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LM3550 5A Flash LED Driver with Automatic V| gp and ESR Detection for Mobile Camera
Systems
Check for Samples: LM3550

FEATURES
« Up to 5A Flash Current * Flash Time-Out Protection
» 4 Selectable Super-Capacitor Charge Voltage  LED Temperature Protection or Ambient Light
Levels (4.5V, 5.0V, 5.3V, Optimized) Sensing Pin
* Flash Optimized Charge Mode for Optimal * Low Profile 20-Pin UQFN Package (3.0 mm x
Efficiency 2.5 mm x 0.8 mm)
— 33% Faster Charge Time Using Optimal
Mode APPLICATIONS
— 49% Less Power Dissipated in Current + Camera Phones
Source using Optimal Charge Mode  Digital Still Camera
» Fast Super-Capacitor Charger with 500 mA « Voltage Rail Management
Input Current Limit
+ Adjustable Torch Current (60 mA to 200 mA) DESCRIPTION
« Ambient Light or LED Thermal Sensing with LM3550 is a low-noise, switched-capacitor DC/DC
Current Scaleback converter designed to operate as a current-limited

—_— and adjustable (up to 5.3V) super-capacitor charger.
* End-of-Charge Qutput (FOC) LM355%) featur(esp user-se)zlectrz)ible F;uper-capagitor
+ Dedicated Indicator LED Current Source charge-termination voltages and an optimal charge-
« No Inductor Required termination mode that maximizes flash-energy
efficiency by accounting for flash element losses.

* Manual Flash Enable via Strobe Pin Input Additionally, the device provides one adjustable

* Programmable Flash Pulse.Dugation, and constant current output (up to 200 mA) and one
Torch and Flash Currents via I°C-compatible NFET controller ideal for driving one or more high-
Interface current LEDs either in a high-power flash mode or a

« True Shutdown (LED Disconnect) low-power torch mode.

Typical Application Circuit
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Figure 1. Figure 2. Solution Size

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
All trademarks are the property of their respective owners.
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DESCRIPTION (CONTINUED)

The LM3550 can be configured to utilize a proprietary super-capacitor charging scheme (Optimal Charge Mode),
allowing faster charging times (0 to Target Voltage) and lower current-source power dissipation. Optimal Charge
Mode adapts to changes in the flash LEDs forward voltage as well as the super-capacitor's ESR ensuring that
the super-capacitor is charged to the ideal voltage required to sustain constant current-flash operation.

The LED current and Flash pulse duration of the LM3550 can be programmed via an 1>°C-compatible interface.
The STROBE pin allows the Flash to be toggled via a flash-enable signal from a camera module. The EOC pin
sinks current when the output voltage reaches 95% of the final value.

The ALD/TEMP input pin allows either a light sensor to adjust the flash-current level based on the ambient light
conditions, or it allows for over-temperature detection and protection of the LED during high-power operation or
high ambient-temperature conditions by connecting an NTC thermistor temperature monitoring circuit to the pin.

Connection Diagram
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PIN DESCRIPTIONS
Pin # Name Description
14 VN Input voltage connection. A 1 pF ceramic capacitor is required from V| to GND.
Charge pump output. A 1 pF ceramic capacitor is required from Vgoyt to GND. Connect the Flash LED
1 Vout ) ! o
anodes and Super-Capacitor to this pin.
20 Ci+
18 C1- ) . . . .
15 2 Flying capacitor pins. 1 pF ceramic capacitor should be connected from C1+ to C1- and C2+ to C2-.
+
16 C2-
3 LED- Regulated current sink input, for Torch Mode.
FET_CON External FET controller. Connect gate of flash NFET to this pin.
5 FB Programmable Feedback Voltage pin.
10 SCL I2C Serial Clock pin.
8 SDA I2C Serial Data I/O pin.
13 IND Indicator LED Current Source. Drives one red LED with a 5 mA current.
6 Eoc End-of-charge output/ flash ready. The EOC pin will transition from high to low when an end of charge
state has been reached
11 STROBE Manual Flash enable pin. The Strobe pin can be configured to be rising edge sensitive with the flash
timing controlled internally, or level sensitive with the flash timing being controlled externally.
2 BAL Super-capacitor active Balance pin.
Ambient Light Sensor or Temperature Monitoring pin. For ambient light sensing, connect a light sensor /
12 ALD/TEMP | photo-diode and a resistor to this pin. For temperature monitoring, connect a NTC thermistor from VCC to
the NTC pin and a resistor from the NTC pin to ground.
7,9,17,19, DAP GND Ground pins. These pins should be connected directly to a low impedance ground plane.

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

2 Submit Documentation Feedback Copyright © 2009-2012, Texas Instruments Incorporated
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Absolute Maximum Ratings @@

V\ to GND -0.3V to 6V
Vour, LED-, FB to GND -0.3V to 6V
SDA, SCL, STROBE, FET_CON, EOC, ALD/ITEMP,

IND to GND —-0.3V to 6V
Continuous Power Dissipation® Internally Limited
Junction Temperature (Tj.vax ) 150°C
Storage Temperature Range -65°C to +150
Maximum Lead Temperature (Soldering, 10s) See®
ESD Rating® Human Body Model 2 kv
Machine Model ") 200V

(1) Absolute Maximum Ratings indicate limits beyond which damage to the component may occur. Operating Ratings are conditions under

which operation of the device is ensured. Operating Ratings do not imply ensured performance limits. For ensured performance limits
and associated test conditions, see the Electrical Characteristics tables.

If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and
Internal thermal shutdown circuitry protects the device from permanent damage. Thermal shutdown engages at T; = 145°C (typ.) and
For detailed soldering specifications and information, please refer to Texas Instruments Application Note: AN-1187 (SNOA401) for
The human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin. The machine model is a 200 pF

capacitor discharged through a 0Q (nominal) resistor into each pin.(MIL-STD-883 3015.7). Texas Instruments recommends that all
integrated circuits be handled with appropriate ESD precautions. Failure to observe proper ESD handling techniques can result in

(2) All voltages are with respect to the potential at the GND pin.
©))
specifications.
4
disengages at T; = 125°C (typ.). The thermal shutdown is specified by design.
®)
Recommended Soldering Profiles.
(6)
damage to the device.
(7) The LED- pin has a machine model ESD rating of 150V.

Operating Ratings®®

Input Voltage Range

2.7V to 5.5V

Junction Temperature Range

-30°C to 125°C

(19®

Ambient Temperature Range —-30°C to +85°C
T

(1) Absolute Maximum Ratings indicate limits beyond which damage to the component may occur. Operating Ratings are conditions under

which operation of the device is ensured. Operating Ratings do not imply ensured performance limits. For ensured performance limits
and associated test conditions, see the Electrical Characteristics tables.

For detailed soldering specifications and information, please refer to Texas Instruments Application Note: AN-1187 (SNOA401) for

(2) All voltages are with respect to the potential at the GND pin.
©))

Recommended Soldering Profiles.
4

The human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin. The machine model is a 200 pF

capacitor discharged through a 0Q (nominal) resistor into each pin.(MIL-STD-883 3015.7). Texas Instruments recommends that all
integrated circuits be handled with appropriate ESD precautions. Failure to observe proper ESD handling techniques can result in

damage to the device.

Thermal Properties

‘ Junction-to-Ambient Thermal Resistance (84)®

| 57°CIW

@

In applications where high power dissipation and/or poor package thermal resistance is present, the maximum ambient temperature may
have to be derated. Maximum ambient temperature (Ta.max) is dependent on the maximum operating junction temperature (Tj.max-op =
125°C), the maximum power dissipation of the device in the application (Pp_uax), and the junction-to-ambient thermal resistance of the
part/package in the application (84), as given by the following equation: Ta.max = Ti-max-op — (634 X Pp-max)-

Copyright © 2009-2012, Texas Instruments Incorporated
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Electrical Characteristics®®

Limits in standard typeface are for T; = +25°C. Limits in boldface type apply over the full ambient junction temperature range
(-30°C = T, < +85°C). Unless otherwise noted, specifications apply to the LM3550 Typical Application Circuit with: : V| =
3.6V, Cjy = 4.7TUF, Cour = 2.24F, C; = C, = 1 WF.

Symbol Parameter Conditions Min® Typ Max @ Units
54 60 66
. 2.7V £ V|ys5.5V
ILeD- Current Sink Accuracy 3.0V < Vour < 5.5V 90 100 110 mA
180 200 220
- Going into 53 5.479
Vovp Output Over Voltage Protection | 2.7V < Vjy < 5.5V ovp v
Hysteresis 0.2
4.275 4.5 4.666
<
Vout Output Voltage Regulation 2'7V_S Vi S 5.5V 4.75 5 5.169 \%
lout = 0 mA
5.035 5.3 5.479
VeaL BAL Pin Voltage Regulation 2.7V V|55V Vourt /2 \
InD IND Pin Current Regulation 2'7Vf Vin = 5.5V 3.3 4.8 6.3 mA
Vinp = 2.0V
fsw Switching Frequency 2.7V £ V|y 5.5V 0.882 1 1.153 MHz
Feedback Pin Regulation 2.7V V|55V
Veg Voltage Vour = 4.6V 94 100 106 mV
ALD/TEMP Pin Reference
V ALDITEMP Voltage 2.7V £ V|ys 5.5V 0.95 1 1.05 \Y
VEoc EOC Pin Output Logic Low lLoap = 3 MA 400 mV
lin-cL Input Current Limit Vout = 0V 534 610 mA
Device Disabled
Isp Shutdown Supply Current 2.7V <V < 5.5V 1.8 4 HA
2.7V £ V|y 5.5V
I Quiescent Supply Current loyr =0 mA 168 240 PA
Q 5V Charge Mode
Non-Switching
VsTRoOBE Strobe Logic Thresholds 2.7V V|55V \
Low 0 0.7
I2C-Compatible Voltage Specifications (SCL, SDA)

Vi Input Logic Low 2.7V V|55V 0 0.7 \%

ViH Input Logic High 2.7V <V|ys5.5V 1.23 VN \Y

VoL Output Logic Low lLoap = 3 MA 400 mV

I2C-Compatible Timing Specifications (SCL, SDA)

t1 SCL (Clock Period) 294 ns

t Dgta In Setup Time to SCL fec = 400 kHz. 100 ns
High

ta Data Out Stable After SCL Low | fgc = 400 kHz. 0 ns
SDA Low Setup Time to SCL _

ty Low (Start) fSCL =400 kHz. 100 ns
SDA High Hold Time After SCL _

t5 ngh (Stop) fSCL =400 kHz. 100 ns

(1) All voltages are with respect to the potential at the GND pin.

(2) Junction-to-ambient thermal resistance (0;,) is taken from a thermal modeling result, performed under the conditions and guidelines set
forth in the JEDEC standard JESD51-7. The test board is a 4-layer FR-4 board measuring 102 mm x 76 mm x 1.6 mm with a 2x1 array
of thermal vias. The ground plane on the board is 50 mm x 50 mm. Thickness of copper layers are 36 pm/18 um/18 um/36 um
(1.50z/10z/10z/1.50z). Ambient temperature in simulation is 22°C, still air. Power dissipation is 1W.

(3) Min and Max limits are specified by design, test, or statistical analysis. Typical (typ.) numbers are not ensured, but do represent the
most likely norm. Unless otherwise specified, conditions for Typ specifications are: Vi = 3.6V and T, = 25°C.

4 Submit Documentation Feedback Copyright © 2009-2012, Texas Instruments Incorporated

Product Folder Links: LM3550


http://www.ti.com/product/lm3550?qgpn=lm3550
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVS569A&partnum=LM3550
http://www.ti.com/product/lm3550?qgpn=lm3550

1§ TEXAS L M3550

INSTRUMENTS

www.ti.com SNVS569A —MAY 2009-REVISED FEBRUARY 2012

| Y
scL / \
t ts
SDA
Data In
§
<t
SDA y
Data Out
§
t3 —
Submit Documentation Feedback 5

Copyright © 2009-2012, Texas Instruments Incorporated
Product Folder Links: LM3550


http://www.ti.com/product/lm3550?qgpn=lm3550
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVS569A&partnum=LM3550
http://www.ti.com/product/lm3550?qgpn=lm3550

LM3550

SNVS569A —MAY 2009-REVISED FEBRUARY 2012

13 TEXAS
INSTRUMENTS

www.ti.com

5.50
5.40
5.30
5.20
5.10
5.00
4.90
4.80
4.70
4.60
4.50
4.40
4.30
4.20

Vourt (V)

5.30
5.20
5.10
5.00
4.90
4.80
4.70
4.60
450
4.40

4.30
4.20

Vourt (V)

4.75

4.70
4.65

4.60
455
450
4.45

Vour (V)

4.40
435

4.30
4.25

Typical Performance Characteristics
Unless otherwise specified: T, = 25°C; V,y = 3.6V; C\y = 4. 7 uF, Coyr = 2.2 yF, C1 = C2 = 1 pF. Super-Capacitor = 0.5F
TDK EDLC272020-501-2F-50,
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Figure 3.
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Figure 5.
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Typical Performance Characteristics (continued)

Unless otherwise specified: T, = 25°C; V| = 3.6V; Cy = 4. 7 uF, Coyr = 2.2 pF, C1 = C2 = 1 pF. Super-Capacitor = 0.5F
TDK EDLC272020-501-2F-50,

Input Current Limit

Input Current Limit
VS.

VS. Output Voltage
Output Voltage Tri-Temp
0.70 T T 0.70 —
0.65 Vin = 4.2V Viy = 5.5V 0.65 Ta=-30C
0.60 N v i 0.60 | N
0.55 - 0.55
i | 1]
0.50 0.50 [ N
0.45 i \ 0.45 t
0.40 0.40 Ta=+25C
< Vi =27y | | [Vin=3.6V <
= 035 =2 I \ = 035
2 930 V= 30V \ 2 930 Ta=+85C
0.25 0.25
0.20 0.20
0.15 0.15
0.10 0.10
0.05 0.05
0.0 0.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 55
Vour (V) Vour (V)
Figure 9. Figure 10.
Converter Efficiency Converter Efficiency
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Input Voltage Input Voltage
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100 : : : : 100 . : : :
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90 90
s 8 s 80 N
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g N g
g 70 g 70
g A ™ 5 ™
o (6]
S 60 / \ S 60 N \
Ta = +85C \J \J
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40 40
3.0 35 40 45 5.0 5.5 3.0 35 40 45 50 5.5
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Figure 11. Figure 12.
Converter Efficiency Input Current
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100 ‘ ‘ ‘ ‘ ‘ ‘ 0.50 ‘ : ‘ ‘
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90 0.45 |
Ta=-30C
= 80N 0.40 2
g AN
N__Tp = +85T
: \\A [r\ z 0% Ta = +85C
s Z
= 60 N N NG 0.30 — \—J
N ~N : Ta=+25C
v N
50 0.25
Ta =-30C and +25C
40 ‘ ‘ 0.20
27 31 35 39 43 47 51 55 2.7 3.3 38 44 49 55
Vin (V) Vin (V)
Figure 13. Figure 14.
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Typical Performance Characteristics (continued)
Unless otherwise specified: T, = 25°C; V| = 3.6V; Cy = 4. 7 uF, Coyr = 2.2 pF, C1 = C2 = 1 pF. Super-Capacitor = 0.5F

TDK EDLC272020-501-2F-50,
Input Current
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Figure 15.
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Figure 17.
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Figure 19.
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Typical Performance Characteristics (continued)
Unless otherwise specified: T, = 25°C; V| = 3.6V; Cy = 4. 7 uF, Coyr = 2.2 pF, C1 = C2 = 1 pF. Super-Capacitor = 0.5F

TDK EDLC272020-501-2F-50,
Torch Current

Torch Current

VS. VS.
Input Voltage Input Voltage
Code=1 Code =2
90 110 i i i
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85 105
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W#MMM
75 —TA =+25TC 95
A Ta=+85C Ta=+25T
Ta=+85T
70 90
2.7 33 3.8 4.4 4.9 55 2.7 33 338 4.4 4.9 55
VIN (V) VIN (V)
Figure 21. Figure 22.
Torch Current Torch Current
VS. VS.
Input Voltage Input Voltage
Code =3 Code =4
130 \ \ \ S =TT 717
Torch Code = 3, Vigp = 3.3V Torch Code =4, Vg = 3.3V
126 150
Ta=-30T 145 Ta =-30C
2 122 z
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8 MANA~INNTTTT 2 SN~ | —
= 18 = x o
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114 = =
[ A 130|—TA=*25C 1 - tesc
110 125
2.7 3.3 338 4.4 4.9 55 27 31 35 39 43 47 51 55
Vin (V) Vin (V)
Figure 23. Figure 24.
Torch Current Torch Current
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Input Voltage Input Voltage
Code =5 Code =6
175 I I I I 200 T ‘ ‘
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Figure 25. Figure 26.
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Typical Performance Characteristics (continued)
Unless otherwise specified: T, = 25°C; V| = 3.6V; Cy = 4. 7 uF, Coyr = 2.2 pF, C1 = C2 = 1 pF. Super-Capacitor = 0.5F
TDK EDLC272020-501-2F-50,

Torch Current Torch Current

VS. VS.
Input Voltage Input Voltage
Code =7 Different V| gp
2T 1 T ] Mo
Torch Code =7, Vigp = 3.3V Torch Code =2
210 105
Ta=-30T
e \ 2
£ 200 = £ 100
8 ~ 0 8 e
—'\W r———]
190 95 =V, gp = 2.7V, 3.0V, 3.3V, 3.6V, 4.0V
Ta=+25T
Ta = +85T
180 90
27 31 35 39 43 47 51 55 27 31 35 39 43 47 51 55
VIN (V) VIN (V)
Figure 27. Figure 28.
Feedback Voltage Oscillator Frequency
VS. VS.
Input Voltage Input Voltage
105 1.15 |
104 Tp = +85C
103 1.10
102 Ta= a\,zs‘c 1.05
% 101 l E
= 100 2 100 \
L g \ Z Ta=-30C
0.95
98 A= +85C Ta=-30C] Th=425C
o7 0.90
96
95 0.85
27 31 35 39 43 47 51 55 27 31 35 39 43 47 51 55
Vin (V) ViN (V)
Figure 29. Figure 30.
Indicator Current
Shutdown Current VS.
VS. Input Voltage
Input Voltage Different VLED
4.0 5.0 : :
Viep = 1.5V Viep = 1.8V
35 4.9
3.0 Tp = +85C / 8 N \
4.7 T ———
/
25 \ — 4.6 rm—m 1y
: A NI
2 20 ~ E 45
o 7 s I\ Viep = 2.0V
2 15 A Ta=+25C__| R
¥ VLED = 2.4V
10 Ta=-30C 3
42
05 41
0.0 4.0
25 3.1 37 43 4.9 5.5 2.5 3.1 37 43 49 5.5
ViN (V) Vin (V)
Figure 31. Figure 32.
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Typical Performance Characteristics (continued)
Unless otherwise specified: T, = 25°C; V| = 3.6V; Cy = 4. 7 uF, Coyr = 2.2 pF, C1 = C2 = 1 pF. Super-Capacitor = 0.5F
TDK EDLC272020-501-2F-50,
Indicator Current

VS.
Input Voltage )
Tri-Temp 5.3V Mode Super Capacitor Charge
5.0 :
a0 Viep = 2.0V ‘ EOCB fiss "
: Ta=-30C
4.8
4.7 | / VIN [
= 46 S — (2vidiv.)
< \ —
E 5l L3 \ Veap [
2 \ \ (2v/div.) e —
= 44 Tp = +85C —Ta = +25C——
4.3
N I —
42 (200 mA/div.) J{*= —
4.1 ICharge [[osmms —]
a0 (200 mAV/div.)
25 3.1 37 43 4.9 5.5 TIME (1s/div.)
Vin (V)
Figure 33. Figure 34.
2 LED, 3A Flash )
(1.5A each) 5.3V Mode Super Capacitor Recharge
ﬂ_.___. EOCB fua '_ :
IFlash
‘ I
©Aw3A) | o t;';;*; I
o i
—— N
Vcap Veap
(2Vidiv.) (2Vidiv.)
- o
N " IN _
(200mA/div.) K (200mA/div.)
——
|Charge i |Charge it
(200mA/div.) (200mA/div.)
TIME (20 ms/div.) TIME (200 ms/div.)
Figure 35. Figure 36.
Strobe to Flash Delay Edge-Sensitive Strobe
: EOCB e 5
STROBE ffm«
IFlash = 3A [ —
VSTROBE |
(2Vi/div.) [ —
—
IFiash f Veap
as 2V/div.
(0Ato3A) | .
N
(500 mA/div.) ==
|Charge -
(500 mA/div.)
TIME (1 ps/div.) TIME (20 ms/div.)
Figure 37. Figure 38.
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Typical Performance Characteristics (continued)
Unless otherwise specified: T, = 25°C; V| = 3.6V; Cy = 4. 7 uF, Coyr = 2.2 pF, C1 = C2 = 1 pF. Super-Capacitor = 0.5F
TDK EDLC272020-501-2F-50,

Level-Sensitive Strobe

Flash with FGATE =0

EOCB i EOCB [jox
STROBE [« STROBE e |
IFlash = 3A [ IFlash = 3A [Jussims
— e e
Vcap Veap
2Vidiv. 2V/div.
N B In B
(500 MA/div.) | mm— (500 mA/div.) [
ICha\.rge " |Charge -
(500 mA/div.) (500 mA/div)
TIME (20 ms/div.) TIME (40 ms/div.)
Figure 39. Figure 40.
] ALS DETECT
Flash with FGATE = 1 Zone 0, Vp s =100 mV
EOCB flw * STROBE fm= |
STROBE fj«
S S R S
ame— e s
IFlash = 3A feos= ———— — IFlash = 3A

W

(100% Flash)

50 e

Veap
2V/div. ‘ALS = 100 mV
I ™ IIN -
(500 mA/div.) == (500 mA/div.) J{"
ICharge _ Icharge u._._
(500 mA/div.) (500 mA/div.)
TIME (40 ms/div.) TIME (20 ms/div.)
Figure 41. Figure 42.
ALS DETECT ALS DETECT
Zone 1, Va s = 500 mV Zone 2, Va s =1V
STROBE pros f STROBE [ f
IFlash = 2.1A IFlash = 0A

(70% Flash)

e

(0% Flash)

‘ALS = 500 mV VaLs = 1V
IIN i -
(500 mA/div.) J{" " N
ICharge i mm— (500 mA/div.) i
(500 mA/div.) |Cha.rge
" (500 mA/div.)
TIME (20 ms/div.) TIME (20 ms/div.)
Figure 43. Figure 44.
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O O -0 On ! !
Cl+ C1- C2+ C2- VouT BAL
ViN
2.7V 10 5.5V Current 2X, 3/2X and 1X | | Output
(e, > it ™ Charge Pump Disconnect ]
v o | Active
A Y A PIgalance] 1
OvVP VOLTAGE =
MODE FB
1£ MtHhZ' ¢ I FET_CON
Wit »| External »O
IND Frequency Controller » NEET ”
— < Controller |4 FB_ o
0« EOC .
STROBE A
» General Purpose Register  |—@ LED-
. Ambient
scL —»] Current Control Registers  |—@ Light/
(e, » Temperature
2 N
1°C Interface Detection
o—LA 1, Block —»|  Options Control Register |— A A
>
ALD/TEMP High
l—b ALD/TEMP Low
LM3550 Registers
GND
ALD/TEMP A1
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CIRCUIT DESCRIPTION

BASIC OPERATION

The LM3550 is a super-capacitor charger and high current-flash controller based upon a switched capacitor
boost converter. On the charging end of the application, the LM3550 has a 534 mA (typ.) input current limit that
prevents the part from drawing an excessive current when the super-capacitor voltage is below the target charge
voltage. During the charge phase the LM3550 will run in current limit and adaptively change gains (1X, 1.5X, 2X)
until the super-capacitor reaches its target charge voltage. Integrated into the LM3550 is an external NFET
controller that allows the flash current drawn from the super-capacitor to remain regulated throughout the flash
cycle. Flash timing and current level can be changed through the 12C-compatible interface.

DETAILED PIN DESCRIPTION

Strobe Pin

The STROBE pin on the LM3550 provides an external method of flash triggering. This allows a direct connection
between a camera/imager and the LM3550 to be made avoiding any latency added due to communication delays
in the micro-controller/micro-processor (UC/UP). The STROBE pin can be configured to be rising-edge sensitive
(default) or level sensitive. In the rising-edge sensitive mode, the flash duration is controlled internally and will
use the value stored in the FLASH duration bits (Options Control Register bits 3:0) to determine the pulse length.
If Level Sensitive Mode is selected (Options Control Register bit 7 = ‘1’), the flash-pulse duration can be
controlled externally. In this mode, when the STROBE pin is high, the flash will remain on as long as the duration
does not exceed the value stored in the FLASH duration control bits. If the timing does exceed the internal flash-
duration value, the LM3550 will automatically disable the flash current.

End of Charge Pin (EOC)

The EOC pin provides an external flag alerting the micro-controller/micro-processor that the super-capacitor has
reached the end of charging. When the super-capacitor has reached the desired end-of-charge level, the EOC
pin will transition from its default state (logic ‘1’) to the EOC state (logic ‘0’). The EOC pin utilizes an open-drain
driver that allows the EOC logic levels to be compatible with many of the common controller input/output (I/0)
levels. Connecting a resistor between the system I/O supply and the EOC pin on the LM3550 ensures the proper
voltage levels are utilized.

The state of the EOC pin can change during a flash event, or any other event whenever the super-capacitor
voltage drops below 95% of the target charge voltage.

ALD/TEMP Pin

The ALD/TEMP pin allows the LM3550 to monitor the ambient light or ambient temperature and adjust the flash
current through the LED/LEDs without requiring the uC/pP to issue commands through the control interface.

For ambient light detection, a reverse-biased photosensor/diode and a resistor are required. For ambient
temperature sensing, a negative temperature coefficient (NTC) thermistor and a resistor are required. Internal to
the LM3550 are two comparators (based on a 1V reference) connected to the ALD/TEMP pin that provide three
user-selectable regions of flash current adjustment. The trip-point thresholds are selectable in the ALD/TEMP
Sense High and Low Registers.

If the ambient light or ambient temperature are sufficiently low (LM3550 in low region) the full-scale flash current
will be allowed. As the lighting conditions or temperature increase, the LM3550 ALD/TEMP detection circuit
transitions to the second level that limits the flash current to 70% or the full-scale value. For conditions where a
flash is not required (Ambient Detection) or if the ambient temperature is too high to flash safely, placing the
ALD/TEMP circuit in the high-detection level, the LM3550 will prevent a flash event from occurring. The
functionality of the ALD/TEMP pin can be enabled or disabled through General Purpose Register (bit 6). These
macro-functions, when enabled, off-load the pC/puP and provide significant system-power savings.

To help filter out the 50 to 60 Hz noise caused by indoor lighting, a 1 pF ceramic capacitor tied between the
ALD/TEMP pin and GND is recommended.
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IND Pin

The Indicator pin (IND) consists of a current source that is capable of driving a red indicator LED with 5 mA of
drive current. This indicator LED can be turned on and off by toggling bit 7 in the General Purpose Register.

BAL Pin

The Balance pin (BAL), when connected to a super-capacitor (if needed), regulates the two sections of the
super-capacitor so that voltage on either cell is equal to ¥z the output voltage. This ensures that an over-voltage
condition on either cap section does not occur.

State Machine Description

Optimal
Charge
Mode

Charge and
Torch

Figure 45. Default State Diagram

BASIC DESCRIPTION

The state machine for the LM3550 involves five different states: Shutdown, Torch, Charge, Charge and Torch,
and Flash.

The Shutdown state, or standby state, places the LM3550 in a low-power mode that will typically draw 1.8 pA of
current from the power supply.

The Torch state charges the super-capacitor up to Vigp + Viree (V1reg = 300 mV) and utilizes the internal
current sink to drive the flash LEDs with a current up to 200 mA.

The Charge state places the LM3550 into a dedicated charge mode that provides the fastest means of charging
the super-capacitor up to the target level (4.5V, 5.0V, 5.3V or Optimal).

The Charge and Torch State combines the functionality of both the Torch state and Charge state. This state
allows the flash LEDs to be on during the charging of the super-capacitor. During the initial charging, the torch
current is limited to 60 mA to allow the majority of the output current to be utilized in the super-capacitor
charging. Once the target capacitor voltage is reached, the torch-current levels become fully adjustable.

The Flash state is responsible for driving the flash LEDs at the desired flash current. This state can be entered
either through 1°C-controlled event or through an external Strobe event.
SHUTDOWN STATE

The Shutdown state is the default power-up state. The LM3550 will enter the shutdown state when the STROBE
pin is held low without a flash event occurring, and when the FLASH, TORCH and CHARGE bits in the General
Purpose Register are equal to '0'.
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TORCH STATE

The Torch state of the LM3550 provides the flash LED / LEDs with a constant current level that is safe for
continuous operation. This state is useful in low light conditions when an imager is placed in movie / video mode.
The Torch state is enabled when the Torch bit in the General Purpose Register is set to a '1' and the Flash and
Charge bits are set to '0". The desired torch current level (8 total levels between 60 mA and 200 mA) is set in the
Current Control Register.

Enabling the torch bit will start up the LM3550 and begin charging the capacitor. Before a torch event can occur,
the super-capacitor must be charged to a voltage greater than 3.0V. Once the super-capacitor reaches a voltage
of 3.0V, the LED- pin will begin sinking current. In order for the torch current to be properly regulated, the super-
capacitor must be charged up to a value that is greater than V gp + Vireg (V1reg = 300 mV).

When in the Torch state, the LM3550 will regulate the proper output voltage (either 3.0V or V| gp + Vreg) Utilizing
a pulsed regulation scheme (PFM). During this mode, the part will operate in current limit until the output voltage
reaches the target level. At that point, the charge-pump will turn off, and the super-capacitor will supply the load.
Once the super-capacitor voltage drops below the turn-on threshold due to the loading caused by the torch
current, the charge-pump will turn on again and re-charge the super-capacitor.

CHARGE STATE

The Charge state of the LM3550 provides the fastest charge time when compared to the other states of
operation. In this state, the user has the option of charging the super-capacitor to a voltage equal to 4.5V, 5.0V,
5.3V or to an optimal voltage. The Charge state is enabled through the I°C interface by setting the Charge Bit to
a 'l' and setting the Flash and Torch Bits to a '0' in the General Purpose Register. The charge voltage is
selectable by setting the two charge-mode bits (CM1 and CMO) also found in the General Purpose Register.

Depending on the input voltage and output voltage conditions, the LM3550 will deliver different charge currents
to the super-capacitor. Charge current is dependent on the charge-pump gain.

A 525mA
333 mA
ICHARGE 262 MA
(Typ.)
Gain Gain Gain

Of Of Oof

1x 3/2x 2X
»
>

Vcap

Figure 46. Charge Current vs. Output Voltage

Fixed Voltage Charge Mode

During the Charge state, the LM3550 will operate in current limit until the target voltage is reached. For the 4.5V,
5.0V and 5.3V charge modes, the LM3550 will operate in a constant-frequency mode once the target voltage is
reached for load currents greater than 60 mA. This allows the LM3550 to draw only the required current from the
power source when the load current is less than the maximum. When the average output current exceeds the
maximum of the LM3550, the part will return to the current limited operation until the target voltage is reached. If
the output current is less than 60 mA, the LM3550 will operate in a PFM-burst mode.

Optimal Charge Mode

For the Optimal Charge Mode, the current-limited, pulsed regulation scheme (PFM) is used to maintain the target
voltage. In Optimal Charge Mode, the LM3550 charges the super-capacitor to a level that is required to sustain a
flash for a given period of time. Optimal Charge Mode compensates for variations in LED forward voltage and
super-capacitor ESR by charging the capacitor to an optimal voltage that minimizes the power dissipated in the
external current source during the flash. The user must calculate the required overhead voltage and select this
value in the Options Control Register. For more information regarding the optimal charge mode, please see the
Optimal vs. Fixed Charge Mode description in the Application Information section of this datasheet.
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NOTE
When the LM3550 is placed into Optimal Charge Mode, the flash LEDs will begin to glow
once the super-capacitor voltage exceeds 3.0V. The LEDs will continue to glow until the
part is placed into shutdown, into the flash state, or into one of the fixed voltage charge
modes.

TORCH AND CHARGE STATE

The Torch and Charge state provides the ability to utilize the torch functionality while charging to the selected
target voltage. The Torch and Charge state is entered by setting the Torch bit and Charge bit to a '1' and by
setting the Flash bit to a '0' in the General Purpose Register. Additionally, the CM1 and CMO bits can be
configured to define the target charge voltage.

During the initial charging of the super-capacitor, the Torch functionality will not be enabled until the capacitor
voltage reaches 3.0V. Additionally, the Torch current is limited to 60 mA until the target voltage is reached. Once
the output reaches the target, the current level specified in the Current Control Register is allowed.

In the event that the total output current exceeds the capacitor charge current (Icyarge = Ivax — ltorcH —
lexTERNAL)S CAUSING the super-capacitor to drop below the target voltage, the LM3550 will automatically set the T2
bit in the Current Control Register to a '0', decreasing the torch current.

Vear
5.0v
4,75V
3.0v
Time
ItoreH
200 mA
120 mA
60 mA
Torch and Vcap = 3.0V Vcap = 5.0V louT > Imax T2 bit Flash Time
Charge (5.0V) Setto ‘0’

Figure 47. Torch Current Diagram

FLASH STATE

When entered, the LM3550's Flash state delivers a high-current burst of current to the Flash LEDs. To enter the
Flash state, the Flash bit in the General Purpose Register must be set to a '1' or the STROBE pin must be pulled
high (edge or level sensitive). The flash duration and current level are user adjustable via the I°C interface (F2-
FO in Current Control and FD3-FDO in Options).

By default, a flash will not occur if the super-capacitor is not fully charged (i.e., the end-of-charge flag (EOC pin)
must transition low). If the Flash state was entered via the I°C interface (Flash bit = '1'), the LM3550 will
automatically reset the Flash bit and the Torch bit to '0' upon completion of the flash. Additionally, after the flash
event has occurred, the LM3550 will return to the charge state/mode that was in operation before the flash event
with the exception of Optimal Charge Mode. (If Optimal Charge Mode was used before a flash, all charging is
halted after the flash.)
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EOC FUNCTIONALITY

The LM3550's EOC provides an indicator alerting the controller that the super-capacitor has reached its target
voltage. The EOC pin will transition low once the capacitor reaches 95% of the target voltage for the 4.5V, 5.0V
and 5.3V modes or once the capacitor has reached the optimal charge voltage in Optimal Charge Mode.

During operation, the LM3550 will continue to monitor the voltage on the super-capacitor and will update the
EOC pin when needed. Any time a mode transition occurs during Charge mode or Charge and Torch mode, the
EOC state will be re-evaluated.

During Torch Mode, the EOC will always indicate a charging state (EOC ='1") .

Time
EOC
CHAIGiNG [rm— e f— e e e ot s e el C——— ¢  —
Charged [« «eeeeeeeeeions s o o s e e ] e e
Torch : C(5.3V) : C(5.3V) :C(Optimal): C(45V) : Torch :T+C (5.0V): T+C (5.0V) Time

Flash louT > ImAX

STATE DIAGRAM FGATE ='1'

By default, the LM3550 will prevent a flash event from occurring if the super-capacitor has not reached the target
voltage (EOC = '0). In the event that this restriction is not desired, the flash gate bit (FGATE in the General
Purpose Register) can be set to a '1' disabling the end-of-charge requirement. Setting FGATE to a '1' allows the
Flash state to be entered at anytime. If the super-capacitor is not charged to the proper voltage before the EOC
pin indicates a full charge, the perceived duration and flash level could be lower than desired.

18 Submit Documentation Feedback Copyright © 2009-2012, Texas Instruments Incorporated

Product Folder Links: LM3550


http://www.ti.com/product/lm3550?qgpn=lm3550
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVS569A&partnum=LM3550
http://www.ti.com/product/lm3550?qgpn=lm3550

1§ TEXAS L M3550

INSTRUMENTS

www.ti.com SNVS569A —MAY 2009-REVISED FEBRUARY 2012

Optimal
Charge

Charge and
Torch

Figure 48. FGATE ='1' State Diagram

[’°C-Compatible Interface

DATA VALIDITY

The data on SDA line must be stable during the HIGH period of the clock signal (SCL). In other words, the state
of the data line can only be changed when SCL is LOW.

SCL

S LD S

data data data data data
change valid change valid change
allowed allowed allowed

Figure 49. Data Validity Diagram

A pull-up resistor between VIO (Logic Power Supply) and SDA must be greater than [(VIO = Vg,) / 3.0 mA] to
meet the Vg, requirement on SDA. Using a larger pull-up resistor results in lower switching current with slower
edges, while using a smaller pull-up results in higher switching currents with faster edges.

START AND STOP CONDITIONS

START and STOP conditions classify the beginning and the end of the 1°C session. A START condition is
defined as SDA signal transitioning from HIGH to LOW while SCL line is HIGH. A STOP condition is defined as
the SDA transitioning from LOW to HIGH while SCL is HIGH. The I2C master always generates START and
STOP conditions. The I2C bus is considered to be busy after a START condition and free after a STOP condition.
During data transmission, the I°C master can generate repeated START conditions. First START and repeated
START conditions are equivalent, function-wise. The data on SDA line must be stable during the HIGH period of
the clock signal (SCL). In other words, the state of the data line can only be changed when SCL is LOW.
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[ .-

START condition STOP condition

Figure 50. Start and Stop Conditions

TRANSFERRING DATA

Every byte put on the SDA line must be eight bits long, with the most significant bit (MSB) being transferred first.
Each byte of data has to be followed by an acknowledge bit. The acknowledge-related clock pulse is generated
by the master. The master releases the SDA line (HIGH) during the acknowledge clock pulse. The LM3550 pulls
down the SDA line during the 9th clock pulse, signifying an acknowledge. The LM3550 generates an

acknowledge after each byte has been received.

After the START condition, the I°C master sends a chip address. This address is seven bits long followed by an

eighth bit which is a data direction bit (R/W). The LM3550 address is 53h. For the

eighth bit, a '0' indicates a

WRITE and a '1' indicates a READ. The second byte selects the register to which the data will be written. The

third byte contains data to write to the selected register.

ack from slave ack from slave ack from slave

start~ msb Chip Address Isb msb Register Add Isb X ack [ msb DATA Isb p

[T

-
start | Id = 53h wiacki addr = 10h

1 ack data = 08h

w = write (SDA ="0")
ack = acknowledge (SDA pulled down by the slave)
id = chip address, 53h for LM3550

Figure 51. Write Cycle

I>C-COMPATIBLE CHILD ADDRESS: 0x53

MSB LSB

ADR6 ADR5 ADR4 ADR3 ADR2 ADR1 ADRO R/W
bit7 bité bit5 bit4 bit3 bit2 bitl bit0

1 0 1 0 0 1 1

.- I2C Slave Address (chip address) ———————®]

INTERNAL REGISTERS

Register Internal Hex Address Power On Value
General Purpose 0x10 0000 0000
Current Control 0xAO0 1111 1000
Options 0xBO 1000 0000
ALD/TEMP Sense High 0xCO 1111 1001
ALD/TEMP Sense Low 0xDO 1100 0110
20 Submit Documentation Feedback Copyright © 2009-2012, Texas Instruments Incorporated

Product Folder Links: LM3550


http://www.ti.com/product/lm3550?qgpn=lm3550
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVS569A&partnum=LM3550
http://www.ti.com/product/lm3550?qgpn=lm3550

13 Ti
IIE)S(?fS{UMENTS LM3550

www.ti.com SNVS569A —MAY 2009-REVISED FEBRUARY 2012

General Purpose Register Description

General Purpose Register
MSB Register Address: 0x10 LSB

INDEN | AITEN | FGATE CMm1 CMO FLASH JCHARGE] TORCH
bit7 bité bit5 bit4 bit3 bit2 bitl bit0

FLASH, CHARGE, and TORCH: Mode Bits (see Table 1 below).
CMO-CM1: Capacitor Charge Mode (see Table 2 below).

FGATE: Flash Gate Bit. If FGATE is a ‘0’, then an end-of-charge condition must occur before a flash can take
place. If FGATE is a ‘1’, then an end-of-charge condition does not have to occur before a flash can take place.

A/T EN: ALD/TEMP Enable Bit
IND EN: Enable Indicator Current Source ('0' = Indicator Off, '1' = Indicator On)

Table 1. Control Modes

Flash Charge Torch Mode
0 0 0 Disabled
0 0 1 Torch
0 1 0 Charge
0 1 1 Charge and Torch
1 X X Flash

Table 2. Capacitor Charge Level

CM1 CMO Level
0 0 Optimal Charge Mode
0 1 45
1 0 5.0V
1 1 5.3V

Table 3. Gated Flash Control

FGATE Bit Result
0 Flash only allowed after EOC reached
1 Flash allowed without EOC reached

Table 4. ALD/TEMP Control

A/T EN Bit Result
0 ALD MODE DISABLED
1 ALD MODE ENABLED

Current Control Register Description

Current Control Register
Register Address: 0xAO

MSB LSB
1 1 F2 F1 FO T2 T1 TO
bit7 bité bit5 bit4 bit3 bit2 bitl bit0

Table 5. Torch Level Table

T2 T1 TO Level
60 mA
80 mA
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Table 5. Torch Level Table (continued)

T2 T1 TO

Level

100 mA

120 mA

140 mA

160 mA

180 mA

R Ok, |O|Fr|O

200 mA

Table 6. Flash Level Table

F2 F1 FO FB Voltage Level
0 0 0 30 mv
0 0 1 40 mV
0 1 0 50 mV
0 1 1 60 mV
1 0 0 70 mV
1 0 1 80 mVv
1 1 0 90 mv
1 1 1 100 mv
Options Control Register Description
Options Register
MSB Register Address: 0xBO LSB
SLE OH2 OH1 OHO FD3 FD2 FD1 FDO
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
SLE: Strobe Level or Edge Sensitivity. '0' = Edge Sensitive, '1' = Level Sensitive
FDO-FD3: Flash Duration control bits (see Table 7).
OHO0-OH2: Overhead Charge Voltage control bits (see Table 8).
Table 7. Time-out Duration Table
FD3 FD2 FD1 FDO Time (msec)
0 0 0 0 16
0 0 0 1 32
0 0 1 0 48
0 0 1 1 64
0 1 0 0 80
0 1 0 1 96
0 1 1 0 112
0 1 1 1 128
1 0 0 0 144
1 0 0 1 160
1 0 1 0 176
1 0 1 1 192
1 1 0 0 208
1 1 0 1 224
1 1 1 0 240
1 1 1 1 512
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Table 8. Overhead Charge Voltage Table

o
I
N

OH1

o
I
[}

Level

300 mVv

400 mV

500 mV

600 mV

700 mV

800 mV

900 mV

PP |IPIO|lO|O| O
P[P IO|O|F |+ |O|O

P |O(RPr|O|Fr|O|F|O

v

ALD/TEMP Sense High/Low Registers

ALD/TEMP Sense High Register

Register Address: 0xCO

LSB

SH5
bit5

SH4
bit4

SH3
bit3

SH2
bit2

SH1
bitl

SHO
bit0

ALD/TEMP Sense High Register

ALD/TEMP Sense Low Register

Register Address: 0xDO

LSB

SL5
bit5

SL4
bit4

SL3
bit3

SL2
bit2

SL1
bitl

SLO
bit0

MSB
1 1
bit7 bité
Figure 52.
MSB
1 1
bit7 bité
Figure 53.

For ALD/TEMP Sense High and ALD/TEMP Sense Low, the trip levels are set by the following equation:
-1)

Sense High/Low = 1V x N/(2°

ALD/TEMP Sense Low Register

1)

where N is the decimal equivalent of the value stored in the ALD/TEMP Sense High/Low registers. NsensenicH

must be greater than Nsenselow-
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Application Information

Super-Capacitor Flash Variable Definitions:

Veatr Voltage supplying charger circuit.

Veap Super-capacitor voltage at the end of the charge cycle and before a flash.
lcL Maximum current allowed to be drawn from the battery.

leLasn LED current during the flash event.

triasy Desired flash duration.

Csc  Super capacitor value.

Viep Flash diode forward voltage at I asp-

Vuyr The headroom required across the FET and the Sense resistor to maintain current sink regulation.
Veg  The degeneration resistor Rgense regulation voltage that in part sets Ig asp-
Rpson On-Resistance of NFET.

Vrposon The voltage drop across the current source FET.

Veumpe The initial SC voltage required for the Flash.

Rsense Current set resistor.

Vproop Voltage droop on the super-capacitor during a flash of duration tg agp-
= IrLasH*triash / Csc

Resr  Super-capacitor ESR value.

Vesg Voltage drop due to SC ESR.

VgaL Voltage drop due to LED ballast resistors

Voy Overhead charge voltage required for constant current regulation during the entire flash duration.

Veump Von * Viep* Vesr = Ve + Vroson * Vesr + Viep + Vproor + Veal

Vur Vs + Vrpson

SUPER-CAPACITOR CHARGING TIME

The time it takes the LM3550 to charge a super-capacitor from OV to the target voltage is highly dependent on

the input voltage, output-voltage target, and super-capacitor capacitance value.

» The LM3550 will charge up a capacitor faster with higher input voltage and slower with lower input voltages.
This is due to the LM3550 staying in the lower gains for longer periods of time.

» The LM3550 will charge up a capacitor faster if the target output voltage is lower and slower if the target
output voltage is higher. For a given charge profile, a lower capacitor voltage will be reached faster than a
higher voltage level.

» The LM3550 will charge up a capacitor having a lower capacitance value faster than a capacitor having a
higher capacitance level.

Table 9. Super-Capacitor Charging Times
0.5F Capacitor, OV to Target

Mggltém FIXED VOLTAGE MODE
VIN 4.38V 4.5V 5.0V 5.3V
4.2V 4.565s 5.087s 6.314s 7.014s
3.6V 5.207s 5.765s 6.978s 7.832s
3.0V 6.090s 6.4465 7.870s 8.904s

(1) Optimal Mode Flash = 2 LEDs @ 3A (1.5A Each) for 48 ms. Super-Capacitor Part#: TDK EDLC272020-501-2F-50
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SUPER-CAPACITOR VOLTAGE PROFILE

When a constant load current is drawn from the charged super-capacitor, the voltage on the capacitor will
change. The capacitor ESR and capacitance both affect the discharge profile.

Super Cap Voltage vs. Time
A VCHARGE

VESR

A

Vbroor

Vcap
v £ VESR

[ —— tFLASH ——»»

Y

{START tFINISH
TIME

At the beginning of the flash (tstarT), the super-capacitor voltage will drop due to the super-capacitor's ESR. The
magnitude of the drop is equal to the flash current (Ig asy) Mmultiplied by the ESR (Rggg).

VEsr = lriash * R Esr (2)
Once the initial voltage drop occurs (Vegr) the super-capacitor voltage will decay at a constant rate until the flash

ends (tgnisn)- The voltage droop (Vproop) during the flash event is equal to flash current (Ig asy) Multiplied by the
flash duration (tg asy) divided by the capacitance value of the super-capacitor (Cgc).

VDROOP = (IFLASH X tFLASH) / CSC (3)

After the flash event has finished, the voltage on the super-capacitor will increase due to the absence of current
flowing through the ESR of the super-capacitor. This step-up is equal to

Vesr = lrLash X Resr 4)

PEAK FLASH CURRENT

To set the peak flash current controlled by the LM3550, a current setting resistor must be placed between the
source of the current source and ground (FB to GND). The LM3550 will regulate the voltage across the resistor
to a value between 100 mV and 30 mV depending on the setting in the Current Control Register. Using the 100
mV setting, the peak flash current can be found using the following equation:

lecash = Vs / Rsense (5)

The LM3550 provides eight feedback voltage levels allowing eight different current settings. The current ranges
from 100% of Full-Scale (100 mV setting) down to 30% of Full-Scale (30 mV setting) in 10% steps.

MAXIMUM FLASH DURATION

Several factors determine the maximum achievable flash pulse duration. The flash current magnitude, feedback
voltage, Rpgon Of the current source FET, super-capacitor capacitance (Cgc), super-capacitor ESR (Rgsg) and
super-capacitor charge voltage (Vcap) determine the LM3550's ability to regulate the flash current for a given
amount of time.

te asn (Max.) = (Csc X Vprooe) / leLask

where
*  Vproor = Veapr = Viep ~ [lriash X (Resr + Roson + {Rea/N)}Y] = Ves
e N =# of Flash LEDs (6)
Example:

If VCAP = 53V, VLED =4V (@15A), IFLASH (tOtal) = 3A, CSC = 05F, RESR =50 mQ,RDSON = 40mQ, VFB =100 mV,
and RBAL =75 mQ

Then VDROOP =0.82V and tFLASH (maX.) =136 ms
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Veap
VEAT] Charger e 4

h o
+
IFLASHl 3 Vieo
ESR -
100 mV, + +
*, VRpson
| C

Vsc

OPTIMAL CHARGE MODE VS. FIXED VOLTAGE MODE
The LM3550 provides two types of super-capacitor charging modes: Fixed Voltage and Optimal Charge.

In Fixed Voltage Mode, the LM3550 will charge and regulate the super-capacitor to either 4.5V, 5V or 5.3V. This
mode is useful if the LM3550 is going to be used for both flash and fixed-rail applications (power supply for audio
or PA sub-systems).

If the LM3550 is only going to be used as a super-capacitor charger and flash controller, the Optimal Charge
Mode provides many advantages over the Fixed Voltage Mode. Optimal Charge Mode will charge the super-
capacitor to the minimum voltage that is required to sustain a flash pulse compensating for variations in super-
capacitor ESR and LED forward voltage due to temperature and process. To properly use the Optimal Charge
Mode, the Overhead Voltage (Vo) must be determined. The Overhead Voltage is equal to the voltage required
to maintain current source regulation (Vyg) plus the voltage droop (Vproop) On the super-capacitor due to the
flash event.

Von = Voroop *+ Vir = (IrLash X triasn / Csc) + Ves + (IrLasn % Rospon) @)
and
Veap = Vou + Vieo + [lrasn X (ResrtReal/ N)]
where
+ N = Number of Flash LEDs 8
Example:

If Vi gp (peak)= 4.1V (@1.5A), lg asH (total) = 3A, Cgc = 0.5F, Resg = 50 mQ, Rpson = 40 mQ, Vg = 100 mV,
RgaL = 75 mQ, and tg asy = 64 ms

Then VOH = 0.604V and VCAP =497V

NOTE
Vi ep (peak) is equal to the LED voltage before self-heating occurs. Once current flows
through the LED, the LED will heat up, and the forward voltage will decrease until it
reaches a steady-state level. This voltage drop is dependent on the LED and the PCB
layout.

Based on this calculation, setting the Overhead Voltage to 600 mV in the Current Control Register should ensure
a regulated 3A flash pulse over the entire flash duration.

Unlike Fixed Voltage Mode, Optimal Charge Mode will adjust the super-capacitor voltage upon changes in LED
forward voltage and variation in super-capacitor ESR, ensuring that the super-capacitor does not charge to a
voltage higher than needed. By charging optimally, the LM3550 can potentially charge the super-capacitor to its
EOC state faster due to the target voltage being lower, and it helps ease the thermal loading on the current
source FET during the flash.

Power-Saving Example

26 Submit Documentation Feedback Copyright © 2009-2012, Texas Instruments Incorporated

Product Folder Links: LM3550


http://www.ti.com/product/lm3550?qgpn=lm3550
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVS569A&partnum=LM3550
http://www.ti.com/product/lm3550?qgpn=lm3550

1§ TEXAS L M3550

INSTRUMENTS

www.ti.com SNVS569A —MAY 2009-REVISED FEBRUARY 2012

Optimal Charge vs. Fixed Voltage Charge

o
VrB

200 mV/DIV [#5——
VCAP | ——— VcpAp = 4.94V
1V/DIV ——— —

IFlash = 3A —

VLED-

1V/DIV /VOH =600 mV

‘/VLED+BAL (peak) = 4.4V

Vg

V| ave.) = 4V
VDIV LED+BAL (ave.)

TIME
(10 ms/DIV)

Figure 54. Optimal Charge Mode

i

VFB
200 mV/DIV [
[ t——— VAP = 5.36V

Veap ———

1v/IDIV

IFlash = 3A |

pu——
VLD Vo = 900 mV
1V/DIV /
-
VLED+BAL (peak) = 4.4V
~
VE
2VIDIV |. VLED+BAL (ave.) = 4V

TIME
(10 ms/DIV)

Figure 55. 5.3V Fixed Voltage Charge Mode

Peak Power Dissipation Across Current Source FET
Pneer (Max.) = lgasn X (Von = Ves)
where
e Optimal Mode = 1.5W, Fixed Voltage Mode (5.3V) = 2.4W 9)
Average Power Dissipation Across Current Source FET (64 ms Pulse)
Pneer (@v0.) = letash X [Von = (Voroor+2) = Vegl
where
* Optimal Mode = 936 mW, Fixed Voltage Mode (5.3V) = 1.824W (20)

COMPONENT SELECTION

Super-Capacitor

Super-capacitors, or electrochemical double-layer capacitors (EDLC's), have a very high energy density
compared to other capacitor types. Most super-capacitors aimed at applications requiring voltages higher than
3V are three-terminal devices (two super-capacitor cells stacked in series). Special care must be taken to ensure
that the voltage on each cell of the super-capacitor does not exceed the maximum rating (typically 2.75V to
2.85V, depending on the manufacturer). The LM3550 is capable of safely charging super-capacitors of many
different capacitances up to a Vgyr(max.) = 5.3V typ.

The capacitor balance pin (BAL) on the LM3550 ensures that the voltage on each cell is equal to half of the
output voltage to prevent an over-voltage condition on either cell. If either cell fails as a short, the BAL pin will not
prevent the second cell from being damaged.
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NOTE
The LM3550 is not designed to work with low-voltage, single-cell super-capacitors.

Boost Capacitors

The LM3550 requires 4 external capacitors for proper operation (C; = C, = 1uF; C\y = 4.7 UF; Cout = 2.2 UF).
Surface-mount multi-layer ceramic capacitors are recommended. These capacitors are small, inexpensive and
have very low equivalent series resistance (ESR <20 mQ typ.). Tantalum capacitors, OS-CON capacitors, and
aluminum electrolytic capacitors are not recommended for use with the LM3550 due to their high ESR, as
compared to ceramic capacitors.

For most applications, ceramic capacitors with X7R or X5R temperature characteristic are preferred for use with
the LM3550. These capacitors have tight capacitance tolerance (as good as +10%) and hold their value over
temperature (X7R: £15% over —55°C to 125°C; X5R: £15% over —55°C to 85°C).

Capacitors with Y5V or Z5U temperature characteristic are generally not recommended for use with the LM3550.
Capacitors with these temperature characteristics typically have wide capacitance tolerance (+80%, —20%) and
vary significantly over temperature (Y5V: +22%, —-82% over —30°C to +85°C range; Z5U: +22%, -56% over
+10°C to +85°C range). Under some conditions, a nominal 1uF Y5V or Z5U capacitor could have a capacitance
of only 0.1 yuF. Such detrimental deviation is likely to cause Y5V and Z5U capacitors to fail to meet the minimum
capacitance requirements of the LM3550.

The recommended voltage rating for the capacitors is 10V to account for DC bias capacitance losses.

Current Source FET

Choosing the proper current source MOSFET is required to ensure accurate flash current delivery. N-Channel
MOSFETs (NFET) with allowed drain-to-source voltages (Vps) greater than 5.5V are required. In order to prevent
damage to the current source NFET, special attention must be given to the pulsed-current rating of the MOSFET.
The NFET must be sized appropriately to handle the desired flash current and flash duration. Most MOSFET
manufacturers provide curves showing the NFET's pulsed performance in the electrical characteristics section of
their datasheets. A MOSFET's performance rating at temperature, primarily temperatures greater than 40°C,
must also be investigated to ensure NFET does not become thermally damaged during a flash pulse. An NFET
possessing low Rpgon Values helps improve the efficiency of the flash pulse.

ALD/TEMP Components

NTC SELECTION

NTC thermistors have a temperature-to-resistance relationship of:

O
°C+273 298

R(T) = Rygec X € (11)

where B is given in the thermistor datasheet and R,s-¢ is the thermistor's value at +25°C. R1 in is chosen so that
it is equal to:

R1 = VTRIPRT(TRIP)

(VBIAS - VTRlP) (12)
where Ryrrip) iS the thermistors value at the temperature trip point, Vg as is shown in the Thermistor Resistive
Divider Response vs. Temperature graph below, and Vqgp = 800 mV (typ.). Choosing R1 here gives a more
linear response around the temperature trip voltage. For example, with Vgas = 1.8V and a thermistor whose
nominal value at +25°C is 100 kQ and a = 4500K, the trip point is chosen to be +85°C. The value of R(T) at
85°C is:

ﬂ[#_i
85 +273 298

R(T) =100kQ x e ]] =7.959 kQ

R1is then; 28V X 7959k _ o 000 k)
1.8V - 0.8V

(13)
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Setting the ALD/TEMP Sense High Register to N = 50 or hex 0x32 will place the upper trip point to approx. 800
mV. Voltages higher than 800 mV will prevent the flash LED from turning on. Based on the curve, the Sense Low
Register can be set to a lower code to give a second LED current threshold (70% flash). Voltages lower than the
value stored in the Sense Low Register will allow a full current flash.

1.0el

T le5

T T T
N Veaias = 1.8V:

N Rrrermistor = 100kQ @ 25°
B =4500, R1 = 6.367kQ

Rl

N
<

R (Q)

1.0

— le4

\

™~

— Y 2V

Vacorrewe (V)

A
7

W
7

1.0e-1 /

le3
25 35 45 55 65 75 85 95 105

Ta(T)

Figure 56. Thermistor Resistive Divider Response vs Temperature

If the temperature changes during a flash event, meaning V sremp Crosses the Sense High and/or Sense Low
values, the current will scale to the appropriate zone current.

The thermistor should be placed as close to the Flash LEDs as possible. This will provide the best thermal
coupling (lowest thermal resistance).

VBIAS/VIO

_r : : Current Control
Trip Point ||

= L— DZcode Register

———
v

Sense |_|
Low

L L—

Figure 57. Thermistor Voltage Divider and Sensing Circuit

AMBIENT LIGHT SENSOR

If the ALD/TEMP pin is not used for ambient/LED temperature monitoring, it can be used for ambient light
detection. The LM3550 provides three regions of current control based upon ambient conditions. The three
regions are defined using the Sense High and Sense Low Registers to set the zone boundaries (user-
configurable from 0 to 1V). Most ambient light sensors are reverse-biased diodes that leak current proportional to
the amount of ambient light reaching the sensor. This current is then translated into a voltage by using a resistor
in series with the light sensor. The voltage-setting resistor will vary based upon the desired ambient detection
range and manufacturer.
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1upF
|
VIO/VBAT I
2.2 kQ
|
AVAGO APDS-9005
\
1V —
Sense
High |~
= L— Trip Point Current Control
[ — Decode Register
1V —
Sense
Low
L i—

Default TRIP POINTS

1000 LUX for Bright Ambient (900 mV) (Bright Outdoor Lighting) ~ No Flash

100 to 1000 LUX for Indoor Ambient (90 mV) (Office Lighting)

0 to 100 LUX for Low Ambient (Night or Movie Theater)

70% Full-Scale Flash
Full-Scale Flash

Most ambient light sensors suggest placing a capacitor in parallel with the voltage-setting resistor in order to help
filter the 50/60 Hz. noise generated by fluorescent overhead lighting. This capacitor can range from no capacitor
up to 10 pF. The key is to filter the noise so that the peak-to-peak voltage is less than 16 mV (LSB size of the
ALD/TEMP Sense High and Sense Low settings). Please refer to the ambient light sensor's datasheet for the

recommended capacitor value.

Strobe [

VSENSE
(50 mV/DIV)

VALD/TEMP
(500 mV/DIV)

asgrmonp

e — ]

TIME
(10 ms/DIV)

The Flash current drops to 70% of the peak once the voltage on the ALD/TEMP pin exceeds the Sense Low trip

point.

Figure 58. Effect of ALD/TEMP Voltage Rising during a Flash
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Strobe ["™

VSENSE
(50 mV/DIV)
VALD/TEMP T\

(500 mv/DIV) |
TIME

(10 ms/DIV)

The Flash event is not allowed to start if the voltage on ALD/TEMP is higher that the Sense High Trip point.
Figure 59. Effect of ALD/TEMP Voltage Dropping during a Flash

LAYOUT CONSIDERATIONS

The UQFN is a leadless package with very good thermal properties. This package has an exposed DAP (die
attach pad) at the underside center of the package measuring 1.86 mm x 2.2 mm. The main advantage of this
exposed DAP is to offer low thermal resistance when soldered to the thermal ground pad on the PCB. For good
PCB layout a 1:1 ratio between the package and the PCB thermal land is recommended. To further enhance
thermal conductivity, the PCB thermal ground pad may include vias to a 2nd layer ground plane. For more
detailed instructions on mounting UQFN packages, please refer to Texas Instruments Application Note AN-1187
(SNOA401).

The proceeding steps must be followed to ensure stable operation and proper current source regulation.

1. Bypass V|y with at least a 4.7 pF ceramic capacitor. Connect the positive terminal of this capacitor as close
as possible to V.

2. Connect Cqyr as close to the VOUT pin as possible with at least a 2.2 yuF capacitor.

3. Connect the return terminals of the input capacitor and the output capacitor as close as possible to the
exposed DAP and GND pins through low impedance traces.

4. Place the two 1 pF flying capacitors (C1 and C2) as close to the LM3550 C1+/- and C2+/- pins as possible.

5. To minimize losses during the flash pulse, it is recommended that the flash LEDs, the current source NFET,
and current-setting resistor be placed as close to the super capacitor as possible.

THERMAL PROTECTION

Internal thermal protection circuitry disables the LM3550 when the junction temperature exceeds 145°C (typ.).
This feature protects the device from being damaged by high die temperatures that might otherwise result from
excessive power dissipation. The device will recover and operate normally when the junction temperature falls
below 125°C (typ.). It is important that the board layout provide good thermal conduction to keep the junction
temperature within the specified operating ratings.
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PACKAGING INFORMATION
Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
@ Drawing @ @) @
LM3550SP/NOPB ACTIVE UQFN NHU 20 1000 Green (RoHS CU SN Level-3-260C-168 HR -30t0 85 3550 m
& no Sh/Br)
LM3550SPX/NOPB ACTIVE UQFN NHU 20 4500 Green (RoHS CU SN Level-3-260C-168 HR -30t0o 85 3550 m
& no Sh/Br)

® The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability

information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that

lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight

in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ Only one of markings shown within the brackets will appear on the physical device.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
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Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
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Q1 : Q2
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Q3 1 Q4 User Direction of Feed
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T
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Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM3550SP/NOPB UQFN NHU 20 1000 178.0 12.4 2.7 3.2 0.8 8.0 12.0 Q1
LM3550SPX/NOPB UQFN NHU 20 4500 330.0 12.4 2.7 3.2 0.8 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM3550SP/NOPB UQFN NHU 20 1000 213.0 191.0 55.0
LM3550SPX/NOPB UQFN NHU 20 4500 367.0 367.0 35.0
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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Logic
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CraHpapT
INeKTpPOoH
ﬂ CBAA3b

Mbl MOf04aA M aKTUBHO Pa3BMBAIOLLAACA KOMMAHWA B 061acTM  MOCTaBOK
3NEKTPOHHbIX KOMMOHEHTOB. Mbl NOCTAaBASEM  3/IEKTPOHHbIE  KOMMOHEHTbI
OTEYEeCTBEHHOIrO U MMMOPTHOIO NMPOWU3BOACTBA HAMPAMYIO OT NPOU3BOAMUTENEN U C
KpYMHEMLWKNX CKNaZ0B MUpa.

Enaro,a,apﬂ coTpygHn4ecTtesy C MMpPOBbIMU NOCTaBWMKaMWN Mbl OCYLLECTBIAEM
KOMMNNEKCHbIE N NN1aHOBblE MNMOCTABKU LumpoqaﬁLuero CNEeKTpa 3/1EKTPOHHbIX
KOMMOHEHTOB.

CobcTtBeHHan 3¢p@eKTUBHAA NOrMCTUKA M CKNag B obecneunBaeT HageKHYHo
MOCTaBKy MNPOAYKLMM B TOYHO YKa3aHHble CPOKM Mo Bcel Poccum.

Mbl ocyuiecTBisem TEXHUYECKYI0 MNOALEPKKY HAWWM  K/IMEHTaMm U
npeanpoaaxkHyto NPOBEPKY KayecTsa NpoayKumu. Ha Bce noctaBnsiemble NpoAyKTbl
Mbl MPEAOCTaBASEM TFAPaAHTUIO .

OcyuwiectBndem nNOCTaBKM NpoOAYKUMM nog, KoHTponem Bl MO PO Ha
npeanpuATUA BOEHHO-NPOMbIWIEHHOTO KoMnaekca Poccuun , a TakKe paboTtaem B
pamkax 275 ®3 c OTKpbITUEM OTAE/bHbIX CHETOB B YNONHOMOYEHHOM BaHKe. Cuctema
MeHeXMeHTa KayecTBa KomnaHum cooTBeTcTByeT TpeboBaHuam FOCT ISO 9001.

MWHUMaNbHbIE  CPOKM  MNOCTAaBKW, TMOKME  UeHbl, HeorpaHWYeHHbIN
aCCOPTUMEHT UM WHAMBMAYANbHbLIN MNOAXOA K KAMEHTaM ABAAIOTCA OCHOBOW ANA
BbICTPAMBaHMA A0FOCPOYHOIO M 3GPEKTUBHOIO COTPYAHMYECTBA C NPEeANPUATUAMM
PaANO3NEKTPOHHOMW NPOMBIWAEHHOCTU, NPEeanPUATUAMM BMNK u HayuHo-
nccnenoBaTeNbCKUMKU MHCTUTYTaMm Poccun.

C Hamu Bbl CTAaHOBMUTECH elle ycnewHee!

[HaLLIM KOHTAKTbI: \

TenedoH: +7 812 627 14 35

dNeKTpPOHHaA nouTa: sales@st-electron.ru

Appec: 198099, CaHkT-MNeTepbypr,
MpomblwneHHasa yn, gom Ne 19, nutepa H,
nometleHune 100-H Oduc 331
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