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LO99MDO02

Hexa half-bridge driver with SPI control

for automotive applications

Features

m 6 half bridges

m Roy = typ.0.9 Q (HS), 0.64 Q (LS) at
Tj=25°C

m Current limit of each output at minimum 0.8 A

m Internal PWM generation

= PWM mode option for all half bridges for hold
current

m Two current monitor outputs

m SPIl interface for data communication

m Temperature warning

m All outputs overtemperature protected

m All outputs short circuit protected

m Ve supply voltage 3.0t0 5.3V

m Verylow current consumption in standby mode

typ. 5 pA
m Vg operating range compliant: 6 — 18 V
Applications

m DC motor driver Intended to drive HVAC flaps

GAPGCFT00004

PowerSSO-36

Description

The L99MDO2 IC is a 6 x half bridge driver for
automotive applications. The device is intended to
drive DC-motors. It is possible to drive 3
DC-motors simultaneously or up to 5 DC-motors
sequentially.

The integrated 24 bit standard serial peripheral
interface (SPI) controls all outputs and provides
diagnostic information: normal operation,
open-load in on-state, overcurrent, temperature
warning and overtemperature.

Table 1. Device summary
Order code
Package
Tube Tape and reel
PoweSrGSSO- LO9MDO2XP | L99MDO2XPTR
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1 Block diagram
Figure 1. Detailed block diagram
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Overview
2 Overview
2.1 Power supply: Ve
The supply voltage V¢ (3.3 V /5 V) supplies the whole device. In case of power-on (Ve
increases from undervoltage to Vpor opr = 2.75 V, typical) the circuit is initialized by an
internally generated power-on reset (POR). If the voltage V¢ decreases under the
minimum threshold (Vpor oy = 2.55 V, typical), the outputs are switched off in 3-state (high
impedance). The status registers are cleared and the control registers are reset to their
default.
Figure 2. Power on reset
Vee
Veor oFF Z— ---------------------- -
Vi
VF{:R o e e R—j-- POR h)‘St
ENT |
+— |- isdisabled
At
All intemal Registers are cleared
AGO00300V1
2.2 Power supply: Vga, Vsp
Each Vgp and Vgg supplies the half bridges independently.
Vgp — Out 1 to Out 3
Vgg — Out 4 to Out 6
2.3 Standby mode
The standby mode of the L99MDO02 is activated by EN pin to low. The inputs and outputs are
switched off. The status registers are cleared and the control registers are reset to their
default values.
In the standby mode the current consumption is typically 5 pA.
1S7]
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PWM mode

PWM frequency typ. 100 Hz.
Duty cycle (SPI 2bit): 15%, 30%, 45% and 60%.
Each half-bridge is independently addressable (SPI 8bit).

Current monitor

The current monitor output sources a current image at the current monitor output which has
a programmable ratio (1/250, 1/500, 1/750, 1/1000) of the instantaneous current of the
selected half bridge (high side or low side). Via SPI it can be programmed which of the
outputs will be multiplexed to the current monitor output.

The current monitor output allows a more precise analysis of the actual state of the load
rather than the detection of an open-or overload condition. For example this can be used to
detect the motor state (starting, free-running, stalled).

Inductive loads

Each half bridge is built by an internally connected high-side and a low-side power DMOS
transistor. Due to the built-in reverse diodes of the output transistors, inductive loads can be
driven at the outputs

Diagnostic functions

All diagnostic functions (over/open-load, temperature warning and thermal shutdown,
over/undervoltage) are internally filtered and the condition has to be valid for at least 32 ps
(open-load: typ. 2 ms, respectively) before the corresponding status bit in the status
registers will be set. The filters are used to improve the noise immunity of the device. Open-
load and temperature warning function are intended for information purpose and will not
change the state of the output drivers. On contrary, the overload and thermal shutdown
condition will disable the corresponding driver (overload) or all drivers (thermal shutdown),
respectively. The microcontroller has to clear the overcurrent status bit to reactivate the
corresponding driver.

Temperature warning and thermal shutdown

If the junction temperature rises above T; 1\ on @ temperature warning flag is set and is
detectable via the SPI. If the junction temperature increases above the second threshold

Tj sp on, the thermal shutdown bit will be set and power DMOS transistors of all output
stages are switched off to protect the device. Temperature warning flag and thermal
shutdown bits are latched. In order to reactivate the output stages, the junction temperature
must decrease below T; sp on - Tj sp Hys and the thermal shutdown bit has to be cleared by
the microcontroller.

J
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L99MDO02 Overview
2.9 Vg, Vga, Vgg monitoring
Vg undervoltage: Status bit will be set. Have to be cleared via SPI.
All outputs will be switched off.
Vg overvoltage: Status bit will be set. Has to be cleared via SPI.
All outputs will be switched off (default). Can be deactivated via SPI.
Vsp undervoltage: Status bit will be set. Has to be cleared via SPI.
Out 1 to Out 6 will be switched off.
Vgg undervoltage: Status bit will be set. Has to be cleared via SPI.
Out 1 to Out 6 will be switched off.
Table 2. Vs, Vsa, Vgg monitoring
‘typ Out x
Vg undervoltage 57V Status + off
Vg overvoltage 22.0V Status + (off or mask)
Vga undervoltage 57V Status + off
Vgg undervoltage 57V Status + off
2.10 Open-load detection
The open-load detection monitors the load current in each activated output stage. If the load
current is below the open-load detection threshold for at least 2 ms (4o, ) the corresponding
open-load bit is set in the status register.
Due to mechanical/electrical inertia of typical loads a short activation of the outputs (e.g.
3 ms) can be used to test the open-load status without changing the mechanical/ electrical
state of the loads.
2.11 Overload detection
In case of an overcurrent condition, a flag is set in the corresponding status register. If the
overcurrent signal is valid for at least t;gc = 32 ps, the overcurrent flag is set and the
corresponding switch is switched off to reduce the power dissipation and to protect the
integrated circuit. The microcontroller has to clear the status bit to reactivate the
corresponding driver.
2.12 Cross-current protection
The device is cross-current protected by an internal delay time. If one driver (LS or HS) is
turned-off the activation of the other driver of the same half bridge will be automatically
delayed by the cross-current protection time. After the cross-current protection time is
expired the slew-rate limited switch-off phase of the driver will be changed to a fast turn-off
phase and the opposite driver is turned-on with slew-rate limitation. Due to this behavior it is
1S7] Doc ID 16082 Rev 5 9/46
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always guaranteed that the previously activated driver is totally turned-off before the
opposite driver will start to conduct. If wrong SPI commands try to turn-on both driver (LS
and HS) simultaneously, the high side and the low side will be (or stay) deactivated (3-
state).
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Pin definitions and functions

Table 3. Pin description
Pin Symbol Function
1, 18, 19, 36 Penp Power ground: reference potential
9 AGND Analog ground: reference potential
27 Denp Digital ground: reference potential
6, 10, 13, 21,
23,25, 32, 34 N.C. Not connected
Exposed pad: reference potential connected to Pgnp
Half bridge-output: the output is built by a high-side and a low-side
2 3 16.17 20 switch, which are internally connected. The output stage of both
e 3’5 77| OUT 1-6 |switches is a power DMOS transistor. Each driver has an internal
parasitic reverse diode (bulk-drain-diode: high-side driver from output
to Vgy, low-side driver from Pgyp to output).
29 v Logic voltage supply 3.3V / 5V for this input a ceramic capacitor as
ce close as possible to GND is recommended
Power supply voltage for OUT 1 to 3 (external reverse protection
45 33 Vv required): for this input a ceramic capacitor as close as possible to
' SA GND is recommended. Important: For the capability of driving the full
current at the outputs all pins of Vg5 must be externally connected!
Power supply voltage for OUT 4 to 6 (external reverse protection
14 15. 22 v required): for this input a ceramic capacitor as close as possible to
T SB GND is recommended. Important: For the capability of driving the full
current at the outputs all pins of Vgg must be externally connected!
11 Vg Vg
12 Vg Vg supply and monitoring
7,8 CURR1/2 | Current monitor 1/ 2
31 EN Enable enable the L99MD02
SPI data in the input requires CMOS logic levels and receives serial
28 DI data from the microcontroller. The data is a 24 bit control word and the
most significant bit (MSB) is transferred first.
SPI data out the diagnosis data is available via the SPI and this 3-
26 DO state output. The output will remain in 3-state, if the chip is not
selected by the input CSN (CSN = high)
SPI CSN chip select not (active low) this input is low active and
o4 CSN requires CMOS logic levels. The serial data transfer between the
L99MDO02 and micro controller is enabled by pulling the input CSN to
low level.
30 SCK SPI serial clock input this input controls the internal shift register of the

SPI and requires CMOS logic levels.

Doc ID 16082 Rev 5 11/46
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Figure 3.

Pin connection (top view-not in scale)
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PowerSSO -36
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L99MDO02 Electrical specifications
4 Electrical specifications
4.1 Absolute maximum ratings
Table 4. Absolute maximum ratings
Symbol Parameter Value Unit
DC supply voltage -0,3...28 \%
Vs Single pulse ty,4x < 400 ms 40 \Y
Vsa DC supply voltage -0,3...38 \%
Vsg Single pulse tyay < 400 ms 40 Y
Ve Stabilized supply voltage, logic supply -0.3t0 5.5 \Y,
EN
DI
DO Digital input / output voltage -0.3t0 Ve + 0.3 \%
SCK
CSN
CURR1/2 | Current monitor output -0.3t0 Ve +0.3
OUT 1-6 Output current capability +2 A
Note:

cause an irreversible damage of the integrated circuit!

All maximum ratings are absolute ratings. Leaving the limitation of any of these values may

4.2 ESD protection
Table 5. ESD protection
Parameter Value Unit
Al pins +2(1) kv
Output pins: OUT1 — 6, Vg, Vsa, Vsg, +402) kv
1. HBM according to EIA/JJESD22-A114-E.
2. HBM with all unzapped pins grounded.
4.3 Thermal data
Table 6. Operating junction temperature
Symbol Parameter Value Unit
Tj Operating junction temperature -40 to 150 °C
1S7]
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Table 7. Temperature warning and thermal shutdown
Symbol Parameter Min. | Typ. Max. | Unit
Tiso on ;hnirr)rgsitirr]stdown threshold junction T increasing ) i 170 oC

4.4

14/46

Electrical characteristics

Vg=61t018V, Vcc =3.0t05.3V, T;=-40to 150 °C, unless otherwise specified.
The voltages are referred to GND and currents are assumed positive, when the current
flows into the pin.

Table 8. Supply
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
Operating supply voltage
Vga/Vsp range 6 38 \Y
VSX =13 V, VCC =50V
ls | Vsa/Vse DC supply EN = high 05 | 2 | mA
current .
Outputs floating
lvs Vs supply current \E/§:=lh?g\r/1 Vee=5V 1.5 4 | mA
VSX:13V’ VCC:5V
| Vsx (Vs, Vsa, Vsg) EN = low Treg = -40, 25 °C 3 10 | pA
VSX | quiescent supply current | Outputs floating
Ttest = 130 °C 6 20 MA
Vee Operating supply voltage 3.0 5.3 v
range
Vgy =13V,
Ve DC supply current Ve =5.0V 1 3 mA
EN = high
lec Vg=13V, Ve =5.0V
Ve quiescent supply CSl\l: Vee 5 20 LA
current EN = low
Outputs floating
Table 9. Over and undervoltage detection
Symbol Parameter Test condition Min. | Typ. Max. | Unit
Vpor orr | Power-on-reset threshold Vcc increasing 3.0 \Y,
Vporon | Power-on-reset threshold Vcc decreasing 2.3 \Y
VpoR hyst | Power-on-reset hysteresis | Vpor orF - VPoRr oN 0.2 \%
Vsuv orr | Vs UV-threshold voltage Vg increasing 6.0 6.7 \

Doc ID 16082 Rev 5
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Table 9. Over and undervoltage detection (continued)
Symbol Parameter Test condition Min. | Typ. Max. | Unit
Vsuvon | Vs UV-threshold voltage Vg decreasing 5.4 6 \%
VSUV hyst VS UV—hyStereSiS VSUV OFFE - VSUV ON 0.35 0.5 \Y
Vsauvorr | Vsa UV-threshold voltage Vg increasing 5.95 6.7 \Y
Vsauv on | Vsa UV-threshold voltage Vgp decreasing 5.4 6 \Y
Vsauvhyst | Vsa UV-hysteresis Vsauv ofF - Vsauv oN 035 | 05 v
Vsguvorr | Vsg UV-threshold voltage Vgpg increasing 6.0 6.7 \
Vsguv on | Vsg UV-threshold voltage | Vgg decreasing 54 6 \
VsBuv hyst | Vss UV-hysteresis VsBuv ofFF - VsBuv oN 035 | 05 v
Vsovon | Vs OV-threshold voltage Vg increasing 24 \
Vsov ore | Vs OV-threshold voltage Vg decreasing 18 \
VSOV hyst VS oV—hyStereSiS VSOV ON -~ VSOV OFF 0.75 1 \Y
Table 10.  Switches
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
. T,=25°C, | 1-6=-0.25A 900 | 1200 m
; Onresistance Vga/Vgg | ouT
ON HS 1-6
to OUT 1-6
° Tj=125°C, loyrl-6 =-0.25 A 1300 | 1800 | m
Tj=25°C HC =1 700 | 1000 | m
; On resistance OUT 1-6 | lout1-6 = 0.25A
ONLSHC1-6 | {5 GND in HC mode Tj =125°C. HC =1
' 1000 | 1500 | m
IOUT1_6 =0.25A
Tj=25°C, HO =0 1200 | 1800 | m
. On resistance OUT 1-6 |lout1-6 =0.125 A
ONLSLC 1-6 | t9 GND in LC mode Tj =125°C. HC =0 000 800
' 2 2 m
IOUT1_6 =0.125 A
HS overcurrent _
IScHS16 | protection Vg=135V 0.8 1.4 | A
LS overcurrent _ _
IscLsHe16 protection in HC mode Vs =135V, HC=1 0.8 141 A
LS overcurrent _ _
IscLsLc16 protection in LC mode Vs =135V, HC=0 0.4 07 1 A
Output delay time, HS _ _
td ON1-6 H switch on VS =135V, R|0ad =52 10 25 80 us
Output delay time, HS
OFFL6H | guiton off Vg = 13.5V, Rigaq = 52 50 | 100 | 300 | ps
Output delay time, LS
{4 ONLG L swit?:h o y Vs = 13.5 V, Ryaq = 52 5 | 15 | 80 | ps
Output delay time, LS
WOFFLOL | nito off Vg = 13.5V, Rigaq = 52 50 | 100 | 300 | ps
K‘!I Doc ID 16082 Rev 5 15/46
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Electrical specifications L99MDO02
Table 10. Switches (continued)
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
o Lo L (_Sross current protection 20 200 | 400 | ps
time
Switched-off output _
loLH current HS OUT 1-6 Vour16=0V 2 HA
Switched-off output _
oL current LS OUT 1-6 Vout-6= Vs 2 WA
! Tamp = -40 °C 8 30 60 mA
| Open-load detection amb
OLDHS1-6
current HS OUT 1-6
! Tamp = 25 °C to 125 °C 10 | 30 | 60 | mA
Open-load detection HC bit set to 1; Tymp = -40 °C 45 30 65 mA
loLpLsHc1-6 | current LS OUT 1-6 in i .
HC mode ;'C b'fszest t((’:l , 8 | 30 | 60 | mA
amb = to 125 °C
Open-load detection ~ |HC bitsetto 0; Tyyp=-40°C | 1.8 | 15 | 35 | mA
loLpLsLcis |current LS OUT 1-6 in i .
LC mode HC bliset Eo 0; . 4 15 30 mA
Tamp = 25 °C to 125 °C
Minimum duration of
tgoL open-load condition to 500 | 2000 | 3000 | ps
set the status bit
Minimum duration of
tisc overcurrent condition to 10 32 100 | ps
switch off the driver
dV%’tT 16 |slewrate of OUT 1-6  |Vg=13.5V, Rigaq = 52 01 | 025 | 05 |V/us
Figure 4.  Output turn-on/off delays and slew rates
Vout x Vour x
|
Low Side ! Low Side :
| [ | |
| [ | |
| PN |
| 11 h | |
1 [ GND F— GND
| [l | | 11 |
| 11 | | 11 |
VOUTX : : : : VOUTX : : : :
| 1 | | |
High Side | i High Side | 80%
| A |
| ! |
| % |
T T
| |
| |
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L99MD02 Electrical specifications
Table 11. Current monitor output
Symbol Parameter Test condition Min. | Typ. Max. | Unit
VCURR1/2 Functional voltage range Vee=5V 0 Vee-1 | V
HS/LS current monitor 0V <=Vcyrriz <= Vee - 1V,
lcURRHSLS250 output ratio: lcurRR1/2 / lout |Vec =5V, prog. via SPI, 1/250
1-6 |max =800 mA
HS/LS current monitor 0V <=Vcyrrie <= Vee - 1V
IcURRHSLS500 | output ratio: Icyrrie / lout | Vec =5V, prog. via SPI, 1/500
1-6 Imax = 800 MA
HS/LS current monitor 0V <=Vcyrr12 <= Vee - 1V
ICURRHSLS750 OUtpUt ratio: ICURR]./Z/ lOUT VCC =5V, prog. via SPI, 1/750
1-6 Imax = 800 mA
HS/LS current monitor o0V<= VCURR]./Z <= VCC -1V
lCURRHSLSlOOO output ratio: ICURRl/Z / IOUT VCC =5V, prog. via SPI, 1/1000
1-6 Imax = 800 mA
LS current monitor output |0V <= Vcyrry2 <= Vee - 1V
lcurrLsLc12s | ratio in LC mode: Icyrriz ! | Vec =5 V; prog. via SPI, HC=0; 1/125
lout 1-6 Imax = 400 mA
LS current monitor output |0 V <= Vcyrr1e <= Ve - 1V
ICURRLSLCZ5O ratio in LC mode: VCC =5 V, prog. via SPI, HC:O, 1/250
lcurrLsLc12 / louT 1-6 Imax = 400 mA
LS current monitor output |0V <= Vcyrry2 <= Vee - 1V
lCURRLSLC375 ratio in LC mode: ICURRI/Z / VCC = 5V, prog. via SP', HC = O, 1/375
lout 1-6 Imax = 400mA
LS current monitor output |0V <= Vcyrri2 <= Vee - 1V
lCURRLSLCSOO ratio in LC mode: lCURRl/Zl VCC =5V; prog. via SPI, HC =0; 1/500
louT 1-6 Imax = 400 mA
0V<Veyrr12<Vee- 1V,
VCC =5 V, lOUT 1-6 max — 0.8 A, 4% + 10% + _
(FS = full scale = 800 mA*current 1%FS | 3%FS
| HS current monitor ratio); T; = -40 °C
CURRHSL1/2 acc
accuracy 0V<Veyrr2<Vee-1V,
Vcc =5V, lOUT 1-6 max — 0.8 A; 4% + 8% +
(FS = full scale = 800 mA*current 1%FS | 2%FS
ratio); T; =25 °C to 125 °C
0V<Veyrr12<Vee-1V;
| LS current monitor Vee=5V;04A<loyT1.6<0.8 A; 4%+ | 10%+ |
CURRLSHC1/2 acc | accyracy in HC mode (FS = full scale = 800 mA*current 1%FS | 3%FS
ratio)
0V<Vcyrr12<Vee-1V;
| LS current monitor Vee=5V; louT 1-6 max =04 A; 4%+ | 10%+ |
CURRLSLC1/2ace | gceuracy in LC mode (FS = full scale = 800 mA*current 1%FS | 3%FS
ratio)

J]
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L99MD02
Table 12.  Current monitor dynamic characteristics
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
. louTt from 100 mA to
tg-cm dOeulg)uu:i:Tc])ecurrent monitor 200 mA; ty.cy measured — 2 — us
from 50% Igy1to 50% ICM
Table 13.  Oscillator
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
foLk Internal clock frequency 2.8 4 5.2 MHz
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5 SPI electrical characteristics

Vg=61018V, Ve =3.0t05.3V, T;=-40 to 150 °C, unless otherwise specified.
The voltages are referred to GND and currents are assumed positive, when the current
flows into the pin

Table 14. DC characteristics

Symbol Parameter Test condition Min. Typ. | Max. | Unit
SDI, SCK, CSN, EN
Vi Input low voltage 0.3 \
Vee
. 0.7
\m Input high voltage \%
Vee
lcsnin | Pull up current atinput CSN - | Vegy=1.5V; Ve =5V 8 20 40 HA
Isckin | Pulldown currentatinput SCK |Vgek =1.5V; Ve =5V 10 25 50 | pA
Ipjin | Pull down current at input DI |V =1.5V; V=5V 10 25 50 | pA
Renin | Pull down resistor at input EN |[Vgn =15V, Ve =5V 25 50 115 k
SDO
VoL |Output low voltage lout = 2 MA 0.2 0.4 \Y
v Output high voltage lor = +2 MA Vee- | Voo~ \%
OH out 0.4 0.2
IpoLk | 3-state leakage current Vesn = Vee: 0V < Ve -10 10 | pA

Table 15. AC characteristics

Symbol Parameter Test condition Min. Typ. Max. Unit

SDO, SDI, SCK, CSN, EN

Cout® | Output capacitance (SDO) Vour=0Vto5V - - 10 pF
Input capacitance (SDI) Viy=0Vto5V - - 10 pF

Cin
Input capacitance (other pins) ViN=0Vto5V - - 10 pF

1. Guaranteed by design.

Table 16. Dynamic characteristics(®

Symbol Parameter Test condition Min. | Typ. | Max. | Unit
ten EN high setup time 100 us
tscsn | CSN setup time before SCK rising 400 ns
thcsn | CSN high time 2 Us

J]
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L99MD02
Table 16. Dynamic characteristics® (continued)
Symbol Parameter Test condition Min. | Typ. | Max. | Unit
tcsnov | CSN falling until SDO valid Court = 100 pF 100 ns
tcsnot | CSN rising until SDO 3-state Cout = 100 pF 150 ns
tssck | SCK setup time before CSN rising 50 ns
tsspi SDI setup time before SCK rising 40 ns
thsck | SCK high time 200 ns
tisck | SCK low time 200 ns
tsckov | SCK falling until SDO valid Cout = 100 pF 150 ns
N Cout = 100 pF
toLgn | Output rise time 20 % - 80 % Ve 110 ns
. Cout = 100 pF
toHoL | Output fall time 20 % - 80 % Ve 110 ns
fspi SPI frequency 1 MHz

1. See Section 5.1: SPI timing parameter definition
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51 SPI timing parameter definition
Figure 5. SPItiming

SDO

SCK

SDI

| |
|
> tesnav - < tosnar >
| /l/ | |
: Data out >< Dataout
| | '
| | '
:*tSCSN -»! & tsckav 1 >l tggok

”

Data in

tesnav ¢ CSN falling until SDO valid
tcsnat @ CSN rising until SDO tristate
tsckav : SCK rising until SDO valid

tscsn : CSN setup time before SCK rising
tssoi : SDI setup time before SCK rising
thsck : minimum SCK high time

tLsck : minimum SCK low time

thesn : minimum CSN high time

tssck : SCK setup time before NCS rising

AG00304V1
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L99MD02
Figure 6.  Serial output timing
CSN
DO
pull-up load to VCC
C =100pF
tenDo i L taisDo Lt
DO
pull-down load to GND
C_=100pF
— [ — r—
tenDo i H tuisDo H v
GAPGMS00001
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6 Functional description of the SPI
6.1 Signal description
6.1.1 Serial clock (SCK)
This input signal provides the timing of the serial interface. Data present at Serial Data Input
(SDI) is latched on the rising edge of Serial Clock (SCK). Data on Serial Data Out (SDO) is
shifted out at the falling edge of serial clock (seeFigure 7). The SPI can be driven by a
microcontroller with its SPI peripherals running in following mode: CPOL = 0 and CPHA =0
(see Figure 7).
6.1.2 Serial data input (SDI)
This input is used to transfer data serially into the device. It receives the data to be written.
Values are latched on the rising edge of Serial Clock (SCK).
6.1.3 Serial data output (SDO)
This output signal is used to transfer data serially out of the device. Data is shifted out on the
falling edge of Serial Clock (SCK). SDO also reflects the status of the <Global Error Flag>
(Bit 7 of the <Global Status Register>) while CSN is low and no clock signal is present
6.1.4 Chip select not (CSN)
When this input signal is High, the device is deselected and Serial Data Output (SDO) is
high impedance (3-state). Driving this input low enables the communication. The
communication must start and stop on a low level of Serial Clock (SCK).
Figure 7.  Clock polarity and clock phase
CPOL CPHA
0 0
CSN
SCK B Cb
—
SDI MSBX X \N\ A X LseX
=
HI £ HI
SDO MSB LSB
X XX 0
GAPGCFT00001
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L99MDO02
Figure 8.  SPI frame structure
Write Operation
CSN
Command Byte Data
SDI MSB (8 bit LSB | MsB (16 by
SDO GIObazgsLaitt)us Byte (previous conzt!:gt of register)
MSB
Read Operation
CSN
Command Byte Don't care
SDI MSB (8 bit) LSB | MsB (16 bit) LSB
Global Status Byte (%alt;'lt)
i I
SDO (8 bit) MSB LSB
GAPGCFT00005

SPI communication flow

General description

The proposed SPI communication is based on a standard SPI interface structure using CSN

(Chip Select Not), SDI (Serial Data In), SDO (Serial Data Out/Error) and SCK (Serial Clock)
signal lines. Maximum SPI frequency is 1 MHz.

At the beginning of each communication the master reads the <SPI-frame-ID> register
(ROM address 3EH) of the slave device. This 8-bit register indicates the SPI frame length
(24 bit for the L99MDO02) and the availability of additional features.

Each communication frame consists of an instruction byte which is followed by 2 data bytes

(Figure 8).
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L99MD02 Functional description of the SPI
The data returned on SDO within the same frame always starts with the <Global Status>
register. It provides general status information about the device. It is followed by 2bytes (i.e.
‘In-frame-response’, Figure 8).
For write cycles the <Global Status> register is followed by the previous content of the
addressed register.
For read cycles the <Global Status> register is followed by the content of the addressed
register.
Table 17. Command byte (8 bit)
Operating code Address
Bit 23 22 21 20 19 18 17 16
Name OC1 OCO0 A5 A4 A3 A2 Al A0
Table 18. Data byte
Data Byte 1 Data Byte O
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name | D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
6.2.2 Command byte

J]

Each communication frame starts with a command byte. It consists of an operating code
which specifies the type of operation (<Read>, <Write>, <Read and Clear Status>, <Read
Device Information>) and a 6 bit address.

Table 19. Operating code definition

OoC1 0OCo Meaning
0 0 <Write mode>
0 1 <Read mode>
1 0 <Read and clear status>
1 1 <Read device information>

The <Write Mode> and <Read Mode> operations allow access to the RAM of the device,
i.e. write to control registers or read status information.

A <Read and Clear Status> Operation addressed to a device specific status register will
read back and subsequently clear this status register. A <Read and Clear Status> Operation
with address 3FH clears all status registers at a time and reads back the <Configuration>
register.

A <Read and Clear Status> operation addressed to an unused RAM address register will be
identical to a <Read Mode> operation (in case of unused RAM address, the second byte will
be equal to O0H).

<Read Device Information> allows access to the ROM area which contains device related
information such as the product family, product name, silicon version and register width.
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Table 20. Global status byte

Bit Description Polarity Comment
Depend on hit 5 of <Global Status Byte>:
Bit 5 Bit 0
0 Software reset or under/ Active hiah 0 Set if software reset (SDI stuck
overvoltage ctive hig at1or0)
Logical OR of the under- /
1 :
overvoltage status bits
1 | Overcurrent detected Active high | Set by any overcurrent event
2 | Open-load detected Active high | Set by any open-load event
3 | Temp warning Active high
4 | Thermal shutdown / chip overload | Active high
Activated by all internal reset events that
change device state or configuration
. s registers (e.g. software reset, V¢ under-
5 NOT (chip reset or communication Active low voltage, etc.). The bit will be set after a valid
error) C . : R
communication with any register. This bit is
initially ‘0" and will be set to ‘1’ by a valid
SPI communication
Bit is set if the number of clock cycles
6 | Communication error Active high durln.g. CSN = Iow_does n_ot mfatch .W'th the
specified frame width or if an invalid bus
condition is detected (SDI stuck at 1 or 0).
7 | Global error flag Active high Logic OR combination of all failures in the

<Global Status Byte>.

The <Global Error Flag> is generated by an OR-combination of all failure events of the
device (i.e. Bit 0 to Bit 6 of the <Global Status Byte>).
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Figure 9. Indication of the global error flag on SDO when CSN is low and SCK is stable
CSN high to low and SCK stays low: Global Error Flag (bit 7 of ,Global Status Byte“) is transfered to SDO
v
CSN
\ \ time
| |
| |
| |
SCK Ly |
: : time
| |
: |

SDO: Global Error Flag (Bit 7 of ,Global Status Byte*) will stay as long CSN is low

GAPGMS00002

J]

The bit 0 of the <Global Status Byte> is a combination of an under/overvoltage warning and
a software warning: If the bit 5 is one (this is the standard after a correct SPI
communication), bit 0 is the logical OR of all under- and overvoltage status bits.

On the other hand, if there has been an SPI communication error or a chip reset (bit 5 is
zero), then bit 0 gives a better indication about the SPI error: An SDI stuck-at error will lead
to a software reset and will set bit 0, while a clock pulse error only sets the communication
error bit, clears bit 5 and will clear also bit 0. This leads to the following table of possible
states (assuming there is no under/overvoltage, overcurrent, openload or thermal error):

Table 21. Reset

State Description Global status
EN = 0 (Power on reset) g'llj {gggfﬁt;ﬁ? off (3-state) 1000 0000
Clock cycles != 24 :\?gcr’;esgtame 1100 0000
SDI always 0 g‘l’]ftt;)"l’i;esgs;s;e dof 1100 0001
SDI always 1 gﬂ?;‘ﬁ;esﬁce;e dof 1100 0001

Writing to the selected data input register is only enabled if exactly one frame length is
transmitted within one communication frame (i.e. CSN low). If more or less clock pulses are
counted within one frame, the complete frame will be ignored and a SPI frame error is
signaled in the Global Status register. This safety function is implemented to avoid an
unwanted activation of output stages by a wrong communication frame.
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Note:

6.3

Note:

6.4

6.5
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For read operations, the <communication error> bit in the <Global Status Byte> will be set,
but the register to be read will still be transferred to the SDO pin. If the number of clock
cycles is smaller than the frame width, the data at SDO will be truncated. If the number of
clock cycles is larger than the frame width, the data at SDO will be filled with ‘0’ bits.

Due to this safety functionality a daisy chaining of SPI is not possible. Instead, a parallel
operation of the SPI bus by controlling the CSN signal of the connected ICs is
recommended.

As the frame width is 24 bits, an initial read of <SPI-frame-ID> using a 16 bits
communication will set the <communication Error bit> of the <Global Status Byte>. A
subsequent correct length transaction is necessary to correct this bit.

Write operation
OCO0, OC1.: operating code (00 for ‘write’ mode).

The write operation starts with a command byte followed by 2 data bytes.
For write cycles the <Global Status> register is followed by the previous content of the
addressed register.

The RAM memory area consists of 16 bit registers. All unused RAM addresses will be read
as ‘0.

Failures are indicated by activating the corresponding bit of the <Global Status> register.
RAM address 00H is unused. An attempt to access this address is recognized as a

communication line error (‘Data-in stuck to GND’) and all internal registers will be cleared
(software reset).

Read operation
OCO0, OC1: operating code (01 for ‘read’ mode).

The read operation starts with a command byte followed by 2 data bytes. The content of the
data bytes is ‘don’t care’. The content of the addressed register is shifted out at SDO within
the same frame (‘inframe response’). The returned data byte represents the content of the
register to be read. Failures are indicated by activating the corresponding bit of the <Global
Status> register.

Read and clear status operation

OCO0, OC1: operating code (10 for ‘read and clear status’ mode).
The ‘Read and Clear Status’ operation starts with a command byte followed by 2 data bytes.

The content of the data bytes is ‘don’t care’. The content of the addressed status register is
transferred to SDO within the same frame (‘in-frame response’) and is subsequently
cleared.

A ‘Read and Clear Status’ operation with address 3FH clears all Status registers
simultaneously.

J
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A <Read and Clear Status> operation addressed to an unused RAM address will be

identical to a <Read Mode> operation (in case of unused RAM address, the second byte will
be equal to O0H).

The returned data byte represents the content of the register to be read.

Failures are indicated by activating the corresponding bit of the <Global Status> register.

Read device information

OCO0, OC1: operating code (11 for ‘read device information mode)

The device information is stored at the ROM In the ROM memory area, the first 8 bits are
used. All unused ROM addresses will be read as ‘0’.

ROM address 3FH is unused. An attempt to access this address is recognized as a

communication line error (‘Data-in stuck to Vcc’) all internal registers will be cleared
(software reset).
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SPI control and status register

Table 22. RAM memory map
Address Name Access Content
01h Control register 1 Read/write | Output switch on/off
02h Control register 2 Read/write | Not used
03h Control register 3 Read/write l\_/ZV\éjriﬂ%::g:ocnu”em mode
04h Control register 4 Read/write | Current multiplexer
05h Control register 5 Read/write | PWM
06h Control register 6 Read/write | Open-load
10h Status register 0 Read only | Overcurrent
11h Status register 1 Read only | Open-load
12h Status register 2 Read only -I(;?/eDr/undervoItage
Table 23.  ROM memory map (access with OCO and OC1 set to ‘1’)
Address Name Access Content
00h ID header Read only ﬁj{(\egevice class ASSP, 2 additional information
01h Version Read only | 00h (engineering samples) (ST-SPI)
02h ProducCodel Read only |3Eh (62 ST_SPI)
03h ProducCode2 Read only |[4Eh (N ST_SPI)
3Dh Fuses Read only |Fuse data 9 -0
3Eh SPI-Frame ID Read only | 02h SPI-Frame-ID Register (24 Bit ST_SPI)
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Table 24.  Control status register®
(9]
2
5|38 Data byte 1 Data byte 0
ko] [8)
< <
Output switch on/off
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oth [RW | © 0 HS4 | LS4 | HS6 | LS6 | HS5 | LS5 0 0 HS3 | LS3 | HS2 | LS2 | Hs1 | Ls1
Not used
02h [RW | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Low side high current (reset value = 1)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
€ ¢
g =
03h |[RW| 0 | HC4a | HCe |HC5| 0 |HC3 | HC2 [HC1 | o [S8]| o 0 0 0 0 0
O =}
0
>
Current multiplexer
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ey | ey | eg 2| o2 | 22| 82 | o8
o4h |RW | £z | E | E |Bx | & |f | Ex |8z | o 0 0 0 |aKfact | 2K7C | 1kfact | 1KfaC
o2 j R ] o2 c D R ] j o] o2 f=} t t
00 | 00 | 00O |WO | 0O | OO | DO | WO
PWM
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
osh [RW | 0 0 0 0 0 0 PWM duty 0 |OuUT4|OUT6 |OUTS| 0 |OUT3|OUT2|OUTL
Open-load
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
@ o @ o o o
o< Qo © aw o m o o
o6h [RW | © 0 0 0 0 0 0 0 0 |53| 82|35z o |s2| 831|853
o [a] o [a] o [a)
Status overcurrent
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0h | R 0 0 HS4 | LS4 | HS6 | LS6 | HS5 | LS5 0 0 HS3 | LS3 | HS2 | LS2 | Hs1 | Ls1
Status open-load
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1h | R 0 0 0 0 0 0 0 0 0 |OuUT4|OUT6 |OUTS| 0 |OUT3|OUT2|OUTL
Status TSD; over/undervoltage
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TSD Vs Vsg | Vsa
Vg UV
12h | R 0 0 0 0 0 0 0 0 | TSD | | O 0 s ol o | o
1. Default reset value is 0, all unused bits read 0, unused bits have to be set to 0.
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Table 25. Control register 1 (read/write); address 01h
Bit Name Comment
15
14
13 OUT4 — HS on/off
12 OUT4 — LS on/off
11 OUT6 — HS on/off
10 OUT6 — LS on/off
9 OUTS5 — HS onl/off o o )
If a bit is set, the selected output driver is switched on. If the
8 OUT5 - LS on/off | corresponding PWM enable bit is set the driver will be PWMed.
7 If the bits of HS-and LS-driver of the same half bridge are set, the HS
5 and the LS-driver will be deactivated.
5 OUT3 — HS on/off
4 OUT3 — LS on/off
3 OUT2 — HS on/off
2 OUT2 - LS on/off
1 OUT1 — HS onl/off
0 OUT1 — LS on/off
Table 26.  Control register 3 (read/write); address 03h
Bit Name Comment
15
14 High current LS 4
13 High current LS 6 High current mode of low side switch
- “0": the selected low side switch is in low current mode. The
12 High current LS 5 | gyercurrent and open-load thresholds are reduced by %. The selected
1 current monitor ratio is doubled.
X “1” (default setting) the selected low side switch is in high current
10 High current LS 3 mode.
9 High current LS 2
8 High current LS 1
7 -
In case of Vg overvoltage
6 |VgOV shutdown/warn | “0": all outputs will be switched off + status bit set.
“1": only status bit will be set.
5
4
3

J
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Table 26.  Control register 3 (read/write); address 03h (continued)

Bit Name Comment

2

1
0

Table 27.  Control register 4 (read/write); address 04h

Bit Name Comment

Bit
setting
14 |OUTxto CURR2BItl | o

13 | OUTx to CURR2 Bit0 | Curr2

15 | OUTx to CURR2 Bit2 111 110 101 100 011 010 | 001 000

OUT4 | OUT6 | OUT5 OUT3 | OUT2 | OUT1

12 Enable CURR2 Enable the current monitor output 2

11 | OUTxto CURRL1 Bit2 se?tlitng 111 110 101 100 011 010 001 000
10 | OUTxto CURR1BItl1 To

OUT4 | OUT6 | OUTS OUT3 | OUT2 | OUT1
9 |OUTxto CURR1BIt0 | currl
8 Enable CURR1 Enable the current monitor output 1
7 -
6 -
5 -
4 -
3 Curr2 K-factor
2 curr2 K-factor Current monitor ratio loyty/lcurr

If the high current bit (register 03h) is set to 0 the ratio for the low

1 Currl K-factor | side will be the double of the programmed one.
0 Currl K-factor

Table 28. Ratio for CURR2

Bit3 Bit2 Ratio for CURR2
0 0 1/1000
0 1 1/750
1 0 1/500
1 1 1/250

J]
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Table 29. Ratio for CURR1

Bitl Bit0 Ratio for CURR1
0 0 1/1000
0 1 1/750
1 0 1/500
1 1 1/250

Table 30. Control register 5 (read/write); address 05h

Bit Name Comment
15 -
14 -
13 -
12 - Bit 9 Bit 8 PWM duty cycle
11 - 0 0 15 %
10 - 0 1 30 %
9 PWM duty Bitl1 1 0 45 %
8 PWM duty Bit0 1 1 60 %
7 -
6 PWM to OUT4
5 PWM to OUT6
PWM enable:
4 PWM 1o OUTS | _ «g”. pwM disabled this output
3 - — “1" if the corresponding enable bit is set and the PWM bit is set to “1”
the programmed output will be PWM’ed with typical 100 Hz
2 PWM to OUT3
1 PWM to OUT2
0 PWM to OUT1
34/46 Doc ID 16082 Rev 5 IS7]
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Table 31. Control register 6 (read/write); address 06h

Bit Name Comment

15 -

14 -

13 -

12 -

11 -

10 -

9 -

8 -

7

6 Disable OL OUT4

5 Disable OL OUT6 | Disable the open-load measurement

4 Disable OL OUT5 | “0": open-load is signaled via the corresponding bit in status register 2
and the global error byte.

3 “1": in case of an open-load, no register will change. Also the global

2 Disable OL QUT3 | error register will not change.

1 Disable OL OUT2

0 Disable OL OUT1

Table 32.  Status register 0 (read only); address 10h

Bit Name Comment
15 -

14 -

13 HS4

12 LS4

11 HS6

10 LS6

9 HS5

8 LS5

. - Overcurrent error detected, driver will be deactivated
6 -

5 HS3

4 LS3

3 HS2

2 LS2

1 HS1

0 LS1

J]
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Table 33.  Status register 1 (read only); address 11h
Bit Name Comment
15-8 - -
7 -
6 Open-load Out4
5 Open-load Out6
4 Open-load OutS | open-load detected, information only no changes if the corresponding
3 disable OL bit (control register 6) is set
2 Open-load Out3
1 Open-load Out2
0 Open-load Outl
Table 34.  Status register 2 (read only); address 12h
Bit Name Comment
15-8 - -
7 TSD Overtemperature detected: all the drivers are switched off
6 TSD warning Overtemperature warning level detected, information only
5 -
4 -
3 Vg UV Vg undervoltage
2 Vg OV Vg overvoltage
1 Vgg UV Vgp undervoltage
0 Vga UV Vga undervoltage
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8 Application examples

4

Figure 10. Driving 3 DC-motors simultaneously
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Figure 11. Driving 5 DC-motors sequentially
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9

9.1

Package and PCB thermal data

PowerSS0O-36 thermal data

Figure 12. PowerSS0O-36 PC board

PowerSS0-38 m

PowerSS0-36

Bern™2 ®

AG00318V1
Note:

Board finish thickness 1.6 mm +/- 10%; Board double layer and four layers; Board dimension 129 mm x 60 mm;
Board Material FR4; Cu thickness 0.070 mm (outer layers); Cu thickness 0.035mm (inner layers);

Footprint dimension 4.1 mm x 6.5 mm

Thermal vias separation 1.2 mm; Thermal via diameter 0.3 mm +/-0.08 mm; Cu thickness on vias 0.025 mm);

Doc ID 16082 Rev 5

39/46




Distributor of STMicroelectronics: Excellent Integrated System Limited
Datasheet of LOOMDO2XPTR - IC PTS SMARTPOWER

- Contact us: sales@integrated-circuit.com Website: www.integrated-circuit.com

icnts

ws
/")

-
\uf

electronic com
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Figure 13. PowerSS0O-36 thermal impedance junction ambient
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10 Package information
10.1  ECOPACK® package
In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.
ECOPACK® is an ST trademark.
10.2 PowerSS0O-36™ mechanical data
Figure 14. PowerSS0-36™ package dimensions
| |
5 [ } | / |
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D (Bod}y length) 2 1 g
| : ——
| . : :
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\ [
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Table 35. PowerSS0-36 mechanical data
Millimeters
Symbol i
Min. Typ. Max.
A 2.15 - 2.45
A2 2.15 - 2.35
al 0 - 0.1
b 0.18 - 0.36
c 0.23 - 0.32
p® 10.10 - 10.50
E 7.4 - 7.6
e - 0.5 -
e3 - 85 -
= ; 2.3 -
G - - 0.1
Gl - - 0.06
H 10.1 - 10.5
h - - 0.4
k 0° - 8°
L 0.55 - 0.85
M - 4.3 -
N - - 10°
(0] - 1.2 -
Q - 0.8 -
S - 29 -
T - 3.65 -
U - 1 -
X 4.3 - 5.2
Y 6.9 - 7.5

42/46

1. “D”and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm

per side (0.006").
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Packing information

Figure 15. PowerSS0O-36 tube shipment (no suffix)

All dimensions are in mm.

LUlser Direction of Feed

2 Base Q.ty 49
Bulk Q.ty 1225
Tube length (+ 0.5) 532
ciid. 5 A 3.5
B 13.8
C(x0.1) 0.6
All dimensions are in mm.
>
A
GAPGCFT00002
Figure 16. PowerSSO-36 tape and reel shipment (suffix “TR")
T REEL DIMENSIONS
_‘—"__. _ at :.llot‘;.u:an:n BaseQ_ty 1000
i Bulk Q.ty 1000
/ A (max) 330
/ \ || B (min) 15
{ \ C(x0.2) 13
P - { ......... '1 ....................... e N F 20.2
\ i . f G (+2/-0) 24.4
\ ; f,.f — N (min) 100
\\ Full o \ )j\ _— 11 fr,h T (max) 30.4
- ", — /_/"I Ineaes e
TAPE DIMENSIONS
According to Electronic Industries Association P
(EIA) Standard 481 rev. A, Feb 1986 o o1
Tape width w 24 . H )
Tape Hole Spacing PO(x0.1) | 4 TOPR HE PN i oy
Component Spacing P 12 /ii‘;i“ EI \_:/‘@“"r
Hole Diameter D (x0.05) | 1.55 = o ' ! ' ——| PRl w
Hole Diameter D1 (min) | 15 Nt | o |_o i 74 -
Hole Position F(x0.1) | 115 [ L L ol
Compartment Depth K (max) 2.85 :
Hole Spacing P1(x0.1) 2 K

User Direction of Feed

> o((o o__c((o__o__c((_o__o__c(

SRV EEh R

End

Start
Top No components Components No components
cover
tape 500mm min

Empty components pockets  500mm min
saled with cover tape.

User direction of feed

GAPGCFT00003

Doc ID 16082 Rev 5

43/46




g

electronic comp

h.l' ot i

onents

Distributor of STMicroelectronics: Excellent Integrated System Limited
Datasheet of LOOMDO2XPTR - IC PTS SMARTPOWER
Contact us: sales@integrated-circuit.com Website: www.integrated-circuit.com

Revision history

L99MD02

11

44/46

Revision history

Table 36. Document revision history

Date Revision Changes
30-Jul-2009 1 Initial release.
Updated Features list.
Removed Block diagram on page 1.
Updated Figure 1: Detailed block diagram.
Updated Section 2.3: Standby mode.
Chapter 3: Pin definitions and functions:
21-Jun-2010 2 — Updated Table 3: Pin description
— Updated Figure 3: Pin connection (top view-not in scale)
Updated Table 16: Dynamic characteristics and
Table 24: Control status register.
Inserted Table 30: Control register 5 (read/write); address 05h
Added Chapter 10: Package information.
Updated Figure 2: Power on reset
Updated Features list.
Table 9: Over and undervoltage detection
— Vsuv orr Vsuv on: Vsauv ons Vseuv oFr Vssuy on: Updated
maximun value
= Vsuv hyst: Vsauv hyst: VsBuv hyst: Vsov hyst: @dded minimum
value
— Vsauv oFe: updated minimum and maximum values
Table 10: Switches
— Updated following parameters: ronisic 1-6» : o LH/tD LHs lQLH:
loLL: loLpbHsi-6: loLbLsHei-6: loLbLsLci-6
25-Jan-2011 3 Table 11: Current monitor output
— Updated |cyrRr1/2 acc Parameter
Added Table 12: Current monitor dynamic characteristics
Updated following tables:
— Table 25: Control register 1 (read/write); address 01h
— Table 26: Control register 3 (read/write); address 03h
— Table 27: Control register 4 (read/write); address 04h
— Table 30: Control register 5 (read/write); address 05h
— Table 31: Control register 6 (read/write); address 06h
— Table 32: Status register 0 (read only); address 10h
— Table 33: Status register 1 (read only); address 11h
Added Chapter 9: Package and PCB thermal data
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Table 36. Document revision history (continued)

Date Revision Changes

Updated Features list.

Updated Section 2.2: Power supply: Vga, Vsg
Updated following tables:

— Table 3: Pin description

23-Feb-2011 4 .
— Table 11: Current monitor output
— Table 12: Current monitor dynamic characteristics
— Table 16: Dynamic characteristics
— Table 20: Global status byte
19-Sep-2013 5 Updated disclaimer.
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described herein at any
time, without notice.

All ST products are sold pursuant to ST's terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

ST PRODUCTS ARE NOT DESIGNED OR AUTHORIZED FOR USE IN: (A) SAFETY CRITICAL APPLICATIONS SUCH AS LIFE
SUPPORTING, ACTIVE IMPLANTED DEVICES OR SYSTEMS WITH PRODUCT FUNCTIONAL SAFETY REQUIREMENTS; (B)
AERONAUTIC APPLICATIONS; (C) AUTOMOTIVE APPLICATIONS OR ENVIRONMENTS, AND/OR (D) AEROSPACE APPLICATIONS
OR ENVIRONMENTS. WHERE ST PRODUCTS ARE NOT DESIGNED FOR SUCH USE, THE PURCHASER SHALL USE PRODUCTS AT
PURCHASER’S SOLE RISK, EVEN IF ST HAS BEEN INFORMED IN WRITING OF SUCH USAGE, UNLESS A PRODUCT IS
EXPRESSLY DESIGNATED BY ST AS BEING INTENDED FOR “AUTOMOTIVE, AUTOMOTIVE SAFETY OR MEDICAL” INDUSTRY
DOMAINS ACCORDING TO ST PRODUCT DESIGN SPECIFICATIONS. PRODUCTS FORMALLY ESCC, QML OR JAN QUALIFIED ARE
DEEMED SUITABLE FOR USE IN AEROSPACE BY THE CORRESPONDING GOVERNMENTAL AGENCY.

Resale of ST products with provisions different from the statements and/or technical features set forth in this document shall immediately void

any warranty granted by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liability of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.
Information in this document supersedes and replaces all information previously supplied.
The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.

© 2013 STMicroelectronics - All rights reserved

STMicroelectronics group of companies

Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Israel - Italy - Japan -
Malaysia - Malta - Morocco - Philippines - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States of America

www.st.com
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