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STODO02

Dual DC-DC converter for powering AMOLED display

Features

m Step-up and inverter converters

m Operating input voltage range from
25Vto45V

m Synchronous rectification for both DC-DC
converters

m 150 mA maximum output current
m 4.6V fixed positive output voltage

m Programmable negative voltage by S-wire from
-23Vto-59V

m Typical efficiency: 85 %

m Pulse skipping mode in light load condition
(lo < 10 mA)

m 1.6 MHz PWM mode control switching
frequency (o > 10 mA)

Enable pin for shutdown mode

Low quiescent current: < 1 pA in shutdown
mode

Soft-start with inrush current protection

Over temperature protection

Temperature range: -40 °C to 85 °C

True shutdown mode

Fast outputs discharge circuit after shutdown
Package: DFN 12 leads - (3 x 3 mm)

Applications

m Active matrix organic LED power supply
(AMOLED)

m Mobile phones

DFN12L (3 x 3 mm)

m PDAs
m Camcorders and digital still cameras

Description

The STODO02 is a dual DC-DC converter meant to
power AMOLED displays. It integrates a step up
and an inverting DC-DC converter making it
particularly suitable for battery operated products,
where the major concern is the overall system
efficiency. STODO02 works in pulse skipping mode
during low load condition and in PWM-mode (at
1.6 MHz) for medium/high load condition. The
high frequency allows reducing the value and
number of external components just to 6
components needed. The enable pin allows
turning off the device so reducing the current
consumption to less that 1 pA. The negative
output voltage can be programmed by an MCU
through a dedicated pin which implements single-
wire protocol. Soft-start with controlled inrush
current limit and thermal shutdown are integrated
functions of the device.

Table 1. Device summary
Order code Package Packaging
STODO02PUR DFN12L (3 x 3 x 0.8 mm) 3000 parts per reel
STODO2TPUR DFN12L (3 x 3 x 0.6 mm) 3000 parts per reel
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STODO02 Diagram

1 Diagram

Figure 1. Block diagram
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Pin configuration

Figure 2. Pin connections (top view)
L X1 | 1_ J F————— | . 1_2_ \/|NP
- I —
N I r
PGND | 2 : oI Via
I
=N , ==
Vor Lo L] Ly
[ _. 1 AGND ! ]
NC L4 : P2 Vo
- — I —
AGND [ 5 > : 1 (8] EN
I
- — L —
Veer  L62 (7] S—wire
Table 2. Pin description
Pin n° Symbol Description
1 Ly4 Switching node of the step up converter
2 PGND | Power ground pin
3 Vo1 Step up converter output voltage
4 NC Not connected
5 AGND | Signal ground pin. This pin must be connected to power ground pin
6 VREer External voltage reference
7 S-wire Negative voltage setting pin, uses S-wire protocol
8 EN Enable control pin. ON = V|. When pulled low, the device goes in shutdown mode
9 Voo Inverting converter output voltage
10 Lyo Switching node of the inverting converter
11 ViNA Analog input supply voltage
12 VNP Power input supply voltage
exposed | Internally connected to AGND. Exposed pad must be connected to AGND and PGND in
pad the PCB layout in order to guarantee proper operation of the device.
4/23 Doc ID 15245 Rev 3 1S7]
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Maximum ratings

Table 3. Absolute maximum ratings
Symbol Parameter Value Unit
Vinas Vine | DC supply voltage -0.3t0 6 \
EN,S-wire Enable pin, S-wire pin -0.3t0 6 \Y
ILxo Inverting converter’s switching current Internally limited A
Lyo Inverting converter switching node -10 to V|\p+0.3 \
Vo2 Inverting converter output voltage -10 to GND+0.3 \
Vo1 Step-up converter output voltage -0.3t0 6 Vv
Lx4 Step-up converter switching node -0.3to Vp1+0.3 \
ILx1 Step up converter’s switching current Internally limited A
VRer Reference voltage -0.3t0 3 \
Pp Power dissipation Internally limited mwW
Tst Storage temperature range -65 to 150 °C
Ty Maximum junction temperature 150 °C
ESD ESD protection HBM 2 kV
Note: Absolute maximum ratings are those values beyond which damage to the device may occur.
Functional operation under these condition is not implied.
Table 4. Thermal data
Symbol Parameter Value Unit
Rihua Thermal resistance junction-ambient referred to FR-4 PCB 491 °C/W
Rinic Thermal resistance junction-case 4.216 °C/W
Kﬁ Doc ID 15245 Rev 3 5/23
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Application STODO02
4 Application
Figure 3. Typical application circuit
L1
YTV
VinP  Vind Lxl +
Cin EE Vol —]_
_r Vet T AMOLED
Cref = DISPLAY
i
2 i Vo2
S-WITE me—
-
EN m— Lx2 L
sw  AcND| PGNIi
= " L2
Table 5. Typical external components
Symbol Parameter Min. Typ. Max. Unit
L4 Inductor 4.7 pH
Lo Inductor 4.7 puH
Cin Ceramic capacitor SMD 4.7 uF
Co1, Co2 Ceramic capacitor SMD 4.7 pF
Cref Ceramic capacitor SMD 1 uF
6/23 Doc ID 15245 Rev 3 1S7]
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Electrical characteristics

TJ =25 oC, VlNA = V|NP =3.7 V, IO1 2= 30 mA, C| =47 |JF, Co1’2 =47 UF, CREF =1 |JF, L1 =
4.7 lJH, L2=4.7 lJH, VEN = V|NA = V|NP VO1 =46V, V02= -4.9 V unless otherwise SpeCiﬁed.

Table 6. Electrical characteristics
Symbol Parameter Test conditions Min. | Typ. Max. | Unit
General section
vy | Operatinginputvoltage |\, 4 ey T = 4010 85°C 25 45 | v
range
UVLO_H g:‘gﬁr voltage lockout 1y, tising, T, = -40 to 85°C 240 | 250 | V
UVLO_L LLJS(\j/\?r voltage lockout 1y, = falling, T, = -40 to 85°C 230 | 235 v
I_V, |Input current No Load condition (I_V| = lina + Iinp) 1 1.5 | mA
IS Shutdown current VEN = GND, (ls = I|NA + I|NP) 1 HA
Ven H | Enable high threshold | Vya= 2.5V to 4.5V, T = -40 to 85°C 1.2 v
VenL  |Enable low threshold | Viya= 2.5V to 4.5V, T, = -40 to 85°C 0.4
lEN Enable input current Ven =V, 1 HA
Fsw Frequency PWM mode, T =-40 to 85°C 1.35 1.6 1.85 | MHz
Step-up maximum duty o
D1pax cycle 920 Yo
Inverting maximum o
D2max duty cycle 90 %
lo1,2=10 to 30mMA, Vg1=4.6V, Vgo=-4.9V 80
v Total system efficiency lo1.2=30 to 150mA, V=46V, 85 %
Voo=-4.9V
Vger | Voltage reference Irep=10pA 1.196 | 1.209 | 1.222 \
Voltage reference _ 1o
'REF | current capability AtVrer = Vrer = 1.5% 100 bA
Step-up converter section
V, Line/Load maximum |y, 5 5yt 4.5V, I;=5mA to 100mA 455 | 46 | 465 | V
o1 output voltage variation | * NAT =Y 01E : : :
Vina=2.5V to 4.5V, 1g1=5mA, I, no load; 05
T,=-40°C to 85°C ’
AVpq 5L | Static line regulation () %
V|NA=2.5V to 45V, Io1=100mA, |02 no 05
load, T =-40°C to 85°C ’
VINA=3-5V to 3.0V, |o1=1OOmA
AVoq 7 |Line transient T,=-40°C to 85°C, Tr=T¢=50ps output -12 mv
voltage variation with respect to nominal
Vo1
17 Doc ID 15245 Rev 3 7/23
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Table 6. Electrical characteristics (continued)
Symbol Parameter Test conditions Min. | Typ. Max. | Unit
lo1=5 to 100mA, I no load, Viya=2.5V; +1
T,=-40°C to 85°C
AVp; | Static load regulation ? %
|O1=5 to 100mA, IO2 no Ioad, V|NA=4.5V; 1
T,=-40°C to 85°C
lg1=3 to 30mA and 151=30 to 3mA,
Tr=TE=30ps, output voltage variation with +30
Load transient respect to nominal Vo
AVO“ . mV
regulation lp1=10 to 100mA and lo1=100 to 10mA,
Tr=Tg=30ps, output voltage variation with +35
respect to nominal Vg4
AV Ripple output voltage lo1=5 to 100mA; 0.5Vpp pulse signal 20 mv
o1 range (peak to peak) applied to V| at 200Hz; TDMA Noise
o,  |Maximum Step-up V|=2.9V to 5.5V 150 mA
output current
I-Limax | lpeak current Vo1 below 10% of nominal value 0.9
RDSONP1 TJ =-40 to 85°C 0.8 1.0
RDSONN1 TJ =-40 to 85°C 0.5 1.0
Inverting converter section
Output negative voltage | 10 different values set by S-wire pin (see
Voo 2.3 -5.9 \
range Table 9)
Voo def. | Vg, default value Default output voltage -4.80 | -4.9 -5.00 v
Output voltage variation with respect to o
Vs Toll. | Voo tolerance nominal Vo, selected +2 Yo
V|NA=2.5V to 4.5V, I02=5mA, |O1 no load; 1 o
T,=-40°C to 85°C °
AVpo Static line regulation ®)
V|NA=2.5V to 45V, I02=1OOmA, |O1 no 1 o
load, T,=-40°C to 85°C °
Vina=3.5V to 3.0V, Igo=100mA
AVp1 1 |Line transient Ty=-40°C to 85°C, Tp=T¢=504s output +30 mv
voltage variation with respect to nominal
Vo2
lo2=5 to 100mA, I5¢ no load, V|ya=2.5V, .1
4 T,=-40°C to 85°C
AVp, | Static load regulation () %
lp2=5 to 100mA, In¢ no load, Viya=4.5V; 1
T,=-40°C to 85°C
. lp2=3 to 30mA and 15»,=30 to 3mA,
AVooy Load trgnsuant Tr=Tg=30ps, output voltage variation with +40 +80 mV
regulation .
respect to nominal Vo
Load transient lo2=10 to 100mMA and Ig,=100 to 10mA,
AVoze regulation HC TRr=Tr=30us *#30 | #50 | mV
8/23 Doc ID 15245 Rev 3 17
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Electrical characteristics

Table 6. Electrical characteristics (continued)
Symbol Parameter Test conditions Min. | Typ. Max. | Unit
Ripple output voltage loo=5 to 100mA 0.5Vpp pulse signal
AVo2 range applied to V| at 200Hz; TDMA Noise 25 mv
Maximum inverting _
IOZS OUtpUt current V|NA—2.5V to 2.9V 120 mA
Maximum inverting _
|02 output current V|NA—2.9V to 4.5V 150 mA
I-Lomax | lpeak current Voo below 10% of value set by S-wire -1.2 -1.1
RDSONP2 TJ =-40 to 85°C 0.4 2.0
RpsonN2 T,=-4010 85°C 0.4 1.0
Thermal shutdown
oTP Over te_mperature 140 °C
protection
Over temperature o
OTPhyst protection hysteresis 15 C
Discharge resistor
Rois Discharge resistor 600 Q
value
Tois Discharge time 6 ms
1. [(Voimax - Voimin) / (Vo1 at 25°C and Viya = 2.5 V)] x 100
2. [(VO1MAX - VO1M|N) / (Vo1 at 25°C and |O1 =5mA)] x 100
3. [(VOZMAX - V02M|N) / (V02 at 25°C and VlNA =2.5V)]x 100
4. [(VOZMAX - VO2M|N) / (Vo2 at 25°C and |02 =5 mA)] x 100
17 Doc ID 15245 Rev 3 9/23
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S-wire protocol

Figure 4. S-wire protocol
1 L i Tsten
BN— |  Ea— e —
S-wire : ] ! :U LTI |
; i i iTwait i [ i ki
Vout Default -—-— ; I R ¢ I Tvo_off_dly2
- e Tss2 phde |1 K=
Vout i : i 1'. 1 _"'Ti"_ i N
eSSl e Tk s ;‘;’T 3
! i Tyvo_off_dlyl aff. diy2
I ERE e
Ten_dly s
- —»-«— Toff_dlyl
Table 7. Time
Rating Symbol Min. Typ. Max. Unit
Enable high delay time Ten_dly 300 ys
Soft-start delay Tssi 2 ms
Turn-off delay Toff_dly1 50 us
Vo turn-off delay Tvo_off_dly1 12 ms
S-Wire initial time Tih 300 400 us
Soft-start time by S-wire enable Tss2 2 3 ms
S-Wire High Tsh 2 20 45 us
S-Wire Low Tsl 2 20 75 us
S-Wire signal stop indicate time Tstop 300 400 us
Vo turn-off delay by S-Wire Tvo_off_dly2 12 |0
Twait after data Twait 0 10 us
S-Wire turn-off detection time Toff_dly2 300 400 us
10/23 Doc ID 15245 Rev 3 17
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STODO02 S-wire protocol

Figure 5. Waveform

TON TOFF Tf T,-
—\
........... 0%
............. ] &O/o /
BIT=1 BIT=0 BIT=0
Table 8. Time
Rating Symbol Min. Typ. Max. Unit
Rising input high threshold voltage level ViH 1.2 ViNA \
Falling input high threshold voltage level VL 0 0.6 \"
Pull down resistor Rs-wIRe 150 kQ
Wake up delay Twk 1 ys
S-Wire rising time T, 200 ns
S-Wire falling time Ts 200 ns
Clocked s-wire high Ton 2 45 ps
S-wire low Torr 2 75 us
Input S-Wire frequency Fs-wire 400 kHz
Table 9. Inverting output voltages
Bit clock Vo2 (V)
1 -2.3
2 2.7
3 -3.1
4 -3.5
5 -3.9
6 -4.3
7 -4.7
8 -5.1
9 -5.5
10 -5.9
Ky_’ Doc ID 15245 Rev 3 11/23
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STODO02

Table 10. Enable and s-wire pin settings
Enable S-wire Action
0 0 Device off
0 1 Output set by S-Wire
1 0 Default value output (- 4.9 V)
1 1 Default value output (- 4.9 V)
Note: Enable pin must be set to GND while using S-wire function.
Figure 6. Single wire programming
Default value Adjustable Value Table by S-wire
S I Bit Clock Vouin(¥)
2.3V ‘ -
S-WIRE I Bl 2 27
I_I Tstop ; T
2.7V ! =
S-WIRE I I I‘ | ITstnll 2 ji
=31V -
swee | [l [L[e= : =
2 El -5.5
SWMRE ot = i o -3.5V 10 59
3.9V
B 1 2 3 4 Tstop
-4.3V
S-WIRE 1 A 3 4 |5 Tstop
4.7V
S-WIRE 1] 12| [2] 1¢] Is] [¢] [ Tston
S-WIRE TRARAAR A A o -5.1V
S-WIRE TRAAAEFE A [ T -5.5V
-5.0V
S-WIRE IRERERIRERCRENEREnES
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STODO02 Typical performance characteristics
7 Typical performance characteristics
C| = Co172= 4.7 |..IF, CREF= 1 lJF, L1 = L2= 4.7 IJH, TJ =25°C
Figure 7.  Efficiency vs. input voltage Figure 8. Efficiency vs. output current
88% 90%
86% \ 88%
// \ 86% o’ e ——
84% ° /
,/ \ — 84% B
82% / \. - / \\
g go% | £ 82% /
3 g 80%
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6% 76%
74% 74%
72% 72%
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Vi [V loyr [MA]

Efficiency values are measured using MARUWA
CXFU0208-4R7 (0.44 Q DC resistance)

Efficiency values are measured using MARUWA
CXFU0208-4R7 (0.44 Q DC resistance)

Figure 9. Step-up inductor peak current vs. Figure 10. Inverting inductor peak current vs.
input voltage input voltage
Ven=Vina=Vinp=2.3 t0 4.5 V, V5, =below 10% of nominal value, V,=-4.9 V Ven=Vina=Vinp=2.3 to 6 V, V,=below 10% of nominal value, V,=4.6 V
2 0
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= 14 = 06
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1 ER
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Figure 11. PWM step-up frequency vs. Figure 12. PWM inverting frequency vs.
temperature temperature
Ven=Vina=Vinp=3.7V, L;=L,=OPEN LOOP replaced by 100Q resistor, Ven=Vina=Vinp=3.7V, Ly=L,=OPEN LOOP replaced by 100Q resistor,
1512=NO LOAD, Vq,=+4V, V,=-4V externally forced, T,=-55°C to 125°C l12=NO LOAD, V;=+4V, V(,=-4V externally forced, T ,=-55°C to 125°C
2 2
w 1.9 w19
I 1.8 I 1.8
217 =
516 5 161
E 15 E 1.5
S5 1.4 S 14
g13 13
E 1.2 E 1.2
1.1 1.1
1 r r r r : r : r 1 . . . : . . . .
-55 -35 -15 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105 125
TEMPERATURE [°C] TEMPERATURE [°C]
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Figure 13. Quiescent current vs. temperature Figure 14. Input current vs. temperature
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VEN=GND, V|NA=V|NP=3.7V

VEN=V|NA=V|NP=3.7V, |o1=|02=NO LOAD, V01=4.6V,
Vop=-4.9V

Figure 15. Step-up line transient regulation

Figure 16. Inverting line transient regulation
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VEN=V|NA=V|NP=3'5V to 3V, |01=NO LOAD, |02=1 OOmA,
Vo1 =4.6V, V02=-4.9V, TR=TF=5OIJS

Figure 17. Step-up load transient regulation

Figure 18. Inverting load transient regulation
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Figure 19. Fast discharge
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8 Demonstration board

Figure 20. Suggested demonstration board schematic (top layer view)
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Figure 21. Suggested demonstration board schematic (bottom layer view)
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9 Package mechanical data

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.

Table 11. DFN12L (3 x 3 x 0.8 mm) mechanical data

mm.
Dim.
Min. Typ. Max.
A 0.70 0.75 0.80
A1l 0 0.02 0.05
A3 0.20
b 0.18 0.25 0.30
D 2.85 3 3.15
D2 1.87 2.02 212
E 2.85 3 3.15
E2 1.06 1.21 1.31
e 0.45
L 0.30 0.40 0.50
Kﬁ Doc ID 15245 Rev 3 17/23
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Figure 22. Drawing dimension DFN12L (3 x 3 x 0.8 mm)
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DFN12L (3 x 3 x 0.6 mm) mechanical data
mm. inch.
Dim.
Min. Typ. Max. Min. Typ. Max.
A 0.51 0.55 0.60 0.020 0.022 0.024
A1 0 0.02 0.05 0 0.001 0.002
A3 0.20 0.008
b 0.18 0.25 0.30 0.007 0.010 0.012
D 2.85 3 3.15 0.112 0.118 0.124
D2 1.87 2.02 2.12 0.074 0.080 0.083
E 2.85 3 3.15 0.112 0.118 0.124
E2 1.06 1.21 1.31 0.042 0.048 0.052
e 0.45 0.018
L 0.30 0.40 0.50 0.012 0.016 0.020
D2
1 2 3 4 5 6
| | | | | EXPOSED PAD
PIN 11D \ LLY ! Lp
RN
%“L
|
T
T T T T
12 111 ‘ 9 8 |7 ’
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d ! mepmg%ﬁ seanne e
At
mgx COPLANARITY iz 1o i v 87
S R )
R B ‘\; _ _ ]:7, _ “ I3
L777T7777J 1/2
PIN 1 1D/ n 7 z 3 4 5 &
Lp/zg.
TOP VIEW 80851 16/A
D
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Tape & reel QFNxx/DFNxx (3x3) mechanical data
mm. inch
DIM.
MIN. TYP MAX. MIN. TYP. MAX.
A 330 12.992
o} 12.8 13.2 0.504 0.519
D 20.2 0.795
N 99 101 3.898 3.976
T 14.4 0.567
Ao 3.3 0.130
Bo 3.3 0.130
Ko 1.1 0.043
Po 4 0.157
P 8 0.315
N
Y
Y
A
}
[
-
Po
Bo I
- EQT)D 5057
I 7 —
| Ko | | Ao . - P
Note: Drawing not in scale
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Figure 23. DFN12L (3 x 3 mm) footprint recommended data
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10 Revision history
Table 12. Document revision history
Date Revision Changes

05-Dec-2008 1 Initial release.

15-Dec-2008 2 Added: pin description exposed pad Table 2 on page 4.

30-Jun-2009 3 Modified: Table 2 on page 4.
22/23 Doc ID 15245 Rev 3 1S7]
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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.

UNLESS EXPRESSLY APPROVED IN WRITING BY AN AUTHORIZED ST REPRESENTATIVE, ST PRODUCTS ARE NOT
RECOMMENDED, AUTHORIZED OR WARRANTED FOR USE IN MILITARY, AIR CRAFT, SPACE, LIFE SAVING, OR LIFE SUSTAINING
APPLICATIONS, NOR IN PRODUCTS OR SYSTEMS WHERE FAILURE OR MALFUNCTION MAY RESULT IN PERSONAL INJURY,
DEATH, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE. ST PRODUCTS WHICH ARE NOT SPECIFIED AS "AUTOMOTIVE
GRADE" MAY ONLY BE USED IN AUTOMOTIVE APPLICATIONS AT USER’S OWN RISK.

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.
© 2009 STMicroelectronics - All rights reserved
STMicroelectronics group of companies
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