure
(system error < 8%)

Vgnd or

VBat SFx W

YWY -\ A
RLeak — VY Vref=2v5
ref=2v
22nF -
xN 1l
Squib loop
. ] Vout 10bit
Rsquib dlrlver anld M o pass ot
10t0 10Q diagnostic filter LSB =2.5/1024 V
blocks HV analog MUX
Gain =5.25
3v3 supply
— ] T

vgnd or Ipulidown - M

o sk i — VVVV

a ~ x I=1mA /7 7 Squib resistor HIGH

Squib resistor LOW

----- 4-—4¢ >
RLeak
Short to GND
22nF I Rleak >10KQ o detection
ZE:'_ Rleak <1KQ detection @
Vref=2v5
Iy |
1 ISINK
Hlimit =70mA
G"jﬁg Short to BAT

- Rleak >10KQ no detection
Rleak <1KQ detection

VRCM (voltage regulator current monitor) GAPGPS02919

For set up, refer to Figure 59.

The set-up is the ISINK connected to the SRx. The squib is correctly connected between
SFx and SRx. SRx is internally connected to ISINK that is able to sink the current.

3
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M]@]15[14[13]12]11[10] 9 | 8 |7 |6 |5 |4 3 |2 |1 |0

3|$38 LPDIAGREQ|(I)[W| 0| X | 1]0/1{0/1| 1|0 | 1 |RES_MEAS_ [LEAK_CHSEL |15: 0=DIAG LOW LEVEL

CHSEL 0000 =ch0  |13:1= pull down curr OFF
0000 =ch0 (0001 = ch1 all ch

0001 = ch1 0010 =ch2 |12,11: 00 or 11 ISRC OFF
0010 = ch2 0011 = ch3 all channels

0011 = ch3 10: 1= ISINK
(RES_MEAS_CH) ON,
OFF the others

9,8:01 VRCM SFx
LEAK_CHSEL)

7:4 RES_MEAS_CHSEL
3:0 LEAK_CHSEL

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ

W = WRITE.

Note:

126/198

ISINK and VRCM have to be addressed to the same channel, that means
RES MEAS CHSEL, bit[7:4] and LEAK_CHSEL, bit[3:0]are equal.

If there is a wrong selection in the two fields RES_MEAS CHSEL / LEAK_CHSEL, there is
no notice of the mistake.

Test result:

Through this set-up, the VRCM is connected to SFx and ISINK to SRx. Current flowing
through SFx is measured and compared with ISRIow, ISRhigh thresholds to identify in which
range the resistor measured is.

HSR HIGH = Rggpigh = 2 kQ + 5 kQ
HSR LOW = Rggjow = 200 Q + 500 Q

In case of low resistance value, VRCM sees a path from SRx and GND so STG (very low
impedance towards ground) could be detected.

Read out of these bit has to be done before the next diagnostic request, because these bits
are not latched.

3
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M @ |15 [14 [13 |12 [11 |1o|9 |8 76643 |2 |1 |0
4 |$37 LPDIAGSTAT| | R 0/1]0/1|RES_MEAS_ X |o/1[X |0/1|LEAK_CHSEL[19: 0= Low LEVEL
0000 = cho 0001 = ch1 0 = resis < HSR HIGH
0 0001 = ch1 0010 =ch2 |1 = resis > HSR HIGH
0010 = ch2 0011=ch3 [12:
0011 = ch3 0 = resis > HSR LOW

1 = resis < HSR LOW
6: STG 1=yes/0=no
4:VRCM connected to:

0= SR
1=SF
1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(I)=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.
2. R=READ
W = WRITE.
3. Further bit over the 16 standard.
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9.1.9 High side FET diagnostic

The test is possible only in the diagnostic phase (see Section 4.2).

These are two tests performed separately for the high side and the low side, with dedicated
commands.

Note: Before running this test, VRCM has to be previously validated (see Section 9.1.2: VRCM
test validation) and leakage tests have to be already performed with no fails found (see
Section 9.1.3: Leakage test - High side and Section 9.1.4: Leakage test - low side).

Only if these mentioned tests have been successfully done, the HIGH SIDE (and LOW
SIDE) FET tests can be performed.

Figure 60. Diagnostic - High side FET diagnostic

(fr;’f';npe"r‘gy To SYNCBOOST . .
Reserve) HS FET diagnostic : check FET
Safing
transistor
VRCM connected to SFx .
= External diode plus resistance bias the SSxy pin voltage
h L 'i’:f and limit the maximum current level during test

Bypass

1 Squib resistance measure

(system error < 8%)
Vgnd or !

zzmj__ o0 1
- Squib loop
Rsquib % driver and o o nme Vout
1Qto 10Q diagnostic o
blocks

Gain =5.25

Il
)

Vref=2v5

10bit
Toterr =+4LSB
LSB =2.5/1024 V

HV analog MUX

3v3 supply

AAA
VVVV
Squib resistor HIGH
Short to GND Squib resistor LOW
22nF ] l l Rleak >10KQ no detection
] Rleak <1KQdetection @@
Vref=2v5

J: ISINK ?
llimit =70mA
GNDA Short to BAT

VBat SRx ) 'p“.':'ﬂﬂ"""

T

—————————————————— Rleak >10KQno detection
L Rleak <1KQdetecti

VRCM (voltage regulator current monitor)
GAPGPS02998

For set up, refer to Figure 60.

ISRC and ISINK are kept off and VRCM is connected to SFx, chosen through
LEAK_CHSEL.

3
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M{@115[14[13]12[11[10 7|6|5|4 3|2|1|0
3| $38 LPDIAGREQ |(h)[(W|O0|X|[1|0|0]|O0 RES_MEAS_ |LEAK_CHSEL [15: 0=DIAG LOW
CHSEL 0000 = chO0 LEVEL
0100:1111 0001 = ch1 13: 1=pulldown curr
0010 = ch2 OFF for all ch.
0011 = ch3 12,11: 00/11=ISRCOFF
on all channel
10: 0= ISINK all OFF
9,8: 01 VRCM to SFx
(LEAK_CHSEL)
7:4 0100-1111 no
selection
3:0 LEAK_CHSEL
3 1$36 SYSDIAGREQ|D (W | X | X [X | X | X | X 0f(1]1]11]0111: DSTEST=HSFET
active

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

3

Test result:

High side FET test turns ON the HS power: if it turns ON correctly, SFx is connected to SSxy
which is at VER voltage through the resistor R in parallel to the safing FET.

During the test, the device monitors the current flowing through VRCM.

If the high side FET works properly, this current exceeds the thresholds IHSFET (high side)
and the channel is immediately turned off,

IHSFET =1.8mA + 10%

In case the current doesn't exceed the limit mentioned, after a fixed time, TeetTiMEOUT: the
test is terminated and the output is turned off.

TreTTIMEOUT = 200 WS

During TeetTiMEOUT Period, FET activation is flagged through a bit, FETON, readable via
SPI:

In any condition, current in SFx doesn't exceed Igyrcm and during the FET test the energy
provided to the squib is limited at Epgyyest-

ISVRCM: ILIM_SRC =-20mA + -10mA; ILIM_SNK =10mA + 20mA
EreTtest < 170uJ
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(1><2>1514131211|1o|9|8 6543|2|1|O
4 |$37 LPDIAGSTAT R |0/ RES_MEAS_C| 0 |0/1|0/1| 1 |LEAK_CHSEL [19: 0= LOW LEVEL
0100-1111 0001 = ch1 0=FET OFF during diag
0 X 10 0010=ch2  |1= 0=FET ON during
0011 = ch3 diag
6: 0=STG
5: 1=STB
4: 1=test on SFx

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=<ARMING / - = ALL STATES
(h=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

Possible results for high side:

They are cleared through a new LPDIAGREQ or a new SYSDIAGREQ.

2. R=READ
W = WRITE.
3. Further bit over the 16 standard.
STB=1 & STG=0
STB=0 or STG=1
Note:

o

k

missing SSxy connection during FET test or high side not
switched ON or short to GND during FET test

STG & STB, after FET test, are latched.

If VRCM is not previously connected to the SFx and the test is run, a dangerous condition
could happen.

In case of SRx shorted to GND, when the HS is turned ON, even if the current flowing
through the squib is greater than IyspeT, the HS is not immediately turned off and the current
flows through the squib until TeerTiIMEOUT €XPires: this could determine an undesired
deployment.

Figure 61. Diagnostic - High side FET diagnostic, SR short to GND

aaaaaaaaa

Rsquib

VRESDIAG]

ssxy

220F to 470uF

SRx

220F to 470uF

SGx

GNDAI

1 high side
=
ES
s

GAPGPS02921
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9.1.10 Low side FET diagnostic

Figure 62. Diagnostic - Low side FET diagnostic

ESDIAG LS FET diagnostic : check FET

VRCM connected to SRx

VER pin
(from Energy
Reserve)

)

[}

[}

[}

: Safing
| transistor
[}

[}

[}

[}

[}

Bypass

1nF
I ZE:'— Squib resistance measure

(system error < 8%)

AAA
VVVV

22nF XN l l
N Squib loop
Rsquib é driver and M ow pass Vout
1Qto 10Q diagnostic iter
blocks

Gain =5.25

Vref=2v5

L7

10bit
Toterr = +4LSB
LSB =2.5/1024 V

[

HV analog MUX

3v3 supply

m
WW
Short to GND Squib resistor LOW
22nF Il Rleak >10KQno detection
Rleak <1KQ detection @@
Vref=2v5

Vgnd or
VBat SRx Ipqﬂg{g\wn ]

Squib resistor HIGH

\Y

SGx L
INF
L ISINK
Himit =70mA
GNDA Short to BAT
Rleak >10KQno detection
L Rleak <1KQ detecti ‘
VRCM (voltage regulator current monitor) GAPGPS02922

For set up, refer to Figure 62.

ISRC and ISINK are kept off and VRCM is connected to SRx, chosen through
LEAK_CHSEL.

M@ ]15|1413]12]11]10 7 |6 |5 |4 3 |2 |1 |o

3 |$38 LPDIAGREQ |()[{W|0([X|1]|0({0|0|1|0|RES_MEA |LEAK _CHSE |15: 0=DIAG LOW LEVEL
S_CHSEL |L 13: 1=pulldown curr OFF for all ch.

0100:1111 {0000 =chO  |12,11: 00/11=ISRCOFF on all
0001 =ch1 |channel

0010 =ch2 [10: 0= ISINK all OFF

0011 =ch3 |9,8: 10 VRCM to SRx
(LEAK_CHSEL)

7:4 0100-1111 no selection
3:0 LEAK_CHSEL

3 |$36 SYSDIAGREQ|D |W |X [X X X X |[X |X |X 1 [0 |0 [0 |1000: DSTEST=LSFET
active

©
©

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.
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Test result:

Low side FET test turns ON the low side. If the low side turns ON correctly, SRx is
connected to SGxy.

During the test, the device monitors the current flowing through VRCM.

If the FET works properly, this current exceeds the thresholds I et and the channel is
immediately turned off,

I_sFeT = 450pA £ 10%

In case the current doesn't exceed the limit mentioned, after a fixed time, TretTiMEOUT: the
test is terminated and the output is turned off.

TreTTIMEOUT = 200 WS

During TeeTiMEOUT Period, FET activation is flagged through a bit, FETON, readable via
SPI.

In any condition, current in SRx doesn't exceed lgyrcm and during the FET test the energy
provided to the squib is limited at Epgyyest-

ISVRCM: ILIM_SRC =-20mA + -10mA; ILIM_SNK =10mA + 20mA
EreTtest < 170ud

N

M | @ [15]14]13]1 11|10|9|8 76|54 3|2|1|0

$37

0/1 RES_MEAS_ | 0 (0/1|0/1] 0 [LEAK_CHSEL [19: 0= LOW LEVEL

LPDIAGSTAT CHSEL 0000 = chO 15:

@19

18

17116 R 0100-1111 0001 =ch1  |0=FET OFF during diag

0

X

0010 =ch2 1= 0=FET ON during diag
0011 =ch3 6: 1=STG
5: 0=STB

0

4: O=test on SRx

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(h=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING

2. R=READ
W = WRITE.

3. Further bit over the 16 standard.

Note:

Note:

132/198

Possible results for low side:
STB=0 and STG=1 ok
STB=1 or STG=0 short to battery in LS or low side not switched ON.

Ground loss (SGxy) is not detected through FET test, because there is a diode between
SGxy and the substrate.

STG & STB, after FET test, are latched.
They are cleared through a new LPDIAGREQ or a new SYSDIAGREQ.

If VRCM is not previously connected to the SRx and the test is run, a dangerous condition
could happen.

In case of SFx shorted to SSxy, when the LS is turned ON, even if the current flowing
through the squib is greater than || spe, the LS is not immediately turned off and the current
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flows through the squib until TeetiMEOUT EXPires: this could determine an undesired
deployment.

Figure 63. Diagnostic - Low side FET diagnostic, SF short to Battery

1mF to 10mF

Safing
transistor

VRESDIAG

22nF to 470uF

J

N\ MY

Rsquib

SRx

low side

22nF to 470uF

SGx

GAPGPS02923

Note: If VRCM is not previously connected to the SRx and the test is run, a dangerous condition
could happen.

In case of SRx shorted to SSxy, when the LS is turned ON, even if the current flowing
through the squib is greater than || greT, the LS is not immediately turned off and the current
flows through the squib until TeetTiIMEOUT €XPires: such a high current could damage the LS
power.

3
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Figure 64. Diagnostic - Low side FET diagnostic, SR short to Battery

1mF to 10mF

Safing
transistor

VRESDIAG

SSxy

SFx
22nF to 470uF

low side

22nF to 470uF

SGx

GAPGPS02924
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9.1.11

LOSS of Ground

This test is based on the voltage of ground pin, SGxy, during the squib resistor
measurement or the high side driver diagnostic, refers to those sketches.

Any voltage shift of SGxy pin over Vgggpen is considered loss of ground, readable in
LP_GNDLOSS register.

VsGopen = 400-600-800 mV

M|@15|14(13|12|11|10| 9|8 |7|6|5|4| 3 | 2 | 1 | ©

4 |$26 LP_GNDLOSS R{0{0|0(0|0|0|0|0|0O|O|O|0|CH3|{CH2|CH1|CHO0|0=no loss of ground

©)

19

18

1 = loss of ground

1716 R
i: chi i=3:0

0

X

0

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=<ARMING / - = ALL STATES
(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

3. Further bit over the 16 standard.

Note:

3

GNDLOSSKx is set considering tsgopen filter time and it is cleared upon read
tsGopen = 46 Ws - 50 ps - 54 ps

Only two GND pins are available, SG01, SG23; IC is able to detect GND loss on CHx or
CHy basing on the channel selected either for Section 9.1.7: Squib resistance measurement
or Section 9.1.11: LOSS of Ground.
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9.1.12 Safing FET diagnostic
The aim of the test is to verify the VSF and SSxy voltage level.
VSF is turned ON via SPI.
Set up

M| @ |15|14|13|12|11|10| 9|8 |7 |6|5|4|3|2[1]0

3[($36 SYSDIAGREQ| D | W | X | X | X | X | X[ X | X [X 0|1(1]0]|0110: DSTEST=VSF
regulator active

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=<ARMING / - = ALL STATES
(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

Test resulit:
VSF and SSxy voltage are readable by the microcontroller through the ADC converter in the

registers:
$3X DIAGCTRL_X — X=A,B,C,D
Case X = A:
M{@|15]14]13[12]11]10] 0 | 8 | 7 6|5|4|3|2|1|O
$3ADIAGCTRL_A | - |W|X|X|X|X|X|X|X]|X|X |ADCREQ_A
$36 = SSO
$37 = SS1
$38 = SS2
$399 = SS3
$2A = VSF
® [19[18 |17 |16 ||||||
11010 - | R JADCREQ_A IADCREQ_A 10bit ADC result 19:1=conversion finished
< $36 = SSO
g $37 = SS1
& $38 = SS2
2 $399 = SS3
$2A = VSF

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

3. Further bit over the 16 standard.

3
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Once read the ADC measurement, to obtain the voltage value it is necessary to consider the
divider ratio of the ADC. In case of SS and VSF, itis 15:1.

Table 7. VSF and SS measurement of the value ratio ADC

Divider Ratio
Measurements
15:1 10:1 71 4:1 1:1
VSF
SSx \

In the schematics here below a possible solution to perform the test is represented: such a
solution allows performing SAFING FET test only if the external reserve capacitor CER has
been charged.

Figure 65. Diagnostic - Safing FET

VSF VER
X

T +
Imn

3300
3
47000
[
STDI20N4F6
SIG -
< 3600
)
47000
1500Q
MUN5332DW1
S16 SS01
47000 o—!>{ X
UP_CMD1 VDEPLOY S1G SS23
Enable b [: &
DEPLOY 4700Q
s 1
4700Q L 4700Q 100n | 100n
1000 § § 11
1000Q - B

W

4700Q

BCP56

Enable

DIAGNOSTI
GNOSTIC 4700Q

= GAPGPS02926

The solution is based on the reading of the voltage on SSxy pins through ADC; it also
requires an external component network and two commands from the microcontroller,
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UP_cmd1 and uP_com?2. Depending on the status of the VSF (ON or OFF) and on the
commands from the microcontroller, the cases described below can occur.

Figure 66. Cases of status of the VSF (on or off) and on the commands from the
microcontroller

VSF| yP_cmd1 | yP_cmd2 | SSxy pin voltage range = VDEPLOY - Vdiode = normal operating
= VSF-Vcesat-Vdiode -Vgs -Vdiode
ON 1 1 FET reg and Diagnostic enabled
10v 22v
= (VER-Vcesat)x100/(100+360)+Vcesat-Vdiode
X 0 1 FET reg disabled, Diagnostic enabled

4v v

= VER-Vdiode
X X 0 FET reg and Diagnostic disabled
22.6v

GAPGPS02927

In the first case of the table reported above, external FET is working in voltage regulator
mode (VSF ON, pp_cmd1, yp_cmd2 set) and voltage on SSxy pin is:

Vssxy =VS F_VCESAT —V biooe™Ves =V piooe

GAPGPS02928

The expected value read on ADC, depending on all the parameter variation, is in the range

of 10V+22V.
Ir? the second case the low side command of the diagnostic is enabled and voltage on SSxy
pin is:
Vee =100 8 Voken 1y Ly
S8, 100+ 360 CEgar DIODE

GAPGPS02929

The expected value read on ADC, depending on all the parameter variation, is in the range
of 4V=7V.

In the last case everything is disabled so the voltage on SSxy is expected to be close to
VER.:

Vss,, = VER-V 500e

GAPGPS02930

In case of an ADC reading out of the expected range, it has to be considered as a faulty
condition.

Note: Once up_cmd?2 is active, capacitors on SSxy pins are discharged through 4.7k which
requires about 1ms to reach steady state so a proper time should be elapsed before running
ADC conversion.

Besides, in order to guarantee more safety, it is possible to read the voltage on Vpgp| gy net
through a voltage divider which is sensed by ADC of the microcontroller.

In order to guarantee redundancy on safing FET enabling, two independent conditions must
be verified. The assertion of the two conditions must come from two separate activation
logics.

In the solution here presented, the first condition (VSF switch ON) comes from the IC in
arming state while the second one (up_cmd1 asserted) comes from the microcontroller.

138/198 DoclD025845 Rev 3 KYI




AN4437

Diagnostic

9.1.13

In case the ARMING algorithm is run by the microcontroller, the circuit which turns ON the
safing FET can be removed (both MUN5332DW1 and S1G diode): VSF can be connected
directly to the FET gate and yp_cmd1 can be used to drive FENH and FENL.

Deployment time diagnostic

The aim of the test is to pass to the microcontroller the deploy time information that the IC
has stored with the previous SPI commands (see Section 8.1: Deployment requirement).

Set up, only in DIAG state

M @ |15[14[13[12[11|10|9 |8 |7 |6|5|4|3|2|1 |0

3|$36 SYSDIAGREQ| D | W | X | X [ X [ X | X | X | X |X 110|0]|1({1001: DSTEST= output

timing on ARM pin

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)=no in SCRAP / (A)= no in ARMING.

2. R=READ

W = WRITE.

Note:

3

Once $36 SYSDIAGREQ register is set for output timing on ARM pin check, even if the test
has been performed, it is not possible any modification in the deployment channel
configuration, $06 DCRO, $07 DCR1, $08 DCR2, $09 DCR3.

This feature prevent any modification in the deployment time and deployment current after
the test has been performed and, as a consequence, is no longer visible by the
microcontroller.

To modify again the deployment channel configuration ($06 DCRO, $07 DCR1, $08 DCR2,
$09 DCR3) it is first necessary to change the DSTEST request, and secondly to modify the
deployment channel configuration itself as previously done.

Test result:

Once the test is ongoing, a signal 0V ->5/3.3V (depending on VDDQ) is output on ARM pin,
which reports in sequence, from channel 0 to channel 3, the deployment time programmed,
with a 8ms delay between each channel: starting from ch0, ARM signal is high for the
deploy time of chO; then remains low until the next pulse corresponding to the channel 1
occurs (8 ms delay between each pulse to start); the same happens with the next channels
2,3.

The microcontroller can test the latest deployment time programmed in DRCx (see
Section 8.1: Deployment requirement) measuring the duration of high ARM pulse.

If the test is performed on a channel with no deployment time previously configured, the
high ARM pulse lasts 8 ps.

If the combination time/current deployment programmed for a channel is wrong, then, as
explained in the DRCx (see Section 8.1: Deployment requirement) the combination
time/current deployment turns back to the default value. In case the deployment time is then
monitored through ARM signal, the default one is output.
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Figure 67. Deployment timer diagnostic sequence
From any state:
DIAG state & SPI_SYSREQ(DSTEST=PULSE) /
PULSE_TESTx=0 PT_TMR=8ms /
PT_TMR=0
PULSE_TESTx=0
PULSE_TEST1=1
SSM_RESET /
PULSE_TESTx=0
PT_TMR=8ms /
PT_TMR=0
PULSE_TESTx=0
PULSE_TEST2=1
PT_TMR=8ms / PT_TMR=8ms /
PULSE_TESTx=0 PT_TMR=0
PULSE_TESTx=0
PULSE_TEST3=1
PT_TMR=8ms /
PT_TMR=0
PULSE_TESTx=0
PULSE_TEST4=1 GAPGPS01995

140/198

Figure 68. Deployment timer - no programmation

mpi Trigger Visual Cursori Misua Matem. Analisi Utiita' Aluto File Vert BasedeiTempi Trger Visual Cursori Misura Matem. Analisi Uiita' Aiuto

omae 110V “00
1005 20 WSk |Edge Positvo s00ks 50 osivg

gfor Tigger LeCroy

LeCroy
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3

Figure 69. Deployment timer

Misura Uatem. Analisi Utita Aluto

Aralisi Utita Aluto

File Vot BasedoTempi Trgger Visual Cursori Misura Uatem.

Uit A

Fle Ve BasedeiTempi Trgger Visual Wsura Ustem Analisi Utits At

= 7891525 1ibXe 1259030 Hz

- o
R o T e e

LeCroy
File Vet Basede Tempi Troger

Visusl Cursori Misura Ualem. Analisi Ut Alto e Vet BasedeTempi Troger Visual

Arallsl Utita Aluto

(Trigger _gmem)
X a3542ms
X= 1573664 ms 1X= 1273008 Hz
LeCro. o

Aralisl Utita Aluto

Visual. Cursori Misura Watem.

Fle Ver. BasedaTempl Trgger Visual Cursorl Misura latem.

——————
i
i
i
i
(foase_zicormy t
2 v 2
s : om0 v
Xi= 1573 32ms Xi= 2362210 2us
Xe= 2357066 ms 1K= 1275295 He Xez 24.16342ms 1 4734 Wiz
LeCroy 252013 405.02P1 LeCroy 252013 40553 P11

ChO: depl time=0.5ms, depl curr=1.2A,
Ch1: depl time=0.7ms, depl curr=1.2A,
Ch2: depl time=2ms, depl curr=1.2A,
Ch3: depl time=2ms, depl curr=1.75A-> turns to depl time=0.5ms, depl curr=1.2A
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9.2 High level

Figure 70. High level loop diagnostic flow 1

TIP=0

TIP=1

OFF state

New high level diagnostic
request (bit 15 of
LPDIAGREG is high)

WAIT OFF
Offtime= 24us

Wait enough time to b§
sure that all currents and
voltages supplies start i

VRCM_CHECK OR LEAKAGE

TIP=1

Enable VRCM
LOW LEVEL diagnostic Leakage test time elapsed Disable ISRC and ISINK
select (b15, LPDIAGREQ is SBL flag is asserted if STG is Disable all pull down current

low) OR invalid high level no more present
diagnostic select OR IC in
DEP_ENABLE state

LEAKAGE TEST 2
Leakage test time=
152us/600us

Leakage is detected (due to the
fat that FETs work properly) OR
fet test time elapsed

FET_TEST
FET test timeout=200us

Leakage test time elapsey
AND (SBL is selected) AN
leakage is present

TIP=1

Enable VRCM
Disable ISRC and ISINK
Enable HS or LS FET if also
DSTEST=0111 or 1000

Leakage test time elapsed
AND (FET test is selected)
AND NO leakage is present

Leakage test time elapsed AND (LEAKAGE
test is selected) OR (SBL and no leakage is
present)OR(FET test and leakage is present)
Latch STB, STG flags
FP=1if FET test is selected

LEAKAGE _TEST_1
Leakage test time=
152us/600us

TIP=1
Enable VRCM
Disable ISRC and ISINK

test time elapsed AND (VRCM_CHECK
test is selected OR VRMC fails)

Latch STB, STG flags
EAKAGE or FET tests are selected

FP=1if

VRCM test time elapsed AND
(LEAKAGE or SBL or FET test is
selected) AND VRCM NO fails

Off time elapsed AND new
diagnostic request is

VRCM_CHECK
VRCM check time=
40us/160us

OR SBL OR FET tests

TIP=1
Enable VRCM
Enable ISRC and ISINK

GAPGPS02933
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Figure 71. High level loop diagnostic flow 2

LOW LEVEL diagnostic
select (b15, LPDIAGREQ is
low) OR invalid high level
diagnostic select OR IC in
DEP_ENABLE state

End of conversion
Store result in ADCRESB

SQUIB RES MEAS
CONV2

Resistance range test time elapsed
Latch HSR_HI, HSR_LO flags

TIP=1
Enable VRCM
isable ISINK

SQUIB RES RANGE

TEST
Resistance Range test settling
time=152us/600us

New high level diagnostic
request (bit 15 of
LPDIAGREG is high)

Off time elapsed AND new
diagnostic request is SQUIB
RESISTANCE RANGE test

WAIT OFF
Offtime= 24us

End ofsettling time
TIP=1

Wait enough time to pe
sure that all currentsfand

voltages supplies stdrt in
OFF state

SQUIB RES MEAS CONV 1

End ofsettling time

End of conversion

St Itin ADCRESA
Off time elapsed AND ne! ore resultin

diagnostic request is SQUIB
RESISTANCE measure test

SQUIB RES MEAS

_SETTLE1 SQUIB RES MEAS
Resistance test settling time=
304us/1200us SETTLE 2
Resistance test settling time=

TIP=1
Enable ISRC on SFx
Enable ISINK

304us/1200us
TIP=1
Enable ISINK
Enable ISRC
BYPASSISRC on SRx GAPGPS02934

Device performs the measurement, as requested by the microcontroller, through
LPDIAGREQ register.

Based on the requests from the microcontroller, diagnostics run according to the setups
described for the low level mode but each test set up is driven step by step by the IC itself.

IC timing schedule is selected through HI_LEV_DIAG_TIME bit in INIT:

3
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$01 SYS_CFG | (W X 0 10: HI_LEV_DIAG_TIME
O=short time
1=long time

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

O)@1[1a1312]11]10] 9 [8] 7 [ 6 [ 5 | 4 [3]2]1]o0

3|$38 LPDIAGREQ [(I)|W]| 1| X|X|X|X|X|X|X|HIGH_LEVEL |SQP[LOOP_DIAG_|15: 1=DIAG HIGH LEVEL

_DIAG_SEL CHSEL 4 SQP 0=SRx 1= SFx
000=No diag 0000 = ch0

sel 0001 = ch1

001=VRCM 0010 = ch2

Check 0011 = ch3

010=Leakage

Check

011=Short Btw
Loops Check
100 = Unused
101=Squib
resist range
Check
110=Squib
resist measure
111=FET test

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

In case of high level diagnostic selection, the IC automatically schedules the preparatory
tasks to be eventually run in order to perform the required diagnostic.The following flow
chart shows the time sequence implemented:

3
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Figure 72. Diagnostic - Safing FET flow

VRCM CHECK

VRCM TEST
requested?

LEAK TEST

LEAK TEST
requested?

‘——1  FETTEST

GAPGPS02935

FP bit in LPDIAGSTAT register is available only in case of high level diagnostic selected; it
is stuck at O otherwise.

Once a test which requires preliminary measurement phases is selected (ie leakage test,
FET test), this bit is set if the diagnostic procedure has been stopped because of a fault
recorded in such a preliminary steps.

3
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9.21 VRCM check - High side

Figure 73. Diagnostic - VRCM check - High side

VER pin
(from Energy Reserve)

HS FET diagnostic: check VRCM functionality

VRESDIAG
First we use ISRC current generator to check VRCM block

Safing
transistor

ISRC
40mA
SSxy
= Bypass
1nF
L j— Squib resistance measure
(system error < 8%)
e —
— \
RLeak — VAVAVAV Vief<av5
22nF — J ref=2v:
N
Squib loop I

10bit
Toterr =+4LSB
LSB =2.5/1024 V

Rsquib driver and - Vout
1Qto 10Q diagnostic s
blocks

HV analog MUX

Gain =5.25
3v3 supply
—_— T
Vgnd or Ipulldown - AA
VBat SR = — LAAAL
..... AW ) = 7 __squib resistor HIGH

Short to GND Squib resistor LOW
22nF Il Rleak >10KQno detection
ZE:'_ Rieak <1KQ detection @
Vref=2v5

SGx
L ISINK ?
llimit =70mA
GNDA
G Short to BAT

J_ - Rleak >10KQ no detection
L Rleak <1KQdetection

VRCM (voltage regulator current monitor) GAPGPS02936

M[@]15]14]13[12][11]10] 9 | 8 7|6|5 4 3|2|1|0
3ls38 LPDIAGREQ [(1)|W] 1 [ x [ x [ x [ x| x| x [ x [HIGH_LEVE [1]L0OP DIAG_|15: 1=DIAG HIGH LEVEL
L_DIAG_SEL| |CHSEL 4: SQP 0=SRx 1= SFx
001=VRCM | [0000 = chO
Check 0001 = ch1
0010 = ch2
0011 = ch3

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.
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Figure 74. Diagnostic - VRCM check - High side waveform

VRESDIAG = 22.5V
2 Q squib connected
22nF on SFx and SRx

VRCM turn on:
SFx 2.5V

ISRC connected to SFx,

LeCroy!

SRx

40 s, (HI-LEV-DIAG: TIME=0)
or 160 ps (HI_LEV_DIAG_TIME=1)

A

SFx @ VRESDIAG

(Timebase -10.0 ps| (Trigger  CAEE)]
10.0 ysiiviNormal  5.95 V|
25.0kS 250MS/sjEdge  Positive]

Test result:
M| @]15[14]13]12 11|10|9|8 7]6]5]4 3|2|1|0
4 |$37 LPDIAGSTAT| |R|0 HIGH_LEVEL |0 |0 |1 |1 [LEAK_CHSEL [19: 1= HIGH LEVEL
® |19 l18 117 16 R _DIAG_SEL 0000 =ch0  [18: TIP 0= high level diagn
001=VRCM 0001 = ch1 not running
110100 Check 0010 =ch2 |16: FP no fault before test
0011 = ch3 15: 0=FET off during diagn

7: SBL 0= no short loops
6: STG 0= no short GND
5: STB 1=short to battery
4:SQP=1 SFx

3:0 LEAK_CHSEL

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES

(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

3. Further bit over the 16 standard.

Note:

selects through SQP bit the high side or the low side.

3
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9.2.2

VRCM check - Low side

Figure 75. Diagnostic - VRCM check - Low side

VER pin
(from Energy Reserve)

Safing
transistor

ESDIAG!

LS FET diagnostic: check VRCM functionality

_1 Second we use ISINK current generator to check VRCM block
| = ISRC
[, A 40mA
NI
Sl Bypass
1nF
1 {j— Squib resistance measure
(system error < 8%)
Vgnd or
VBat SFx
----- AN 2 \
RLeak :\ VAVAVAV Vref=2vs
ZZnT xN l l —_— I ref=2v!
- Squib loop f
Rsquib driver and Vout ) 10bit
1Qt0 10Q é diagnostic e ‘I: 158 = 251094 4
blocks HV analog MUX
Gain =5.25
— SVSEppIy
v SRx Ipulidown 5 WW
..... Sy — 3 mma ] 7] Squib resistor HIGH
RLeak Squib resistor LOW
ZZHF—-I__ 1l Rleak >10KQSr|’;o:eltce;:r?
Rleak <1KQdetection
N =R B
Y
SGx EQ—‘
L ISINK f
GNDAEE Ilimit =70mA Short t0 BAT
J_ - Rleak >10KQno dglechon
< Rleak <1KQdetection -
VRCM (voltage regulator current monitor) ~ GAPGPS02938
For set up, refer to Figure 75.
M@ 15]14[1312[11]10f0 [s |7 |6 |5 3 2|1 o
3($38 LPDIAGREQ [(I)[W]| 1 | X | X[ X | X |X|X| X [HIGH_LEVEL| 0 |LOOP_DIAG_ |15: 1=DIAG HIGH LEVEL
_DIAG_SEL CHSEL 4: SQP 0=SRx 1= SFx
001=VRCM 0000 =ch0
Check 0001 = ch1
0010 = ch2
0011 =ch3
1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(H=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)=no in SCRAP / (A)= no in ARMING.
2. R=READ
W = WRITE.
Test result:
Being ISRC and VRCM connected to SFx, if VRCM works correctly, short to battery,
readable in LPDIAGSTAT register, is asserted for the channel selected:
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M|@]15[14]13]12 11|10|9|8 70654 3|2|1|0

4 |$37 LPDIAGSTAT| |R |0 HIGH_LEVEL _DIA| 0| 1|0 |0 [LEAK_CHSEL [19: 1= HIGH LEVEL

® 19817 6| IR G_SEL 0000 =ch0  |18: TIP 0= high level diagn
001=VRCM Check 0001 = ch1 not running

17101010 0010 =ch2 |16: FP no fault before test

0011 = ch3 15: O=FET off during diagn
7: SBL 0= no short loops
6: STG 1= short GND

5: STB 0=no short to
battery

4:SQP=0 SRx
3:0 LEAK_CHSEL

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=<ARMING / - = ALL STATES
(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

3. Further bit over the 16 standard.

Note: VRCM check, once required, is not run one shot on both HS and LS, but microcontroller
selects through SQP bit the high side or the low side.

3
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9.2.3

Leakage check - High side

Figure 76. Diagnostic - Leakage check - High side

VER pin
(from Energy Reserve)

Safing
transistor

AAA
VVVY

IRESDIAG|

HS Leakage test

Ipulldown OFF on loop under measure, ON on the others

Voltage Regulator Current Monitor circuit:
- fix SFx pin voltage to 2v5

ISRC .
40mA - read current through SFx pin
SSxy - compare current with a threshold
= Bypass
1nF
1 j— Squib resistance measure
(system error < 8%)
Vg/réd or SF
h X
o : N
- AAA
RLeak — VVVV
ZZHFI " —_— Vref=2v5
N Squib loop |
Rsquib driver and Vout 1Utzi|+
1Qt0 100 é diagnostic e LS8 2501024 ¢
blocks HV analog MUX
Gain =5.25
3v3 Epply
Vgnd or Ipulldown - AAAA
YE?'._\/\NV\_.._ = Pl ] ~/ ] ' squib resistor HIGH
RlLeak Short to GND Squib resistor LOW
ZZHT l l Rleak >10KQno detection
1 Rleak <1KQdetection @
B @ Vref=2v5
SGx
L ISINK ?
GNDA Ilimit =70mA Short 1o BAT
- Rleak >10KQno detection
L Rleak <1KQ i —
VRCM (voltage regulator current monitor) GAPGPS02939
Figure 77. Diagnostic - Leakage check - High side waveform
VRESDIAG=22.5V | 1 LeCroy
HI_LEV_DIAG_TIME: short time 1
2Q squib connected )
22nF on SFx and SRx T
| Se— SFx capacito}
VRCM check on SFx] discharge via SFx leak test, expected value on
VRCM Ium sink SFx=2.5V
5.00 Vidiv 20.0 ps/divfNormal  4.90 V
-15.00 V of st} 20.0kS 100MS/sjEdge  Positive]
For set up, refer to Figure 76.
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(M|@|15]14]13[12[11]10] o | 8 7|6|5 4 3|2|1|0
3($38 LPDIAGREQ|(I)|W| 1 [ X | X |X|X|X|X|X |[HIGH_LEVEL| 1 |LOOP_DIAG_CH [15: 1=DIAG HIGH LEVEL
_DIAG_SEL SEL 4: SQP 0=SRx 1= SFx
010=leakage 0000 = chO0
test 0001 = ch1
0010 = ch2
0011 = ch3

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ

W = WRITE.

Test result:
M@ 15[14 [13[12 11|1o|9 |8 706|543 |2 |1 |o

4 |$37 LPDIAGSTAT | [R|0 HIGH_LEVEL_ |0 |0 |0 [1 [LEAK_CHSEL [19: 1= HIGH LEVEL

® 19 s 17 6 | IR DIAG_SEL 0000 =ch0  [18: TIP 0= high level diagn

010=LEAKAGE 0001 = ch1 not running
110100 Check 0010 =ch2 |16 FP no fault before test

0011 = ch3 15: O=FET off during diagn
7: SBL 0= no short loops
6: STG 0= no short GND
5: STB 0= no short to batt.
4:SQP=1 SFx

3:0 LEAK_CHSEL

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

3. Further bit over the 16 standard.

Depending on the value of the capacitors mounted on the ECU, the same high level
diagnostic can be performed setting HI_LEV_DIAG_TIME bit in order to increase the time of
the internal diagnostic finite state machine operation.

This bit can be written only in INIT state.

Note: In case HI_LEV _DIAG_TIME has to be written, microcontroller should do it before the RST
activation after the initial 500ms are expired.
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It could be necessary to disable the watchdog time out function through bit WD1_TOVR as
described in Section 5.1.

M| @ [15{14|13|12|11|10|9|8|7|6|5|4|3|2]1]|0
$01 SYS_CFG I | w X 1 1 |10: HI_LEV_DIAG_TIME
O=short time
1=long time
0: WD1_TOVR 1=timeout
disabled

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
()=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

Figure 78. Diagnostic - Leakage check - High side waveform, long time

VRESDIAG=22.5V SFx capacitor LeCroy
HI_LEY_DIAG_T ME: long time e ‘d'iich-a‘rge via

2Q squib connected VRCM Iiim_sink

22nF on SFx and SRx / \

/1 o \\ Frpses.
J / \\\ on SEx=2.5V ‘
/ \

VRCM check on SFx

SFx

Y

imebase  -51 ps|(Trigger  [EEEH)
5.00 Vidiv] 50.0 psidiv| Stop 250V
-5.00 V ofstf 25.0 kS 50 MS/s|Edge  Positive]
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9.2.4

Leakage check - Low side

Figure 79. Diagnostic - Leakage check - Low side

VER pin
: (from Energy Reserve)

Safing
transistor

LS Leakage test

Ipulldown OFF on loop under measure, ON on the others

ISRC |

40mA

- read current thro
- compare current

Voltage Regulator Current Monitor circuit:
- fix SRx pin voltage to 2v5

ugh SRx pin
with a threshold

Bypass

Squib resistance measure
(system error < 8%)

-

Vref=2v5

10bit
Toterr = +4LSB
LSB =2.5/1024 V

HV analog MUX

3v3 supply

Squib resistor HIGH

Squib resistor LOW

oo

Vref=2v5

Vgnd or
VBat SFx \
hnd \ AMA
RLeak — VVVV
22nF N 11 — J
Squib loop
Rsquib é driver and Vout
. . EMI low pass
1Qto 10Q diagnostic filtor
blocks
Gain =5.25
— W
Vgnd or - AMA
VBat SRx Ipl“ﬂﬂ,ﬂwn ] -/ LAAA'
fffff ﬂf«
RLeak
Short to GND
22nF Il Rieak >10KQno detection
{j_ E 3 Rleak <1KQ detection
SGx
L ISINK E
Ilimit =70mA
GNDA Short to BAT

Rleak >10KQno detection
Rleak <1KQ detection

VRCM (voltage regulator current monitor)

GAPGPS02942

For set up, refer to Figure 79.

(|@|15]14]13[12]11]10] o | 8 7|6|5 4 3|2|1|0
3|$38 LPDIAGREQ|(1)|W/| 1 | X | X [ x| X | x| x| X |HIGH_LEVEL| 0 [LOOP_DIAG_CH |15: 1=DIAG HIGH LEVEL
_DIAG_SEL SEL 4: SQP 0=SRx 1= SFx
010=leakage 0000 = chO
test 0001 = ch1
0010 = ch2
0011 = ch3

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

R =READ
W = WRITE.

3
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Diagnostic
Test result:
®[@115]14 13]12][11 10| 9 |8 |7[6|5]4|3 [2 |1 |0

4 |1$37 LPDIAGSTAT RO HIGH_LEVEL_ |0 |0 |0 |0 [LEAK_CHSEL |19: 1= HIGH LEVEL

®T19 18 17 M6 | IR DIAG_SEL 0000 =chO  |18: TIP 0= high level diagn
010=LEAKAGE 0001 = ch1 not running

1101010 Check 0010 =ch2  |16: FP no fault before test
0011 = ch3 15: 0=FET off during diagn

7: SBL 0= no short loops
6: STG 0=no short GND
5: STB 0=no short to batt.
4:SQP=0 SRx

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES

(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ

W = WRITE.
3. Further bit over the 16 standard.

9.2.5

Short between loops

To be selected if the test is on SFx or SRx via SQP bit:

M]@]15]14]13]12]11]10 7|6|5 4 3|2|1|0
3($38 LPDIAGREQ|(I)|W| 1 [X [ X [X|X]|X HIGH_LEVEL| 0/1 [LOOP_DIAG_C |15: 1=DIAG HIGH LEVEL
_DIAG_SEL HSEL 4: SQP 0=SRx 1= SFx
011=short 0000 = ch0
between loop 0001 = ch1
0010 = ch2
0011 = ch3

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRIT

154/198
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Diagnostic

Test result:

<1)<2>1514131211|1o|9|8 654 3|2|1|0
4 |$37 LPDIAGSTAT | |R |0 HIGH_LEVEL |00 |0 [0/ [LEAK_CHSEL [19: 1= HIGH LEVEL
®T19 18 17 M6 | IR _DIAG_SEL 110000 =ch0  |18: TIP 0= high level diagn
011=short 0001 = ch1 not running
110100 between loop 0010 = ch2 16: FP no fault before test
0011 = ch3 15: 0=FET off during diagn

7: SBL 0= no short loops
6: STG 0=no short GND
5: STB 0=no short to batt.
4:SQP=0 SRx/1=SFz

3:0 LEAK_CHSEL

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES

(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

3. Further bit over the 16 standard.

Squib resistance range

Figure 80. Diagnostic - Squib resistance range

Safing
transistor

\/!iESD\AG

S

High squib resistance value detection

With VRCM block we detect:
- Squib resistance in low range (200Q + 500Q)
- Squib resistance in High range (2KQ + 5KQ)

ISRC |
___________ AR 40mA
SSxy
= Bypass
nF
1 ZE:'— Squib resistance measure
(system error< 8%)
Vgnd or SFx
VBat
----- ~AMMN—--4 a . 1
- N\ AA
RLeak - Vvvy Vref=2v5
22nT N 11 — J
- Squib loop
Rsquib driver and Vout 1o|3n+
1Qt0 10Q ? diagnostic ™ Lo Soaigmey
blocks HV analog MUX
Gain =5.25
3v3 supply
Vvgnd or Ipulldown - AW
YE?E—NW‘"*_C%MJ EmA ] =~/ : Squib resistor HIGH
RLeak Short to GND Squib resistor LOW
22"T l l Rleak >10KQ no detection
Rleak <1KQdetection @
) @ Vref=2v5
SGx
Ing
L ISINK
GNDA llimit =70mA Short to BAT
- Rleak >10KQno detection
< Rleak <1KQ I
VRCM (voltage regulator current monitor) GAPGPS02643
For set up, refer to Figure 80.
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Diagnostic
|@]15(14l13[12]11]10[ 9| 8| 7 | 6 | 54| 3 | 2 | 1 | 0
3]s38 LPDIAGREQ|(1)|W/| 1 | X [ X [ x| x|x|x|x|HIGH_LEVEL| 1 [LOOP_DIAG_CH [15: 1=DIAG HIGH LEVEL
_DIAG_SEL SEL 4: SQP 0=SRx 1= SFx
101=squib 0000 = chO
res range 0001 =ch1
0010 = ch2
0011 = ch3

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

Test result (2 Q squib):

M]@ 1514 13 12 11|1o|9 |8 7lel5]a] 3 |2 |1 |o
4 |$37 LPDIAGSTAT | [R]0| [0 |1 [HiGH_LEVEL |01 0 [1 [LEAK CHSEL [19: 1= HIGH LEVEL

@ [19 18 17 |16 R DIAG_SI.EL 0000 = ch0 18: TIPQ= high level diagn
101=squib res 0001 = ch1 not running
110100 range 0010 = ch2 16: FP no fault before test

0011 = ch3 15: O=FET off during diagn
7: SBL 0= no short loops
6: STG 1= short GND

5: STB 0=no short to batt.
4:SQP=1 SFx

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

3. Further bit over the 16 standard.

STG=1 in case the squib has a very low resistive value

SQP=1 means that VRCM is connected to the high side

3
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9.2.7 Squib resistance measurement

IC allows measuring the squib resistance value in the range of [1-10]Q with overall 8%
precision.

Two steps of the measurement described below are managed by the IC, which makes also
ADC conversion results available.

Figure 81. Diagnostic - Squib resistance measurement (1)

VER pin |
(from Energy Reserve)

vhespiac 1°step squib resistance measure:
ISRC=40mA

r

[}

[}

[}

[}

] Safing
[} transistor
[}

[}

[}

[}

[}

[}

|
._w :
= | [} 1
= | | |
3 1 ISRC !
[ L Rupup—" __.! 40mA
SSxy 1
= Bypass
1nF
L ZE:'— Squib resistance measure
(system error < 8%)
Vgnd or S
RLeak -
QQHFI . W — Vref=2v5

10bit
Toterr = +4LSB
LSB =2.5/1024 V

Squib loop
Rsquib driver and o nace Vout
1Qto 10Q diagnostic fiter
blocks

Gain =5.25

HV analog MUX

3v3 supply

Vgnd or
Vet srx lpulldown — —

Squib resistor HIGH

Squib resistor LOW

Short to GND

22nF l l Rleak >10KQ no detection
Rleak <1KQdetection @ @
Vref=2v5
SGx
L7
= ISINK
llimit =70mA

GNf& Short o BAT

- Rleak >10KQ no detection
Rleak <1KQdetection

VRCM (voltage regulator current monitor) GAPGPS02944
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Figure 82. Diagnostic - Squib resistance measurement (2)

VER pin

Safing

transistor

(from Energy Reserve)

Rsquib
1Qto 10

Vgnd or
VBat

0

Vref=2v5

HV analog MUX

3v3 supply

10bit
Toterr =+4LSB
LSB =2.5/1024 V

.

(|) Squib resistor HIGH

Vref=2v5

|
| 2°step squib resistance measure:
VRESDIAG,
D = H
] ISRC=40mA in BYPASS
|
! bl
' i
| @ ISRC :
40mA
= Bypass
nF
1 ZE:'— Squib resistance measure
(system error < 8%)
SFx
—»—CTM .
ZZHT N [ i
- Squib loop
driver and .
diagnostic il
blocks
Gain =5.25
D SRx | 'p“.':'ﬂ&w” ‘l — I
I
Short to GND
ZZHFI l l Rleak >10KQ no detection
1 @ Rleak <1KQdetection
SGx
ing
L ISINK
GNDA llimit =70mA Short to BAT
_|__® - Rleak >10KQno detection
< Rleak <1KQdetection

VRCM (voltage regulator current monitor)

GAPGPS02945

IC triggers at the end of each step above an ADC conversion; once the high level diagnostic
has been performed, results of ADC conversions have to be read in the registers $3C, $3D
DIAGCTRL_x by selection of SQUIB resistance measurement (bit [6:0]=$06).

For set up, refer to Figure 82.

(|@|15[14]13[12]11]10 9 | 8| 7 | 6 | 5 4] 3 | 2 | 1 | 0
3[s38 LPDIAGREQ|(1)|W/| 1 | X [ x [ x| x| x| x| x|HIGH_LEVEL| X |LOOP DIAG CH [15: 1=DIAG HIGH LEVEL
DIAG_SEL | |[SEL
110=squibres| [0000 = ch0
meas 0001 = ch1
0010 = ch2
0011 = ch3

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

158/198

Test result:

The registers to be read are still the four DIAGCTRL_x. Again the explanation of the first
register (x=A) is true also for the other three registers:

$3X DIAGCTRL_X — X=C, D

DoclD025845 Rev 3
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Case X =C:

~

M[@[15[14[13]12]11]10]9]8 6|5|4|3|2|1|0

$3CDIAGCTRL_C |- |[W| X | X | X [ X | X | X [X|X|X|ADCREQ_A
$06 = squib x resistance

©)119(18]17 |16 ||||||
1({0(0 <|- R |ADCREQ_A ADCREQ_A 10bit ADC result 19:1=conversion finished
8 $06 = squib x resistance
14
@)
)
<

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

3. Further bit over the 16 standard.

Results read in the bit[9:0] will be named in the following as ADC4sT coONVERSION-

Case X =D:

~

M[{@[15[14[13]12]11]10]9]8 6|5|4|3|2|1|0

$3CDIAGCTRL_D |- |[W| X | X | X[ X | X | X [X|X|X|ADCREQ_A
$06 = squib x resistance

©) 119[18]17 |16 ||||||
1({0(0 <|- R |ADCREQ_A ADCREQ_A 10bit ADC result 19:1=conversion finished
8 $06 = squib x resistance
4
(©]
a
<

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

3. Further bit over the 16 standard.

Results read in the bit[9:0] will be named in the following as ADC,npD coNVERSION-

Once read the ADC measurement, to obtain the value it is necessary to consider the divider
ratio of the ADC. In case of resistance x, itis 1:1.

Table 8. Resistance measurement of the value ratio ADC

Divider Ratio
Measurements
15:1 10:1 7:1 4:1 1:1
RESISTANCE R
‘Yl DoclD025845 Rev 3 159/198
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Being two measurements, the squib resistance is so calculated:
AVout = (SFx - SRx)4 — (SFx - SRx),

AVout

Rsquib = ————
G * ISRC

G= 5.25 £2% differential amplifier gain

ISRC =40 mA £5%

Let's consider an example where

ADC1ST CONVERSION = (0100111000)2 = (312)10
ADC2ND CONVERSION = (0010000001)2 = (129)10
Appc =312-129 =183

In order to obtain the result in Volt, being the A2D characteristic linear,

183-2.5V
2.5:1024 = X:A ppg — X= —————— = 0.44V
1024

In order to obtain resistance value, considering typical factors

, X 0.44v
Rsquib = = =2.12Q
G*ISRC 5.25-40mA

DoclD025845 Rev 3
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9.2.8 High side FET diagnostic
The test is possible only in the diagnostic phase (see Section 4.2: Diagnostic).
These are two tests performed separately for the high side and the low side, with dedicated
commands.
Before running this test, IC validates VRCM, then performs leakage test and in case of no
failures, high side FET tests is performed.
Figure 83. Diagnostic - High side FET test
S ERe T ]TTT T

(from Energy
Reserve)

)

[}

[}

[}

] Safing
] transistor
)

[}

[}

[}

[}

[}

Vgnd or

Rsquib Q é
1Qto 10

Vgnd or
VBat SRx

RLeak

To SYNCBOOST

HS FET diagnostic: check FET

VRCM connected to SFx.

-
]

ISRC
40mA

Bypass

Squib resistance measure
(system error < 8%)

VVVV

Il
N

| External diode plus resistance bias the SSxy pin voltage
] and limit the maximum current level during test

Vref=2v5

XN
Squib loop I

driver and Vout
. . EMI low pass

diagnostic filter
blocks

Gain =5.25

J— 1
Ipulidown - MA
P 1=TmA -/ AN
Short to GND
l l Rleak >10KQno detection

E S Rleak <1KQdetection

HV analog MUX

3v3 supply

Squib resistor HIGH

10bit
Toterr = +4LSB
LSB =2.5/1024 V

Squib resistor LOW

ISINK

llimit =70mA

- Rleak >10KQ no detection
Rleak <1KQ

Short to BAT j

VRCM (voltage regulator current monitor)

Vref=2v5

GAPGPS02949

For set up, refer to Figure 83.
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Before selecting FET test, a writing access to the register $36 must be done, as it is shown
here below:

M]@]15]14]13[12]11]10[ 9 | 8] 7 | 6 | AR | 2 | 1 | 0
3|$38 LPDIAGREQ |(I)[W/| 1 [ X|X | X|X|X|X | X |[HIGH_LEVEL|S |[LOOP_DIAG_CH |15: 1=DIAG HIGH LEVEL
_DIAG_SEL |Q|SEL 4 SQP 0=SRx 1= SFx
111=FET test | P |0000 = ch0
0001 = ch1
0010 = ch2
0011 = ch3
3($36 SYSDIAGREQ| D |W/| X | X | X [ X | X | X|X|X 0| 1] 1] 1 |0111: DSTEST=HSFET
active

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ

W = WRITE.

162/198

High side FET test turns ON the HS power: if it turns ON correctly, SFx is connected to SSxy
which is at VER voltage through the resistor R in parallel to the safing FET.

During the test, the device monitors the current flowing through VRCM.

If the high side FET works properly, this current exceeds the thresholds IygeeT (high side)
and the channel is immediately turned off,

IHSFET =1.8mA +10%

In case the current doesn't exceed the limit mentioned, after a fixed time, TeetTiMEOUT: the
test is terminated and the output is turned off.

TeetTIMEOUT = 200 ps
Test resulit:
Possible results for high side, readable in register $37:
STB=1 & STG=0 ok

STB=0 or STG=1 missing SSxy connection during FET test or high side not
switched ON or short to GND during FET test

3
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M|@11514 1312 11|1o|9 |8 706|543 |2 |1 |o
4 |$37 LPDIAGSTAT 1 0 |1 |[HIGH_LEVEL_ |0 |10 |1 |LEAK_CHSEL [19: 1= HIGH LEVEL
® 19 s 17 16 | IR DIAG_SEL 0000 =ch0  [18: TIP 0= high level diagn
111 = FET test 0001 = ch1 not running
110100 0010 =ch2  |16: FP no fault before test
0011 = ch3 15: 1=FET off during diagn

7: SBL 0= no short loops
6: STG 0=no short GND
5: STB 1=short to batt.
4:SQP=1 SFx

3:0 LEAK_CHSEL

W = WRITE.

9.2.9

Further bit over the 16 standard.

I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=<ARMING / - = ALL STATES
(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

R =READ

STG & STB, after FET test, are latched. They are cleared through a new LPDIAGREQ or a
new SYSDIAGREQ.

Low side FET diagnostic

Before running this test, IC validates VRCM, then performs leakage test and in case of no
failures, low side FET test is performed.

Figure 84. Diagnostic - Low side FET test
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-+ Rleak <1KQdetection
VRCM (voltage regulator current monitor)
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For set up, refer to Figure 84.

Before selecting FET test, a writing access to the register $36 must be done, as it is shown

here below:
M]@]15[14]13]12[11]10] 9 | 8] 7 | 6 | 5 (4] 3 | 2 | 1 |o
3| $38 LPDIAGREQ [(1)|W| 1| X [X|X|X|X|[X|X [HIGH_LEVEL|S [LOOP_DIAG_CH|15: 1=DIAG HIGH LEVEL
_DIAG_SEL |Q|SEL 4 SQP 0=SRx 1= SFx
111FET test | P |0000 = ch0
0001 = ch1
0010 = ch2
0011 = ch3
3|$36SYSDIAGREQ|D |W/| X [ X [ X [X | X |X|X]|X 0| 1| 1|1]|1000: DSTEST=LSFET
active

1. 1=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES
(=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

Low side FET test turns ON the low side. If the low side turns ON correctly, SRx is
connected to SGxy.

During the test, the device monitors the current flowing through VRCM.

If the FETs work properly, this current exceeds the thresholds || grg7 and the channel is
immediately turned off,

I_sFeT = 450 PA +10%

In case the current doesn't exceed the limit mentioned, after a fixed time, TeetTiMEOUT: the
test is terminated and the output is turned off.

TreTTIMEOUT = 200 WS

3
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Test result:

Possible results for low side:
STB=0and STG =1
STB=10orSTG=0

ok

short to battery in LS or low side not switched ON.

<1)<2)1514131211|1o|9|8 7165 3|2|1|0
4 |$37 LPDIAGSTAT R|1 0 |1 [HIGH_LEVEL_ |0 [1 |0 |1 |LEAK_CHSEL |19: 1= HIGH LEVEL
® 19 s 17 6 | IR DIAG_SEL 0000 =ch0  [18: TIP 0= high level diagn
111 = FET test 0001 = ch1 not running
110100 0010 = ch2 16: FP no fault before test
0011 = ch3 15: 1=FET on during diagn

7: SBL 0= no short loops
6: STG 1=short GND

5: STB 0=no short to batt
4:SQP=1 SFx

3:0 LEAK_CHSEL

1. I=INIT / D=DIAG / S=SAFING / C=SCRAP / A=ARMING / - = ALL STATES

(D=no in INIT / (D)= no in DIAG / (S)= no in SAFING / (C)= no in SCRAP / (A)= no in ARMING.

2. R=READ
W = WRITE.

3. Further bit over the 16 standard.

Note:

3

Ground loss (SGxy) is not detected through FET test, because there is a diode between
SGxy and the substrate.

STG & STB, after FET test, are latched. They are cleared through a new LPDIAGREQ or a
new SYSDIAGREQ.
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Remote sensor interface - L9678-S only

This feature is available only for L9678-S version.

The 2 remote sensor interfaces (RSUO, RSU1) support protocol asynchronous PSI-5 1.3
version, 8 or 10 bit.

The two channels are independent from each other and a fault on a channel does not
influence the other.

Each channel supplies an independently current limited DC voltage to its remote sensor
derived from VSUP, and monitors the current to extract encoded data.

PSI5 (Peripheral Sensor Interface) is a two-wire protocol, where the active sensor
modulates the load current in order to encode data to be transmitted It is a two current
protocol, where the sensor applies a high level step superimposed to its normal current
consumption.

Current level detection threshold is automatically and independently defined for each
channel by the IC.

The information, Manchester 2 encoded, is brought through current transitions in the middle
of a bit time:

current rising slope = 0

current falling slope = 1

Figure 85. Manchester bit encoding

*—Bit time ¥ Start bits = "00’

f_)%

Logic '0' Ct} 00 1T 0“1
L] ] LI

Logic '1"
Manchester-2
PSI5
GAPGPS01133

Features:
e  Transmission speed: 125 k baud or 189 k baud
e Word data length: 8 & 10 bit
e 1 bit even parity
Registers:
e RSU configuration is done in DIAG state only:
$4A = RSCR1 Register Config only in DIAG state

STARTBIT MEAS_DIS, bit 13 |0 = used START bit period
1 = not used START bit period

3
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3

This bit allows to decide the bit period based on the first two start bit (STARTBIT
MEAS_DIS, bit 13 =0) or based on the sensor parameter reported in the bit STSx[3:0] that
means 1/125k or 1/189k.

$4A = RSCR1 Register Config only in DIAG state

BLKTxSEL, x=1, bit 10 | 0 = 5ms blanking time
1 = 10ms blanking time

The same is for $4B register related to RSCR2

Blanking time is active at each channel power-up and masks the inrush current eventually
needed to charge capacitors mounted on the line in order to avoid communication error
wrong detection.

Figure 86. In rush current

L9678
SUPPLY | cond
k
RSU N\
stage

GAPGPS02951

STSx(3:0) bit to select the PSI5 characteristics: data length, transmission speed and parity
bit.

$4A = RSCR1 Register Config only in DIAG state

STSx, x=1, bit [3:0] | 0000 = Async. PSI-5, parity 8bit, 125k

0001 = Async. PSI-5, parity 8bit, 189k

0010 = Async. PSI-5, parity 10bit, 125k
0011-1111 = Async. PSI-5, parity 10bit, 189k
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Control of RSU is in register $4E:

$4E RSCTRL Register Config in DIAG, SAFING, SCRAP, ARMING state

CH1EN, bit 3|0 = OFF
1=0ON

CHOEN, bit 1|0 = OFF
1=0N

Received data are stored into two stages FIFO readable by microcontroller via SPI
(RSDRX).

Remote sensor data and fault are reported into two registers, one for each channel ($50 and
$51). Content of these registers depends on the status of bit 15.

$50 RSDRO Register

FLT, bit 15| 0 = no fault
1 = fault present

FLT=0

$50 RSDRO Register

FLT, bit 15| 0 = no fault
On/off, bit 14| 0 = off
1=o0n
LCID, bit[13:10] | 0000 = RSU 0
0100 =RSU 1
DATA, bit[9:0] | Data
CRC, bit[19:17] | Calculated on the entire data received bit[16:0].

Polynomial calculation:
g(x) = 1+x+x3, initialized at 111

3
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FLT =1

When a fault condition occurs, RSFLT bit in GSW (bit 8 of GSW that is bit 29 of MISO frame)

is set.

$50 RSDRO Register

FLT, bit 15

1 = fault present

On/off, bit 14

0 = off
1=on

LCID, bit[13:10]

0000=RSU 0
0100 =RSU 1

STG, bit9

0= no fault
1 = short to ground (in current limit condition)

STB, bit8

0= no fault
1 = short to battery

CURRENT_HI, bit7

0= no fault

1 = channel current exceeds || kg for a determined
time

OPENDET, bit6é

0= no fault
1 = open sensor detected

RSTEMP, bit5

0= no fault
1 = over temperature detected

INVALID, bit4

(Cleared by STG, STB, CURRENT _HI,
OPENDET, RSTEMP)

0= no fault

1 = frame with data length error or parity or bit time
error.

NODATA, bit3
(Cleared by STG, STB, CURRENT_HI,

OPENDET, RSTEMP)

0= no fault
1 = FIFO data empty

Whatever fault occurs, data stored into the 2 stages FIFO are lost and the fault occurred is
immediately flagged via SPI.

If no fault has occurred, but no more data are received by the sensor, reading access to the
register $50 determines a two stages FIFO pop event: once the FIFO is empty, a NODATA
fault is flagged via SPI.

When a fault condition occurs, (except a NODATA), RSFLT bit in GSW (bit 8 of GSW that is
bit 29 of MISO frame) is also set.

For the leakage to ground flag described above, the threshold is the following:
ILKGG = 36mA + 45mA
The above description referred to $50 RSDRO is valid for $51 RSDR2 too.

Data stored into RSDRXx register are latched until read via SPI.

3
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10.1

10.2
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Fault protection, short to GND, current limit

Each channel is separately protected against high current.

If the output current exceeds | tH for at least T) 1y STG (bit9) register $50 RSDR1
and/or $51RSDR2 is set; the channel involved in the problem is then switched OFF.

IL||\/|TH =65mA + 100mA

For what concerns the parameter T \yTh, it depends on the operative state of the IC. At
channel power-up, the inrush current due to the capacitive load must be masked so a short
to ground condition is masked for a time period depending on the selection programmed via
SPI (register $4A, 4B bit 10, BLKTXSEL)

T\LimTH = 5ms min if BLKTXSEL=0
TILIMTH = 10ms min if BLKTxSEL=1

Once initial blanking time is elapsed, the IC validates a short to ground condition after a time
period

TILIMTH =500 ps + 600 ps

Once the channel has been switched off due to an overcurrent condition, in order to
reactivate the channel, OFF/ON sequence is necessary.

Timer to count T, y1H has a resolution of 25us.

STG of RSU doesn't interfere with the normal operation of the IC.

Fault protection, short to battery

Each channel is separately protected against short to battery condition, disconnecting the
channel from its supply rail.

Short to battery condition is detected when RSUx voltage pin rises over VSUP for at least
Ts1eTH time. STB (bit8) register $50 RSDR1 and/or $51RSDR2 is set.

TsteTH =12 s + 16 us
The counter is cleared if the STB condition is not present for at least 1.5 ys
STB condition doesn't shut-down the channel involved in the STB condition.

STB bit is cleared upon read through SPI.

3
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10.3

3

Cross link

This allows the verification of short between RSUx channels.

To perform the verification, one channel is turned ON, while the other is kept OFF and the
voltage on the OFF channel is read.

$4E RSCTRL Register Config in DIAG, SAFING, SCRAP, ARMING state

CH1EN, bit 3|0 = OFF
1=0N

CHZ2EN, bit 1|0 = OFF
1=0N

To read the pin voltage on the other channel:

$3A DIAGCTRL_A Config. in DIAG, SAFING, SCRAP, ARMING state

NEWDATA[19] | 0 = cleared on read
new data available from the conversion | 1 = conversion finished - expected

ADCREQ_A, bit [6:0] | $32 = RSUO
request (MOSI) | $33 = RSU1

ADCREQ_A, bit [16:10] | $32 = RSUO
readout (through MISO), | $33 = RSU1

ADCRES_A, bit [9:0] | 10bit ADC result correspondent to the ADCREQ_A, bit [9:0]

The same for the other registers, the choice depends on the user:
$3B DIAGCTRL, x =B
$3C DIAGCTRL, x=C
$3D DIAGCTRL, x =D
Once read the ADC measurement, to obtain the voltage value it is necessary to consider the
divider ratio of the ADC. In case of RSUxx, it is 4:1.
Table 9. RSUx measurement to obtain the voltage value

Divider Ratio

Measurements
15:1 10:1 71 4:1 1:1

RSUx N

An external logic has to manage the RSUx voltage read out and to distinguish the value
expected with respect to the value read and then declare or not the cross link between loops
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10.4

10.5
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Leakage to battery / open condition
Open condition or leakage to battery is detected in the same way: current through RSUx
falls down lower than | kgp for at least Trsyop FiLT being
lLkee =2 MA + 3 mA
Trsuop_iLT: 10 ps + 15 s

When detected this fault OPENDET (bit 6), register $50 RSDR1 and/or $51RSDR2 is set.
The channel involved in the problem is not switched OFF.

$50 RSDRO Register

FLT, bit 15| 1 = fault present

OPENDET, bit6 | 0= no fault
1 = open sensor detected

Leakage to ground

The leakage to ground is detected through high current, greater than |, kgg, for at least
TrsucH_FiLT being

ILKGG for =36 mA + 45 mA

TrsucH_FiLT: 10 us = 15 ps

When detected this fault, CURRENT _HI (bit7), register $50 RSDR1 and/or $51RSDR2 is
set.

The channel involved in the problem is not switched OFF.

$50 RSDRO Register

FLT, bit 15| 1 = fault present

CURRENT_HI, bit7 | 0= no fault
1 = channel current exceeds | kgg for a determined time

3
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10.6 Thermal shut-down
Each channel is equipped with its dedicated over-temperature detection, each one
independent from the other.
If the over-temperature on a channel is detected, the channel itself is switched off, without
influencing the other.
In correspondence RSTEMP bit of register $50 RSDR1 and/or $51 RSDR2 is set.
$50 RSDRO Register
FLT, bit 15| 1 = fault present
RSTEMP, bit5 | 0= no fault
1 = over temperature detected
To reactivate the channel after an over-temperature, the sequence OFF-ON of the channel
($4E RSCTRL register, bit 3 and/or1) is required.
10.7 Manchester decoding
PSI5 protocol encodes messages by modulating current sunk by the sensor through
Manchester 2 codification: IC is able to sense current and decode the messages, in order to
provide data via SPI register.
Once two valid start bits are detected, IC provides error detection mechanism by monitoring
the period and the number of the bit sent in the frame.
Remote sensor interface errors are reported in the GSW bit8, RSFLT, that corresponds to bit
29 in MISO
MISO BIT 31 30 29 28 27 26 25 24 23 22 21
2 w 5 S > a) o)
= X - o = T fa) @) = =
mso | Z | S |2 |8 |E | % |s|g|e|3|5
o L %) = () = [T S = e o
) =) o @) o 3 o) o) hd o
= w a o O L w
GSW BIT 10 9 8 7 6 5 4 3 2 1 0
10.8 Trip current auto adjust

3

Depending on the number of sensors connected to the line, the quiescent current sunk from
each RSU interface may change.

IC provides the means to detect such a variation and is able to put an adaptive threshold in
order to recognize the current transitions due to the signal modulation.

Once the quiescent current value has been detected, the IC recognizes a transition
low — high if the current sunk by the sensor is higher than

IrsuxTH = lBo* ITH
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Where Igp the base current which can span from 2.5mA up to 41mA covering PSI-5
specification range and Iy is in the range of

[(12-9%),(12+9%)JmA

Referring to the current sensing auto adjust, there is the possibility to choose the counter
frequency, see Figure 87, setting SLOWTRACK bit in register RSCR1 (the same for RSCR2
register)

$4A = RSCR1 Register Config only in DIAG state

SLOWTRACK, bit 14 | 0: 8us/1us
1: 16us/2us

Figure 87. Remote sensor current auto adjust

RxSat

el

eg.20mA:

Isat

13mA

Ibase

count 2z N0 mum 0000000000000 a——

1us/2us ‘ '~ 8us/16ps

GAPGPS02952
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3

DC sensor interface

These four interfaces are dedicated to positioning sensors (as, for example presence of the
person on the seat, seat belt fasten and so on). They can be Hall Effect sensors, resistive
sensors or simply switches.

Each channel has an internal pull down (100uA), default active, that is deactivated by
switching ON the channel, or by requiring voltage measurement or by setting
DCS_PD_CURR bit channel per channel or all the channels together.

In DIAG, SAFING; SCRAP or ARMING state, each channel, selected through CHID bit, is
controlled and configured via SPI:

$39 SWCTRL register Config in DIAG, SAFING; SCRAP or ARMING state

CDS_PD_CURR, bit7 |0 = pull down OFF for the channel under voltage or current
measurement, ON for all the others

1 = pull down OFF for all the channels

SWOEN, bité |0 = OFF
1= ON (40mA)

CHID, bit [3:0] [0000 = channel 0
0001 = channel 1
0010 = channel 2
0011 = channel 3
0100-1111 = not used

It is possible, through ADC, for each channel, to require the following measurements:
e  Current measurement

e \oltage measurement, with the channel ON or OFF

e Resistor measurement

Current and resistor measurement require the channel ON (SWOEN=1).

As the measure has been performed, the channel is automatically switched off (to prevent
power dissipation) or not, following the system configuration:

$01 SYS_CFG register Config in INIT state

EN_AUTO_SWITCH_OFF, bit15 |0 = auto switch off disable
1= auto switch off disable
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Current measurement

Before running the current measurement, it is previously necessary to switch on the channel
by accessing to register $39 as showed above.

The result of the measurement is addressed on $3x DIAGCTRLx, x =A...D.

Case X = A:

$3A DIAGCTRL_A Config. in DIAG, SAFING, SCRAP, ARMING state

NEWDATA[19] |0 = cleared on read
new data available from the conversion |1 = conversion finished

ADCREQ_A, bit [6:0] |$04 DCSi current
request (MOSI)

ADCREQ_A, bit [16:10] |$04 DCSi current
readout (through MISO),

ADCRES_A, bit [9:0] | 10bit ADC result
(MISO)

Once the current measurement on the channel is completed, the channel is automatically
switched off or not based on EN_AUTO_SWITCH_OFF bit configuration.

Current measurement is possible both in the range of 2mA+22mA with a total error £12%
(including all errors which affect ADC measurement) or in the range of TmA+2mA.: in this
case the accuracy of the measurement becomes +30%.
_ 1 * ADCREF_hi *
lpesy = DIAGCTRLn (ADCRESN)

ADCRes
R REF1_IDCSx 2

GAPGPS02953

where RREF1_|DCSX =83.333Q

Example 1
Let's consider an example where 3kQ resistor is mounted on DCSx:
when the channel is ON a voltage of typ 6.25 V is regulated so current flowing is ~2.1 mA
$3A DIAGCTRL_A, ADCRES_A, bit [9:0]:
ADC = (0001001000), = (72)1¢
In order to obtain the result in A, being the ADC characteristic linear,
2.5:1024 =x: ADC — x = 12:25V 0.176V

1 024 GAPGPS02954

In order to obtain current value, considering typical factors,
x 0176V _

| = = = 2.1mA
DCSx™ 833 83.30

GAPGPS02955
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3

In case of a low value resistor mounted on DCSx channel, the current may be higher than

Ipcs Limir L =24 mA +30 mA

In this case the IC is no more able to regulate 6.125 V on the channel but the current

measurement still works fine.

Example 2

Let's consider an example where 65 Q resistor is mounted on DCSx:

when the channel is ON a voltage of ~1.8 V is present with a current flowing ~27 mA (out of

regulation)
$3A DIAGCTRL_A, ADCRES_A, bit [9:0]:
ADC = (1110101001)5 = (937)49

In order to obtain the result in A, being the ADC characteristic linear,

2.5:1024 =x: ADC — x =

937 - 2.5V
1024

=2.287V

GAPGPS02956

In order to obtain current value, considering typical factors

Ipcsx =

Voltage measurement

X 2287V
83.3  83.30

=27TmA

GAPGPS02957

IC is able to perform voltage measurement in the range of 1.5V+10V with a total error +8%
(including all errors which affect ADC measurement).

For the voltage measurement, it is possible to run such a diagnostic both with channel on
and off.: a double step measurement (ch ON and OFF) is recommended in order to reach a
good precision by means of offset compensation.

In case of channel ON measurement, the channel has to be switched on, then the result of
the measurement is addressed on $3x DIAGCTRLx, x=A...D.

Case X = A:

$3A DIAGCTRL_A

Config. in DIAG, SAFING, SCRAP, ARMING state

NEWDATA[19]
new data available from the conversion

0 = cleared on read
1 = conversion finished

ADCREQ_A, bit [6:0]
request (MOSI)

$03 DCSi voltage

ADCREQ_A, bit [16:10]
readout (through MISO),

$03 DCSi voltage

ADCRES_A, bit [9:0]
(MISO)

10bit ADC result
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Once this measurement is completed, the channel is not automatically switched off, but if
necessary, it can be switched off by the microcontroller.

Voltage measurement with the channel OFF is done through DCSx bit, registers $3x
DIAGCTRLXx, x=A...D:

Casex=A

$3A DIAGCTRL_A Config. in DIAG, SAFING, SCRAP, ARMING state

NEWDATA[19] [0 = cleared on read
new data available from the conversion |1 = conversion finished

ADCREQ_A, bit [6:0] |$0B DCSO0 voltage pin, channel off

request (MOSI) |$0C DCS1 voltage pin, channel off
$0D DCS2 voltage pin, channel off
$0E DCS3 voltage pin, channel off

ADCREQ_A, bit [16:10] | $0B DCSO voltage pin, channel off
readout (through MISO), |$0C DCS1 voltage pin, channel off
$0D DCS2 voltage pin, channel off
$0E DCS3 voltage pin, channel off

ADCRES_A, bit [9:0] | 10bit ADC result
(MISO)

In order to calculate the real voltage value from the result coming from an ADC conversion,
7.125 typ scaling factor must be taken into account.

Example 3
Let's consider an example where DCSx is at its voltage regulation value 6.25V typ
ADCCHgy = (0111101011), = (491)49
ADCCHggg = (0010001011), = (139)4¢
Appc = ADCchon —ADCchorr = (352)10
In order to obtain the result in V, being the ADC characteristic linear,
25:1024 = x: Appc — X = 1004 0.86V o
Considering typical scaling factor
Vpesx =X 7.125=6.12V

The voltage measurement is still available in case the current load is higher than
Ipcs_LimiT L =24 mA + 30 mA and channel is no more able to regulate 6.25 V typ.

3
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Resistor measurement

IC is able to perform resistor measurement in the range of 65 Q + 3000 Q with a total error
defined by the combination of the accuracy obtained on the voltage and current

measurements.

IC gives possibility to run one shot the resistor measurement by single access to the ADC.

In order to perform such measurement, the channel under test has to be previously

switched on in the register $39.

The one shot resistor measurement can be run only through $3A DIAGCTRL_A access.

$3A DIAGCTRL_A

Config. in DIAG, SAFING, SCRAP, ARMING state

NEWDATA[19]
new data available from the conversion

0 = cleared on read
1 = conversion finished

ADCREQ_A, bit [6:0]
request (MOSI)

$05 DCSx resistance

ADCREQ_A, bit [16:10]
readout (through MISO),

$05 DCSx resistance

ADCRES_A, bit [9:0]
(MISO)

10bit ADC result

Once the one shot measurement is completed, the results are available in the register $3A
DIACTRL_A (for the current flowing through the channel) and $3B DIACTRL_B (for the

channel voltage).

The result which is read on the register $3B corresponds to the voltage with channel ON. It
is recommended to subtract from this voltage the offset which can be read with channel

OFF.

Once current and voltage are available, the resistor can be computed as per the following:

1 . ADCReF

IDCSx =
RReF1 IDcsx 2

ADCREF pi

Vbcsx= RATIOypesy” (2AD—&RES

* DIAGCTRLN(ADCg3a)

* DIAGCTRLN (ADCg3cp0n) ~ VOFF_DCSX]

RATIOypcsy* Rrert pcsx” (DIAGCTRLN (ADCg3pc440n) ~ DIAGCTRLA(ADC piore))

Rpcsx™

DIAGCTRLN(ADCggp)

GAPGPS02959

Let's consider an example where a 3 kQ resistor is mounted on DCSx
DIAGCTRLN(ADCcHorr) = (001000101), = (139)49
DIAGCTRLN(ADCg3gcHon) = (0111101010), = (490)4
DIAGCTRLN(ADCg34) = (0001000111), = (71)4¢

(490 -139)* 7.125* 83.3

DCSx ~

DoclD025845 Rev 3
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Once the channel resistor measurement is completed, the channel is automatically switched
off or not based on EN_AUTO_SWITCH_OFF bit configuration

The resistor measurement is still available in case the current load is higher than
Ipcs LimiT L =24 mA +-30 mA and channel is no more able to regulate 6.25 V typ.

DCSx tolerate external ground shift up to £1 V.
Short between channels:

By means of channel pull-down disabling, the IC in combination with the microcontroller can
detect a short between channels, enabling one channel

$39 SWCTRL register Config in DIAG, SAFING; SCRAP or ARMING state

DCS_PUCURR [bit 7] |0 = pull down OFF for the channel under voltage or current

measurement, ON for all the others

SWOEN, bit6 |1=0N

0000 = channel 0
0001 = channel 1
0010 = channel 2
0011 = channel 3

CHID, bit [3:0]

and measuring the voltage of the others
$3X DIAGCTRL_X —-X=A,B,C,D

Case X =A:

$3A DIAGCTRL_A

Config. in DIAG, SAFING, SCRAP, ARMING state

NEWDATA[19]
new data available from the conversion

0 = cleared on read
1 = conversion finished

ADCREQ_A, bit [6:0]
request (MOSI)

$0B DCSO0 voltage pin, channel off
$0C DCS1 voltage pin, channel off
$0D DCS2 voltage pin, channel off
$0E DCS3 voltage pin, channel off

ADCREQ_A, bit [16:10]
readout (through MISO),

$0B DCSO0 voltage pin, channel off
$0C DCS1 voltage pin, channel off
$0D DCS2 voltage pin, channel off
$0E DCS3 voltage pin, channel off

ADCRES_A, bit [9:0]
(MISO)

10bit ADC result

Once read the ADC measurement, to obtain the voltage value it is necessary to consider the

divider ratio that is 7.125 in this measurement.
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Protections:

Each channel is protected against:
—  Overload
—  Ground shift (£1V)
—  Loss ECU battery
—  Loss ground
—  Short to ground.

3
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12 GPO drivers

There are two GPO drivers configurable as high side or low side drivers.

Their configuration is done via SPI:

$42 GPOCR register Config. in DIAG state only

GPO1HS, bit1 |0 = high side driver configured for ch1
1 = low side driver configured for ch1

GPOOHS, bit0 |0 = high side driver configured for ch0
1 = low side driver configured for chO

Low side

GPODx to the external load (that is connected to battery)
GPOSx to ground

x=0,1

Figure 88. GPO low side configuration

VBatt

ERBOOST

PWM control

logic ON

____________________________________

Current sense

OC detection Driver with
pelectionm|

slew rate

Open detection control
(ON state )
sate)

HV analog |
MUX {

— ]
Thermal warning
detection

Current limitation

Drain Selection
10bits

GAPGPS02961
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High side
GPODx to battery

GPOSx to the external load (that is connected to ground)

HV analog
MUX

Current limitation

x=0,1
Figure 89. GPO high side configuration
; | VBatt
! ERBOOST !
: : Unpowered
| | option
Il 1
: |
! - PWM control ON 1
: |OgIC S Driver with Current sense :
| D — slew rate '
: Open detection control 1
1 (ON state ) 1
: |
-— 1
: __________________________________________ Thermal warning )
| | . detection :
1
1
1
1
1
1

GPOSx

e L

22nF

L
I

Source Selection

LOAD
10bits

GAPGPS02962

e, i

GPOx are OFF by default.

Once they have been configured as high side or low side, they can be independently
switched ON through GPOCTRLx register, GPOXxPWM bit:

$43 GPOCTRLO register Config. in DIAG, SAFING, SCRAP, ARMING state
GPOxPWM bit[5:0] |PWM duty cycle, 1.6% per count

$44 GPOCTRLA1 register Config. in DIAG, SAFING, SCRAP, ARMING state
GPO1PWM bit[5:0] | PWM duty cycle, 1.6% per count

3
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In case the channels are switched on without their configuration as high or low side, a fault
bit (LAMPS_NOT_CONF in GPOFLTSR register) is set:

$46 GPOFLT register

LAMPS_NOT_CONF | 0= channels configured, activation permitted
bit 15 | 1= channels not configured (default), activation not permitted

Output can work in a PWM configuration (125 kHz, 0-100% duty-cycle, depending on the
GPOxPWM value).

Driver is kept OFF in case of 0% duty cycle programmed, full ON in case of 100% duty cycle
programmed.

When both channels (it doesn't care HS or LS configuration) are used in PWM with the
same duty-cycle, they are synchronized to provide parallel configuration capability.
Protections:

— Each channel can withstand -1V on the pin and +1V as reverse voltage across
source and drain.

— Each channel is protected against short circuit
— Each channel is protected against thermal overload condition

All the diagnostics related to GPOx are reported in GPOFLTSR register

$46 GPOFLTSR

GPO1TEMP, bit9 |0 = no fault
GPOOTEMP, bit4 |1 = fault

GPO1LIM, bit8 |0 = no fault
GPOOLIM, bit3 |1 = fault

GPO10OPN, bit7 |0 = no fault
GPOOOPN, bit2 |1 = fault

All faults (except thermal overload) are latched in the register until it is read.

Protection against short circuit is implemented by means of current limitation I ), until
thermal fault condition is detected.

I = 80 mA + 140 mA
The limitation flag, GPOxLIM, is also asserted.
In case of thermal fault, the correspondent flag, GPOOTEMP, is asserted.

Thermal overload fault lasts until the over-temperature condition disappears: a hysteresis is
applied for the cool down

T,p = 150°C + 190°C
THYS_Jsp = 9°C + 15°C

The IC is able to detect open load in ON condition, comparing the current flowing into the
output pin with a threshold

lopenioad = 3MA
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If the current through the pin is lower than the threshold, the open load flag, GPOxOPN, is

asserted.

For further diagnostics, IC provides the means to read via ADC the voltage on both drain
and source pin for each GPOx driver. The registers involved in this operation are the four

$3x DIAGCTRL_x — x=A, B, C, D

Casex=A

$3A DIAGCTRL_A

Config. in DIAG, SAFING, SCRAP, ARMING state

NEWDATA[19] |0 = cleared on read
new data available from the conversion |1 = conversion finished

ADCREQ_A, bit [6:0] |$2C = GPO D0
request (MOSI) |$2D = GPO S0
$2E = GPO D1
$2F = GPO S1
ADCREQ_A, bit [16:10] |$2C = GPO DO
readout (through MISO), |$2D = GPO S0
$2E = GPO D1
$2F = GPO S1

ADCRES_A, bit [9:0]

[9:0]

10bit ADC result correspondent to the ADCREQ_A, bit

Once read the ADC measurement, to obtain the voltage value it is necessary to consider the

divider ratio of the ADC.
Table 10. GPODx and GPOSx measurement of the value ratio ADC
Divider Ratio
Measurements
15:1 10:1 71 4:1 1:1
GPODx N
GPOSx v
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1ISO9141 transceiver

Figure 90. 1ISO9141 transceiver block diagram

VBAT

JAN

VIN

510Q

ISORX I}g \'\‘

vddq

VIH

Gate
Control
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)

Thermal
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ISOTX is pulled up to VDDQ to guarantee the output is disabled in case of an open load.
ISOK is an output pin, connected to BATTERY through an external resistor (510 Q)

ISORX is an output pin referred to VDDQ. Value of this pin depends on the value of ISOK,
and then on the value of ISOTX.

If ISOK is above ISOK input receiver threshold, V1 rgc, ISORX is high, otherwise it is low.
V1H_rec = VIN*0.5 + VIN*0.6 (typ = VIN*0.55)

Protections:

e  against short circuit

° current limitation detection, ILIM 50mA + 100mA
. thermal shutdown

In $47 ISOFLTSR register the diagnostic results are reported:

$47 ISOFLTSR register

ISOTEMP, bit1 |0 = no fault

1 = fault
ISOLIM, bit0 |0 = no fault
1 = fault

In current limit condition, the output stage runs until the thermal shutdown is reached.

Thermal shutdown switches OFF the output until the temperature falls down below limit
threshold temperature, considering the hysteresis.

TJSD =150°C + 190°C
Thys_ysp = 5°C + 15°C

3

DoclD025845 Rev 3




AN4437

System voltage diagnostic

14

3

System voltage diagnostic

IC is equipped with a 10 bit ADC running at 16 MHz.

Different measurements can be performed and then read via four dedicated commands,
$3x_DIAGCTRL_x, x =A +D.
All measurements can be addressed in one of these four registers, with the exception of:
DCS resistance measurement available in $3A_DIAGCTRL_A
Squib resistance measurement available in $3C_DIAGCTRL_C
In case of DCS resistance measurement, in $3A_ DIAGCTRL_A is reported the current

flowing through the pin and in $3B_DIAGCTRL_B is reported the voltage of the pin, as
explained in Section 11: DC sensor interface.

In case of squib resistance measurement, result of ADC conversion is available in registers
$3C_DIAGCTRL_C (current) and $3D_DIAGCTRL_D (voltage of the pin), see
Section 9.1.7: Squib resistance measurement, and Section 9.2.7.

Structure of DIAGCTRL_A same for the other three registers.
$3A, DIAGCTRL_A

19 18(17|16|15|14|13|12|11|10| 9|8 |7 |6 |5 |4 |3 |2 |10
MOSI XXX X|X[X]|X]|X]|xX ADCREQ_A [6:0]
MISO | NEWDATA A [0 | 0 ADCREQ_A [6:0] ADC_RES_A [9:0]

To get four measurements, the four $3x, DIAGCTRL_x, x = A + D commands have to be
sent, regardless their order.

If the voltage to be measured requires a certain time to be stable, the requirement has to be
done in advance. This is the case of:

Squib resistance measurement and diagnostic
DCS measurement

NEW_DATA_x =1 indicates that the conversion required is finished and the new data is
available.

NEW_DATA x s reported in GSW, elaborated in this way:
CONVRDY_0 = NEW_DATA A or NEW_DATA B
CONVRDY_1=NEW_DATA _Cor NEW_DATA D

MISO BIT 31 30 29 28 27 26 25 24 23 22 21
%) = N ~—

v I w T > > o o

S 1S5 le kBl |- 218|328 |&

MISO S o L ) = L = S S [ I

o w 0 = 0 = [T > S x o

7 a id o) 4 o) o} o) o i

= W o O O L w

GSW BIT 10 9 8 7 6 5 4 3 2 1 0

DoclD025845 Rev 3 187/198




System voltage diagnostic AN4437

188/198

Once the conversion has been read via SPI, bit NEW_DATA x is cleared and results of
conversion done, ADC_RES_A [9:0], is kept until a new conversion is available.

In case a new conversion command is received while a conversion is still running, a 4
stages FIFO queue is available in order to service all conversions commands with the
integrated ADC.

Figure 91. FIFO filling

FIFO IN
t=tk
SPI request,
D,C,AB » Dk M X X FIFO out >
y
Ck Dk X x [——»
A 4
Bk Ck Dk X —»
y
Ak Bk Ck Dk ——»
t=tk+1
SPI request,
C—> Ck+1 Ak Bk Dk —mMmMmMm»
GAPGPS02963

FIFO management, in a case of 4 conversion commands requested sequentially, is reported
in the example above.

In case a new conversion is required (ie on DIAGCTRL_C) while a conversion is still
running, the new request (Cy.¢) overwrites the previous one (Cy) and a new conversion
request is located at the end of the queue.

Voltage measurements require a proper scaling, as summarized here below:

Table 11. Voltage measurements

Divider Ratio

Measurements
1 10:1 7.125:1 7:1 4:1 1:1

VER
ERBOOST
VSF

SSxy

SFx
GPODx
GPOSx
VIN
VBATMON
WAKEUP
VSUP v

N N = = e

< | 2| 2| =] =

3
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Table 11. Voltage measurements (continued)

Divider Ratio
Measurements
15:1 10:1 7.125:1 7:1 4:1 1:1

WDTDIS \
RSUx V
DCSx v
vDD5 V
VDD3V3 V
VINT3V3
Band-gap (BGR/BGM)
TEMP

14.1 ADC algorithm

10 bit data are internally filtered.

The number of samples that is filtered depends on set-up of VMEAS bit (default 4 samples)
in SYS_CFG register,

$01 SYS_CFG register Config in INIT state only

VMEAS, bit[6:5] |00 =4 samples
01 =16 samples
10 = 8 samples
11 = 2 sample

Reference voltage for ADC is 2.5V.

Conversion times takes into account several factors:
—  Number of measurements loaded into the queue
—  Numbers of sample taken for each measurement
—  Settling time

3
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15 Temperature sensor

The aim of this sensor is to have a reference for the average junction temperature on the
silicon on the surface.

The sensor is localized far from the power stages.

Temperature is available through ADC conversion, ADRREQ_x = $0A.

Once the temperature is available, the formula for the conversion is:
220 ), (ADCREF i

1.652) | 2ADCRes

@ DIAGCTRLN(ADCREQnN) = 0 Ao«

T(°C)=180- {( *DIAGCTRLn(ADCRESn)] - 0.739}

GAPGPS02964

3
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Footprint

L9678 and the other two devices of the same family have a concentric footprint, see next

figures:

Figure 92.

Footprint L9678-L9680
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Figure 93. Footprint L9678-L9679
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Appendix A Energy reserve capacitor

3

Energy reserve capacitor stores the necessary energy to operate the Airbag ECU during
loss of battery.

System operating requirements influence device selection and calculations. The following
example makes general operating assumptions and changing the assumptions may effect
calculations and results.

During loss of battery operation, energy reserve operation can be mechanized as shown. To
continue the analysis, system functional operating assumptions must be determined. These
assumptions are shown in the drawing below. Operation assumes three states, sensing,
deploy and shutdown. During sensing state, all functions operate normally. In deploy state,
all functions remain operational and all squib deployment channels are fired. The final state,
shutdown, reduces operation to only the microcontroller.

Figure 94. Blocks active in Autarchy mode

Deployment
Crossover Switch
Resistance |
BIAS
MV L9678 IC
RSW
RESR
Energy Reserve
Capacitor L c lvopsy
IVDD3V3
Ipcsensor
DC Sensor
Irsu
Remote
Sensors
GAPGPS03003
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Figure 95. Energy reserve capacitor depletion - timing diagram

Energy
Reserve
V)

A

Sensing | Deploy[ Shutdown
VER

Normal operation ———— |
Va

System operation transfers
to energy reserve Reserve
voltage immediately drops
due to capacitor ESR and
crossover switch resistance

Deployment current
increases capacitor ESR

V1/ voltage drop

A

Reserve voltage must
be sufficient to provide V3
deployment current

Ver >VDD5V Dropout V5

Reserve voltage recovers
Y, due to reduced loss in ESR
V4 A/and crossover switch

DC Sensors Enabled
Remote Sensors Enabled
VDD5V & VDD3V3 Supplies Enabled

»  Time
TO T T3
Loss of Battery End of Sensing Shutdown
Start Deploymen Complete
T2

Deployment Ends

Start Shutdown GAPGPS03004
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Att=T0=0, Vo=Ver-lsys* (Resr* Rco)

Where,

Vegr = Energy reserve voltage just prior to loss of battery detection and crossover operation
Isys = System current consumption, L96xx bias, Voltage regulators, RSUs, DC Sensors
Rgsr = Energy capacitor's ESR

Rco = Crossover Switch Resistance

GAPGPS03005

GAPGPS03006

Equation1 | *T
VA1 =Veg = lgys™ (Regr * RCO)_%

GAPGPS03007

Deployment begins at T1, thus increasing energy reserve current and effects due to ESR

Equation 2 V2=V1- IDEPLOY . RESR
Where IDEPLOY = total deployment current controlled by L96xx
Substituting (1) into (2):

3
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Equation 3

* I * T *
V2 = VER - |svs (RESR+ Rco) - % - IDEPLOY RESR

GAPGPS03008

During deployment phase, reserve voltage behavior is characterized as:

V2-V3
loys T+ 1 =C* ——
sys ! pepLoy T2-T1
GAPGPS03009
Equation 4
Toerov * (Isvs * Toeprov )
V3 =V2-
C GAPGPS03010
Substituting (3) into (4):
. loo*T . T *(lgye + 1 )
V3= (Ver = lsys " (Resg * Reo) ~ SYSC - - Ioeprov ™ Resr) = . Y8 DERLOY

GAPGPS03011

Once deployment is complete, the airbag module enters its final state, shutdown. Reserve
current is reduced causing reserve voltage to increase due to less loss in capacitor CER
and Cross over switch. The change in reserve voltage is calculated as:

Equation 5

V4 = V3+| DEPLOY ¥ RESR + (I DCSENSOR + IRSU )* (RESR + RCO)

GAPGPS03012
Equation 6

* * *
T1 + ISYS TDEPLOY + TDEPLOY )

Cc

~lpeprov” Resr* I oepioy™ Resrt (Incsensort 1rsu) ™ (Resrt Reo)

DEPLOY

. {
V4 = (VER ~lsys (RESR + Rco) - +

GAPGPS03013

In equation (5) above, the system disables current to all deployment drivers, DC sensor and
Remote Sensor Interfaces.

During shutdown phase, only Voltage regulator and device (L96xx) bias current is needed
from reserve.

To complete energy reserve capacitor estimate, the analysis must assume a final reserve
voltage requirement. In the study, energy reserve must be higher than VDDx dropout
voltage where VDDx is the supply of the microcontroller.

By assuming this requirement, the system is designed to operate for the desired reserve time.

Equation 7
V5 > VDDxpropouT

Reserve voltage behavior follows as:

Equation 8 V4-V5
ISHUTDOWN = C *
T 3 - T 2 GAPGPS03014
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Where Isyytpown = lvobp * Iias

Re-arranging (8)

Ishutpown * (T3 = T2) C * V4 - V5)

Substituting (6) and (7):

oo * T, + 1o * T + | *T
ISHUTDQWN* (T3 — T2) = C *((VER — ISYS* (RESR + Rco) — ( SYS 1 SYS DEPLéY DEPLOY DEPLOY ) +

- I DEPLOY * RESR + I DEPLOY * IQESR + (I DCSENSOR + I RSU )* (RESR + IQCO) - VDDX DROPOUT)

GAPGPS03016
Simplify and arrange
* — * *
C - ISHUTDOWN (T3 T2) + (l SYS T1 + ISYS TDEPLOY + I
\Y

oepLov - VpepLoy )
ER Isvs* (RESR + Rco) + (I bcsensor T IRSU )" (RESR + Rco) - VDDx

DROPOUT
GAPGPS03017
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Table 12. Document revision history

Date Revision Changes

15-Apr-2014 1 Initial release.

Modified in Section 9.1: Low level on page 100 for “$04

06-Mar-2015 2 SYS_STATE” 010=DIAG in 001=DIAG.

In Section 5.7: VSF linear regulator on page 47 the
paragraph ‘VSF stability requires an external small
capacitor 2.9 yF + 14 pyF’ is changed in

‘VSF............ 29nF + 14 nF.

The section ‘8.1.5 Deployment current monitor’ has
12-Sep-2016 3 been removed.

Modified ‘$38 LPDIAGREQ’ table on page 104.
Modified ‘$37 LPDIAGSTAT table on pages 111, 112,
127 and 132.

The section ‘9.1.11 High side driver diagnostic’ has
been removed.
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