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Quad Firing Airbag IC

Data Sheet
1 Overview
1.1 Features

» Four independent squib channels each consisting of a
high- side & a low-side switch

e Thermal and short circuit protection for each switch
» Current limitation for each firing loop
 Firing current detection

* Voltage measurements
» Squib leakage detection to ground and to battery

TLE 6714

P-DSO-28-1

» Precise squib resistance measurement with programmable gain

* Multiplexed analog output pin for measurement retrieval

» Unidirectional Serial Peripheral Interface (SPI)

» Security circuits and independent input signals included to prevent unwanted firing

1.2 Functional Description

This IC provides four independent actuator channels for firing loops in an safety restraint
airbag system. Each channel is equipped with full diagnostic functions. Communication
between the UC and Quad Firing Airbag IC is be performed via SPI and analog/digital

interface pins.

Type Ordering Code

Package

TLE 6714 on request

P-DSO-28-1

V 1.61 2001-07-13



o~

Infineon

technologies

TLE 6714

1.3 Pin Configuration

SQH2 1 |O 28[M Fvi12
SQL2 [T]2 27 [ SQH1
GNDL2 [T]3 26 [ soQL1
SEN [T]4 25 [11 GNDL1
MSR [T]5 24 [T FEN
DI [I]6 23[M Vees
CLK 7 22[M GND
CSN [T]8 21 M Vs
RI [T]9 20 [ Vgeost
MO [T]10 19 [0 MCA
GNDL3 [T]11 18 [ Ve
SQL3 [1]12 17 [0 GNDL4
SQH3 []13 16 [T SQL4
FV34 [1]14 15 [T SQH4

AEP02615

Figure 1  Chip Pin Configuration
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1.4 Pin Definitions and Functions

Pin No. | Symbol |Function

1 SQH2 Squib High-Side Driver for Firing Loop 2; DMOS high-side
switch output.

2 SQL2 Squib Low-Side Driver for Firing Loop 2; DMOS low-side switch
input.

3 GNDL2 | Ground Terminal for Firing Loop 2; directly connected to the
ground terminal of the power reserve capacitor.

4 SEN Squib Enable; input signal, that must be high during measurement
and firing (see Table 1 on page 9)

5 MSR Measurement Sense Resistor; resistor to ground used for
measurement current to voltage conversion (see Figure 6).

6 DI Serial Data Input; receives data from the uC.

7 CLK Clock Input for SPI.

8 CSN Chip Select Negative; the device is selected if the input is low.

9 RI Reset In; CMOS-level input. Logic high is needed for operation
(see Table 1 on page 9)

10 MO Measurement Output; diagnostic pin for digital and analog
measurements with an output range from 0 to 5 V (see Figure 6).

11 GNDL3 | Ground Terminal for Firing Loop 3; directly connected to the
ground terminal of the power reserve capacitor.

12 SQL3 Squib Low-Side Driver for Firing Loop 3; DMOS low-side switch
input.

13 SQH3 Squib High-Side Driver for Firing Loop 3; DMOS high-side
switch output.

14 FV34 Firing Voltage Input for Loops 3 and 4; input, directly connected
to the boost supply voltage.

15 SQH4 Squib High-Side Driver for Firing Loop 4; DMOS high-side
switch output.

16 SQL4 Squib Low-Side Driver for Firing Loop 4;DMOS low-side switch
input.

17 GNDL4 | Ground Terminal for Firing Loop 4; directly connected to the
ground terminal of the power reserve capacitor.

18 Veup Supply Voltage for high side Gates; Connection terminal to an

external storage capacitor.Vp provides gate to source voltage for
high side driver. If not connected Vepp = Vieoost - Vbiode

3 V 1.61 2001-07-13



—

. L]
< Infineon
technologies

TLE 6714

1.4 Pin Definitions and Functions (cont'd)

Pin No. | Symbol |Function

19 MCA Measurement Current Adjust; terminal to an external resistor
Ruca to ground, which determines the reference measurement
current.

20 Vioost Boost Power Supply Voltage; input for the main supply voltage of
the chip.

21 Vg Supply Voltage Input; Battery voltage input

22 GND Ground Terminal; provides ground reference for Vs, analog
measurement block and digital logic.

23 Vees 5V Supply Input

24 FEN Fire Enable; CMOS-level input. Logic high voltage is required to
activate the firing channels (see Table 1 on page 9).

25 GNDL1 |Ground Terminal for Firing Loop 1; directly connected to the
ground terminal of the power reserve capacitor.

26 SQL1 Squib Low-Side Driver for Firing Loop 1;DMOS low-side switch
input.

27 SQH1 Squib High-Side Driver for Firing Loop 1; DMOS high-side
switch output.

28 FV12 Firing Voltage Input for Loops 1 and 2; input, directly connected

to the boost supply voltage.
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1.5 Block Diagram

VCCS VCHP VBoost
23 18 20 28
DI 6 45 FV12
. Al 21 o1
CLK I -
SPI N Squib
CSN 8 Block Dr|vler1 26 sous
9 I
RI 4“7. 25! GNpLL
g 4"1 L soH2
4 Firing Internal Sauib
SEN Control Supply g
Driver 2
Block Block . 2 soL2
2 '
FEN 4"1 3 GNoL2
4|L_l 14 Fv34
13
’ MUX TLE 6714 b SQH3
MO Output Quad Firing e s
Block '
Airbag IC 4{ 12 soL3
Al 1 enpLs
v |2 4"1 1 sqH4
S Measurement Squib
29 Block Driver 4
GND 4= 1) sqL4
! 17! GNDL4
5 19
MSR MCA AEB02616

Figure 2 Block Diagram TLE 6714
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2 Circuit Description

2.1 Internal Supply

Supply principles:

» The design of the internal supply is such that increasing or decreasing of the supply
voltages Vgyiz, VEvaar Veoost Verps Vs, Vees causes no unintended firing of the
squibs.

» Losing the connection to one of the squib driver supply voltages Vg1, or Vpy34 has
no influence on the other squib driver function.

e Squib failures such as shorts to ground or battery do not have an influence on other
chip functions.

* An open ground connection does not cause unwanted firing.

2.1.1 Logic Supply Vccs
Input pin V5 is the 5 V logic supply for the Quad Firing Airbag IC.

2.1.2  Power Supply Vgyost

Input pin Vg, iS @ supply voltage for the Quad Firing Airbag IC, that is generated by an
external boost power supply. This Voltage is used for the firing circuits (Vey12, Vieyaa)-

2.1.3  Supply Voltage for High Side Gates Vpp

Input pin Ve is the supply for the high side DMOS Gates of the squib drivers. If Vqyp
is not externally connected Vp is internally connected to Vg, by a diode. This means
that the high side switch has a higher voltage drop since the firing voltage is smaller than
Venp in the case that Viyyy = Vggost-

2.2 Serial Peripheral Interface (SPI) and Decoder Logic

The SPI of the Quad Firing Airbag IC is controlled by three input pins: CSN, DI and CLK.

The Chip Select Negative pin CSN allows the individual selection of different slave SPI
devices. Slave devices that are not selected do not interfere with SPI bus activities. A
slave device will be selected by a low signal on pin CSN.

The Data Input pin DI is used for the serial data from the JLC, synchronously clocked by
the Clock input pin CLK.

All commands, no matter which function, consist of 16 Bits, therefore the airbag IC SPI
consists of a 16 Bit input shift register, a 16 Bit latch and a decoder logic block for the
generation of the SPI command signals.

To provide higher security and to suppress data transfer errors in the event that the clock
signal includes spikes or glitches, a counter for 16 clock cycles is provided. Only if 16
clock cycles have occurred, the rising edge of CSN causes an internal signal LE (Latch
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Enable) to transfer the data from the shift register to the 16 Bit latch. A logic block
decodes the 16 Bit word of the latch to address the desired functional block.

The transfer of a 16 Bit command word starts with the falling CSN signal. At this time the
CLK signal must be high. The DI signal must be valid during rising edge of the CLK
signal. The transmission ends after the 16th rising edge of CLK and when the CSN signal
becomes high again. The left side of Figure 3 shows a correct transmission of a 16 Bit
command. On the right side you can see a incorrect transmission. CSN signal returns
high too late. A clock failure occurs and all latched data is be disregarded.

RI
CSN
f — {
| | Clock
CLK 1 2 3 4 g 14 15 16 1 S 16 17 Failure

1 —
DI mse X X X X:>C>C><LSB MSB X X

AET02609

Figure 3 Timing of the Serial Peripheral Interface (SPI)

2.3 Squib Drivers

The Quad Firing Airbag IC includes four independent driver circuits. Every driver circuit
consists of a high and a low-side DMOS switch. Between these switches a squib can be
connected in series.

The four driver circuits are designed as follows. The Drain of the high-side switch is
connected to the Firing Voltage pin (FVxy (xy=12, 34)) and its source is connectedto the
output pin squib high-side x (SQHx (x=1, 2, 3, 4)). The drain of the low-side switch is
connected to the input pin squib low-side x (SQLx (x=1, 2, 3, 4) and the source is
connected to the Ground pin for the firing Loop (GNDLXx (x=1, 2, 3, 4)). This is illustated
in Block Diagram Squib Driver Circuit on page 8.

The squib will only be fired if all of the following signals are present: SPI firing command,
RI, FEN, and SEN.

RI, FEN (Firing Enable) and SEN are external inputs which must be HIGH to enable
firing. When activating the low-side transistor the firing current will be sensed and latched
for all four squibs. If the current exceeds the firing current detection level, a bit will be set
and latched. This bit will then be read out at pin MO by the micro controller after the SPI

7 V 1.61 2001-07-13
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command firing current detection (see Chapter 3.5 DXXXy: Channel Selection for
High Current Detection) is sent. If the programed channel has fired, the MO pin has low
output voltage. All the latches will be reset when the special SPI command (FFFFy or
DXXX,, see Chapter 3) is sent or when the device is reset via external pin Rl = low.

The gate of the high-side transistor is supplied via pin Vcyp. If Voyp is not provided with
an external charge pump voltage, the gates will be supplied by Vg, by @ diode.

To protect the integrated squib firing transistors in the event that the junction exceeds
critical temperature, a thermal shutdown circuit is provided for each transistor. This
feature prevents catastrophic failures from accidental device overheating.

VBoost VCHP
I —_————_—_-_——___-___-_-_-nT_- - _T____ ________ |
I |
| ! FVxy
| I '}
| m '
| High Side | l
I Driver :
|
| $ | SQHX
SEN —— |
I . Over Current Limitation ! .
RI [ Logic Thermal Shutdown : Squib
FEN %
L3 L v
I sp| Low. Side
| Driver
|
|
|
MO :—0 Latch |€—
- Q- - Q- o ___
AES02680

Figure 4 Block Diagram Squib Driver Circuit
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Squib 1
Squib 2
Squib 3
Squib 4
—> — X ms —» e — 1 Enin —> -~
4 ms 4 ms d 4 ms
Diagram A Diagram B

Time delay between deployment of squibs 1, 2 and squibs 3, 4 can vary from 0 ms to infinity.

AET02618

Figure 5 Squib Firing On/Off-Timing Characteristics

Table1l  Functional Table of the Squib Drivers for Firing and Testing

RI SEN |FEN |SPI: |SPI: |State | State | Function
LSx |HSx |LSx |HSX
0 X X X X OFF |OFF |Disable all drivers for all modes
1 0 X X X OFF |OFF |NO firing
1 X 0 X X OFF |OFF |NO firing
1 1 0 OFF |ON |OFF |ON |Activation of HSx for measurements
1 1 0 ON |OFF |ON |OFF |Activation of LSx for measurements
1 1 0 ON |ON |OFF |OFF |Cannot activate both HSx and LSx
together

1 1 1 ON |ON |ON |ON |Firing

1 ON |OFF |ON |OFF |FiringofLS
1 1 1 OFF |ON |OFF |ON |Firing of HS

LSx Low-side switch of the squib driver loop x (x =1, 2, 3, 4)
HSx High-side switch of the squib driver loop x (x = 1, 2, 3, 4)

FEN/  Security function firing and squib 0 = Firing not allowed
SEN  enable input: 1 = Firing allowed

RI Reset input: 0 = All actions are deactivated
and set to default
1 = Firing or measurements allowed

9 V 1.61 2001-07-13
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2.4 Measurements

2.4.1 Squib Resistance Measurement

The squib resistance measurement module consists of several circuits and can be
addressed by the SPI commands 4XXX,;, 6XXXy and 7XXX.

2.4.1.1 Precise Squib Resistance Measurement with the SPI Command
4XXXy and 6XXX

For a precise measurement the commands 4XXX,, and 6XXX,, are used.

With the command 4XXX, two bias point measurements can be done. The combination
of the other two measurement eleminates the offset voltages of the OpAmp. The
command activates a bias current source of lgj;s = 5 X lyyca- This current flows through
pin SQLx over the external resistor Ry,sr (Measurement Sense Resistor) to ground. The
pin SQLX is regulated to 8 V with the bias current.

The first measurements are used to eliminate the offset of OpAmp 1. Therefore bit b3
must be set to 0 and b2 to 0 (gain of OpAmp 1 is set to A; = 10) or bit 3 to 0 and bit 2 to
1 (gain A; = 30), see Chapter 3.4.1. Both inputs of the OpAmp 1 are set to its bias point
of 8 V, so that no current flows through the squib. The offset voltage V,5; of OpAmp 1 is
amplified with the chosen gain factor A; and reported to pin MO (Measurement Out), this
is illustrated in Figure 6.

)] 10: Vyo1= (0.89xVics)-Viog X A V,o; Offset voltage of OpAmp 1
30: Vyo1= (0.86 xVees) - Vo X Ay A, gain of OpAmp 1 (10 or 30)

The second measurement is done by the uC A/D converter connected to the MSR pin to
determine the measurement current.

1) Vusri= Isias X Rusr

With the next two measurements the precise evaluation of the squib resistance will be
completed. In this casethe SPI command 6XXX, is used. The command 6XXX
activates the second measurement current lyy,. This current, ly4in = M X Iyca (M = 16,
32 or 40 (set by the bits b6 and b5) see Chapter 3.4.1) flows through the squib
resistance. At the pin SQLx the currents lg;,s and |, are added and flow together
through the resistor Ry,sg to ground.
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For the third measurement bit b3 must be set to 0 and b2 to 0 (gain of OpAmp 1 is set to
A; =10) or bit 3 to 0 and bit 2 to 1 (gain A; = 30).The OpAmp 1 now reports the voltage
drop across the squib including the offset voltage to the MO pin.

1) Vo2 = Vo1 = Imain % Rsquib X A1 Vo1 offset voltage of OpAmp 1
A; gain of OpAmp 1 (10 or 30)

Now the uC measures the sum of I, and lyain-

V) Vusrz = (Iviain * Isias) * Rusr

With the result of these four measurements the uC is able to calculate the precise
resistance of the squib with the following equations:
Transforming equation 1) to Rgqip:

VMOl_VMOZ
V) Rsquib = Al

Main

Transfoming equation IV) to lyin:

V) | - Vsre |
Main — R Bias
MSR

Combining equation V) and VI) gives:

Vo=V
VI Rsquip = ——32 — 5
A x( R — BiasW
MSR
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Transforming equation Il) to I z;4:

Y%
VI lgias = R“:;il

Equation VIII) in VII):

Vmo1—Vmo2
IX -
) quu'b Vusr2 VMSRlW
Alx[R R
MSR MSR

The gain of measurement one and three of OpAmpl have to be the same, the equation
becomes:

X) Re. . = I:QMSRX VMOl_VMOZ
Sauib Al VMSRZ - VMSRl

During these four measurements the pin MCA is set to V5 (see Figure 6). The current
I\vca is calculated as follows: |yca = Vees/Ruca

The ratio between the resistances Rysg and Ryca must be set to a value that allows
OpAmp3 to regulate pin SQLx to the voltage of 8 V.

The following resistor values are recommended:

Ruca =4 kQ - 6 kQ and
RMSRZSOQ
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15t0 33V Vear

Vioost] 20 [i]
2o * * CStore

SPI command | LA
AXXX,, and SPI command I |D ' <
BXXX,, 6XXX, Saving Saving
| =MxI Sensor / Sensor
LIMCA LIBias:5X|MCA L e e S ¢ Rs
M =16, 32 or 40 !

FVxy
High Side >
ONIOFF | :q

OpAmp1 SQHX

o
+

_ Buckle 2-5
A,=100r 30 Switch OE] kQ
e [l]RSquib
kpAmm SQLX Squib

> oo Low Side
£ —
svo | [ OFF qu GNDLx

MUX
10
o] Vees [ D | | D MO
— o
H 5| MSR
MCA |19 OpAmp2

OpAmp1 D> oo Rusr
R —1+ SOQ

MCA

46 kQ Iy S

AES02722

Figure 6 Precise Squib Resistance Measurement: Functional Schematic

2.4.1.2 Squib Measurement with Safing Sensor and Buckle Switch

There is another way to measure Rgqp,, if @ mechanical safing sensor (Ss) with a resistor
(Rg) are used in parallel. Instead of activating the higher measurement current the high-
side switch of a squib driver can be switched on via SPI: 7XXX4. Now a current
determined by the resistor Rg flows through the squib and is reported to MO and MSR.

For buckle switch measurement, an amplifier with a fixed gain of 2 is provided for
applications where a buckle switch with an internal 2 kQ to 5 kQ resistor in parallel is
connected in series with the pretension squib. To detect a broken/failed buckle switch,
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the result of the gain 10/30 amplifier is out of range. To measure the seat belt switch
resistance the voltage drop across pin MSR is multiplied by two and is reported to pin
MO. Furthermore, voltage on pin SQHx can be measured to provide the diagnostics of
the buckle switch (see Figure 6).

The measurement for each squib is activated separately, but the analog output signals
on pins MO and MSR are common.

The pins MO and MSR of several ASICs can be connected together. Therefore the
external resistor on pin MSR is only used once and is common for all IC's.

2.4.2 Squib Leakage Measurement

The leakage resistance measurement circuit can be addressed by the SPI command
IXXXy (see Chapter 3.4.4). The programmed current for the leakage measurement
Imca is derived from a 1:1 current mirror to I, and I . During leakage resistor
measurement, the pin MCA will be regulated to Vs/3. The measurement current will be
calculated as lyca = Vs / (3XRyca)- As menioned in the squib resistance description,
the resistor Ryca is fixed at 4 kQ to 6 kQ. This functional block is illustrated in the
Figure 7.

Vs
3xRyca

Imca = =1l =1y

(I . is the leakage to ground and I, is the leakage to battery)

The voltage drop V|, across the leakage resistor R, is the drop between pin SQHx and
ground. V, is calculated as follows:

Vs

Vi = ILLXRLL:WMCA

xR |

The voltage drop V, ., across the leakage resistor R, is the drop between pin SQHx and
Vs. V| is calculated as follows:

Vs
Vi = ILHXRLHZSX—

R xRy
MCA

If the voltage drop across leakage resistance to ground or the drop to Vg falls below a
quarter of Vg the window comparator is switched by the leakage and reports it to pin MO.

1

3 1
VinsVs—3Vs= 7Vs
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As both voltages drop across the leakage resistors (R, R y) are the same, the
calculation is only shown for R, | .

1 Vg
ZVs: L xR = 3

3
RL=Rpy= ZRMCA

If R, or R y falls below this value a leakage will be reported.

Two comparators, which are referenced to 1/4 x Vg and 3/4 x Vg, determine the
leakage to ground or leakage to a higher voltage. This is transmitted as either an analog
or digital data to the PC depending on the SPI command. The following table
summarizes the possible output of the leakage measurement.

To prevent jitter on the output pins a hysteresis of 1/48 x Vg is provided in both
comparators.

Voltage on MO
Output (MO) Digital Output (b3 = 0) Analog Output (b3 = 1)
Leakage to ground oV oV
Leakage to battery oV Vees
No leakage Vees Vees/2

Leakage resistance malfunction can be simulated in a test mode by switching on only
the squib driver high-side transistor for a leakage to battery, as well as by switching on
only the low-side transistor for a leakage to ground, by SPI command CXXXy (see
Chapter 3). Furthermore, cross coupling between squibs can be detected by activating
a leakage measurement command CXXX,, and switching on the DMOS of an adjacent
channel, one after the other.
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15t033V Vgar

\
Boost | 20
- * CStore [i]

<
L | OpAmpl L o= 4 N 1 .
MCA T LL "MCA Saving ¢ Saving
V2 o—- LA Sensor / Sensor
—] N S o) R
Y FVxy 1
High Side_l'_|
OFF :q SOHX
OpAmpl
L] [>co SZ VS RLH I I RLL
- NI LH LL
V20 + Il
L | =] RSquib
LH™ 'MCA Squib
SQLXx
Low Sideﬁ'—|
OFF Iq
OpAmp GNDLx
high _ 1
=] Window Comparator
34xV o - | with digital and three
|+ state output
OpAmp1
VMD
4' e ﬂ' ] VCCS
H oV /3 D> E2 mo
) OpAmp
MCA | 19 low Vg MSR
D> co 5
R | R
MCA 14 x\V .o— MSR
4-6 kO s M 500

AES02723

Figure 7 Squib Leakage Measurement

2.4.3 Supply and Pin Voltage Measurements

With SPI commands 1XXX4, (see Chapter 3.4.4) different voltage measurements can be
activated. The result of the measurement will be reported to the analog output pin MO.

Because the MO pin has a voltage range between 5V and ground, the measured
voltages will be divided by a factor, depending on which voltage is measured. The table
below shows the divider factor for the different voltages.
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Name of the Measured Voltage MO Voltage / Measured Voltage
Vg 1/5

Vioost Venp, FVXY (xy = 12, 34), 1/8

SQHx (x=1, 2, 3,4)

FEN, SEN 1/1

The internal reference voltage Vrgg can be measured by addressing the SPI command
REFH and REFL.

Name of the Measured Voltage MO Voltage / Measured Voltage
REFH (AAAA,): 0.56 X V5 1/1

REFL (5555y): (Vrer X Vccs) 1/5

2.5 Grounding Requirements for External Components on PCB

The external components for the following pins to ground are necessary to be grounded
to pin GND. The connections must be low ohmic and without any voltage shift to the
ground pin GND.

Critical pins: MO, MSR, MCA
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3 SPI Commands

3.1 General Information on SPI Command Structure

All functions e.g. 'Firing' or 'Measurement' are controlled by a 16 Bit instruction
command. The 16 Bit word consists of two bytes (8 Bit) which are decoded by the
decoder logic circuit. The Quad Firing Airbag IC has latcherd and not latched commands.

After a hardware reset all internal control registers and decoded signals are reset to its
default value. The default settings are, that all squib drivers are off and all measurements
are deactivated. The IC can although be set to the default values by the SPI command

FFFF,,.

Byte A: Function Byte

Byte B: Selection Byte

a7’ a6 |a5

a4

a3

a2 |al |a0 |b7 |b6 b5 (b4 |b3 |b2 |bl |bO

MSB

LSB | MSB LSB

Function Byte

a0

Indicates valid control command

al...a3

Control bits

a4...a7

SPI command bits

Selection Byte

bO...b3

Channel selection/firing and test commands

b4...b6

Switch or measurement selection

b7

Not used except firing and test commands

In case of firing command

bO...b7

Selects the squib driver transistors, all combinations are
allowed.

18 V 1.61 2001-07-13



-
( Infineon
technologies

TLE 6714

3.2 Summary of SPI Commands

Code Name Short Description

(hex)

OXXXy NO All actions deactivated, but latches are not affected

MEAS This command is recommended to be used as a no-op

command.

IXX X MSUPL | Measurement of the supply voltages, FEN, SEN and squib
leakage measurement with squib switches in OFF state
(Chapter 3.4.4)

2XXXy Not used

3XXXH MFSUP | Firing voltage measurement command (Chapter 3.4.2)

4AXXXy RES5 Resistance measurement ‘reference current’ active
(Chapter 3.4.1)

5555, REFL Reference test mode command (Chapter 3.8)

6XXXH RES40 Resistance measurement ‘main current’ active by programming
the MAIN current and ‘reference current’ active (Chapter 3.4.1)

TXXXy RES5H | Resistance measurement with ‘activated high-side switch and
‘reference current’ active (Chapter 3.4.1)

8XXXy FIRE Firing command (Chapter 3.3)

IXX Xy Not used

AAAAY REFH Reference test mode command (Chapter 3.7)

BXXXy Not used

CXXXy MSQL Squib leakage measurement command with one of eight squib
switches in ON state (Chapter 3.4.3)

DXXXy FIREDET | Read out of firing current detection latches and clearing them
(Chapter 3.5)

EXXXy Reserved for test only.

FFFFy RESET |Reset by SPI command. All actions are deactivated and clear
all latches for firing detection (Chapter 3.6)
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3.3 8XXXy: Firing Commands

Byte A: Function Byte Byte B: Selection Byte
ar |a6 |a5 |a4 (a3 |a2 |(al (a0 |b7 (b6 |b5 |b4 (b3 |b2 |bl |bO
1 O |0 |0 |x |x |[x X 1/0 {1/0|1/0|{1/0 |1/0 |1/0 |1/0 |1/0

bx Squib Driver Switch Selection

b7 =1 High-Side Switch of squib 4 active
b6 =1 High-Side Switch of squib 3 active
b5=1 High-Side Switch of squib 2 active
b4 =1 High-Side Switch of squib 1 active
b3 = Low-Side Switch of squib 4 active
b2=1 Low-Side Switch of squib 3 active
bl=1 Low-Side Switch of squib 2 active
bO=1 Low-Side Switch of squib 1 active

Valid control signals on the external enable pins are required to activate the high-side
switch and/or low-side switch (SEN =1 and FEN =1 and RI = 1).
All combinations of high & low side switches are allowed.

34 Measurement

Below you can find all measurements of the IC. The necessary external signals are listed
at the end of this chapter.

3.4.1 Squib Resistance Measurement Commands

4XXXy: Resistance Measurement ‘Bias Current’ Active
V\ica Voltage source switched to Vs

Byte A: Function Byte Byte B: Selection Byte
a7 |a6 |a5 |ad4 |a3 |a2 |al (a0 |b7 |b6 |b5 (b4 [b3 |b2 |bl |bO
0 1 0 0 X X X X X X X X 0/1]0/1|0/1]0/1

Settings of bit b3 to b0, see table below.
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6XXXy: Resistance Measurement ‘Main Current’ and ‘Bias Current’ Active
V\ica Voltage source switched to Vg

Byte A: Function Byte Byte B: Selection Byte
a7’ |a6b |(ab |a4 |a3 |a2 |al |a0 (b7 |b6 |[b5 |b4 [b3 |b2 |bl |bO
0 1 1 0 X X X X X 0/1 |0/1 |x 0/1(0/1|0/1 |0/1

Settings of bit b6, b5 and b3 to b0, see table below.

7XXXy: Resistance Measurement with ‘Activated High-Side Switch’ and
‘Reference Current’ Active

V\ica Voltage source switched to Vg

Byte A: Function Byte Byte B: Selection Byte
a7 a6 |ab |a4 |a3 |a2 |al |a0 |[b7 |b6 |[b5 |b4 |b3 |b2 |bl |bO
0 1 1 1 X X X X X X X X 0/1|0/1]0/1|0/1

Settings of bit b3 to b0, see table below.

b6, b5: Main current level selection

b6 b5 Channel Selection

MAIN current set to 16 X lyyca MA
MAIN current set to 32 X lyyca MA
MAIN current set to 40 X lyyca MA
MAIN current set to 40 X lyyca MA

Ol || O
Ol Ok

b3, b2: Selection of additional functions

b3 b2 Additional Function Selection

0 0 Gain 10 amplifier [-FAVyo/A(Vsoux - Vsorx) = 10] (x =1, 2, 3, 4) switched
to MO pin

0 1 Gain 30 amplifier [-FAVyo/A(Vsoux - Vsarx) = 30] (x =1, 2, 3, 4) switched
to MO pin

1 0 Gain 2 amplifier [-AVyo/AVysr = 2] switched to MO pin

1 1 Squib voltage to MO [Vgqopx = 8 X Vol (X =1, 2, 3, 4) switched to MO pin
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b1, bO: Channel select

bl b0 Channel Selection

0 0 Resistance measurement channel 1

0 1 Resistance measurement channel 2

1 0 Resistance measurement channel 3

1 1 Resistance measurement channel 4

3.4.2 3XXXy: Firing Voltage Measurement Commands

Byte A: Function Byte Byte B: Selection Byte

ar’ a6 |ab |a4 |a3 |a2 |al |a0 (b7 |b6 |[b5 |b4 |[b3 |b2 |bl |bO
0 0 1 1 X X X X X X X X X X 0/1]0/1

b1, bO: Channel select

bl |bO0 |Channel Selection

0 0 Firing voltage Vg1, measurement channel 1 active and switched to MO pin
0 1 Firing voltage Vg3, measurement channel 3 active and switched to MO pin
3.43 CXXXy. Squib Leakage Measurement Commands with One of Four

Squib Switches in ON-State
Vuca Voltage source switched to Vg/3

Byte A: Function Byte Byte B: Selection Byte

ar’

a6

a5 |a4 |a3 |a2 |al |a0 |b7 |b6 |b5 |b4 |b3 |b2 |bl |bO

1

1

0 0 X X X X X 1/0 |1/0 |1/0 |1/0 |X 0/1|0/1
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b6...b4: HS-/ LS-switch selection

b6 b5 b4 HS-/ LS-Switch Selection

0 0 0 Low-Side Switch of squib 1 active
0 0 1 Low-Side Switch of squib 2 active
0 1 0 Low-Side Switch of squib 3 active
0 1 1 Low-Side Switch of squib 4 active
1 0 0 High-Side Switch of squib 1 active
1 0 1 High-Side Switch of squib 2 active
1 1 0 High-Side Switch of squib 3 active
1 1 1 High-Side Switch of squib 4 active

b3: Channel select

b3 Channel Selection
0 Leakage measurement - Digital output to MO
1 Leakage measurement - Analog output to MO

b1, bO: Channel select

bl b0 Channel Selection
0 0 Leakage measurement channel 1 active, V¢4 Voltage source switched to Vs/3
0 1 Leakage measurement channel 2 active, V¢4 Voltage source switched to Vg/3
1 0 Leakage measurement channel 3 active, V¢, Voltage source switched to Vg/3
1 1 Leakage measurement channel 4 active, V¢, Voltage source switched to Vs/3
3.4.4 1XXXy: Supply Voltage-, Squib Leakage Measurement with

Squib Switches in OFF-State Commands
Byte A: Function Byte Byte B: Selection Byte
af |a6 |a5 |a4 |a3 |a2 |al |a0 |b7 (b6 |[b5 |b4 |b3 |b2 |bl |bO
0 0O |0 (1 |x |[x |x |x |[X 1/0 {1/0 |1/0 |1/0 |1/0 |0/1 |0/1

b3: Select digital or analog output from window comparator to measurement output MO

b3 Channel Selection
0 Leakage measurement - Digital output to MO
1 Leakage measurement - Analog output to MO
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b2: Leakage measurement active or inactive, b1, bO: Channel select

b2 bl b0 Channel Selection

1 0 0 Leakage measurement channel 1 active, V,,c, Voltage source
switched to V¢/3

1 0 1 Leakage measurement channel 2 active, V,,c Voltage source
switched to Vg/3

1 1 0 Leakage measurement channel 3 active, V,,c Voltage source
switched to Vg/3

1 1 1 Leakage measurement channel 4 active, V,,c, Voltage source
switched to Vg/3

0 X X Leakage measurement INACTIVE. Voltage measurements can
be selected

b6...b4: Select voltage measurement (b2 = 0)

Name b6 |[b5 |b4 |SelectVoltage Measurement

MVpggost | O 0 0 Vioost VOItage measurement active and connect to pin MO
(ratio 8:1)

MVcuye | O 0 1 Vcpp Voltage measurement active and connect to pin MO
(ratio 8:1)

MVeey | O 1 0 Vgep Voltage measurement active and connect to pin MO
(ratio 1:1)

MVg 0 1 1 Vg voltage measurement active and connect to pin MO
(ratio 5:1)

MVgey |1 0 0 SEN voltage measurement active and connect to pin MO
(ratio 1:1)

Not used |1 1 X

Not used | 1 X

Not used |1 0 X
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Truth table for the squib measurements

RI SEN |FEN |SPI: |SPI. |State | State | Function
LSx |[HSx |[LSx |HSx
0 X X X X off off Disable all drivers for all modes
1 1 0 off on off on Allowed to activate HSx for tests
1 1 0 on off on off Allowed to activate LSx for tests
1 1 0 on on off off Cannot activate both HSx and LSx
together
0 0 X X off off X
0 X X off off X
LSx  Low-side switch of the squib driver (x =1, 2, 3, 4)
HSx  High-side switch of the squib driver (x =1, 2, 3, 4)
FEN  Safing function Firing Enable input: 0 = Firing not allowed
1 = Firing allowed
3.5 DXXXy: Channel Selection for High Current Detection

Byte A: Function Byte

Byte B: Selection Byte

ar’

a6

a5

a4

a3

a2 |al

a0

b7

b6 |b5 |b4 [b3 |b2 |bl |bO

1

1

0

1

X

X X

X

X

X X X 1/0 |1/0 |0/1 |0/1

b3,b2: current detect and clear, b1, bO: Channel selection

b3 b2 bl b0 Channel Selection

1 0 0 0 High current detection on channel 1 active, MO switched
to latched bit for channel 1

1 0 0 1 High current detection on channel 2 active, MO switched
to latched bit for channel 2

1 0 1 0 High current detection on channel 3 active, MO switched
to latched bit for channel 3

1 0 1 1 High current detection on channel 4 active, MO switched
to latched bit for channel 4

0 1 0 0 Clear current detection latch on channel 1

0 1 0 1 Clear current detection latch on channel 2

0 1 1 0 Clear current detection latch on channel 3

0 1 1 1 Clear current detection latch on channel 4
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3.6 FFFF4: Reset by SPI Command
By applying this command, the SPI-decoder is reset to its default state.

Byte A: Function Byte Byte B: Selection Byte
ar |a6 |a5 |a4 |a3 |a2 |al (a0 |b7 |b6 |[b5 (b4 [b3 |b2 |bl |bO
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Note: This command also clears all four latches for high current detection.

3.7 AAAA,: Reference Test Mode Command REFH
If RI = 0 is generated, then the test mode is interrupted and the SPI-decoder is reset.

After activating the ‘Reference Test Mode’ the internally generated voltage reference of
(2.72 x Vycc5/5) V is reported to the pin MO.

Byte A: Function Byte Byte B: Selection Byte
a’r |a6 |ab5 |a4 |a3 |a2 |al |a0 |b7 |[b6 |b5 |b4 |b3 |b2 |bl |bO
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0

3.8 5555,,: Vrer Reference Test Mode Command REFL
If RI = 0 is generated, then the test mode is interrupted and the SPI-decoder is reset.

After activating the voltage of Vrer as a 'Reference Test Mode’ the internally generated
voltage reference of (0,35 x Vc5/5) V is reported to the pin MO.

Byte A: Function Byte Byte B: Selection Byte
a’r |a6 |ab5 |a4 |a3 |a2 |al |a0 |b7 |[b6 |b5 |[b4 |b3 |b2 |bl |bO
0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
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4 Electrical Characteristics
4.1 Absolute Maximum Ratings
T;=-401t0 150 °C
Pos |Parameter Symbol Limit Values |Unit |Test
min. max. Conditions
Supply Pins
1.1 |Voltage Vs, Vgoost:  |-0.3 40 \
Vevi2: Vryaa, | -0.3 40
Vewp, -0.3 44
Vees -0.3 6.8
1.2 Current Is -30 3 mA
Squib Driver Pins
1.3 Voltage Vsorx Vsoix | -0-3 40 \Y
x=1,23,4)
1.4 | Current lsonx Isoe |4 4 A
See Figure 5 (Diagram A) | (x=1, 2, 3, 4)
Input-/Output-Signal Pins
1.5 Digital input voltages Vsens Ve |-0.3 Vees |V
Vo, Ve +0.3
Vesns Veen
1.6 Digital input current lsens 1o -10 10 mA
leik: Tesns
Iri Tren
Resistance Measurement Pins
1.9 Voltage Vusr -0.3 6.8 \Y
1.10 |Current Imsr -100 | 100 mA
1.10A | Current Imsr -220 100 mA |t,,<5ms
1.11 |Voltage Vvo -0.3 6.8 \Y
1.12 | Current Imo -10 10 mA
Leakage Measurement Pins
1.15 |Input differential voltage | Vsopx Vsorx | =40 40 \Y
x=1,2,3,4)
1.16 |Voltage Vuca -0.3 50 \%
1.17 | Current Imca -10 5 mA
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4.1 Absolute Maximum Ratings (cont’d)
Tj=-40t0 150 °C
Pos |Parameter Symbol Limit Values |Unit |Test
min. max. Conditions
Squib Deployments
1.31 | Number of firings per Niax 100 ty = Imin
squib driver and lifetime of Rsquib =2 Q
the IC.
See Figure 5 (Diagram A
and B) cooling delay time
between two cycles
Temperatures
1.32 | Ambient temperature T, -40 90 °C
1.33 | Storage temperature Tsig -55 150 °C
1.34 | Junction temperature T; -40 150 °C
Thermal Resistance
1.35 | Junction to ambient Rinja 70 K/IW
ESD Classification
1.37 | Human body model ViewMm -2000 |2000 |V
(100 pF/1.5 kQ)
1.38 | Machine model Vum -200 200 \
(200 pF/0 Q)
Note: Maximum ratings are absolute ratings; exceeding any one of these values may

28

cause irreversible damage to the integrated circuit. Furthermore, the values within
these maximum ranges must not result in inadvertent deployment of squibs.
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4.2 Functional Range
T;=-40t0 150 °C
Pos |Parameter Symbol Limit Values Unit | Test
min. |typ. |max. Conditions
2.4 Rate of supply dVg/dt, 30 Vims
voltage rise dVggost/ dt,
dVepp/dt,
dVFVlZ/dt1
dVFV34/dt7
dVgoxx/dt
2.5 Supply voltage VEBoost 4.5 40 \Y
VBoost
2.6 Supply voltage Veup 10 44 Vv
Venp
2.7 Supply voltage of | Vry12,:Vryaa, | 6 40 \Y
squib drivers
2.8 Supply voltage on | Vs 43 |5 6.2 |V
Pin Vees
2.9 |Voltage onpin Vg | Vg -0.3 40 vV |tys<400ms
18 continuous
2.13 |Voltage on pin Vsohx -0.3 40 V. | Vewy 2 Vsonx
SQHx(x=1,2,3,4)
2.18 |Lifetime tt 15 years
2.19 | Operating time on |1y, h
battery; conditions:
Tj=90°C 10k
Tj=110°C 7k
Tj=125°C 4.5k
Tj=150°C 3k

Note: In the maximum functional range, the functions given in the circuit are fulfilled.
However, deviations from these characteristics are possible.
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4.3 AC/DC Characteristics
Pos. |Parameter Symbol Limit Values Unit | Test
Conditions

min.

typ.

max.

Supply Currents
Tj=-401t0 125 °C, Vry12, Vey34= 61040V, Vg1 =85V 1040V, V5 =4.31055V

3.1 Supply current I 0.05 0.5 |mA |V5=5.25t018YV,
on pin Vg VBoost: Vecs

open
3.2 | Quiescent current lvees 0.04 0.3 |mA
on pin Vecs
3.3 Current on pin Vs lvees 0.05 0.7 | mA |No diagnostic,
voltage
measurement
allowed,
SPI commands
active.
3.4 Operating current lgoost 0.3 2.5 |mA |Drivers off,
on pin Vggost no diagnostic,
Veyp = Open.
3.4A | Operating current lgoost 1 3.2 |mA |Drivers off,

on pin Vggost no diagnostic,
voltage
measurement
allowed,
SPI commands
active,
MO open.

3.5 Current on pin Vgoost | IBoost 4 7 mA | Vepp =30V,
during squib leakage Vgoost = 30V
measurement Vg =18V,

VCC5 =48 V,
lyica = 1.5 MA

3.6 Current on pin Vepp lcpp -1500 -500 |MA |Vepp =0V,

VBoost = 30 V,
drivers off

3.7 | Current on pin Vepp lchp 50 250 |MA | Vepp =30V,

VBoost 28V,
drivers off
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4.3 AC/DC Characteristics (cont’d)
Pos. |Parameter Symbol Limit Values Unit | Test
min. |typ. |max. Conditions
3.8 Current on pin Vepp lcup 150 500 |MA |Vepp =30V,
VBoost 220V
all drivers on
3.9 Quiescent currents on | |y, 1 20 HA | Drivers off
squib driver supply levaa
pins FV12, FV34
3.10 |Opperating currenton | lgyqo, 0 150 |MA | Drivers off,
pins FV12, FV34, levaas voltage
Vepps Vs lcpps Is measurements
active.
3.11 | Voltage difference Vgoost - | 0.3 09 |V Drivers off,
between pins Veup squibs off,
VBoost and VCHP VBoost =30V,
lcpp = -300 HA
Logic Inputs
Inputs: SEN, DI, CLK, CSN, RI, FEN
T;=-401t0 125 °C, Vpyost = 8.5 1040 V, V5 =4.310 5.5V
4.1 Input voltage- Viy 2.4 \Y
high level
4.2 Input voltage- V. 0.8 |V
low level
4.3 Input hysteresis AV, 20 200 |mV
4.4 Input pull-up resistance | Regy 12 48 kKQ |Vees=5V,
internal V=0V
to Vs on pin: CSN
4.4A | Inputpull-upresistance | Ry, 40 100 190 |kQ |Vies5=5YV,
internal to Vecs V=0V
on pins: DI
4.5 Input pull-down resistor | Rgy 30 100 190 |kQ |V,=5V
internal to ground
on pins: SEN, FEN
4.5A | Input pull-down current | Ig, 1 5 MA |V,=5V

source to ground
on pin: RI
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4.3 AC/DC Characteristics (cont’d)
Pos. |Parameter Symbol Limit Values Unit | Test
min. |typ. |max. Conditions
4.5B | Input pull-down current | I~ 10 35 MA |V,=5V
source to ground
on pin: CLK
DVggost = 8.5 V will be guaranteed by design. ATE tests are performed at min. 10 V
Squib Driver: High-Side V
Tj=-401t0 150 °C, Vpy12, Vry34= 61040V, Vg1 = 8.5V 1040V,
Vees =4.75105.25V, Vepyp 2FV +6 V
14.1 | Saturation voltage of | Viyy, - 1.3 |16 |V |Vgoost=21V
switch x = 1, 2, 3, 4 VSQHX VCHP =21 V,
Fvxy =12V,
lsgux = 1.75 A
14.2 | Output current | soHx -3.50 -2.25 A | Vpoost =
limitation of switch Vepp =210V,
x=1,2,3,4 FVXy - Vsoux 2
4V7
14.2A | Clamping voltage on | Vg |24 27 \Y lsonx = value of
pin SQHx during firing spec. 15.3
(x=1,2,3,4)
14.3 | Switch off time delay of |t 0.1 5 Us |Rag=22Q2
switchx =1, 2, 3, 4 from SQHXx to
GND
14.4 | Switch ontime delay of |t,, 1 20 MS |Rigag=220Q,
switchx =1, 2, 3, 4 Veyyy = 12 V72,
(R_paq from SQHx to trigger
GND) Vsoux = 0.5V
14.5 | Switch ontime delay of |t,, 1 35 MS |Rigag=2.2Q,
switchx =1, 2, 3, 4 Vevyy = 12 V72,
(R_paq from SQHx to trigger
GND) Vooux =44V
14.6 | Over temperature Tor 180 300 |°C |Nottested,

limitation

guaranteed by
design
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4.3 AC/DC Characteristics (cont’d)
Pos. |Parameter Symbol Limit Values Unit | Test
min. |typ. |max. Conditions
Squib Driver: Low-Side Y
-I-j =-40to 150 OC, VFVlZ’ VFV34 =610 40 V, VBOOSt =8.51t0 40 V,
15.1 | Saturation voltage of | Vgq 1.3 |16 |V |Vgyest=21V
switchx=1,2, 3,4 Vepp =210V,
lsolx = 1.75 A%
15.2 | Driver current lsoixdet |1.75 |2 225 |A  |Vgqx24V 3
detection of switch x
15.3 | Output current lsoixim |20 |25 |30 |A |Vgqx24V %
limitation
of switchx=1, 2, 3, 4
Current difference lasq 0.05 A guaranteed by
| sqQuxiim - sqLxdet design
15.4 | Switch off time delay of |t 0.1 5 US |[Raq=22Q72
switchx=1, 2, 3,4 from SQLx to
12V
15.5 | Switch on time delay of |t,, 3 20 |Ms |Rag=22Q72,
switchx=1, 2, 3,4 trigger
(R_paq from SQLx to Veoix =116V
12 V)
15.6 | Switch on time delay of |t,, 5 35 |Ms |Rigag=2.2Q2,
switchx=1,2, 3,4 trigger
(R_pag from SQLx to Veoix =85V
12 V)
15.7 | Over temperature Tort 180 300 |°C |Not tested,
limitation guaranteed by
design
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4.3 AC/DC Characteristics (cont’d)
Pos. |Parameter Symbol Limit Values Unit | Test
min. |typ. |max. Conditions

Output MO for Firing Current Detection
15.8 |Voltage on pin MO Vvo 0 0.8 |V lsoLx > IsoLxdet
15.8A | Voltage on pin MO Vvo 2.4 Vees |V IsoLx < lsqLxdet
15.9 |Lag time to activate tLatch 4 40 Ms | lsoLx > lsolLxdet

high current detection

latch
15.10 | Response time to Tvo 100 |ps |lsqix> lsoixdet

report the information
of the current detection
latch to pin MO

D' The limits are valid for a switch on duration of 4 ms and firing on/off- timing characteristics (Diagram A and
B) as described in Figure 5. From any squib output SQHx a short to ground or a connection to the
automotive supply voltage Vgat has no influence to other squib drivers, and vice versa.

2 The timing measurements of pos. 14.3, 14.4, 14.5, 15.4, 15.5 and 15.6 will be started either with the rising
edge of CSN or a transition of FEN/SEN, and stopped by the specified voltage transition

3 The hysteresis of the driver current detection is typically 50 mA.

4 The maximum saturation voltage FVx - Vsqrx = 2.6 V is met by design.

The test conditions are Voot = Vepp =15V, Veyyy = 12V, -lggux = L.75 A

5 Level of current limitation always greater than the level of spec. 15.2 is fullfilled by design (LS current
detection)
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4.3 AC/DC Characteristics (cont’d)

Pos. |Parameter Symbol Limit Values Unit | Test
Conditions

min. |typ. |max.

Squib Driver: High-Side and Low-Side
T;=-4010 150 °C, Vey12, Vry34 = 61040V, Vo5 =8.5V 1040V, V5 =4.7510 5.25V

15.13 | Total sum of saturation | Vg + 32 |V See test
voltages of high and VsoLx conditions for
low-side switches specification
x=1,2,3,4) 14.1 and 15.1
of pos.: 14.1 and 15.1

15.14 | Total absorbed energy | Wy 120 |mJ | Starting tempe-
of one high-side switch rature: T;< 85 °C,

squib firing on/
off timing see

Figure 5 and
pos. 1.31Y
15.15 | Total absorbed energy | W, g 140 |mJ | Starting tempe-
of one low-side switch rature: T;< 85 °C,

squib firing on/
off timing see
Figure 5 and
pos. 1.31Y

D Wiys = Isgmx X (FVX - Vo) X ton Wis = Isoix X Vsorx X ton
Note: ATE-testing for 14.1, 15.1 and 15.13 will be performed at maximum 'I'J =125 °C.

Squib Resistance Measurement
Tj=-401t0 125 °C, Vi1, VEy3a = 61040V, Vs = 151040 V, V5 = 4.75105.25 V

Basic Reference Current:
16.1A | Base current source I gias -1% |5X 7% |mA |Y
lvca
16.1B | Output voltage on pin | Vyca Vees Vees |V Ruca = 4.99 kQ
MCA during squib 40mvV +20mV
resistance measurement
16.1C | Output voltage on pin | Vyca Vees Vees |V Ryvca =4 -6 kQ
MCA during squib S0mv +30mV
resistance measurement
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4.3 AC/DC Characteristics (cont'd)

Pos. |Parameter Symbol Limit Values Unit | Test
Conditions

min. |[typ. |max.

Measurement Current Reference Input MAIN

16.2 | Operating voltage Vsonx |0 Vioost |V | SPI: 6XXXy
range on pin SQHX, -6
if the MAIN current
activated.

16.3 | Programmable Imain -5% |[Mx |5% |mA
operating range of Ivca
Y

3 step settings:

M X lyca

M=16

[6XXX, b6 =0, b5 =1]
M =32

[6XXXy, b6 =1, b5 =0]
M =40

[6XXXy, b6 =1, b5 =1]

16.4 | Current limitation on -lpmca 1.8 44 |mA [Vyca=0V
pin MCA during squib
resistance measurement

Measurement Current Output MSR

16.5 |Voltage range for Vusr 0 Vees |V Imsg = 0 to
measurement on 61 mA
pin MSR

16.5A | Clamping voltage on  |Vysr | Vees Vees |V |Rusr >
pin MSR +0.6 Vees/61 mAY

16.6 |Leakage currentonpin |lysg -10 0 MA | Vgox =33V
MSR (measurement x=1,2,3,4)
inactive)

16.7 | Current difference Al -0.2 02 |[% |Vysg=3V?
between lgq « lsoLx = 0o
x=1,2,3,4)and 61 mA

'IMSR
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4.3 AC/DC Characteristics (cont’d)
Pos. |Parameter Symbol Limit Values Unit | Test
min. |typ. |max. Conditions
16.9 | Current difference Al, -2.5 25 % | SPl: 6XXXy
between Iy, and Vysg =3 VY

-Ipsk (measurement of
channel 1 to 4 active)

Imain =40 X lyca
and 16 x lyca,

squibs connected

D By design, the tolerance must be within 3% for each device.

2 Al =

(Imsr2 — Imsr1) —55 MA
55 mA

x 100

3 al,

_ (Imsr2 — Imsr1) — 24 % IMCA><

100

(Imsr2: at Iyain = 40 X Iycas Ivsri: @t Iyain = 16 X Iycas Vees =5V, Ryca =5 kQ)

4 Met by design. This also applies to note 2 and

MO Voltage Output for Resistance Measurement
16.10 | Voltage on pin MO Vvo 0 Vees |V
(measurement active) +0.6
16.10 | Voltage on pin MO Vvo 0.85 093 |V | Vsonx = Vsoux
A (Gain = 10x amplifier) X X
Vees Vees
16.10 | Voltage on pin MO Vvo 0.81 091 |V | Vsoux = Vsarx
B (Gain = 30x amplifier) X X
Vees Vees
16.11 | Voltage on pin MO Vvo 0 30 mV
(measurement
inactive)
16.12 | Current on pin MO Imo -3 -1 MA | Vsoux - VsoLx =
(measurement active) OV,Vyo=0V
16.13 | Internal pull down Rvo 8 35 kQ |Vmo=3V
resistor on pin MO 6 XXXy, SQHX
(measurement active) and SQLx are
open
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4.3 AC/DC Characteristics (cont’d)

Pos. | Parameter

Symbol

Limit Values

min.

typ.

max.

Unit

Test
Conditions

Measurement Amplifie

=

0),1).2)

16.14 | Voltage gain

alo 9.9

10.3

Vsqhx - Vsqux =
400 mV

Vem =

VsoLx £ 0.4V,
the value of
VsoLx is the
actual
measurement
result of pos. 16.21

16.18 | Common mode
rejection ratio

CMRR10 | 45

dB

Vem =

Vsaix £ 0.4V,
the value of
VsoLx is the
actual
measurement
result of

pos. 16.21%

16.19 | Voltage gain

a30 29.0

32.0

Vsqnx - VsquLx =
130 mV

Vem =

VsoLx £ 0.4V,
the value of
VsoLx Is the
actual
measurement
result of pos. 16.21

16.20 | Common mode
rejection ratio

CMRR30|50°%

dB

Vem =

Vsox £ 0.4V,
the value of
VsouLx Is the
actual
measurement
result of pos. 16.21
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4.3 AC/DC Characteristics (cont’d)
Pos. |Parameter Symbol Limit Values Unit | Test
min. |typ. |max. Conditions
Pins SQL1, SQL2 Voltage Regulator
16.21 | Regulated voltage on | Vgq x  |-25% |Vccs (2.5% |V Ivsr = Igias
pins SQLxX x(8/5) AXXX X,
VCC5 =5V
16.22 | Voltage difference of | AV« 100 | mV | Vsoix): Imsr =
the regulated voltage |= Bias
on pins SQLx Vsowx 1y Vsawxay: Imsr =
Vsaix an Igias + ImaiN
16.23 | Current limit on Imsr -220 -65  |MA | Vgq =40V,
pin MSR Rusg =0 Q
activated by SPI
ton <5 ms
Settling Time
16.24 | Total settling time on | ty,o 5 200 |Ps |lysr=-5to
pin MO -61 mA
for 90% of the
final value
on pin MO no
capacitance on
pins SQx initial

Vgox 10 0...33 V
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4.3 AC/DC Characteristics (cont’d)

Pos. |Parameter Symbol Limit Values Unit | Test

min. |typ. |max. Conditions
Pin MSR Voltage Measurement Amplifier (gain = 2) 4)

16.25 | Voltage gain a2 1.90 2.25 Vusr = 340 mV
tolV

16.25A | Voltage gain a2 1.95 2.5 Vysg =1Vto
25V

16.26 | Input Offset Voltage | Vs 20 |mv [?

9 The Gain-10 or Gain-30 Amplifier measurements will be done between pin MO (as an output) and pins
SQHX, SQLXx (as differential inputs)

D From one squib output SQHx/SQLx a short to ground or a connection to the automotive supply voltage VeaT

has no influence to the other squib resistance measurement function and vice-versa.

2 A squib difference voltage > 0.4 V has no influence to the other squib resistance measurement function and
vice-versa. In this case the output voltage on pin MO will be set to values as specified under pos. 16.10.

% CMRR = 20 x log [a, X AVsq x/ AVyyol.

4 The Gain-2 Amplifier measurements will be done between pin MO (as an output) and pin MSR (as an input).

®  Met by design. (Vos = Vuo/2 - Vusr)

Squib Leakage Measurement
-40to 125 °C, Vg =5.2510 18 V, V19, Vry3s = 61040V,

T

Vgoost = 1510 40 V, Vs =4.75t0 5.25 V, Vg < Vggost

Output MO Leakage Measurement

17.1 | Voltage on MO (digital) | Vyo 0 08 |V Leakage to ground
Leakage to battery
2.4 Vees No leakage
17.2 |Voltage on MO Vvo 0 0.5 1 \% Leakagetoground
(analog (three state)) 2 25 |3 No leakage
4 45 | Vees Leakage to battery
17.2A | Current on pin MO Imo -3 -1 MA | CXXXy, IXXXy
(measurement active) no leakage on
SQHx,Vyo =0V
17.2B | Internal pull down Rvio 8 35 kKQ | CXXXy, IXXXy
resistor on pin MO leakage to
(measurement active) ground on SQHX,

40
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4.3 AC/DC Characteristics (cont’d)
Pos. |Parameter Symbol Limit Values Unit | Test
min. |typ. |max. Conditions
Reference Output MCA
17.3 | Output voltage on Vvica 0.32 0.34 |V Ruca = 4.99 kQ
pin MCA X Vg X Vg
17.4 | Output current on Imca -1.8 0 mA | Stable state
pin MCA during
measurement
17.4A | Current limit on Imca -4.4 -2 MA |Vyca =0V
pin MCA during
measurement
17.7 | Current ratio of pin lpmea! |09 1.1 Stable state
MCA to pin SQHx I sorxl Imca 2-2.2 mA
17.9 |Resistance ratio of Rvica/ 4/3
resistor on pin MCAto | R .«
leakage resistance
Leakage Detection Voltages
Vioost = 3/4 Vg +2.5V
17.10 | Leakage low Veoux  |-5% |1/4 5% |V Leakage to ground
threshold voltage X Vg Vsonx is decreasing
target: Vo ='low’
17.11 | Leakage high Vsoux [-5% |3/4 |5% |V Leakage to battery
threshold voltage X Vg Vsohx IS increasing
target: Vo = ‘low’
17.12 | Leakage detection AVsoux [-20% |1/48 |20% |V Leakagetoground
hysteresis X Vg or
leakage to battery
Reference Input Vg
17.13 | Internal resistor Rs 35 400 |kQ |[Vg<24V
at pin Vg
41 V 1.61 2001-07-13
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4.3 AC/DC Characteristics (cont’d)
Pos. |Parameter Symbol Limit Values Unit | Test
min. |[typ. |max. Conditions
Settling Time
17.14 | Total settling time on | tyo 50 MS | lyca =-0.5mA
pin MO no capacitance
on pins SQHXx
and SQLx
initialize:
Vgox=01t033V
17.15 | MO output response | tyo 30 Ms | No external
after squib low-side leakage
switch activation via
SEN
17.16 | MO output response |ty 30 Ms | No external
after squib high-side leakage
switch activation via
SEN
Internal Dummy Squib Resistance
Tj=-4010 125 °C, Voot = 151040 V
Squib Outputs:
18.1 |Leakage current of lsox -20 20 MA | Switch off;
switchx =1, 2, 3, 4 SQHx = SQLX
Vevxy =33V
Vgox =16.5V
18.1A | Leakage current of lsox -20 20 MA | Switch off;
switchx =1, 2, 3, 4 SQHx = SQLX
FVxy =33V
18.2 |Internal dummy Rsonx - |20 50 kQ | No firing or
resistor from SOLx measure

SQHXx to SQLX
x=1,2,3,4)

VSQHX - VSQLX =
20V,

Vsohx - Vsolx €
Boost
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4.3 AC/DC Characteristics (cont’d)
Pos. |Parameter Symbol Limit Values Unit | Test
Conditions

min.

typ.

max.

Supply and Pin Voltage Measurements
T;=-401t0 125°C, Vg =5.2510 18 V, Vry15, VEy34 = 61040V,

Vagost = Venp = 1510 40 V, Ve = 4.75 10 5.25 V

MO Voltage Output for Supply Voltage Measurements:

19.1 |Voltage on pin MO Vvo 0 30 mV
(measurement inactive)
19.2 | Voltage on pin MO Vvo 0 Vees |V
(measurement active) + 0.6
19.2A | Current on pin MO Imo -3 -1 mA | Input pin voltage
(measurement active) = 3V x (division
factor); Vjyo =0V
19.2B | Internal pull down Rvo 8 35 kQ | Input pin voltage
resistor on pin MO =0V,Vyo=3V,
(measurement active) IXXX
19.4 | Vg voltage to MO Vs/Vyo |-5% 5% Selection via
output voltage ratio SPI: MVg
VS = VBoost -6V
19.5 | Vpyost VOItage to MO | Vggost/ |-5% |8 5% Selection via
output voltage ratio Vvo SPI: MVgost
VBoost 26V
19.6 | Vcpp Voltage to MO Vepp!  |-5% |8 5% Selection via
output voltage ratio Vvo SPI: MVcpp
19.7 | Vpyyy Voltage to MO |V, / |-5% |8 5% Selection via
output voltage ratio Vvo SPI: MFSUP
(x=12, 34) Vevgy 2 6V
19.8 |Total settling time on |ty 100 |ps | For 90% of the
pin MO final value on
pin MO
19.9A | Reference voltage high | Vo -5% |Vees 5% |V | Selection via
on MO pin X SPI: REFH,;
(2.72/5) AAAA,Y
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4.3 AC/DC Characteristics (cont’d)

Pos. |Parameter Symbol Limit Values Unit | Test
min. |typ. |max. Conditions
19.9B | Reference voltage low | Vo - Vees [10% |V Selection via
on MO pin 10% |x SPI: REFL;
(0.3565) 5555, %)
19.9C | FEN voltage to MO Veen/  |[-5% |1 5% |V Selection via
output voltage ratio Vvo SPI: Veeps
IXXXy
19.9D | SEN voltage to MO Vgen/  |[-5% |1 5% |V Selection via
output voltage ratio Vvo SPI: Vgens
IXXXy
19.10 | SQHx voltage to MO | Vgoux/ [-5% |8 5%3 Selection via
output voltage ratio Vvo SPI: MSQx
x=1,2,3,4) Vsomx < Veoost
-6V
19.11 | Test voltage on pin MO | Vo -5% |[Vees 5% |V RI = Low,
FEN = High,
SEN = High?

D The specification 19.9A/19.9B can be used to test the SPI block and to detect ground loss in the IC.

2 During this test condition, SPI commands will not be decoded as a result of low on RI.
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4.4  Serial Peripheral Interface (SPI)
Pos. |Parameter Symbol Limit Values Unit | Test
min. |typ. |max. Conditions
SPI Timing Characteristics
T;=-401t0 150 °C, V5 =4.75105.25 V
22.1 |CSN lead time tLead 40 ns
22.2 |CSN lag time t ag 100 ns
22.3 | Falltimefor CSN, CL, DI | t; 25 ns
(70% to 20% of Vcs;
C_ =47 pF)
22.4 | Risetime for CSN, CL, DI | t, 25 ns
(20% to 70% of Vcs;
C_ =47 pF)
22.5 |DI data setup time tsu 40 ns
22.6 | Dl data hold time t, 40 ns
22.10 | DI data valid time t, 120 |ns
22.12 | Clock frequency foL 0 4 MHz
Note: All timing is shown with respect to 20% and 70% of Vcs.
CSN }
Uead [
L ok .
,
CLK \ ] \
— ty2—>
DI Not Defined MSB ( LSB

AET02619

Figure 8 SPI Timing
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5 Application Circuit

Vies _ Veat
4 ___L A . NI 1 4
= 1 <N
T L
Vees [Vene Vips =
23 18 20
6 . 28| Fv12
bl 4l<1 27| SQH1L Squibl
7 1 —e
MC CLK SP| N Squib
g .
CSN Block Drlvlerl 26| soL1
R 4@ | | 25[GNDLL
4ﬁ 1| SQH2 Squib2
Firing Internal o
SEN 4 Control Supply DSri(\]/L:rbZ
Block Block ) 2|SQL2
FEn |22 I 3 GNDLj_
. 14| Fv34
4:41 13[SQH3 Squib3
10 MUX TLE 6714 s '_b'
MO Output Quad Firing Dri?/:'r s
Block Airbag IC ) 12| SQL3
4541 11| GNDL3
BAT I .
4 Vs |21 4141_ 15|SQH4  Squib4
Measurement Squib
GND| 22 Block Driver 4 16| soL4
il 4141 17| GNDL4
5 19 J_—
MSR MCA
50 Q
— 1 QSKQ
ouc = AEA02617

Figure 9
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6 Package Outlines
P-DS0-28-1
(Plastic Dual Small Outline Package)
< 0.35x45°
g\! % —— |
s < 1 ;
M L 8 T8 g 3
O Ny fs)
{ g &
IIIIIIIIIIIII \\ 14
27 | 0.4%08 W
035107 2) -
Yoo 28X 10.3 t0:3
28 15
AAAAAARAAAAAARAA
jo)
HHEEHHHEHHHHEH
1 g 14
. 181.04
Index Marking
1) Does not include plastic or metal protrusion of 0.15 max. per side @
2) Does not include dambar profrusion of 0.05 max. per side o
@
[a
O
Figure 10
Sorts of Packing
Package outlines for tubes, trays etc. are contained in our
Data Book “Package Information”.
SMD = Surface Mounted Device Dimensions in mm
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