8-CHANNEL AIRBAG SQUIB DRIVER E981.18
PRELIMINARY INFORMATION - AUG 01, 2011 RoHS ﬂ

Features General Description compliant
» 8 current limiting high & low side drivers The Eight Channel Squib Driver E981.18 is designed
» Input operation range V , 8V to 35V specifically for automotive airbag applications. The IC
» Two squib current modes (LCM and HCM) provides individual control and diagnostics for 8 float-

selectable via SPl commands ing squibs. It has two sources of control, an arming
» Short circuit protection sensor signal and a pC signal via the SPI bus. An ac-
» Simultaneously firing of 4 loops possible, tive signal at the arming sensor input will activate all

or 8 loops at Ux < 25 selected drivers, which have been enabled by the uC.
» Firing limitation counter During firing the squibs, the input voltage of the high
» Squib channel diagnostics and monitoring side switch is limited to 25V for LCM and 35V in HCM
» Independent voltage & squib supply voltage by the system.

diagnostics In order to limit the power dissipation of the driver
» Separate Low side and High side driver control stages, internal firing limitation counters (FTL) are im-
» Internal free running oscillator plemented for each high side driver. Additionally an
» Test /select function for the drivers over voltage detection for all 8 LSD (VTxL) output volt-
» Serial interface (SPI synchronous communication) ages is provided to avoid a damage of the drivers in

to pC (3.3V and 5V tolerant inputs) case of a short to battery during firing or during driver
» Power-On-Reset circuit testing.

Applications

» Squib driver in a Restraint Diagnostic and

Ordering Information

control Module (RDM) Product ID Temp. Range Package
» Airbag Deployment £981.18 -40°C to +95°C QFN44L7
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1 Typical Application

1.1 Circuitry
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Fig. 1: Typical Application Diagram

This document contains information on a pre-production product. ELMOS Semiconductor AG reserves the right to change specifications and information herein without notice.

ELMOS Semiconductor AG

Downloaded from Elcodis.com electronic components distributor

Data Sheet
Page 2 of 63

QM-No.: 25DS0072E.00



http://elcodis.com/parts/6525709/E98118A39FB.html

8-Channel Airbag Squib Driver E981.18
PRELIMINARY INFORMATION - AUG 01, 2011

1.2 External component list

Component Functionality Min Typ Max Tolerances
Cus Block capacitance 10nF A7nF tBD  M3T%
Crank Energy Reserve capacitor Ux 3.3mF +-37%
Caout Capacitance to buffer AOUT 10pF 1nF H-37%
Cour Energy Reserve capacitor Va 2.2uF 15uF +-37%
Rerer Reference for squib 8.20 100 +/-3%
resistance measurement
Cemex EMC filtering for squib 10nF 470nF  *-37%
Rw wiring parasitic resistance 0 1Q 3.5Q
Lw ™ wiring parasitic inductance 0 7uH 56uH
Rsaue Squib resistor before firing 1.7Q 2.15Q 2.5Q
D1, D2 Diode for reverse current S1G
protection

Table 1 : Ratings for external components

1.) The max. loop inductance is limited to 56uH. It is valid for a closed loop and for an open loop
condition during fault modes described in chapter 4.3.
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2 Pinout

2.1 Pin Description

Nr Name Type Pull Description
1T8U O,HV Upper side of squib line 8
2INC Not connected
3 RREF O, A External reference resistor for squib resistance
measurements
4/ NC Not connected
5 SGND1 First Ground for diagnosis and control blocks
6 V5 S Input supply voltage of 5V
7 MISO O,D Data output of the serial interface
8 V5 S Input supply voltage of 5V, (redundant)
9 TEST I,D Allows activation of ELMOS test modes. Grounded in
application.
10NC Not connected
11 PGNDs Ground for squib lines 7 and 8
12 T8L O,HV Lower side of squib line 8
13/T7L O,HV Lower side of squib line 7
14 T2L O,HV Lower side of squib line 2
15 PGND, Ground for squib lines 1 and 2
16 T1L O,HV Lower side of squib line 1
17 NC Not connected
18 T3L O,HV Lower side of squib line 3
19 PGND34 Ground for squib lines 3 and 4
20 T4L O,HV Lower side of squib line 4
21 T5L O,HV Lower side of squib line 5
22 T6L O,HV Lower side of squib line 6
23 PGNDss Ground for squib lines 5 and 6
24 NC Not connected
25 ARM I,D Safing controller ARM input
26 MRB I,D HP reset of the whole IC
27 AMX O, A Diagnostic output
28 LDB I,D Load input of the serial interface
29 SCK I,D Clock input of the serial interface
30 MOSI I,D Data inputt of the serial interface
31 SGND2 Second Ground for diagnosis and control blocks
32NC Not connected
33/ TeU O,HV Upper side of squib line 6
34 U3 S, HV Energy reserve for squib lines 5 and 6
35T5U O,HV Upper side of squib line 5
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Nr Name Type Pull Description
36 T4U O,HV Upper side of squib line 4
37 U2 S, HV Energy reserve for squib lines 3 and 4
38 T3U O,HV Upper side of squib line 3
39 VA S, HV Autarky supply for high side gate control
40 T1U O,HV Upper side of squib line 1
41 U1 S, HV Energy reserve for squib lines 1 and 2
42 T2U O,HV Upper side of squib line 2
43 T7U O,HV Upper side of squib line 7
44 U4 S, HV Energy reserve for squib lines 7 and 8
45 EDP Exposed Die Pad, to be connected to GND in application

Table 2: Pin Description
D = Digital, A = Analog, S = Supply, | = Input, O = Output, HV = High Voltage

2.2 Package Pinout

u4 T7U T2U U1 T1U VA T3U U2 T4U T5U U3
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Fig. 2:Package Pinout
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3 Block Diagram
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Fig. 3: Block Diagram
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4 Operating Conditions

4.1 Absolute Maximum Ratings

Continuous operation of the device above these ratings is not allowed and may destroy the device. All
potentials refer to GROUND (GND) unless otherwise specified. Currents flowing into the circuit pins
have positive values. An exceeding of this limits may cause a permanent damage of the device.

No. Description Condition Symbol Min Max Unit
1 Supply voltage Continuous Vvs_pc -0.3 55 \Y
Transient Vys_TRAN -05 | 6.5 \%
t<480ms
2 Input voltage pins (MOSI, SCK, LDB, Continuous Viv_oc -0.3 5.5 \Y
ARM, AMX, MRB, TEST) Transient Viv_tran 05 65 V
t<480ms
3 Output voltage pin (MISO) Continuous Viv_o_oc -0.3 55 \%
Transient VLV_O_TRAN -0.5 6.5 Vv
t<480ms
4 /Input voltage pins (U1, U2, U3, U4, Continuous Vhv_io_pc -0.3 | 40 \%
T1U,...,T8U, T1l,...,T8L, VA, RREF) Transient Vi 10, TRAN 0.5 40 V]
t<480ms
5 Input voltage pins (PGND12, PGND34, Continuous Vano -0.3 0.3 Vv
PGND56, PGND78, SGND)
6 Input current In -10 10 mA
7 Power dissipation; Poiss_max until @ max G, = +95°C; Prot_max 3200 mw
exceeded
8 Thermal resistance (junction to ambient) ROA" 17 | KIW
9 Junction temperature 60 max 150 °C
10 Relative humidity (non-condensing) RH 5 85 %
11 Soldering temperature maximum 10s OsoLoer 260 °C
12 Operating temperaure Oopr -40 95 °C
13 Storage temperature Oste -40 100 °C

Table 3: Maximum Ratings

') following remarks:

1) Value is based on method according to JEDEC standard JESD-51-5

2) Value is based on situation, where the die-pad is soldered to the board

3) The value presented above is typical only. Actual thermal performance will depend on die-size, die-
pad size and presence of hot spots.

The E981.18A is able to operate within specification for at least 15 squib driver activation's.
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4.2 Recommended Operating Conditions

The following conditions apply unless otherwise stated. All potentials refer to GROUND (GND) unless
otherwise specified. Currents flowing into the circuit pins have positive values.

A dropping below this minimum recommended conditions during normal device operation can lead to
violations of all specified parameters, but the device will remain in a safe operating condition, which
means no maximum limits will be exceeded. Whereas a firing of the squib, while the maximum
recommended operation conditions are exceeded, can cause a permanently damage of the device.

No. Description Condition Symbol Min Typ Max @ Unit

1/Supply voltage V5 Vvs 45 5.5 \Y

2 Autarky voltage Va for high Va>(Vrwt8VY), Vya 12 35 \%
side drivers 4.5V<V;s <5.5V

3 Squib supply voltage Ux in Diagnostic mode, Vux pine 8 35 Y
diagnostic mode 4.5V<Vs5 <5.5V

4 Squib supply voltage Ux in Firing mode,no Vi icu™ 2 8 25 \%
LCM restriction of

firing scenario,
4.5V<V;5 <5.5V
Squib supply voltage Ux in Firing mode, Vi romz ™ 12 Vv
HCM no restriction of 2
firing scenario,
5 4.5V<V; <5.5V 35
6 Ambient temperature O s -40 95 °C

Table 4: Recommended Operating Conditions

1.) The maximum Ton time for the loop is limited by the firing time limiter values of the HSD, given in
chapter 5.11.2. This means it is not mandatory to send a switch off CMD for the HSD. This in in
opposite to the LSD, where a switch off CMD has to be sent.

The waiting time between two firing groups amounts Ops.

2.) For the calculation of Uxse mn following parameters have to be taken into account to ensure a
sufficient firing current in application environment:

*  Rsaue (including behavior over temperature)

- external line resistance of application in current path (Ux, TXL-TXU, GND) in following called Rparasitc

. RON_LSD_HCM /Lcm, See Chapter 5121

. RON_HSD_HCM/LCM see Chapter 5111

- So following expressions for Uxse win are valid:

Ussire_min_Lem 2 max{8V; (Ron_uso_cmtRon_Lsp_LemtRsauis*Rparasitic): lrxu}
Uisire_min_em 2 max{12V; (Ron_nso_ncm+Ron_Lsp_nemtRsauis+Rparasitic): lrxu}

It is obvious that this equation can not be fulfilled for all values of Rsaquis, Ux and lrxy. For example to
ensure a correctly firing of the squib for the minimum voltage at Ux, the squib resistance Rsqus must not
cover the full range of specification. This is illustrated in Figure 4 and 5 below.
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Notes:
RSQiLOOP = RSQUIB + RPARASITIC
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Roson = Ron_nsp +Ron_Lsp

Irxu v mn = 1.2A (LCM) / 1.75A (HCM)
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4.3 Squib loop and fault modes

Fig. 6 shows exemplarily the squib firing loop, the outputs stage of the IC, the PCB components
generating the energy reserve voltage, the harness and finally the squib igniter.

After the deployment the connection of the squib feed and squib return lines can be a short to ground,
an open pin configuration or any phase in between them. This means the driver output stage has to
withstand a short to GND or a open pin state at any point of the squib loop. Additionally at any point of
the loop a short to battery or to GND can occur in and outside of a firing event, due to a fault mode of
the harness. For a fault mode outside of a firing event, the maximum pulse energy applied to the squib
has to be limited, to avoid an inadvertent deployment. This is also valid if the IC is not supplied. The
EMC capacitors by itself will contribute an energy of :

Ecemc= 0.5 Cemc U? during a fault mode, therefor the max. value for this capacitors has to be limited.
For a fault mode during a firing event no damage of the IC will occur.

PCB

% \"
C. = ER
DPH)TSZ

DC/DC

Harness & SQUIB loop

ux
HSD | TxU / wire feed line g

CTRL % - g ST
G I

clamp

wire return line
TxL

e $/

PCB
GND == CAR-GND

4@1

[ Connector [4]

Fig. 6: Squib loop

The maximum values for leakage and pulse energy outside of a firing event are given in Table 5 below.

Currents flowing into the circuit pins have positive values.
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E981.18

No. Description Condition Symbol Min Typ Max Unit
1 Pulse energy applied to the  |IC supplied / not ENRGwax 2 112 wd
squib due to short circuit to supplied;
GND outside of a firing event. | Cewc_max=138nF;
Tenro_puLse_max=120us K
2 Pulse energy applied to the  IC supplied / not ENRGuax 2 112 wd
squib due to short circuit to supplied;
Vear outside of a firing event. | Cemc max=138nF;
Vear max=18V;
Tenre_puLse_max=120us
3 DC lieakace at TxU or TxL pins IC supplied / not ILEAK_saBLINE2 2) .25 +25 mA

for a short circuit to GND or
battery at any point of the
squib line.

supplied; Vear max=18V.

Table 5: Fault mode characteristics

1) current peak pulse length for which the the energy has to be determined. Necessary because if the
SC is applied during a driver activation under reduced test mode condition, there will be the nominal
DC current superposed.

2) Not tested during production test at ELMOS. Guaranteed by design.
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5 Detailed Electrical Specification

The following conditions apply unless otherwise stated. All potentials refer to GROUND (GND) unless
otherwise specified. Currents flowing into the circuit pins have positive values.

5.1 Supply

« V5, external supply

« V,, external supply

« Vux, [x=1..4], external supply
* Vo, internal supply

*  Van, internal supply

*  Visosue, internal supply

5.1.1 Terminal V5, external Supply voltage

External voltage pin V5 supplies:

« analogue output AMX

+ Control unit for lrersauis diagnosis switches

 internal 3.3V analogue supply Van.

« internal 3.3V digital supply Voic

« LV input and output pads

« V5 pin is equipped with a power on reset monitoring. For more details regarding global supply
monitoring see chapter 5.3

No. Description Condition Symbol Min Typ Max @ Unit
1 Supply current lys 4.5V<V5<5.5V, s 4.3 mA
all LSD and HSD
disabled.
Squib diagnosis
disabled
2 Supply voltage V5 Vs 4.5 5.0 5.5 \Y
3 Power On Reset Vs 0V — 5V POR_ONys 3.80 4.45 \%
4 Power Off Reset Vs 5V — 0V POR_OFFys 3.60 4.25 \Y

Table 6: Terminal V5, DC characteristics
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5.1.2 Terminal VA, external supply voltage

External voltage pin Va provides the HSD gate charging currents during activation.

Va is connected to the energy reserve voltage Ver of the application by a diode. The pin must be
buffered by a grounded capacitor Cya to sustain minimum voltage level for a crash event after loss of
battery. To ensure that all parameters derived directly from the HSD regulation loop, are in the required
operating range, the voltage Va must exceed a minimum threshold Va en.

A more detailed description of the global supply monitoring is given in chapter 5.3.

The Va pin is also used for the programming of the trimming array during Automatic Test Equipment
(ATE). To ensure a safe read out of the trimming array after power up in application, the voltage at VA
must exceed the minimum threshold of Vareao_trmen.. TO speed up this, there is a forward diode
connected between external Vs and Va pins. The principle is shown in the block circuitry in Fig. 3.

The voltage is visible at the analogue output AMX.

No. Description Condition Symbol Min Typ Max | Unit
1 Va voltage threshold 4.5V<Vs<5.5V;  Vaen 10 12 \Y
VA: oV — VA,max
2 Minimum Vu voItage needed 4.5V<Vs<5.5V, V/AREAD_TRMEN 3.30 3.85 \Y
for correct read out of the Va: OV — Vamax
trimming block
3 I(VA) without driver activation  8V<Va<35V lvaprv off 25 MA
4/Additional current I(VA) for 4.5V<Vs<5.5V,  lvaprv onnm 2 150 MA

each activated High Side Drive V> [V(TxU)+8V]
in normal modes (LCM or
HCM)

5 Additional current I(VA) for 4.5V<Vs<5.5V,  lvaprv.onm 2 220 MA
each activated High Side Drive V> [V(TxU)+8V]
in Test Mode (TM)

Table 7: Terminal VA, external supply voltage

1) Static current consumption of the Va-voltage divider and the Va-Monitoring

2) For example during a parallel activation of all 8 HSD in LCM/HCM or in TM, the max. total Va current
consumption amounts:
I(Va)max_LomHem = (8x150pA) + 25puA= 1.225mA
I(Va)wax_tm = (8x220pA) + 25uA= 1.785mA
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5.1.3 Terminal Ux [x=1..4], external voltage supply for deployment current

U...U, Firing current source supplies:

« U; supplies internal Vs _irer voltage source providing internal Irersoma current source for squib
resistance measurement

« U4/U; supply internal analogue supply voltage V.spsue Used for LSD gate charging

« U, supplies passive gate pull down structures for each HSD

« U, voltage is provided with a supply monitoring. For more details regarding global supply monitoring
see chapter 5.3
» The Ux voltages are visible at the analogue output AMX

No. Description Condition Symbol Min Typ Max @ Unit

11(U1) Quiescent current 8V<Ux<35V, lu1 500 MA
X=[1]
Irer diagnosis
disabled, all
Driver switched
off.

2/1(U2,U3,U4) Quiescent current 8V<Ux<35V, lux, Xx=[2..4] 400 MA
X=[2..4]
Irer diagnosis
disabled, all
drivers switched
off,
3 Minimum Vy, voltage to ensure 4.5V<Vs<5.5V; Vu1 en 7.2 8 \Y
that VLSDSUP and V8_|REF are in
normal operating range.
4 Error of input current 4.5V<Vs<5.5V;  Alyirrer 2,5 %
Aly1-rrer = (lur-lrrer)/lus 8V< U1 <35V,
all drivers
disabled;
|rer switched to
RREF

Table 8: Terminal Ux , x=[1-4] external supply voltage used as fire current source
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5.1.4 Vpc internal 3.3V logic supply voltage

Vpic is derived from external Vs voltage and supplies:
« internal logic

« Power On reset

« 8 MHz oscillator

« trimming array

*  Vpe is equipped with a power on reset monitoring and visible at the analogue output AMX. For more
details regarding global supply monitoring see chapter 5.3

No. Description Condition Symbol Min Typ Max | Unit
1 Voie voltage range 4.5V<V5<5.5V Vg 3.0 3.3 3.6 \%
2 Power On Reset Vpie: OV — 3.3V POR_ONypie 2.55 2.95 \
3 Power Off Reset Voic :3.3V—> 0V POR_OFFwe 2.45 2.85 \Y

Table 9: Internal Supply Voic

5.1.5 Va. internal 3.3V analogue supply voltage

Vane is derived from external Vs voltage and supplies:

« Band-gap reference

* lpac for HSD and LSD reference currents
 Irer sauis current reference generation

- allinternal bias voltages and currents

« Vaw is equipped with a power on reset monitoring and visible at the analogue output AMX. For more
details regarding global supply monitoring see chapter 5.3

No. Description Condition Symbol Min Typ Max | Unit
1 Voltage range Van 4.5V<V5 <55V  Vaw 3.00 3.60 \Y
2 Power On threshold Vane OV — 3.3V POR_ONyanc 2.55 2.95 \Y,
3 Power Off threshold Van 3.3V — OV POR_OFFyaw = 245 2.85 \

Table 10: Internal Supply Van
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5.1.6 V.spsur internal 7.5V analogue supply voltage
V. spsue is derived from external Us/U, voltages and supplies:

- LSD gate charging unit

- The voltage is visible at the analogue output AMX

No. Description
1 Voltage range VsupLsp

Condition Symbol
8V<Vy1u2<35V  VsupLsp

Table 11: Internal Supply Vispsue

5.2 Terminal MRB, external Reset Pin

Low active, by this signal all internal registers are reset.

5.2.1 DC characteristics

No. Description
1 Input Low voltage
2 Input High voltage
3 Internal pull down resistor

Condition Symbol
4.5V<V;<55V  Vp. MRB
4.5V<Vs<5.5V  |Vpin MRB
Vurs<Vs Reo MRB

Table 12: Terminal MRB, DC

5.2.2 Dynamic characteristics

No. Description

1 Minimum active low pulse for
the reset at pin MRB

> MRB pulses with pulse length lower than Twre Will not trigger a reset.

Condition Symbol
4.5V<Vs5<5.5V Ture 1) 2)

Table 13: Terminal MRB, AC

2) tested by ATPG scan test during ELMOS production test.

Min
6,0

Min
0.8

30

Min

E981.18

Typ Max @ Unit
9,3 Y

Typ Max @ Unit
- - \Y
- 2 \Y
50 70 k(2

Typ Max Unit
5 us
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5.3 Global Reset and voltage monitoring

The principle of the Power_on Reset concept and the supply monitoring is shown in Fig. 7.

Internally
R, D, (speed up trimming read out after power up)
‘ >
V5 E { ] v l VU1 VA J
| - lmv
oe AN ]VLSD_SUF VA
V5 VDIG_REG VANL_REG Vi swREG MV Threshold
Threshold — + + V_~  REG IREF_SUP detection
detection Threshold Threshold V‘(RLiFthlﬁGreshold - DRV/IDIAG
detection detection det 1 " Vareaotruen |- TRM_read out
etection
1 I 1 1 1
VU1_EN
_Release: v
TRM_Read
_hea o AEN
v5-°" M VDIG_DN VANI-_ON [_>—
POR
SPl and LOGIC NAND | | [PWR_UP_FAIL
Status-REG
MRBK——m—— Tror l (Bit[2] at MISO)
Soft PORB
SPI_RESET. RESET. (Global RESET)
(0x4B) T —*SPI_RSTB
[T [ Legend
o —q External Supply
CDL_RESET orware « minternal Suppl
(Ox7Oorox71)— -|RESET «CDL RSTB pply
M - ——« Internal Signal

Fig. 7: Reset and supply monitoring

There exist several 4 ways to reset the ASIC.

1) internal Global Power on Reset with pulse length Tror (see chapter 5.3.2) is triggered in case of
under voltage condition at:

- Vs (external supply)
» Vo (internal supply)
*  Van (internal supply)

2.) external Global Power on Reset by MRB
For both global reset mechanisms, all internal registers are set to default values. Also the FUSE
Array read out procedure is restarted again.

3.) CODELOCK Reset (0x70 or 0x71). Codelock close/open command generates a reset pulse
(Tres_coL, See chapter 5.5.1) . All internal registers are reset by internal signal CDL_RSTB except the
Codelock register itself, the SPI register, the AMX-switch S1 and the Deployment current mode
adjustment (LCM/HCM). This is needed to be able to diagnosis the UNLOCK during application and
to maintain the programmed Current Mode for the activation sequences.

4.) SPI Reset (0x4B) generates a reset pulse (Tres_sri, See chapter 5.3.2). With the help of this
command all internal registers are reset by internal signal SP/_RSTB except the SPI registers and
the Deployment current mode adjustment (HCM/LCM)

The reset values of all SPI-CMD registers, depending on the reset mechanism (POR/ SPI-Reset/
UNLOCK?]) is described in chapter 5.14.
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The output of the supply monitoring of Vs, Van. and Voie are gated with the external reset signal MRB to
one global PORB as sketched in Fig. 7.

To make the power up status of the IC visible for the external uP, the global PORB, the Vyi_en and the
Va_en are gated and summarized in a SPI status outputs register PWR_UP_FAIL. If a power-up fail
event occurs, this bit is set to high level and frozen. By this the pP is able to read out the information in a
later SPI timing, also when the under voltage event has disappeared again. The reset of this register
has to be done with a clear CMD (see chapter 5.4.5).

To ensure a safe read out of the trimming array, Va must reach the minimum required threshold
Vareap_Trv en- 10 speed up this, there is a bypass built by a forward diode from Vs to the Va pin internally.
To limit the forward current, charging the external Cesur (See chapter 1.2), a Resistor Ry is implemented.
Ry is in the range between 700Q and 1850Q. Consequently the duration after power up, when the fuse
array read out will be started is given by the time constant T=Ry Cogur.

If Va drops during operation below the Vareao_trm_en threshold, the read out of the FUSE Array is
restarted again. The status of the FUSE-Read out is visible at the MISO output flag “FUSE-FAIL (Bit[3],
see chapter 5.4.5).

5.3.1 POR and voltage monitoring DC characteristics
see chapter 5.1.1,5.1.2,5.1.4,5.1.5,5.1.6 and 5.2.1.

5.3.2 POR Dynamic, characteristics

No. Description Condition Symbol Min Typ Max Unit
1 Global POR pulse length Tror 2 10 30 us
2 SPI reset pulse length SPIl-reset CMD | Tres spi 250 ns

(1/Fosc_nom)*2

Table 14: Reset, AC
1) tested by ATPG scan test during ELMOS production test.

2) The POR reset pulse duration is derived from a not trimmed oscillator frequency Fosc nc, because
the FUSE Array read out is started after the power on reset pulse disappears (see chapter 5.13 and
5.15 for more detailed information about oscillator and trimming read out).
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5.4 SPI

Communication interface

5.4.1 Principle

The communication to the uP is provided by the 4 pin SPI interface.

- SCK: SPI clock

- LDB: SPI chip select, low active

- MOSI: SPI master out < slave in, serial data input. 4 address bits + 4 bit data

« MISO: SPI slave out <+ master in, serial data output, containing a 8 bit status frame

Fig. 8 shows the SPI block configuration, Fig. 9 shows the principle of the address and data mode
transfer.

MOSI D ;
SCK g:u|c1 |02|03|C4 |c5|c5 |C?’ |

Q
‘00‘01 ‘CQ‘CSlel ‘CS‘CE ‘C?}—‘
e -

SCK
CLK

WP LDE
LD ENE Comrmand decoder

— ENEB

il

MISO

107 [pe [ps[p4 [ps [o2|p+]oo SO~ [ Courer | : l
Ds[D7] E
f

|DD|D1 |D2|D3 |D4|D5|
T T 7t
—ENE | Status bits

SO40X

Fig. 8: SPI block diagram

LDB

s LILPLTPLPL L

MsB LsB

G > &> ) & € Ch o
MISO 2o e T >

MsB

Fig. 9: SPI 8 bit transfer
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E981.18

Each transmission starts with a falling edge on LDB and ends with the rising edge. During the
transmission command and data shift is controlled by SCK and LDB according to the following rules:
«  Commands and data are shifted with MSB first and LSB last.

« Each bit on the MOSI line is sampled on the rising edge of SCK

« Each bit on the MISO line is shifted out on the falling edge of SCK
« A command is only executed on the rising edge of LDB when 8 or 16 clock-cycles are counted

during the last transmission.

«  MISO becomes active during LDB='0" and is Tristate during LDB="1"

The 981.18 allows a 8 or 16 Bit data transfer. In case of a 16 Bit transfer, the last 8 bits are decoded
and the first 8 bits are rejected. The 8 bit MISO output will be sent two times in this case.

5.4.2 SPI Terminal MOSI,SCK, DC

No. Description Condition Symbol
1 Input Low voltage 4.5V<Vs<5.5V VL Mosi,sck
2 Input hlgh voltage 4.5V<Vs<5.5V VDi,H, MOSI,SCK
3 Internal pull down resistor 4.5V<Vs<5.5V;  Rppmosisck

5.4.3 SPI Terminal LDB, DC

Table 15: SPI Terminals MOSI,SCK

No. Description Condition Symbol
1 Input low voltage 4.5V<V5<5.5V Vpi. LDB,
2 Input high voltage 4.5V<Vs<5.5V  Vpin LDB
3 Internal pull up resistor 4.5V<Vs5<5.5V, |Repy o8

Table 16: SPI Terminal LDB

5.4.4 SPI Terminal MISO, DC

No. Description Condition
1 Output Low voltage Imso = +500UA;
4.5V<V;s<5.5V

2 Output High voltage Imso = -200uA,

4.5V<V5<5.5V

3 High impedance output current 4.5V<Vs<5.5V,
during high level at pin LDB 0<Vmiso<Vs

Symbol
Voo MISO

Voo MISO

lLeak MISO

Table 17: SPI Terminal MISO

Min Typ Max @ Unit

90 150 210 k2

Min Typ Max | Unit
0.8 - - \Y

90 150 210 k(2

Min Typ Max | Unit

- - 04 V
Vs-04 - - Vv
2.5 +25  pA
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5.4.5 Definition of 8 bit status frame at MISO

Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1]  Bit[0]

MSB LSB
Status 8 Bit PAR FE SC_TXU OV_TXL | FUSE_FAIL PWR UP_FAIL TM CM
CMD
RESET 0 0 0 1 1 0 0
value 1

Table 18: SPI Terminal MISO, output frame

BIT[0;1]

CM = 0 =>LCM active (default)

CM =1 =>HCM active

TM = 0 => no Test Mode Driver active

TM =1 => Test Mode Driver active

Bit is set to 1, if either TEST_UP (SPI CMD OxE3) or TEST_LOW (SPI CMD 0xEC) is selected.
Which Driver Test mode is active (TESTDRH/TESTDRL) can be read out at the AMX Pin with
according SPI CMD.

BIT[2]

PWR_UP_FAIL =0 =>Power up ok, all supplies in recommended operating range

PWR_UP_FAIL =1 =>Power up fails. If a Power-Up failure occurs the “1” Bit is frozen, to be visible for
the uP. Register can be reset with according clear-CMD by SPI. After 1% power-up the bit remains at
default H-level. If the power up has been finished successfully, the bit will change to L-level after the
clear-CMD is set.

BIT[3]

FUSE_FAIL = 0 => Read out of Trimming array finished and OK

FUSE_FAIL = 1 = Read out of Trimming array not finished or erroneous (Parity check fails). The Fuse
Read out will be repeated 16 times. if the last run ends erroneous the internal state machine stops with
a permanently failure flag.

BIT[4]

OV_TXL=0 => no over voltage at all TXL (OV_TXL)

OV_TXL=1 => an over voltage at one or more TXL (OV_TXL) has occurred. Bit is frozen after
occurring. Register can be reset with according clear-CMD by SPI

BIT[5]

SC_TXU=0 => no short circuit to GND at all TXU(SC_TXU)

SC_TXU=1 => short circuit to GND at one or more TXU(SC_TXU) has occurred. Bit is frozen after
occurring. Register can be reset with according clear-CMD by SPI

BIT[6]

FE=Frame error: wrong Master command received (frame Bit length differs from 8 or 16Bit).
BIT[7]

PAR=Output Frame Parity BIT (safety); odd-Parity chosen.
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5.4.6 SPI, dynamic characteristics for Inputs MOSI,SCK, LDB
General condition:4.5<V5<5.5V

No. Description Condition Symbol Min  Max  Unit

1 SPI clock (SCK) fsok 2 - 8.08 MHz
operating frequency
2 SPI clock (SCK) period SPI: Period SPI clock, 40% < tsek 2 123.7 - ns
duty cycle < 60%

3 Clock (SCK) high time tsokn ) 48.8 - ns
4/Clock (SCK) low time tsoxe 48.8 - ns
5 Clock (SCK) fall time tan 2 5.5 13 ns
6 Clock (SCK) rise time trise 2 5.5 13 ns
7 Data input setup time SPI: Time from changing MOSI  tsews * 37 - ns

(10%, 90%) to 1+ SCK(90%) .
Data setup time

8 Data input hold time SPI: Time from 1 SCK (90%) to thoia 2 49 - ns
changing MOSI (10%,90%)
9 Enable (LDB) lead time SPI: Time from | LDB (10%) to 1 tLoB_tead 2) 61.8 - ns
SCK (90%)
10 Enable (LDB) lag time SPI: Time from | SCK (10%) to tLos_ag 2 61.8 - ns
+ LDB (90%)
11 Sequential transfer delay  Time between SPI cycles, LDB  tw " 750 - ns
at high level (90%)
12 Input capacitance Pins MOSI/LDB/SCK Co * 5 pF

Table 19: SPI inputs, dynamic characteristic

1) minimum time length necessary to fulfill timing related to the Codelock and SPI reset pulse length.

2) These timings are given by the MCU. The IC's SPI circuit is designed to be fully operational under
these worse case timings. SPI functionality test at WC timings is done during production test.

3) Not tested during production test, guaranteed by design.

5.4.7 SPI, dynamic characteristics, Output MISO

General condition:4.5<V5<5.5V
No. Description Condition Symbol Min Max @ Unit
1 Data output access time  ¢,,5,<50pF; ta ¥ - 43 ns
MISO SPI: Time from ¢ LDB (10%) to

data active from high-impedance
state at MISO

2 Data output (MISO) valid |C=<50pF; ty V2 - 30 ns
after SCK SPI: Time from | SCK (10%) to
next data valid at MISO (90%)
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No. Description Condition Symbol Min  Max @ Unit
3 Data output (MISO) lag | C=<50pF; tmso lag 0 - ns
time
4 Data output (MISO) Cuiso<50pF; tas V) - 50 ns
disable time SPI: Time fromt LDB (90%) to
high impedance state at MISO
5 Input capacitance MISO-Pin in Tristate (LDBat ~ Coi™ 5 pF

Logic High level)
Table 20: SPI output, dynamic characteristic

1.) tested by appropriate SPI-protocols during production test.
The definition of the parameters is illustrated in Fig. 10

) SCK input 2.4V/0.4V; MISO 10% / 90% of V5

) Measurement condition: 1k Pull-Up resp. Pull-down resistor on pin MISO. Measurement from
90%LDB to 10%MISO rise, resp. 90% MISO fall

4.) Not tested during production test, guaranteed by design.

2.
3.

tscr: tm
e —— -
A
LBE | £ ¢ t t
QD%—T L SCKH skl all ree t = —
CSE_Bg
10% - ] —| - —i- e
-
t
A
SCK L
a0% - B = T
10% E— — —Z- ) / X_
] 7 T
¢ t tn||5.\:|_|g.; t
Mot @ et |’ —
90% 4
s | se LSB —
1 J S
t t
setLp) foid
F Lo |———
MOSI
90% i
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10%: 17 -

| t
. 10 SPI dynamic parameter definition
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5.5 CODELOCK
« Internal TIMER to enable HSD and LSD for the Trimeout duration.

UNLOCK:

Unlock command starts the codelock timer to enable the activated high and low side

drivers. When the codelock timeout is reached after Timeou , the low side and high side drivers are
disabled. Additional UNLOCK commands during Timeout are extending Timeout DY resetting the timer.
LOCK:

Lock command closes the codelock via SPI and disables the high side and low side drivers.

To close the codelock before the timeout, the command CODELOCK LOCK can be used.

On each rising or falling edge of Unlock_Out signal the following initialization is done:

+ AResetpulse is generated for T__

- Reset of most of the SPI registers (see SPI CMD-List in chapter 5.14 for more details)

5.5.1 CODELOCK, Dynamic Characteristics

No. Description Condition = Symbol Min Typ Max Unit
1 Fire codelock Timeout Trveour P 150 250 ms
2 Codelock reset pulse length T 1 250 ns

RES_cdl (1/Fosc_nom)*2

Table 21: CODELOCK, AC
" tested by ATPG scan test during ELMOS production test.

5.6 Terminal ARM

“ARMING” sensor signal, high active.

The codelock enable line is masked by the external input ,ARM* according to the following rules:

« ARM = logic 1 enable line unaffected

+ ARM =logic 0 enable line masked (driver disabled)

In positive logic it exists a logical AND between the enable and the arm line. For safety reasons the
required pulldown at the ARM input is built up with a resistance.

5.6.1 ARM, DC characteristics

No. Description Condition Symbol Min Typ Max | Unit
1 Input Low voltage 4.5V<Vs<5.5V Vot ARM 0.8 - - \Y
2 Input High voltage 4.5V<Vs<5.5V VoL ARM - - 2 Y
3 Internal pull down resistor 4.5V<Vs5<5.5V; | Rpp arm 30 50 70 kQ

Table 22: Terminal ARM, DC
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5.6.2 ARM, dynamic characteristics

No. Description Condition Symbol Min Typ Max | Unit
1 input capacitance Carm " S pF

Table 23: Terminal ARM, AC

1) not tested during production test, guaranteed by design.

5.7 HSD and LSD Control Modules

The high side driver block and the low side driver block are physically separated.
The driver control is managed by two driver control modules. One governs all the high side drivers and
one all the low side drivers.

5.7.1 HSD Control Module

The HSD control can be separated into two different modes:
- Deployment Mode (HCM/LCM)
« HSD Test Mode with reduced current level (TEST_UP Mode)

The principle of the HSD control module is shown in pictures Fig. 11 below.

HSD ., (disables safe PD ofthe HSD gate)
ARM []
MSO-Flag
SPl-Decode BIT[5]
o a UHLOCK
andogue
EN Txd senss
i
RST sc,,, SC o per
v
TEST_UP T
o g
b
EN
i3 HS
RST & e— CMP output enabled
U, (lr:]alsisﬁ";g‘ after T __ time.
o q d Before t, CMP output
= rem ains at zsro
ol owa EN SCTxU ., timer
7] Wa7e) = “Tec oes um
RST “Tocom m
ouT
art! RST
*7 1= start
¥ FTL_TxU Cresel
HEM Lem and —
T 1TSS LT 1155 [alalo e, oo >@J
Ise 0
CNTR direc #on .b s
8 FTL{ one for each H5D)

Fig. 11 HSD CTR-Module
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The HSD control loop consists of:

- external ARM signal.

«  UNLOCK Latch set by SPI CMD (Reset conditions are given in chapter 5.14).

- TEST_UP Latch set by SPI CMD (Reset conditions are given in chapter 5.14);
TEST_UP allows the activation of HSD in Test Mode (current limit reduced) independently of ARM
and CODELOCK signals.

«  TxUon Latch set by SPI CMD; one for each driver (Reset conditions are given in chapter 5.14).

« SCrw signal coming from the driver output stage, which detects a short circuit to GND at the TxU
pins.

- FTL_TxU signal coming from the Firing Time Limiter, one for each driver.

TxU Short circuit detection:

The short circuit comparator is enabled when the HSD is active.

In normal mode, as the LSD is activated prior the HSD, the SC comparator is enabled after a delay
Tsc_per_nm, in order to let the HSD conducting a minimum current to allow the TxU pin exceeding the SC
comparator threshold. Then, if during deployment, a SC condition is detected, the SC_TxU flag is set in
the MISO register (but the HSD is not deactivated).

In Test Mode, in order to reduced as much as possible the energy provided to the squib in case in
intermittent SC to GND, the SC comparator is activated without any delay (Tsc pe._ v = Ous). As soon as
a SC condition is detected, the SC_TxU flag is set in the MISO register and the HSD is deactivated.

The timing diagram is shown in Fig. 12

LSD ON i |
HSD ON u

V(TxU)

SC_TxU_ref

I(TxU)
reduced

SC_comp_out

SC_EN_out

SC_TxU

Fig. 12 Timing diagram SC detection for deployment mode

All 8 SCryy signals are summarized in one MISO status Bit. (see chapter 5.4.5).
The parameter Tsc en v iS givenin 5.71.2.

Firing Time Limiter (FTL):

The Firing Time Limiter (FTL) is realized as a backward counter. The start value is given by the
according current mode (LCM/HCM), configurable by SPI. The Counter is active during Deployment
mode and Test-Up Mode. During TEST-Up Mode, the counter value is coupled to the selected current
modes (SPI CMD's 0x76 or 0x7C), too. The principle of the state transitions of the counter is sketched
in Fig. 13.

This document contains information on a pre-production product. ELMOS Semiconductor AG reserves the right to change specifications and information herein without notice.

ELMOS Semiconductor AG Data Sheet QM-No.: 25DS0072E.00
Page 26 of 63

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6525709/E98118A39FB.html

8-Channel Airbag Squib Driver E981.18
PRELIMINARY INFORMATION - AUG 01, 2011

FTL-DECODE:
0if CNTR =00 ——a FTL Txl

run FTL 1if CNTR= 00

‘ ‘ | stay at

FTL end

FTL start
T O e I S 1 B (v
(HCWLCM)

CNTR direction

FTL-RESET

Fig. 13 FTL state transition

The FTL RESET can be done by:
— CODELOCK Reset pulse (0x70 or 0x71, see chapter 5.3) or

— SPI Reset pulse (0x4B, see chapter 5.3) or

— SPI TxU_off CMD or

— Global power on reset pulse (see chapter 5.3) or

— SPI FTL_RESET CMD (0xE7,no driver have to be activated here. CMD is rejected during
“UNLOCK”-state)

The FTL is started by:

- SPITxU_on CMD:
The counter starts by the run_FTL signal, which is activated with the according HSD_ON CMD from
the SPI decoder. The counter activation is independent from an active or not active state of ARM or
UNLOCK. It is only started by the HSD driver activation CMD in normal deployment mode or in Test-
Up Mode

— SPI FTL_ACTIVATE CMD (0xE5) for test purpose without a driver activation.
(CMD is rejected during “UNLOCK”-state)

After reaching the counter end value (00), the FTL output is switched to logic high level and remains
there until a FTL RESET is explicitly triggered. The counter is not re-started if additional TxU_on CMD's
are sent.

For test purpose, all 8 FTL outputs are summarized in a “OR” and an “AND” combination. These two
logical outputs can be switched to the AMX output by the S1 Multiplexer (see 5.10). There are two
methods to check the FTL-timer in application:

« in TEST_UP-MODE by activating each HSD individually with reduced lum and observe the AMX
output switching from logical low to high level. For a single transistor activation the FTL_OR output
has to be selected. Whereas for a parallel activation of all 8 HSD (two CMD's needed here) the
FTL_AND combination can be selected to determine the longest FTL-Counter value.

« in FTL_TEST modes (OxE5). Here all 8 FTL's are activated at the same time. Observing the AMX
transition from logical low to high level exhibits the maximum (FTL_AND) or the minimum (FTL_OR)
Counter time. In this mode no driver activation is necessary.

The FTL_OR and FTL_AND output scheme is given in Fig. 14 below:
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! FTL-RESET by:
CMDor 0xEStestCMD  FTL,,, - CDL_Reset (0x70or 0x71) OR
FTL -TxU_OFFCMD  CR
Ll - 5Pl Reset (0x4E5) OR
- FTL_Resat (0xET)

Fig. 14 FTL test

To activate the HSD in deployment mode, following signals have to be set:
- CODELOCK to be opened by SPI CMD (0x71)

« ARM pin to be set to logical high level

- Finally switching on the driver by the according SPI CMD (TxU_ON)

The driver will be switched off automatically by FTL or can be switched off externally by uP with the
according TxU_OFF CMD by SPI. A short circuit event at the TxU during switch on phase, will not
disable the HSD, but reduce the current limitation value. After the SC disappears again, the current
limitation value is regulated to the nominal, intended value again (for more details see chapter 5.11).
The short circuit event is visible at the MISO output frame in this case.

To activate the HSD in TEST_UP-Mode following signals have to be set:
« TEST_UP to be set by SPI CMD (0xE3)

« Finally switching on the driver by the according SPI CMD

The driver will be switched off automatically by FTL or can be switched off externally by uP with the
according TxU_OFF CMD by SPI in TEST_UP mode, too. To limit the energy applied to the Squib
during transient short circuit to GND, the HSD will be switched off immediately, if the TxU drops below
the threshold SCry rer (see chapter 5.11.1). If the SC event disappears again, as during pulsed short
circuit to GND, the driver will be activated again until the FTL timer or a SPI Driver off CMD deactivates
the HSD. The short circuit event is visible at the MISO output frame in this case, too.

5.7.2 LSD Control Module

The LSD control can be separated into two different modes:
- Deployment Modes (NM)
« Switch Test Mode with reduced current level (TEST_LOW Mode)

The principle of the HSD control module is shown in pictures Fig. 15 below.
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Fig. 15 LSD CTR-Module

The LSD control loop consists of:

- external ARM signal.

« UNLOCK Latch set by SPI CMD (Reset conditions are given in chapter 5.14).

« TEST_LOW Latch set by SPI CMD (Reset conditions are given in chapter 5.14), allow the activation

of the LSD in Test Mode (with reduced I, ), independently of ARM and UNLOCK signals.
e TxLon Latch set by SPI CMD; one for each driver (Reset conditions are given in chapter 5.14).
- OVr signal coming from the over voltage detection at the TxL.
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TxL Short circuit detection:

In Normal Mode (deployment), the over voltage detection will shut off the driver after a specified time
Tov suink txe_nm , and set the flag OVqx in MISO register. To withstand pulsed short circuits to battery,
there is a timer implemented, counting the time duration, in which the TxL voltage exceeds the over
voltage detection threshold OV, rer. The timer is enabled with the TxLon CMD and is reset with a
TxLorr CMD. The start and stop function of the Counter is then directly triggered by the comparator
output. CMPOUT=high means the Counter is running, whereas CMPOUT=low means the Counter is
halted but not reset and will be started from same position again if the CMPOUT goes to high again.
Thus a thermal overload of the LSD will be avoided if more than one TxLon CMD's are sent, like it is
done for overlapping switch on scenarios of different channels.

In Test-Low Mode, in order to reduced as much as possible the energy provided to the squib in case of
intermittent SC to battery, the over voltage detection will shut off the LSD driver as soon as an OV
condition is detected (Tov sk ™ v = Ops), and the OVr,. flag is set in the MISO register.

The Low Side Driver remains in Off state, even if the OV condition disappears again.

The over voltage flags of all 8 channel are summarized in one MISO status register (BIT[4], see chapter
5.4.5 for a more detailed description).

To activate the LSD in deployment mode, following signals have to be set:
« CODELOCK to be opened by SPI CMD (0x71)

« ARM pin to be set to logical high level

 Finally switching on the driver by the according SPI CMD (TxL_ON)

Important: No automatically switch off available for the LSD. The driver has to be switched off externally
by uP with the according SPI CMD.

To activate the LSD in TEST_LOW-Mode following signals have to be set:
« TEST_LOW to be set by SPI CMD (0xEC)

 Finally switching on the driver by the according SPI CMD

To limit the pulse energy applied to the squib during transient short circuits to battery in Test Mode the
Tov sk v is set to Ops. By this the LSD will be kept switched off also if the driver activation in
TEST_LOW Mode coincides with a static short circuit to battery. The short circuit event is visible at the
MISO output frame in this case.

5.7.3 General considerations for test mode activation TEST_UP/ TEST_LOW

Activating of TEST_UP or TEST_LOW mode will set an internal signal TM , like sketched in Fig. 16
below. This internal signal reduces the internal current references for the HSD and LSD current
limitation units to the test-mode level. Additionally this signal is used to limit the maximum gate voltage
of all HSD during a TEST_UP activation. (see chapter 5.11).
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SPl-Decode TEST_UF

TEST_LOW

Fig. 16 Internal TM signal

It is not possible to activate the HSD and LSD switch test at the same time. They are locking each other
by hardware.

Sending SPI TEST_Up after SPI TEST_Low, the Test mode is switched from the low side to the high
side drivers and vice versa.

It is not possible to override low side and high side drivers at the same time. This implies that the
(TEST_UP|TEST_LOW) register contents can be (0]0),(0]1),(1]0) but never (1]|1). The registers can be
switched to the analogue output AMX by the according SPI CMD (see more detailed description in
chapter 5.14 (SPI-CMD list) and chapter 5.10 (Diagnosis via AMX pin).

5.8 Recommended firing sequence

The following timing diagrams in Fig. 17 shows exemplarily the recommended sequence for firing a
single squib.

A synchronous firing of two or more groups of squibs and delayed firing of two or more groups of squibs
is also possible. (see 4.2 for maximum allowed SOA conditions).
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Fig. 17 LSD CTR-Module

This document contains information on a pre-production product. ELMOS Semiconductor AG reserves the right to change specifications and information herein without notice.

ELMOS Semiconductor AG Data Sheet QM-No.: 25DS0072E.00
Page 31 of 63

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6525709/E98118A39FB.html

8-Channel Airbag Squib Driver E981.18
PRELIMINARY INFORMATION - AUG 01, 2011

It's required to activate at first the LS-driver and to disable at first the HS-driver. Because the Firing
Time Limiter (FTL) will automatically switch off the HSD, it is not mandatory to sent the HSD switch off
command. For the LSD a switch off CMD is mandatory.

It's allowed to fire on any channel independently (activating or disabling the driver channels, while the
fire current is already flowing on other channels). The time tqeiay gis (time between TxUoff and TxLoff) has
to be at least > 200us, to ensure a safe shut off of the HSD first. The time tgeiay_en (time between TxLon
and TxUon) has to be = 2pus. The delay tqeiay 10« between the TxLoff CMD and the LOCK CMD has to be
greater than Tes genm Specified in 5.12.2, item 3.

It is not recommended to activate or deactivate finally the drivers via the pins ARM or MRB, or by the
SPI-CMD's LOCK/UNLOCK or SPI_RESET, because here the internal slew rate control of the drivers is
not active. This can lead to high transients, when firing into inductive loads.

If the ARM-Pin is delayed after the TxU_ON CMD, there is no enlargement of the FTL duration. The
FTL-counter is only triggered by TxU_On CMD, not by the ARM low to high transition.

5.9 Reference Resistance RREF & Squib resistance diagnosis

« External pin used for squib resistance reference measurement

« internal reference current source lrer squis can be switched to RREF or the TxU pins with S4
multiplexor by according SPI CMD's. (see chapter 5.10)

* Irersoma current source supplied by external U1-pin via 8V limiter Vg rer

- Diagnosis loop closed by activated LSD in TEST_LOW Mode.

- External squib difference voltage to be amplified by AMX amplifier and switched to AMX output Pin.

- external RREF voltage to be amplified by AMX amplifier and switched to AMX output Pin.

- Possibility to detect an open PGND connection caused by bond wire demolition or open pin.

The principle of the squib resistance diagnosis is shown in Fig. 18.
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Fig. 18 Squib resistance diagnosis

This document contains information on a pre-production product. ELMOS Semiconductor AG reserves the right to change specifications and information herein without notice.

ELMOS Semiconductor AG Data Sheet QM-No.: 25DS0072E.00
Page 33 of 63

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6525709/E98118A39FB.html

8-Channel Airbag Squib Driver E981.18
PRELIMINARY INFORMATION - AUG 01, 2011

Measurement principle:
The Irersoma reference current source can be switched by multiplexor S4 to the external pin RREF or to

the squib-lines TxU. The current loop in the squib-path can be closed by activating the Low Side Driver

(LSD) connected to the according TxL pin under test mode (TM) condition. The current limitation of the

LSD in TM is always larger than the internal 40mA current source. Because of the over voltage

detection at the TxL pins in TM (Tov_snk_1x_m=0, see chapter 5.12.2) it is mandatory to activate

first the LSD and then the current source at the according TxU pin. Otherwise the OV condition

at the TxL pin will prevent the driver activation.

The current loop of the external reference resistor RREF is given by the grounded structure itself.

The difference voltage drop of RREF and of the squib-resistors can be switched by the multiplexors S2

and S3 to the internal amplifier. The amplifier output is visible at the AMX-pin.

For the voltages at the amplifier inputs following equations are valid:

1) IREF40mA — RREF, Vi— RREF, V.— GND . (V+ - V) = |REF40mA'(RBoND_RREF+RREF)

2) Irersoma —TXU; V.— TxU; V. — TxL : (Vi - V.) = Ireraoma*(Reono_mu+ Reono_m+ Rsaui)
with Reono max=100mQ, given by design, not tested during production test.

At all TxU and TxL pins, polarization units are connected inside the IC, used for the leakage
measurements and to avoid floating nodes at the squib feed and squib return lines. These polarization
units consists of a buffer, forcing a bias voltage over a 1.3kQ resistor to the TxL and TxU lines. Due to
the fact that the LSD activation in TM will cause a CMIR of the measurement close to GND-level, the
polarization buffer at the HSD would contribute an additional error current into the squib.

To eliminate this, the buffer of the selected TxU is disabled automatically by the same SPI-CMD, which
activates the Irersoma at the selected channel (see chapter 5.14 for the SPI-CMD-list).

The buffer output current of the TxL polarization unit will shift the CMIR range of the measurement, but
will not influence the difference voltage measurements. Consequently the buffer at the TxL is not
disabled.

Detection of an open Power Ground (PGND):

The 40mA current source can be used to detect a bond wire demolition at each LSD PGND pin. In this
case the ESD diode between internal PGND pad and system Ground (SGND) will trace the Irersoma
current source. Each LSD Source Pin is only connected by a bond-wire to the according external PGND
pin. There is no galvanic path to system ground SGND via substrate. Due to ESD protection each LSD
Source pin has got a own protection circuitry of one diode in forward and one diode in backward
direction to the system ground SGND. This is sketched in Fig. 18, too. Consequently the voltage drop at
the TxL pin will be enlarged by a voltage Up (0.3V..0.9V) of the ESD forward diode, if the bond wire is
missing. Each TxL voltage can be switched to the AMX buffer by the according SPI-CMD. (see chapter
5.14). Thus following equations are valid for PGND connected and PGND not connected:

1) V- =Vaux= IREF40mA'(RON_LSD ) for PGND connected
2) V- =Vaux= Ireraoma*(Ron_Lsp +Up) for PGND not connected

Ron_Lsp is given in chapter 5.12.1, here the TxL and PGND bond wires are included.
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5.9.1 Squib resistance diagnosis, DC characteristics

No. ‘ Description Condition ‘ Symbol ‘ Min ‘ Typ Max  Unit
1 Current at Squib resistance Vrrer<1V, Vu1>8V lrersquib -45 -30 mA
diagnosis
2 Load regulation error at squib  Vrrer<1V, Vu1>8V | Alrermw.Loap 0 0.4 %
resistance diagnosis.
3 Channel error at squib [VRREF,VTXU]<1V, AIREF,TXU -1 +1.0 %
resistance diagnosis. Vyi>8V

Table 24: Terminal RREF

+  Alrermuono Means maximum current error in percent between in output voltage range
VRREF,VTXU=[OV. A V]
+ Alrer o means maximum current error in percent between the current reference switched to the
output RREF and the current reference switched to the TxU outputs. Error results from residue
leakage currents of the disabled polarization buffers at the output stages.

5.9.2 Squib resistance diagnosis, AC characteristics

No. ‘ Description Condition ‘ Symbol Min Typ Max Unit
1 Slew rate (10%-90%) for Vyi>8V IreFsquib_SR_ON 1) mA/us
Irersoma activation 50
Slew rate (90%-10%) for Vui>8V IRersquib_sr oft mA/us
2 lrersoma deactivation -50

Table 25: IReFa0mA, AC
1.) ATE tested between 5mA and 30mA

5.10 AMX output and Diagnosis

The central unit of the diagnosis consists of an analog multiplexer(AMX), which selects a multitude of
absolute and differential measurements within the output stage of the ASIC, a differential amplifier with
the amplification A and an output buffer (AMX). The measured voltages are sent to the analog output
(AMX), which is connected to one of the A/D inputs on the external pC. The multiplexer is represented
by the six switches S1, S2, S3 and S4. The block circuitry is shown in Fig. 19.
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Fig. 19 Diagnosis block diagram
The following measurements can be performed during application:
- Leakage to ground/plus measurement
» Squib resistance measurement
« Lower transistor measurement
« Upper transistor measurement
« Arming measurement
« Unlock out measurement
« Internal and external supply measurement
- Firing Time Limiter (FTL) Test
« Read out of critical internal register values
5.10.1 Multiplexor S1-S4
Diagnosis signals visible at AMX pin
1.)Signals at multiplexer S1:
1. FUSEFAIL_REG: Logic H — Error in trimming ARRAY
2. TEST_LOW_REG: Logic H — Test lower side active
3. TEST_UP_REG: Logic_H — Test upper side active
4. LCM_REG: Logic_ H — Low Current Mode (LCM) active
5. HCM_REG: Logic H — High Current Mode (HCM) active
6. FTL_OR: Logic OR combination of all 8 Firing Time Limiter (FTL). If at least one

timer has reached its CNTR end value, signal switched to logic high
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level. Otherwise maintains at logic low level (see Fig. 14 in chapter
5.7.1)

7. FTL_AND: Logic AND combination of all 8 Firing Time Limiter (FTL). Switched to
logic high level only if all 8 CNTR's end values are reached. Otherwise
output maintains at logic low level. (see Fig. 14 in chapter

5.7.1).
8. Vux/8, x=[1..4]: Vux with attenuation of 8
9. VA/8: Va with attenuation of 8
10.Vispsur/3: Vispsue With attenuation of 3
11.Voic: internal digital supply Vo
12.VanL: internal analogue supply Van.
13.ARM_REG: Logic. H — ARM is active
14.UNLOCK_REG: Logic H — UNLOCK is active
15.82 Positive input of AMX Amplifier
16.S3 Negative Input of AMX Amplifier
17.(V+-V.) GAIN Output of the AMX Amplifier

2.)Signals at multiplexer S2,V. non inverting input of the amplifier:

1. TxU, [x=1..8]: output voltages at the HSD

2. Rger: positive pin of external Rger resistor

3. Vu short non inverting input of the amplifier

3.)Signals at multiplexer S3, V. inverting input of the amplifier:

1. TxL, [x=1..8]: output voltages at the LSD

2. SGND: connection to system ground

3.)Signals at multiplexer S4, 40 mA Irersquis_reference current source:

« |RREF: |REFSQU|B to Pin RREF

. TxU: Irersquis to HSD outputs TxU, according TxU polarization buffer is
disabled, too
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5.10.2 Terminal AMX in Buffer Mode, DC Characteristics

E981.18

No. ‘ Description Condition ‘ Symbol ‘ Min ‘ Typ Max | Unit
1 Buffer Offset voltage 45V<V5<55V, Vos1,/.\|v|x75uffer -30 30 mV
Vin £ 100mV
2 Buffer Offset voltage 45V<V5<55V, VOSZVAMxiBuffer -20 20 mV
VN > 100mV
3 Buffer Output voltage range - Voutamx_Bufter 0.02 Vs-04 V
1 O}JA<||_0AD<+10}J
A
4 AMX leakage in Tristate ' 4.5V<Vs<5.5V;  lLeakawx Buffer -2.5 +25  pA
Vawx<Vs
5 Buffer input voltage range 4.5V<Vs<5.5V  Vinaux_suffer 0.00 1 Vs
6 Buffer output impedance ' 4.5V<Vs<5.5V,  Rouraux suffer 0.00 2.5 kQ
-100pA<|aux<+100pA
Table 26: AMX in Buffer Mode
1) Valid in Buffer and amplifier mode
5.10.3 Terminal AMX in Buffer Mode, AC Characteristics
No. ‘ Description _ Condition ‘ Symbol ‘ Min ‘ Typ Max | Unit
1 AMX settling time with 10mV ~ 4.5V<Vs<5.5V;  Tser suffer "2 25 us

error

Load at AMX:
100pF||R>1MQ;

Table 27: AMX in buffer mode, AC

1.) Not tested during production test, guaranteed by design.
2.) Settling time considers the propagation delay of the switches and the transition from HiZ to Low
impedance.

5.10.4 Terminal AMX in Differential Amplifier Mode, DC Characteristics

No. ‘ Description Condition ‘ Symbol ‘ Min ‘ Typ Max ‘ Unit
1 AMX Differential amplification 4.5<Vs<5.5V Aavx_amp 7.80 8.00 8.20
2 AMX DC Offset in amplification 4.5<Vs<5.5V Vbe,AMX_Amp 040 0.60 0.80 \%
mode
3 AMX Output offset drift in 4.5<V5<5.5V; Vos,amx_amp -15 15 mV
amplification mode CMIR=[0V..1V]
4 AMX Output voltage range in  4.5<V5<5.5V, Vout,AMx_Amp 0.2 Vs \Y
amplification mode - -0.4v
100pA<I(AMX)<+100
HA
5 AMX Common Mode Input 4.5<V5<5.5V CMIRAmx_amp 0.00 1.00

range in amplification mode

Table 28: AMX in differential amplifier mode, DC
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5.10.5 Terminal AMX in Differential Amplifier Mode, AC Characteristics

No. ‘ Description Condition ‘ Symbol ‘ Min ‘ Typ Max ‘ Unit
1 AMKX settling time with 10mV ~ 4.5V<Vs<5.5V;  Tser aux amp "2 50 us
error Load at AMX:

100pF||R>1MQ
Table 29: AMX in differential amplifier mode, AC

1) Not tested during production test, guaranteed by design
2) Settling time considers the propagation delay of the switches and the transition from HiZ to Low
impedance.

5.10.6 AMX Diagnosis outputs,DC Characteristics

No. ‘ Description Condition ‘ Symbol ‘ Min ‘ Typ Max | Unit
1 AMX Buffer mode,internal 3.3V 4.5V<Vs<5.5V, Vpess 3.0 3.6 \Y
digital supply voltage Rawx>500k$2
2 AMX buffer mode,internal 3.3V 4.5V<Vs<5.5V,  VanLst 3.0 3.6V \Y
analogue supply voltage Rawx>500k<2,
all Driver off
3 AMX buffer mode,internal 4.5V<Vs<5.5V,  Vioc Hst 24 \Y
Logic output high level Raw>500k(2
4 AMX buffer mode,internal 4.5V<Vs<5.5V, Vioc.st 0.2 V
Logic output low level Rawx>500k(2
5 AMX Buffer mode,internal 4.5V<Vs<5.5V, Vispsuprs st 6.0/3 9.3/3 V
supply voltage Vi spsup Vuy1 >8V
RAmx>500kQ
6 Attenuation of Ux 4.5V<Vs<5.5V,  Auxs 7.6 8.0 8.4
measurement x=[1..4],
RAmx>500kQ
7 Attenuation of VA 4.5V<Vs<5.5V, Avas 7.6 8.0 8.4
measurement Ramx
>500k2

Table 30: AMX Diagnosis
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5.11 Terminal TXU, High Side Driver Outputs

« Provide HSD deployment current regulation output (configurable in LCM, HCM and test mode)

« Internal polarization voltage and impedance for leakage detection

« Short circuit to GND detection. The TxU short circuit detection is active during normal mode and test
mode. The SCrxy threshold is given in 5.11.1. The TxU SC-comparator output is propagated to the
logic. After the time Tsc_peL is exceeded, the SC event is latched in a register an can be read out at
the SPI output. For a register reset a clear CMD must be set. (see chapter 5.14).

SC to GND protection in TM:

To provide a fast switch off during TM in case of a short to GND, the Driver gates will be pulled down
immediately, when the TxU voltage drops below the SC threshold. Additionally the HSD gate voltage
is clamped to Vixu_tm during TM to minimize the short circuit pulse energy.

SC to GND protection in NM (deployment):

In case of short to GND during deployment, the current limitation loop will enter the “fallback” mode:
the current limitation value will be reduced to reduce the PDISS of the driver. The “fallback” mode is
triggered by an overdrive of the inner loop regulation, sketched by the signal “sat” in Fig. 20. while
the voltage at the TxU pins drops below the nominal operating range given by the product of the the
min. squib resistance and the HSD I.m_mn,. The different shapes of the HSD current regulation for
different short circuit events to GND are sketched in Fig 23 below. The reduction of lum mw is possible
because the squib resistance is shorted by a parasitic short to GND at the TxU pin.

- 8 separate Firing Time Limiter (FTL) limit the maximum HSD switch on time, if the HSD switch off
command is missing. Each counter (CNTR) is started with the according TxU o signal, triggered by
the SPI switch on CMD. After reaching the counter limit, the internal FTL_TxU signal is switched to
logic high level and the according HSD is switched off. The counter value is coupled to the adjusted
current mode (LCM/HCM). For test purpose all 8 FTL outputs can be or and and combined and are
visible at the AMX pin with the according SPI CMD set (see chapter 5.14).

Fig. 20 shows the principle of the HSD Ilim control unit.
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Fig. 20 TXU (HSD) llim-control block circuitry

Each driver is provided with a passive gate pull down structure unit, disabled during activation, and a
gate to source clamping. The passive gate structure is a redundant (safety) feature of the HSD control
module.

Both is sketched in Fig. 21 and Fig 22 below.

The HSD locking is suspended only if the internal PORB reset signal is at high level (see chapter 5.3).
Additional either the TEST_UP mode have to be selected by an according SPI CMD or the UNLOCK
and the ARM signals have to be at high level. In the first case the HSD can be activated under Test
Mode conditions, where all complement Low side drivers are locked. In the second case the diver can
be activated under normal firing conditions by an according SPI CMD.
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Fig 23 Reduced HSD.um during SC to GND
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5.11.1 TXU, DC Characteristics

Following general condition must be fulfilled unless otherwise stated:
. VA Z(Vtxu+8V) & VA 212V

+ 4.5V<Vs<5.5V

o 1.7Q <Rsu<6Q

No. ‘ Description ‘ Condition Symbol  Min Typ Max Unit
1 Internal polarization voltage  Driver and Irersoma Off Veor ™ 0.475 0.525 | Vs
0= Vww £ Vs
2 Bias impedance TxU Driver and |rersoma Off Rans 910 | 1300 1690 Q
3 HSD Ron in LCM I(TxU)=-1.2A for Ronem 2 0.2 1.1 Q
2ms
4 HSD Ron in HCM I(TxU)=-1.75Afor  |Ronucu ? 0.2 1.3 Q
500us
5 Current Limitation in HCM 12V<Ux<35V, llimycm -2.52 -1.77 A
V(TxU)>2Vv
6 Current Limitation in LCM 8V<Ux<25V, llimicwm -1.82 122 A
V(TxU)>2Vv
7 Current Limitation in TM 8V<Ux<35V, llimm -150 -50 mA
V(TxU)>2V
8 Leakage on High Side Switch Driver off,VeoL 1xu lleakrxu -100 +100 pA
disabled, Vux<35V &
V(TxU) > 0V
9 TxU short circuit detection HCM,LCM,TM, SCrxu_rer 1.1 15 1.9 \Y
8V<Ux<35V
10  TXU voltage range during TM active, Vixu_m 5.1 10 Vv
Test Mode 8V<Ux<35V

Table 31: Terminals TxU x=[1..8] DC characteristics

1) guaranteed by design, internally signal tested by open TxU pin.
2) Roson are specified for the external package pins; so bond wire impedance's are included.
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5.11.2 TXU, Dynamic Characteristics

Following general condition must be fulfilled unless otherwise stated:
. VAZ (Vtxu+8V) & VA 212V

« 4.5V<Vs<5.5V

« Range for Rsuis, Cemc, Rw and Lw given in chapter 1.2.

No. Description Condition Symbol Min Typ ‘ Max ‘ Unit
1 HSD Slew rate for Vux>8V SRmwuLem 10 200 mA/us
activating/deactivating in LCM
2 HSD Slew rate for Vux>12V SRTXU,HCM 10 200 mA/lJS
activating/deactivating in HCM
3 HSD activation delay in LCM. Vyx>8V, Ton_detLom 120 MS
Delay between
tLDB and
lim>1.2A
4 HSD activation delay in HCM  Vx>12V, Ton_del,HeM 120 us
Delay between
TLDB and
lim>1.75A
5 HSD deactivation delay in Vux>8V, Toft gelLom 120 ps
LCM. Delay between
1LDB and
lim<100mMA
6 HSD deactivation delay in Vux>12V, Toft_del, HeM 140 us
HCM Delay between
TLDB and
lim<100mA
7 HSD activation delay in Test  Delay between  Ton deitm ) 120 us
Mode TLDB and
Viu>4.5V
8,1  TxU short circuit enable delay LCM, HCM Time Tsc pe._nw 163 208 uS
in normal mode, controlled by between 1LDB (1/Fosc_max) (1/Fosc_min)
the logic. Time to consider the (HSDon) and SC- 12811 12812

delay between switch on CMD CMP output valid
and HSDy.m in specified range. for the logic

8,2  TxU short circuit enable delay TM, Time TscpeL ™ %) 0 us
in Test Mode. No delay due to between 1LDB
limit max. pulse energy applied (HSDon) and SC-
to squib during fault modes. CMP output valid

for the logic
9,1 Firing time limiter in Test Mode Time between FTL _TxUmiew  2.128 2.288 | 2.491 ms
if current mode register is set 1LDB (HSDon) (1/Fosc_max) (1/Fosc_nom) | (1/Fosc.min)
to LCM:; one for each HSD, and internally 128143 | *128143 128144
controlled by the logic. switch off
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No. ‘ Description Condition ‘ Symbol Min Typ ‘ Max ‘ Unit
9,2  Firing time limiter in Test Mode Time between  FTL_TxUmuew 625 672 736 us
if current mode register is set 1LDB (HSDon) (1/Fosc.max) (1/Fasc_rom) | (1/Fosc_min)
to HCM:; one for each HSD, and internally 64784 | *64'84  "64'85

controlled by the logic. switch off
10 Firing time limiter in LCM, one Time between FTL TxUcw 2.128 2.288 @ 2.491
for each HSD, controlled by the 1LDB (HSDon) (1/Fosc.ma) | (1/Fosc_nom) | (1/Fosc min)
logic. and internally *128*143  *128*143  *128*144 | MS
switch off
11 Firing time limiter in HCM, one Time between  FTL_TxUucu 625 672 736
for each HSD, controlled by the t1LDB (HSDon) (1/Fosc_ma) | (1/Fosc_nom) | (1/Fosc_min) s
logic. and internally '64'e4 | 64’84 | 64785 H
switch off

Table 32: Terminal TxU x=[1..8] Dynamic characteristics

1) Tested by ATPG scan test during ELMOS production test

2) If TEST_UP Mode is activated directly into a short circuit, no output current will be delivered from
the driver. If the SC is applied dynamically during an activated driver under TEST_UP mode, the
HSD gate will be discharged immediately.

3) The Ton-delay is also valid for the visibility at the analogue output AMX, when the switches are set
before the HSD activation in TM.

The definition of the dynamic parameters related to slew rate and delay's is illustrated also Fig. 24 in

below.
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Fig. 24 Definition of dynamic parameters
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5.12 TXL, Low Side Driver Outputs

« TxL terminal is connected to LSD drain pin.

- Provide LSD deployment current output (configurable in Normal Mode and Test Mode)

« Internal polarization voltage and impedance for leakage detection

- TxL over voltage detection with blank-out timer Tov sink @and LSD switch off (short to battery
protection). The OV detection is active during LSD activation in normal mode and in test mode. In
test mode an over voltage event at TxL will switch off the driver immediately to minimize the applied
energy at the squib. In normal modes HCM and LCM the minimum switch on delay of the LSD has to
be bridged. The counter is triggered with an OV condition and is halted if OV condition disappears.
(— pulsed shorts to Vear). The OV event is latched and frozen in a register and can be read out at
the SPI output (see chapter 5.4.5). For a register reset a clear CMD must be set (see chapter 5.14).

Fig. 25 shows the principle of of the LSD Ilim regulation loop.
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Fig. 25 TXL (LSD) llim control block

Each Low side driver is provided with a passive gate pull down structure unit, disabled during activation,
and a gate to source clamping. The passive gate structure is a redundant (safety) feature of the LSD
control module.

Both is sketched in Fig. 26 and Fig. 27. The LSD locking is suspended only if the internal PORB reset
signal is at high level (see chapter 5.3). Additional either the TEST_LOW mode have to be selected by
an according SPI CMD or the UNLOCK and the ARM signals have to activated. In the first case the LSD
can be activated under Test Mode conditions, where all complement High side drivers are locked. In the
second case the Low side driver can be activated under normal, firing conditions by an according SPI
CMD.
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5.12.1 TXL, DC characteristics
Following general condition must be fulfilled unless otherwise stated:
»  Vu::8V (to ensure Vi spsur in operating range)
« 4.5V<V;<5.5V
No. ‘ Description Condition ‘ Symbol Min Typ Max @ Unit
1 Internal polarization voltage Driver and VeoL ™ 0.475 0.525 Vs
Ireraoma OFf
0S Vi S Vs
2 Bias impedance TxL Driver and Rens 910 1300 1690 Q

Ireraoma Off
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No. ‘ Description Condition Symbol ‘ Min ‘ Typ Max ‘ Unit
3 LSD Ron in LCM I(TxL)=-1.2A for |Ronicw 2 0.2 2.1 Q
2ms
4 LSD Ron in HCM I(TxL)=-1.75A for Ronucw %) 0.2 2.3 Q
500us
5 Current Limitation in Normal ||_||v|_|_s|3> ILIM_HSD, ILIM_NM 2 3.2 A
Mode V> (Ium Lsp
*RDSON_LSD)
6 Current Limitation in Test 2V<Vq<6Vor lumm 50 150 mA
Mode 6V<V1x <18V for
Ton< Tov eink
8 Leakage on Low Side Switch  Driver off,VeoL . lleakma -100 +100 pA
disabled,
0V< V1 <35V
9 Over voltage detection Tov> Tov sk OVrx_RreF 6 8 \%
threshold

Table 33: Terminals TxL, x=[1..8]

1.) guaranteed by design, internally signal tested by open TxL pin.
2.) Roson are specified for the external package pins; so bond wire impedance's are included.

5.12.2 TXL, Dynamic Characteristics

Following general condition must be fulfilled unless otherwise stated:
«  Vu>8V (to ensure Vi spsup in operating range)

« 4.5V<Vs<5.5V

« Range for Rsuis, Cemc, Rw and Lw given in chapter 1.2.

No. Description Condition Symbol  Min Typ Max Unit
1 LSD slew rate for VTx|_> (|L|M7LSD SRTxL,NM 350 mA/ps
activating/deactivating in *Roson_Lsp)
Normal Mode 10
2 LSD activation delay in Normal Vrx> (lum_iso Ton_dgeinm 2 120 ps
Mode. *Roson_Lsp),
delay between
1LDB and
lim>2.0A
3 LSD deactivation delay in Vx> (lum_Lso Toft_detNm 250 V&
Normal Mode *Roson_Lsp)
delay between
1LDB and
llim<100mA
4 LSD activation delay in Test Time between  Ton gei,tm 100 V&
Mode TLDB and V.
voltage <0.5V
5,1 Over voltage blank out timer, VTXL> OVTXL, TOV_BLNK_TxL_NM 122 147 us
one for each LSD; valid for timer is halted if 1) (1/F osc_max) (1/Fosc._min)*
LCM and HCM OV condition "32'33 32*34
disappears
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No. ‘ Description Condition Symbol ‘ Min ‘ Typ Max ‘ Unit
5,2 |Over voltage blank out timer, Vx> OV Tov BLNK TxL_T™M 0 uS
one for each LSD; valid for TM
Table 34: Terminal TxL x=[1..8] Dynamic characteristics

1.) Tested by ATPG scan test during ELMOS production test
2.) The Ton-delay is also valid for the visibility at the analogue output AMX, when the switches are set

before the LSD activation in TM.

The definition of the dynamic parameters related to slew rate and delay's is illustrated in Fig. 28 below.
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Fig. 28 Definition of dynamic parameters
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5.13 Internal 8MHz oscillator

« internal free running oscillator
» supplied by internal Ve supply voltage
« calibrated parameter (see chapter 5.15)

5.13.1 OSC, Dynamic characteristics

No. ‘ Description Condition Symbol ‘ Min ‘ Typ Max | Unit

1 Calibrated oscillator frequency, 4.5V<Vs<5.5V Fosc c 7.4 8.6 | MHz
valid after successfully
trimming read out.

2 Not calibrated oscillator 4.5V<Vs<5.5V  Foscne ™ 6.0 10.8 | MHz
frequency, valid during and
after not successfully trimming
read out.

Table 35: Internal 8MHz Oscillator, AC

1) not tested during production test, guaranteed by design. Parameter is influencing time duration of
the trimming array read out process. After this the oscillator is running in the calibrated mode.
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5.14 SPl command code

- 8 Bit word divided into 4 bit address and 4 bit data
+ DELMOS Test mode is entered by according SPI CMD and logic high level at Pin TEST. In
application the TEST pin must be connected to GND.

Code[HEX Address Data Description POR SPI- Unlock
] Reset Out?|
0x00-0x0F
0x00 0000 0000 No operation (NOP)
0x01-0x0B ELMOS Test Modes "
0x0C ELMOS Test Mode

deactivates all polarization
buffer outputs. This mode is
used for the TxU and TxL
leakage measurements to
avoid buffer pull-up and pull
down currents "

0x0D ELMOS Test Mode
deactivates OVTxL shut off at
the LSD and disables the
FTL-timer. To reset this test
mode, the TEST-pin has to be
connected to GND again. "

OxO0E ELMOS Test Mode entering
the JTAG test mode
O0xOF No operation (NOP)
0x10-0x1F 0001 HSD activation/deactivation
T1U-T4U
0001 ---0 deactivate T1U ° ° °
0001 ---1 activate T1U
0001 --0- deactivate T2U ° ° °
0001 --1- activate T2U
0001 -0-- deactivate T3U ° ° °
0001 -1-- activate T3U
0001 0--- deactivate T4U ° ° °
0001 1--- activate T4U
0x20-0x2F | 0010 HSD activation/deactivation
T5U-T8U
0010 ---0 deactivate T5U ° ° °
0010 ---1 activate T5U
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Code[HEX Address Data Description POR SPI- Unlock
1 Reset Outr|
0010 --0- deactivate T6U ° ° °
0010 --1- activate T6U
0010 -0-- deactivate T7U ° ° °
0010 -1-- activate T7U
0010 0--- deactivate T8U ° ° °
0010 1--- activate T8U
Table 36: CMD code for 0x00-0x2F, TxU activation/deactivation
Code[HEX Address Data Description POR SPI- Unlock
1 Reset Outt|
0x30-0x3F | 0011 MUX S1 CTRL
0x30 0011 0000 AMX—Hiz ° °
0x31 0011 0001 AMX—U1/8
0x32 0011 0010 AMX— U2/8
0x33 0011 0011 AMX— U3/8
0x34 0011 0100 AMX — U4/8
0x35 0011 0101 AMX - V+
0x36 0011 0110 AMX — (V+ - V-) Aaux amp
0x37 0011 0111 AMX - V-
0x38 0011 1000 AMX — ARM Signal
0x39 0011 1001 AMX — UNLOCK-REG
0x3A 0011 1010 AMX — GND
0x3B 0011 1011 AMX — GND
0x3C 0011 1100 AMX— GND
0x3D 0011 1101 AMX — GND
0x3E 0011 1110 AMX — Vpe
Ox3F 0011 1111 AMX — FUSEFAIL-Reg
0x40-0x4F 0100 MUX S1 CTRL/SPI Reset
0x40 0100 0000 AMX — Vispsur/3
0x41 0100 0001 AMX—VA/I8
0x42 0100 0010 AMX — Vaw
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Code[HEX Address Data Description POR SPI- Unlock
] Reset Outr|
0x43 0100 0011 AMX — FTL_AND
logic high level: all CNTR's
limits reached. Otherwise
logic low level visible at the
AMX
0x44 0100 0100 AMX—FTL_OR
logic low level: all CNTR's still
running. Otherwise logic high
level visible at the AMX
0x45 0100 0101 AMX — LCM-Reg
0x46 0100 0110 AMX — HCM-Reg
0x47 0100 0111 AMX — TESTDRL-Reg
0x48 0100 1000 AMX — TESTDRH-Reg
0x49 0100 1001 AMX — GND
0x4A 0100 1010 AMX — GND
0x4B 0100 1011 SPI-Reset
0x4C 0100 17100 AMX — GND
0x4D 0100 1101 CLR_STAT — clear MISO
Status bits:
(PWR_UP,0V_TxL,SC_TxU)
Ox4E 0100 17110 AMX — GND
Ox4F 0100 1111 AMX — GND
Table 37: CMD code for 0x30-0x4F
Code[HEX Address Data Description POR SPI- Unlock
1 Reset  Outt]
0x50-0x5F 0101 MUX S2 CTRL (V+) ‘
0x50 0101 0000 V+-—>V- ° ° °
0x51 0101 0001 V+—->T1U
0x52 0101 0010 V+—->T2U
0x53 0101 0011 V+—->T3U
0x54 0101 0100 V+-—-T4U
0x55 0101 0101 V+-—>T5U
0x56 0101 0110 V+-—>T6U
0x57 0101 0111 V+—->T7U
0x58 0101 1000 V+—-T8U
0x59 0101 1001 V+—>RREF
0x5A 0101 1010 V+—>HiZ
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Code[HEX Address

1

0x5B 0101
0x5C 0101
0x5D 0101
Ox5E 0101
Ox5F 0101

Data

1011
1100
1101
1110
1111

Table 38: CMD code for 0x50-0x5F, MUX-S2 CTRL

Description

V+ — HiZ
V+ — HiZ
V+ — HiZ
V+ — HiZ
V+ — HiZ

POR

E981.18

SPI- Unlock
Reset Outr|

Code[HEX Address Data Description POR SPI- Unlock
1 Reset Outr]
0x60-0x6F 0110 MUX S4 CTRL (lrersauis)
0x60 0110 0000 Disable Irer ° ° °
0x61 0110 0001 Irer — T1U & Polarization at
T1U disabled "
0x62 0110 0010 Iger — T2U & Polarization at
T2U disabled "
0x63 0110 0011 Irer — T3U & Polarization at
T3U disabled "
0x64 0110 0100 Iger — T4U & Polarization at
T4U disabled "
0x65 0110 0101 Irer — T5U & Polarization at
T5U disabled
0x66 0110 0110 Igee — T6U & Polarization at
T6U disabled "
0x67 0110 0111 Irer — T7U & Polarization at
T7U disabled "
0x68 0110 1000 Iger — T8U & Polarization at
T8U disabled "
0x69 0110 1001 Irer » RREF
0x6A 0110 1010 Disable Irer
0x6B 0110 1011 Disable Irer
0x6C 0110 1100 Disable Irer
0x6D 0110 1101 Disable Irer
0x6E 0110 1110 Disable Irer
0x6F 0110 1111 Disable Irer

Table 39: CMD code for 0x60-0x6F, MUX-S4 CTRL

" deactivation of the polarization unit necessary to eliminate the additional pull-up current from the

buffer.

This document contains information on a pre-production product. ELMOS Semiconductor AG reserves the right to change specifications and information herein without notice.

ELMOS Semiconductor AG

Downloaded from Elcodis.com electronic components distributor

Data Sheet
Page 55 of 63

QM-No.: 25DS0072E.00


http://elcodis.com/parts/6525709/E98118A39FB.html

8-Channel Airbag Squib Driver E981.18
PRELIMINARY INFORMATION - AUG 01, 2011
Code[HEX Address Data Description POR SPI- Unlock
1 Reset Outt|
0x70-0x7F = 0111 CODELOCK!/ current mode
programming (LCM/HCM)
0x70 0111 0000 Lock CMD ° °
0x71 0111 0001 UNLOCKCMD
0x72 0111 0010 NOP
0x73 0111 0011 NOP
0x74 0111 0100 NOP
0x75 0111 0101 NOP
0x76 0111 0110 SETLCM (only possible °
during locked state)
ox77 0111 0111 NOP
0x78 0111 1000 NOP
0x79 0111 1001 NOP
O0x7A 0111 1010 NOP
0x7B 0111 1011 NOP
0x7C 0111 1100 SET HCM (only possible
during locked state)
0x7D 0111 1101 NOP
Ox7E 0111 17110 NOP
Ox7F 0111 17111 NOP

Table 40: CMD code for 0x70-0x7F; Codelock and CM programming
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E981.18

Code[HEX Address Data
1

Description POR

SPI- Unlock
Reset Out?t|

0x80-0x8F 1000

LSD activation/deactivation

T1L-T4L
0x80-0x8F 1000 ---0 deactivate T1L ° ° °
0x80-0x8F 1000 ---1 activate T1L
0x80-0x8F 1000 --0- deactivate T2L ° ° °
0x80-0x8F 1000 --1- activate T2L
0x80-0x8F 1000 -0-- deactivate T3L ° ° °
0x80-0x8F 1000 -1-- activate T3L
0x80-0x8F 1000 0--- deactivate T4L ° ° °
0x80-0x8F 1000 1--- activate T4L
0x90-0x9F = 1001 LSD activation/deactivation

T5L-T8L
0x90-0x9F 1001 ---0 deactivate T5L ° ° °
0x90-0x9F 1001 ---1 activate T5L
0x90-0x9F = 1001 --0- deactivate T6L ° ° °
0x90-0x9F = 1001 --1- activate T6L
0x90-0x9F 1001 -0-- deactivate T7L ° ° °
0x90-0x9F 1001 -1-- activate T7L
0x90-0x9F 1001 0--- deactivate T8L ° ° °
0x90-0x9F 1001 1--- activate T8L

Table 41: CMD code for 0x80-0x9F, TxL activation/ deactivation
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Code[HEX Address Data Description POR SPI- Unlock
1 Reset Out?r|
OxAO0-OxAF | 1010 MUX S3 CTRL (V-)
0xAOQ 1010 0000 V-—GND ° ° °
0xA1 1010 0001 V-—TIL

OxA2 1010 0010 V-—-T2L
O0xA3 1010 0011 V-—>T3L
0xA4 1010 0100 V-—-T4L
0xA5 1010 0101 V-—T5L
O0xA6 1010 0110 V-—T6L
OxA7 1010 0111 V-—>T7L
0xA8 1010 1000 V-—-T8L
0xA9 1010 1001 V-—>HiZ
OxAA 1010 1010 V-—-HiZ
O0xAB 1010 1011 V-—>HiZ
0xAC 1010 1100 V-—-HiZ
OxAD 1010 1101 V-—->HiZ
OxAE 1010 1110 V-—-HiZ
OxAF 1010 1111  V-—>HiZ

Table 42: CMD code for 0xA0-0xAF, MUX-S3 CTRL

Code[HEX Address Data Description POR SPI- Unlock
] Reset Outt|

0xBO-OxBF 1011 NOP

0xCO0-0xCF 1100 NOP

0xD0-0XDF 1101 NOP |

Table 43: CMD code for 0xB0-0xDF, CMD's not used
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Code[HEX Address Data Description POR SPI- Unlock
1 Reset Outt|
OXxEO-OXEF 1110 DRV Test/ FTL-Test
OxEO 1110 0000 TESTOFF ° ° °
OxE1 1110 0001 TESTOFF
OxE2 1110 0010 TESTOFF
OxE3 1110 0011 TEST_UP
OxE4 1110 0100 TESTOFF
OxE5 1110 0101 FTL_activation
(only possible during locked
state) "
OxE6 1110 0110 TESTOFF
OxE7 1110 0111 FTL_RESET ° ° °
(only possible during locked
state) "
OxES8 1110 1000 TEST OFF
OxE9 1110 1001 TEST OFF
OxEA 1110 1010 TEST OFF
OxEB 1110 1011 TEST OFF
OxEC 1110 1100 TEST_LOW
OxED 1110 1101 TEST OFF
OxEE 1110 1110 TEST OFF
OxEF 1110 1111 TEST OFF

Table 44: CMD code for OXE-OXEF, TEST DRV/ FTL-Test activation/deactivation

1) This means a OxES5 or OXE7 CMD's will be rejected, while the device is in state “UNLOCKED”.
Necessary to avoid reset of FTL during a firing sequence. Otherwise SOA violation of the driver

possible.
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Code[HEX Address Data Description POR SPI- Unlock
1 Reset Outr|
OxFO-OXFE 1111 ELMOS Test Mode
OxFF 1111 1111 Notused

Table 45: CMD code for 0xF-0xFF

5.15 Trimming

The calibration of the IC is performed with the ELMOS standard FUSE-Array cell by the ELMOS ATE
(Automatically Test Equipment) during Final part production test.

5.15.1 Parameter Table

The calibrated parameters and the default values are listed in Table 46 below.

#Bits Description Symbol Trimming Default
Bits values "
Current limitation of HSD in HCM HSDyw HCM 2 [0,1,2], [0,0,0]
3 [2]=MSB
Current limitation of HSD in LCM HSDym LCM 2 [3,4,5], [0,0,0]
3 [5]=MSB
Current limitation of HSD in TM HSDyum TM 2 [6,7,8], [0,0,0]
3 [8]=MSB
Current limitation of LSD in Normal LSDum NM 2 [9,10,11], [0,0,0]
3 Mode [11]=MSB
Current limitation of LSD in Test Mode LSDywTM 2 [12,13,14], [0,0,0]
3 [14]=MSB
Adjustment of internal 8 MHz OSC OSCS8MEG_FREQ ? [15,16,17,18], [0,0,0,1]
4 [18]=MSB
Adjustment of internal reference current IREF_BIAS 2 [19,20,21,22], [0,0,0,1]
4 source [22]=MSB
Odd Parity of Bit [0..23] PAR [23] 0]

Table 46: Trimming Bits

1.) Defaults values are valid during a global power on reset phase (see chapter 5.3), during the read out
process of the FUSE Array or if the read out has finished with an error. The default value of the parity
bit (bit[23]) is set to low level to obtain a FUSE_FAIL status (see chapter 5.4.5), if the read out has
finished with an error.

2.) If the Fuse Array read out fails, the spec parameters of the High side and Low side driver currents in
HCM, LCM and Test mode, the oscillator frequency and the 40mA reference current source can be
violated in both directions.
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5.15.2 Trimming read out time duration
Vs> 3.85V or V5>4.5V

No. ‘ Description Condition Symbol Min = Typ Max | Unit
1 OTP cell ready; Trimming 1%t read out TrrRM_READY_1 70 100 150us s
read out successfully finished successfully,
after power up or external OTP_CLK running
RESET with not calibrated

Fosc nc base timing.
(see chapter 5.13)

2 OTP cell ready; Trimming 1%t read out not T1rM ReADY 16 2400 us
read out finished after power successfully. Read
up or external RESET out is repeated 16

times. OTP_CLK
running with not
calibrated Foschc
base timing. (see
chapter 5.13)

Table 47: Fuse array read out time duration. If time is not exceeded the FUSE fail bit is set.

5.16 Terminal TEST

The TEST pin is used for entering ELMOS test modes only. In application the pin has to be connected
to GND.

5.16.1 TEST, DC characteristics

No. ‘ Description Condition Symbol ‘ Min ‘ Typ Max ‘ Unit
1 Input Low voltage 4.5V<Vs<5.5V Voir TEST 0,8 - - \Y
2 Input High voltage 4.5V<Vs<5.5V  Vp TEST - - 2 \Y
3 Internal pull down resistor 4.5V<Vs<5.5V; Rpp TEST 30 50 70 k&

Table 48: Terminal TEST, DC

6 Qualification

6.1 Qualification Reference
Qualification is done according to AECQ100.
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7 Package

7.1 Marking

711 Top side

E981.18A
XXX#HYWW*@

in which

E/M/T Series product / Prototype / Test circuit

918.18 ELMOS ASSP project number

A Design version
XXX Lot number
# Assembly code

| (optional) | Wafer fabrication site

YWW Year and work week of assembly
* Mask revisions status
@ Only for internal use

8 Storage, handling, packing and shipping

8.1 Storage

Storage conditions should not exceed those given in chapter 4.1 (Absolute maximum ratings).

8.2 Handling

Devices are sensitive to damage by electrostatic discharge (ESD) and should only be handled at an
ESD protected workstation.

8.3 Packing

Material shall be packed for shipment as follows:
« Tape on reel
« Moisture sensitivity: level 3
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WARNING - Life Support Applications Policy

ELMOS Semiconductor AG is continually working to improve the quality and reliability of its products. Nevertheless,
semiconductor devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing ELMOS Semiconductor AG products, to observe standards of safety,
and to avoid situations in which malfunction or failure of an ELMOS Semiconductor AG Product could cause loss of human life,
body injury or damage to property. In development your designs, please ensure that ELMOS Semiconductor AG products are
used within specified operating ranges as set forth in the most recent product specifications.

General Disclaimer

Information furnished by ELMOS Semiconductor AG is believed to be accurate and reliable. However, no responsibility is
assumed by ELMOS Semiconductor AG for its use, nor for any infringements of patents or other rights of third parties, which
may result from its use. No license is granted by implication or otherwise under any patent or patent rights of ELMOS
Semiconductor AG. ELMOS Semiconductor AG reserves the right to make changes to this document or the products contained
therein without prior notice, to improve performance, reliability, or manufacturability .

Application Disclaimer

Circuit diagrams may contain components not manufactured by ELMOS Semiconductor AG, which are included as means of
illustrating typical applications. Consequently, complete information sufficient for construction purposes is not necessarily given.
The information in the application examples has been carefully checked and is believed to be entirely reliable. However, no
responsibility is assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the
semiconductor devices described any license under the patent rights of ELMOS Semiconductor AG or others.
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