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LM36010 Synchronous-Boost, Single-LED Flash Driver
With 1.5-A High-Side Current Source
1 Features 3 Description

* Accurate and Programmable LED Currents

— Flash / IR Currents Ranging from 11 mA up to
1.5 A (128 Levels)

— Torch Currents Ranging from 2.4 mA up to
376 mA (128 Levels)

* Flash Time-Out up to 1.6 Seconds

e Optimized Flash LED Current During Low Battery
Conditions (IVFM)

e Grounded Cathode LED Operation for Improved
Thermal Management

« Small Total Solution Size: < 7 mm?
» Hardware Strobe Enable (STROBE)
* Input Voltage Range from 2.5V to 5.5V
«  400-kHz 1>’C-Compatible Interface
— I°C Address = 0x64

2 Applications

* Mobile Phones

e Tablets

e IR LED Driver

* Video Surveillance: IP Camera
» Barcode Scanner

» Portable Data Terminal

The LM36010 is an ultra-small LED flash driver that
provides a high level of adjustability. With a total
solution size of 7 mm?, it can produce up to 1.5 A of
LED flash current or up to 376 mA of torch current.

The device utlizes a 2-MHz or 4-MHz fixed-
frequency, synchronous boost converter to power the
1.5-A constant current LED source. An adaptive
regulation method ensures the current source
remains in regulation and maximizes efficiency as it
controls the current from 11 mA up to 1.5 A in flash
mode or from 2.4 mA up to 376 mA in torch mode.

Features of the LM36010 are controlled via an I1°C-
compatible interface. These features include:
hardware flash (STROBE) and 128 programmable
currents for both flash and movie mode (torch). The
2-MHz or 4-MHz switching frequency, overvoltage
protection (OVP), and adjustable current limit allow
for the use of tiny, low-profile inductors and ceramic
capacitors. The device operates over a —40°C to
+85°C ambient temperature range.

Device Information®
PACKAGE BODY SIZE (NOM)
DSBGA (8) 1.512 mm x 0.800 mm

PART NUMBER
LM36010

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Pin Configuration and Functions
YKB Package
8-Pin DSBGA
Top View
| (™ <>
N/ N/ .
Pin Al
o 77
‘\%_l) ‘\__2)
{c) (2
N/ N/
(o) (o)
N/ N/
Pin Functions
PIN 1
TYPE® DESCRIPTION
NAME NO.
Al GND G Ground
A2 IN = Input voltage connection. Connect IN to the input supply and bypass to GND with a 10-pF or
larger ceramic capacitor.
B1 SW P Drain connection for Internal NMOS and synchronous PMOS switches.
B2 STROBE | Active high hardware flash enable. Drive STROBE high to turn on flash pulse. An internal
pulldown resistor of 300 kQ is between STROBE and GND.
Step-up DC-DC converter output. Connect a 10-pF ceramic capacitor between this terminal
C1 ouT P
and GND.
Cc2 SDA 1/0 12C serial data input/output.
D1 LED P High-side current source output for flash LED.
D2 SCL I 12C serial clock input.
(1) G =Ground; P = Power; | = Input; O = Output
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®®
MIN MAX UNIT

IN, SW, OUT, LED -0.3 6 v
SDA, SCL, STROBE -0.3 (Vin+ 0.3) w/ 6 V maximum

Continuous power dissipation®) Internally limited

Junction temperature, Ty max 150 °C
Storage temperature, Tgyg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltages are with respect to the potential at the GND pin.
(3) Internal thermal shutdown circuitry protects the device from permanent damage. Thermal shutdown engages at T; = 150°C (typical) and
disengages at T; = 135°C (typical). Thermal shutdown is ensured by design.
6.2 ESD Ratings
VALUE UNIT
. Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +1000
Vesp) Electrostatic discharge - — 2 \%
Charged-device model (CDM), per JEDEC specification JESD22-C101 ) +250
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)®®

MIN MAX UNIT
Vin 25 5.5 v
Junction temperature, T, -40 125 °C
Ambient temperature, Tp © -40 85 °C
(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings

only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

(3) 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 (Tamax) IS dependent on the maximum operating junction temperature (T . yax-op =
125°C), the maximum power dissipation of the device in the application (Pp.vax), and the junction-to-ambient thermal resistance of the
part/package in the application (Rgja), as given by the following equation: Tamax = Ti-max-op — (Resa X Pp-max)-

6.4 Thermal Information

LM36010
THERMAL METRIC® YKB (DSBGA) UNIT
8 PINS
Roia Junction-to-ambient thermal resistance 117.3 °C/W
Roactop) Junction-to-case (top) thermal resistance 1.3 °C/W
RgiB Junction-to-board thermal resistance 34.3 °C/W
Yyt Junction-to-top characterization parameter 0.5 °C/W
Y Junction-to-board characterization parameter 34.6 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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6.5 Electrical Characteristics

Ta = 25°C and V| = 3.6 V, unless otherwise specified. Minimum and maximum limits apply over the full operating ambient
temperature range (—40°C < TA < 85°C).(W®

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
CURRENT SOURCE SPECIFICATIONS
Vout =4V, flash code = 0x7F =15 A @ —10% 15 10% A
ILep Current source accuracy
Vout =4V, torch code = Ox7F = 376 mA -10% 376 10% mA
v LED current source regulation llep=15A Flash 550 my
HR voltage ILep = 376 MA Torch 350
. ON threshold 4.86 5 5.10
Vovp Overvoltage Protection \%
OFF threshold 4.71 4.85 4.95
STEP-UP DC-DC CONVERTER SPECIFICATIONS
Rpmos PMOQOS switch on-resistance 175 a
m
Rnmos NMOS switch on-resistance 130
. o Reg 0x01, bit [5] =0 -15% 1.9 15%
lcL Switch current limit - A
Reg 0x01, bit [5] =1 -15% 2.8 15%
Vuvio Undervoltage lockout threshold Falling Vi 2.5 \%
VIVEM Input voltage flash monitor trip . =1 o o
threshold Reg 0x02, bits [7:5] = 000 -3% 2.9 3% \Y
lo Quiescent supply current Device not switching, in pass mode 0.3 mA
Device disabled
Isg Standby supply current 25V <V <55V 0.8 4 A
STROBE VOLTAGE SPECIFICATIONS
Vi Input logic low 0.4 \
— 25V<sVys55V
\m Input logic high 1.2 VN \
I’C-COMPATIBLE INTERFACE SPECIFICATIONS (SCL, SDA)
Vi Input logic low 0.4
— 25V<sVys4.2V \Y,
\m Input logic high 1.2 VN
VoL Output logic low lLoap = 3 MA 400 mV

(1) Minimum (MIN) and Maximum (MAX) limits are specified by design, test, or statistical analysis. Typical (TYP) numbers are not verified,
but do represent the most likely norm. Unless otherwise specified, conditions for typical specifications are: Viy = 3.6 V and T, = 25°C.

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

(3) The ability to deliver 1.5 A of LED current is highly dependent upon the input voltage, LED voltage, ambient temperature and PCB
layout. Depending upon the system conditions, it is possible that the device could hit the internal thermal shutdown or thermal scale-
back value before the desired flash duration is reached. See Thermal Performance for more details.

6.6 Timing Requirements

MIN NOM MAX UNIT
ty SCL clock period 2.4 ps
to Data in set-up time to SCL high 100 ns
t3 Data out stable after SCL low 0 ns
ty SDA low set-up time to SCL low (start) 100 ns
ts SDA high hold time after SCL high (stop) 100 ns

6.7 Switching Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
o -10% 2 10%
fsw Switching frequency 25V<sV)s55V 10% 4 10% MHz
Copyright © 2017, Texas Instruments Incorporated Submit Documentation Feedback 5
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Figure 1. 1°C-Compatible Interface Specifications
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6.8 Typical Characteristics

Ta=25°C,V|y=3.6V, Cy=10pyF, Coyr =10 pF, L =1 pH, V,gp = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back

(TSB) disabled, unless otherwise noted.

15 15
— 85°C / — 85°C /
25°C 25°C
19| — -40°C / 12| — -40°C /
% 3
= 0.6 /, £ 06 /,
03 // 03 //
0 0
0x00 OxOF Ox1F Ox2F Ox3F Ox4F Ox5F Ox6F Ox7F OX00 OXOF OxIF Ox2F OXx3F Ox4F OxSF Ox6F Ox7F
Brightness Code (hex) Brightness Code (hex)
fsw =2 MHz lct=28A fsw = 4 MHz lL=2.8A
Figure 2. LED Flash Current vs Brightness Code Figure 3. LED Flash Current vs Brightness Code
0.8 1.6
—— Code 0x00 —— Code 0x47
0.7 —— Code 0x07 15 I | — Code 0x4F
Code 0XOF Code Ox57
0.6 —— Code 0x17 1.4 L — Coge Ox5§
—— Code Ox1F / — Code 0x6
—— Code 0x27 13 —— Code Ox6F
~ 05 < —— Code 0x77
< —— Code 0x2F < —— Code Ox7F
T 04 —— Code 0x37 2 12
2 —— Code Ox3F o
T 1.1
0.3
1
0.2
0.9
0.1
0.8
0 25 3 35 4 4.5 5 55
25 3 35 4 4.5 5 5.5 Vin (V)
Vin (V)
fsw=2 MHz lcr=28A fsw=2MHz lcL=28A
Figure 4. LED Flash Current vs Input Voltage Figure 5. LED Flash Current vs Input Voltage
1.6 1.6
1.52 1.52 -
1.44 /7 = 1.44 74 —
1.36 7 / 1.36 /
/4 J
< 128 < 128 /
< < /
5 12 5 12
5 5
£ 112 £ 112 4
// /
1.04 / 1.04 [
0.96 — g50C 0.96 — 85°C
0.88 25°C 0.88 25°C
— _40°C — -40°C
0.8 0.8
25 3 35 4 45 5 5.5 25 3 35 4 45 5 5.5
Vin (V) Vin (V)
fsw=2MHz Irasn=1.5A fsw =4 MHz lrasn=1.5A
let=19A Flash Time-out < 120 ms at 85°C let=19A Flash Time-out < 120 ms at 85°C
Figure 6. LED Flash Current vs Input Voltage Figure 7. LED Flash Current vs Input Voltage
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Typical Characteristics (continued)

Tao=25°C,Vy=3.6V,Cy=10 pF, Coyt =10 pF, L =1 pH, V gp = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back

(TSB) disabled, unless otherwise noted.

1.28 1.28
1.24 1.24
1.2 1.2
1.16 — 1.16 // =
< 1.12 // < 1.12
% 1.08 % 1.08
7] . [} B
o, v/
= 1.04 / T 104 /
1 / 1
0.96 |/ — 85°C 0.96 — 85°C
0.92 25°C 0.92 25°C
— -40°C — -40°C
0.88 0.88
25 3 35 4 45 5 55 25 3 35 4 45 5 55
Vin (V) Vin (V)
fsw=2MHz lrasH=1.2 A fsw =4 MHz lrasH=1.2 A
ct=1 ash Time-out < ms a ct=1. ash Time-out < ms a
| 19A Flash T t < 280 t 85°C [ 19A Flash T t <280 t 85°C
Figure 8. LED Flash Current vs Input Voltage Figure 9. LED Flash Current vs Input Voltage
1.08 1.08
1.06 1.06
1.04 1.04
/ —
1.02 1.02
A— \
—_— 1 //- \\\ — 1 /  E—
< el < sesl/
% 0.98 % 0.98
2 o] 2 osol
= 0.96 / = 0.96
0.94 0.94
0.92 — 85°C 0.92 — 85°C
0.9 25°C 0.9 25°C
— -40°C — -40°C
0.88 0.88
25 3 35 4 45 5 5.5 25 3 35 4 45 5 5.5
Vin (V) Vin (V)
fSW =2 MHz IFLASH =1.03A ICL =19A fSW =4 MHz IFLASH =1.03 A ICL =19A
Figure 10. LED Flash Current vs Input Voltage Figure 11. LED Flash Current vs Input Voltage
1.08 1.08
1.06 1.06
1.04 1.04
1.02|— ~ | 1.02 f—— ]
g 1 g 1
% 0.98 % 0.98
= 0.96 = 0.96
0.94 0.94
0.92 —— 85°C 0.92 — 85°C
09 25°C 0.9 25°C
— -40°C — -40°C
0.88 0.88
25 3 35 4 45 5 5.5 25 3 35 4 45 5 5.5
Vin (V) Vin (V)
fSW =2 MHz IFLASH =1.03A ICL =28A fSW =4 MHz IFLASH =1.03A ICL =28A
Figure 12. LED Flash Current vs Input Voltage Figure 13. LED Flash Current vs Input Voltage
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Typical Characteristics (continued)

Tao=25°C,Vy=3.6V,Cy=10 pF, Coyt =10 pF, L =1 pH, V gp = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.

0.772 0.772
0.764 0.764
0.756 \ 0.756 =
0.748 0.748 A
L—
= 0.74 — - 0.74
% N & ~~—
3 0.732 5 0.732 =
0.724 0.724
0.716 0.716
—— 85°C — 85°C
0.708 25°C 0.708 25°C
— -40°C — -40°C
0.7 0.7
25 3 35 4 4.5 5 5.5 25 3 35 4 4.5 5 5.5
Vin (V) Vin (V)
fSW =2 MHz IFLASH = 0.75 A loL = 19A fSW =4 MHz IFLASH = 0.75 A loL = 19A
Figure 14. LED Flash Current vs Input Voltage Figure 15. LED Flash Current vs Input Voltage
0.772 0.772
0.764 0.764
0.756 e 0.756 ———
0.748 \ 0.748 ——
< o074 ] < o074
) ~— 5 ~—
S 0732 - S 0732 =
0.724 0.724
0.716 0.716
— 85°C — 85°C
0.708 25°C 0.708 25°C
— -40°C — -40°C
0.7 0.7
25 3 3.5 4 45 5 5.5 25 3 3.5 4 45 5 5.5
Vin (V) Vin (V)
fSW =2 MHz IFLASH =0.75A ICL =28A fSW =4 MHz IFLASH =0.75A ICL =28A
Figure 16. LED Flash Current vs Input Voltage Figure 17. LED Flash Current vs Input Voltage
0.4 0.4
— 85°C 4 — 85°C
0.36 250G v 0.36 250G 7
032 | — -40°C . 0.32 | — -40°C .
0.28 0.28
g 0.24 7 g 0.24 2
I / I /
8 0.2 7 3] 0.2 7
2 016 // 2 016 //
/ ped
0.12 0.12
P P
0.08 / 0.08 /
0.04 /’ 0.04 //
0 0
0x00 OxOF Ox1F Ox2F Ox3F Ox4F Ox5F Ox6F Ox7F 0x00 OxOF Ox1F Ox2F Ox3F Ox4F Ox5F Ox6F Ox7F
Brightness Code (hex) Brightness Code (hex)
fSW=2MHZ fSW:4MHZ
Figure 18. LED Torch Current vs Brightness Code Figure 19. LED Torch Current vs Brightness Code
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Typical Characteristics (continued)

Tao=25°C,Vy=3.6V,Cy=10 pF, Coyt =10 pF, L =1 pH, V gp = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back

(TSB) disabled, unless otherwise noted.

0.2 0.4
—— Code 0x00 —— Code 0x47
0.18 —— Code 0x07 0.38 —— Code Ox4F
0.16 Code OxOF 0.36 Code 0x57
—— Code 0x17 —— Code 0x5F
0.14 —— Code 0x1F 0.34 —— Code 0x67
—— Code 0x27 —— Code 0x6F
< 012 —— Code Ox2F < 032 —— Code 0x77
T 01 —— Code 0x37 T 03 —— Code 0x7F
£ ' —— Code 0x3F £ '
£ 0.08 £ 0.28
0.06 0.26
0.04 0.24
0.02 0.22
0 0.2
25 3 35 4 45 5 55 25 3 35 4 45 5 55
Vin (V) Vin (V)
fSW =2 MHz fSW =2 MHz
Figure 20. LED Torch Current vs Input Voltage Figure 21. LED Torch Current vs Input Voltage
0.4 0.4
0.39 0.39
0.38 0.38
—
. 037 ™~ — . 037 I~
< ] < B
5 0.36 5 0.36
@ ox
o o
= =
— 0.35 — 0.35
0.34 0.34
—— 85°C — 85°C
0.33 25°C 0.33 25°C
— -40°C — -40°C
0.32 0.32
25 3 35 4 45 5 5.5 25 3 35 4 45 5 5.5
Vin (V) Vin (V)
fSW =2 MHz ITORCH =376 mA fSW =4 MHz ITORCH =376 mA
Figure 22. LED Torch Current vs Input Voltage Figure 23. LED Torch Current vs Input Voltage
0.28 0.212
— 85°C — 85°C
25°C 25°C
0.274 a0°e 0.206 0°C
0.268 0.2
< 0262 < 0194
5 5
S 0.256 AN S 0.188 ™~
- \\_ﬁ - ~—
0.25 0.182
0.244 0.176
0.238 0.17
25 3 35 4 45 5 55 25 3 35 4 45 5 5.5
Vin (V) Vin (V)
fSW =2 MHz lToRCH = 258 mA fSW =2 MHz ltorRcH = 188 mA
Figure 24. LED Torch Current vs Input Voltage Figure 25. LED Torch Current vs Input Voltage
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Typical Characteristics (continued)

TA = 250(:, V|N =3.6 V, C|N =10 “F, COUT =10 IJF, L=1 HH, VLED

(TSB) disabled, unless otherwise noted.

= 3.4V, Flash Time-out = 320 ms and Thermal Scale-Back
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Figure 26. LED Off Current vs Input Voltage Figure 27. LED On Current vs Input Voltage
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Figure 28. Standby Current vs Input Voltage
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7 Detailed Description

7.1 Overview

The LM36010 is a high-power white LED flash driver capable of delivering up to 1.5 A to the LED. The device
incorporates a 2-MHz or 4-MHz constant frequency-synchronous current-mode PWM boost converter and a high-
side current source to regulate the LED current over the 2.5-V to 5.5-V input voltage range.

The LM36010 PWM DC-DC boost converter switches and boosts the output to maintain at least Vg across the
current source. This minimum headroom voltage ensures that the current source remains in regulation. If the
input voltage is above the LED voltage + current source headroom voltage the device does not switch, but turns
the PFET on continuously (pass mode). In pass mode, the drop across the current source is the difference
between (Viy - ILep X Rpmos) and Vgp.

The device has one logic input for a hardware flash enable (STROBE). This logic input has an internal 300-kQ
(typical) pulldown resistor to GND.

Additional features of the device include an input voltage monitor that can reduce the flash current during low V,y
conditions and a temperature based current scale-back feature that forces the flash current to the set torch level
if the on-chip junction temperature reaches 125°C.

Control is done via an I?C-compatible interface. This includes adjustment of the flash and torch current levels,
changing the switch current limit, and changing the flash time-out duration. Additionally, there are flag and status
bits that indicate flash current time-out, LED over-temperature condition, LED failure (open/short), device thermal
shutdown, thermal current scale-back, and V,y undervoltage conditions.

12 Submit Documentation Feedback Copyright © 2017, Texas Instruments Incorporated
Product Folder Links: LM36010


http://www.ti.com/product/lm36010?qgpn=lm36010
http://www.ti.com
http://www.ti.com/product/lm36010?qgpn=lm36010
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSAN4B&partnum=LM36010

13 TEXAS
INSTRUMENTS
LM36010
SNVSAN4B —APRIL 2017—-REVISED OCTOBER 2017

www.ti.com

7.2 Functional Block Diagram
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REF Oscillator o
+
UVLO Input Voltage 6omo Vo
Flash Monitor| “_|_Y out
-‘V lLept
= PWM *
a Control
Thermal Current 130 ma
Scale Back
+125°C
Thermal Shutdown
a +150°C LED
Error
Amplifier
G2l
OUT-Vyr
Current Sense/
Current Limit

Slope ) Soft-Start
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SDA Control
1’c Logic/
Interface Registers
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7.3 Feature Description

7.3.1 Flash Mode

In flash mode, the LED current source provides 128 target current levels from 11 mA to 1.5 A, set by the LED
Flash Brightness Register (0x03 bits [6:0]). Flash mode is activated by the Enable Register (0x01), setting mode
M1, MO (bits [1:0]) to 11. Once the flash sequence is activated, the LED current source ramps up to the
programmed flash current by stepping through all current steps until the programmed current is reached. The
headroom on the current source is regulated to provide 11 mA to 1.5 A.

When flash mode is enabled using the mode M1, MO (bits [1:0]) of the Enable Register (0x01), the mode bits in
the Enable Register are cleared after a flash time-out event.

7.3.2 Torch Mode

In torch mode, the LED current source provides 128 target current levels from 2.4 mA to 376 mA, set by the LED
Torch Brightness Register (0x04 bits [6:0]). Torch mode is activated by the Enable Register (0x01), setting mode
M1, MO (bits [1:0]) to 10. Once the TORCH sequence is activated, the LED current source ramps up to the
programmed torch current by stepping through all current steps until the programmed current is reached. The
rate at which the current ramps is determined by the value chosen in the Torch Ramp bit [0] in Timing Register
(0x02).

7.3.3 IR Mode

In IR mode, the target LED current is equal to the value stored in the LED Flash Brightness Register (0x03 bits
[7:0]). When IR mode is enabled by the Enable Register (0x01) setting mode M1, MO (bits [1:0]) to 01, the boost
converter turns on and sets the output equal to the input (pass mode). In IR mode, toggling the STROBE pin
enables and disables the LED current source. The STROBE pin can only be set to be Level sensitive, as all
timing of the IR pulse is externally controlled. In IR mode, the current source does not control the ramp rate of
the LED output. The current transitions immediately from off to on and then on to off.

BOOST

VouT ~ PASS

STROBE

ILED

1

M1,MO = ‘00’

M1,M0 =01’
STROBE EN ="1'

TROBE EN = ‘1'

s

(1) If needed, the DC/DC boost will turn on when the LED current is delivered (Strobe Pin = High). When the Strobe Pin
goes low, the output voltage will return to V|5 (Pass Mode)

Figure 29. IR Mode with Boost
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Feature Description (continued)
vouT
(1) In pass mode, the boost stays disabled and Voyt = V|y When the Strobe Pin is high or low
Figure 30. IR Mode Pass Only
1 1
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] ]
| |
1 1
1 1
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| |
1 1
1 1
] ]
| |
1 1
1 1
!
STROBE i
i
H |
| |
1 1
1 1
] ]
| |
1 1
1 1
ILED
i , I i
] ]
| |
| | |
' ! !
o
i g = g m § = 'é m i |
pd | |
Quw NS % ] % 1 |
Sw 20 2@ g0 2R !
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@ TIME-OUT | i Reached
Start ! ! VOUT goes low,
| +  LED turn off
1 1
(1) When the flash timer elapses, the device goes into stand-by regardless of strobe state
Figure 31. IR Mode Time-out
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7.4 Device Functioning Modes

7.4.1 Start-Up (Enabling The Device)

At turnon the LED current source steps through each FLASH or TORCH level until the target LED current is
reached. This gives the device a controlled turnon and limits inrush current from the V,y supply. The target LED
flash and the target LED torch currents are set by the LED Flash Brightness Register (0x03 bits [6:0]) and LED
Torch Brightness Register (0x04 bits [6:0]) respectively.

7.4.2 Pass Mode

The LM36010 starts up in pass mode and stays there until boost mode is needed to maintain regulation. If the
voltage difference between Vg1 and V| gp falls below Vg, the device switches to boost mode. In pass mode, the
boost converter does not switch, the synchronous PFET turns fully on bringing Vout up to Viy — liep X Rpmos,
and the inductor current is not limited by the peak current limit.

7.4.3 Input Voltage Flash Monitor (IVFM)

The LM36010 has the ability to adjust the flash current based upon the voltage level present at the IN pin
utilizing the input voltage flash monitor (IVFM). The adjustable threshold IVFM-D ranges from 2.9 V to 3.6 V in
100-mV steps and is set by Configuration Register (0x02) bits [7:5]. Additionally, the IVFM-D threshold sets the
input voltage boundary that forces the LM36010 to stop ramping the flash current during start-up.

IVFM ENABLE

LEVEL STROBE

VIN PROFILE for Stop and Hold Mode

1
1
|
Set Target Flash Current | Dotted line shows O/P Current Profile with
-

1 1
1
1 1
-
1 1
i
O/P Current Profile in I'---E---1:- ----------------------------- * / IVFM Disabled
Stop and Hold Mode K I I (AN
1 1 1
! 1 L LN
1 \
7 1
<t 1
[ 1 SET RAMP FROM
’. 5 .‘ H THE RAMP
H L—‘E H H REGISTER USED
P :

Figure 32. IVFM Mode

7.4.4 Fault/Protections

Upon a fault condition, the LM36010 sets the appropriate flag(s) in the Flags Register (0x05) and switches into
stand-by mode obtained by clearing the mode M1, MO (bits [1:0]) of the Enable Register (0x01). The LM36010
remains in standby until an 1°C read of the Flags Register. I°C read of the Flags Register clears the flags and the
fault status can be re-checked. If the fault(s) is still present, the LM36010 re-sets the appropriate flag bits and
enters stand-by again.

7.4.4.1 Overvoltage Protection (OVP)

The output voltage is limited to typically 5 V (see Vqyp Specification in the Electrical Characteristics). In situations
such as an open LED, the LM36010 raises the output voltage in order to keep the LED current at its target value.
When Vg1 reaches 5 V (typical), the overvoltage comparator trips and turns off the internal NFET. When OVP
condition is present for three consecutive OVP events, LM36010 enters stand-by mode and OVP flag (bit [0]) of
Flags Register (0x01) is set. Checking for three consecutive events prevents forcing the device to shut down due
to momentary OVP condition. When Vg falls below the Vo, off threshold, the LM36010 switches again.
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Device Functioning Modes (continued)
7.4.4.2 Input Voltage Flash Monitor (IVFM)

When the input voltage crosses the IVFM-D value, programmed by Configuration Register (0x02) bits [7:5], the
LM36010 sets the IVFM flag (bit [6]) of Flags Register (0x05).

7.4.4.3 LED and/or VOUT Short Fault

LM36010 enters stand-by mode from flash or torch mode and V, gp Short Fault flag (bit [5]) of Flags Register
(Ox05) is set, if the LED output and/or VOUT experiences a short condition. An LED short condition occurs if the
voltage at the LED pin goes below 500 mV (typical). There is a deglitch time of 256 us before the LED short flag
is valid, and a deglitch time of 2.048 ms before the VOUT short flag is valid. The LED and/or VOUT short fault
can be reset to 0 by removing power to the LM36010, or setting the software reset field (Register 0x06 bit [7]) to
a 1, or by reading back the Flags Register.

7.4.4.4 Current Limit (OCP)

The LM36010 features two selectable inductor current limits, 1.9A and 2.8A, programmable through the 1°C-
compatible interface by writing to Register Ox01 bit [5] . When the inductor current limit is reached, the LM36010
terminates the charging phase of the switching cycle and sets the OCP flag (bit [4]) of Flags Register (0x05).
However, the mode M1, MO (bits [1:0]) are not cleared as the device operates at current limit. Switching resumes
at the start of the next switching period.

In pass mode, there is no mechanism to limit the current as the current does not flow through the NMOS, which
senses the current limit.

In the boost mode or the pass mode, if Vqur falls below 2.3 V, the device stops switching, and the PFET
operates as a current source limiting the current to 200 mA. This prevents the LM36010 from drawing excessive
current from the battery during output short-circuit conditions.

7.4.4.5 Thermal Scale-Back (TSB)

When the LM36010 die temperature reaches 125°C, the thermal scale-back (TSB) circuit trips and TSB flag (bit
[2]) of Flags Register (0x05) is set. The LED current then shifts to torch current level, set by the LED Torch
Brightness Register (0x04 bits [6:0]) for the duration of the flash pulse, set by the flash time-out in the
Configuration Register (0x02 bits [4:1]) After I°C read of the Flags Register and upon re-flash, if the die
temperature is still above 125°C, the LM36010 re-enters into torch current level and sets the TSB flag bit again.

7.4.4.6 Thermal Shutdown (TSD)

When the LM36010 die temperature reaches 150°C, the thermal shutdown (TSD) circuit trips, forcing the
LM36010 into standby and writing a 1 to the TSD flag (bit [2]) of the Flags Register (0x05). The LM36010 restarts
only after the Flags Register is read, which clears the fault flag. Upon restart, if the die temperature is still above
150°C, the LM36010 resets the TSD flag and re-enters standby.

7.4.4.7 Undervoltage Lockout (UVLO)

The LM36010 has an internal comparator that monitors the voltage at IN pin. If the input voltage drops to 2.5 V,
the UVLO flag (bit [1]) of Flags Register (0x05) is set and the LM36010 switches to stand-by mode. After the
UVLO flag is set, even if the input voltage rises above 2.5 V, the LM36010 is not available for operation until
there is an I1°C read of the Flags Register. Upon an 1°C read of the Flags Register, the UVLO fault is cleared and
normal operation can resume.

7.4.4.8 Flash Time-out (FTO)

The LM36010 sources the flash current for the time period set by Flash Time-out (Ox02 bits [4:1]). The LED
current source has 16 time-out levels ranging from 40 ms to 1600 ms.
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7.5 Programming

7.5.1 Control Truth Table

M1 (Register 0x01 MO (Register 0x01 bit[0]) STROBE EN (Register STROBE PIN ACTION
bit[1]) 0x01 bit[2])
0 0 0 X Standby
0 0 1 pos edge Ext flash
1 0 X X Int torch
1 1 X X Int flash
0 1 0 X IR LED standby
0 1 1 0 IR LED standby
0 1 1 pos edge IR LED enabled

7.5.2 1°C-Compatible Interface

7.5.2.1 Data Validity

The data on SDA 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.

data
change

!
]
|
SDA ! X
|
1
1
1
1

data
change

data

1
1
1
1
1
1
:
I .
! valid

allowed allowed

data
change
allowed

Figure 33. Data Validity Data

A pullup resistor between the VIO line of the controller and SDA must be greater than [(VIO — V) / 3 mA] to
meet the Vg, requirement on SDA. Using a larger pullup resistor results in lower switching current with slower
edges, while using a smaller pullup resistor results in higher switching currents with faster edges.

7.5.2.2 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 the 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 I1°C master always generates START and
STOP conditions. The I1°C bus is considered busy after a START condition and free after a STOP condition.
During data transmission, the 1°C master can generate repeated START conditions. First START and repeated
START conditions are equivalent, function-wise.

SDA \

S I W A U 4

Start Condition

T

Stop Condition

Figure 34. Start and Stop Conditions
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7.5.2.3 Transferring Data

Every byte put on the SDA line must be eight bits long, with the most significant bit (MSB) 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 LM36010 pulls down
the SDA line during the 9th clock pulse, signifying an acknowledge. The LM36010 generates an acknowledge
after each byte is received. There is no acknowledge created after data is read from the device.

After the START condition, the 1°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 LM36010 7-bit address is 0x64. 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 is written. The third
byte contains data to write to the selected register.

ack from ack from ack from
slave slave slave

msb Chip .
start Address Isb w@ msb Register Add Isb msb DATA Isb op
i [ i -
l [} [} [} [} [} [}
[} [} [} I [} i [}
1 1 1 1 1
1 1 1 1 1
SDA | :| |_| ! ! |_| ! ! |_
1 1 1
1 1 1
1 1 1

1 1 1 1
start | Id = 64h addr = 01h 1 ack Data = 03h 1 ack | stop

w ! ack

Figure 35. Write Cycle W = Write (SDA = 0) R = Read (SDA = 1) Ack = Acknowledge
(SDA Pulled Down by Either Master or Slave) ID = Chip Address, 64h for LM36010

7.5.2.4 [>)C-Compatible Chip Address

The device address for the LM36010 is 1100100 (0x64). After the START condition, the 1°C-compatible master
sends the 7-bit address followed by an eighth read or write bit (R/W). R/W = 0 indicates a WRITE and R/W =1
indicates a READ. The second byte following the device address selects the register address to which the data is
written. The third byte contains the data for the selected register.

MSB LSB

1 1 0 0 1 0 0 RIW

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
i i
¢ I>C Slave Address (chip address) '

Figure 36. 1°C-Compatible Chip Address
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7.6 Register Descriptions

POWER ON/RESET VALUE
REGISTER NAME INTERNAL HEX ADDRESS
LM36010
Enable Register 0x01 0x20
Configuration Register 0x02 0x15
LED Flash Brightness Register 0x03 0x00
LED Torch Brightness Register 0x04 0x00
Flags Register 0x05 0x00
Device ID Register 0x06 0x01
7.6.1 Enable Register (0x01)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 | Bit 0
Boost Mode Boost Boost Current | IVFM Enable Strobe Type Strobe Enable | Mode Bits: M1, MO
0 = Normal Frequency Limit Setting | O = Disabled 0 = Level 0 = Disabled 00 = Standby (Default)
(Default) Select 0=19A (Default) Triggered (Default ) 01 = IR Drive
1 = Pass Mode | 0 = 2 MHz 1=28A 1 = Enabled (Default) 1 = Enabled 10 = Torch
Only (Default) (Default) 1 = Edge 11 = Flash
1=4MHz Triggered
NOTE

Edge strobe mode is not valid in IR MODE. Switching between level and edge strobe
types while the device is enabled is not recommended.

In edge or level strobe mode, Tl recommends that the trigger pulse width be set greater
than 1 ms to ensure proper turn-on of the device.

7.6.2 Configuration Register (0x02)

Btz | Bité |  Bits Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IVFM Levels (IVFM-D) Flash Time-out Duration Torch Ramp
000 = 2.9 V (Default) 0000 = 40 ms 0 = No Ramp
001=3V 0001 =80 ms 1=1ms
010=3.1V 0010 =120 ms (default)
011=3.2V 0011 =160 ms
100=33V 0100 = 200 ms
101=34V 0101 = 240 ms
110=35V 0110 = 280 ms
111=36V 0111 =320 ms

1000 = 360 ms

1001 = 400 ms

1010 = 600 ms (Default)
1011 = 800 ms

1100 = 1000 ms

1101 = 1200 ms

1110 = 1400 ms

1111 = 1600 ms

NOTE
On the LM36010, special care must be taken with regards to thermal management when
using time-out values greater than 500 ms. Depending on the PCB layout, input voltage,
and output current, it is possible to have the internal thermal shutdown circuit trip prior to
reaching the desired flash time-out value.
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7.6.3 LED Flash Brightness Register (0x03)

Bit 7 Bité | Bits |  Bit4 | Bit 3 Bit 2 Bit 1 Bit 0
Thermal LED Flash Brightness Level
Current 0000000 = 11 mA (Default)
Scale-Back | .ccioiiiiiiiiinns
0 = Disabled 00010101 (0x15) = 0.257 A
1=Enabled |......ccooorirrinn.
(default) 0111111 (OX3F) = 0.75 A
If enabled, the |.....ccccccceevinnnns
LED current 0101111 (Ox5F) =1.03 A
shifts to torch | ..coocoeeiiieins
current level if | 01100110 (0x66) = 1.2 A
Tyreaches | ...
125 °C 1111111 (OX7F) =1.5A
7.6.4 LED Torch Brightness Register (0x04)
Bit 7 Bite | Bits | Bita | Bit 3 Bit 2 Bit 1 Bit 0
LED Torch Brightness Levels
0000000 = 2.4 mA (Default)
00010101 (0x15) = 64 mA
REU 0111111 (Ox3F) = 188 mA
0101111 (Ox5F) = 258 mA
01100110 (0x66) = 302 mA
1111111 (Ox7F) = 376 mA
7.6.5 Flags Register (0x05)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
. . .| Thermal Current Thermal )
ovp Fauit | VFM TP | Vour/Vien | Current Limit | scaie pack Shutdown | UVLO Faulr | F1ash Time-out
g 9 (TSB) Flag (TSD) Fault 9
7.6.6 Device ID and RESET Register (0x06)
Bit 7 Bit 6 Bits |  Bita | Bit 3 Bit2 |  Bit1 Bit 0
Software Device ID Silicon Revision Bits
RESET 000 001
0 = Normal
(default) RFU
1 = Force

device RESET
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8 Applications and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The LM36010 can drive a flash LED at currents up to 1.5 A. The 2-MHz or 4-MHz DC-DC boost regulator allows
for the use of small value discrete external components.

8.2 Typical Application
L1

M

s IN SwW
Vin c1
25V-55V _| —— I
T ouT
c2
v v - > SDA
| 4
puP/uC > SCL
LED
I D1
> STROBE A
e
GND —
|

Copyright © 2016, Texas Instruments Incorporated

Figure 37. LM36010 Typical Application

8.2.1 Design Requirements
Example requirements based on default register values:

Table 1. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input voltage range 25Vto55V
Brightness control I°C Register
LED configuration 1 flash LED
Boost switching frequency 2 MHz (4 MHz selectable)
Flash brightness 1.5-A maximum current
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8.2.2 Detailed Design Procedure

8.2.2.1 Thermal Performance

Output power is limited by three things: the peak current limit, the ambient temperature, and the maximum power
dissipation in the package. If the die temperature of the device is below the absolute maximum rating of 125°C,
the maximum output power can be over 6 W. However, any appreciable output current causes the internal power
dissipation to increase and therefore increase the die temperature. Any circuit configuration must ensure that the
die temperature remains below 125°C taking into account the ambient temperature derating. The thermal scale-
back protection (TSB) helps ensure that temperature requirement is held valid. If the TSB feature is disabled,
thermal shutdown (TSD) is the next level of protection for the device, which is set to 150°C. This mechanism
cannot be disabled, and operation of the device above 125°C is not ensured by the electrical specification.

In boost mode, where V iy < Vi ep + Vur, the power dissipation can be approximated by Equation 1:

(Vo = Vi) x V.
|:)DISS ~ ( et |N2) - et x ILED2 X RNFET + |:( VOUT j x ILED2 X RPFET:| + (VHR x ILED)
Vin Vin
L (1)
When the device is in pass mode, where V|y > V| gp + Vur, the power dissipation equals:
i 2
PDISS = |:(\/IN - VLED) x ILED:| - (ILED x RINDUCTOR ):| )

Use Equation 3 to calculate the junction temperature (T;) of the device:
Ty =Rgja xPyss ?3)

Note that these equations only provide approximation of the junction temperature and do not take into account
thermal time constants, which play a large role in determining maximum deliverable output power and flash
durations.

8.2.2.2 Output Capacitor Selection

The LM36010 is designed to operate with a 10-uF ceramic output capacitor. When the boost converter is
running, the output capacitor supplies the load current during the boost converter on-time. When the NMOS
switch turns off, the inductor energy is discharged through the internal PMOS switch, supplying power to the load
and restoring charge to the output capacitor. This causes a sag in the output voltage during the on-time and a
rise in the output voltage during the off-time. Therefore, choose the output capacitor to limit the output ripple to
an acceptable level depending on load current and input or output voltage differentials and also to ensure the
converter remains stable.

Larger capacitors such as a 22-uF or capacitors in parallel can be used if lower output voltage ripple is desired.
To estimate the output voltage ripple considering the ripple due to capacitor discharge (AVq) and the ripple due
to the capacitors ESR (AVgsg), use Equation 4 and Equation 5:

For continuous conduction mode, the output voltage ripple due to the capacitor discharge is:
_ hep *(Vour —Vin)
fsw * Vout x Cout 4)

The output voltage ripple due to the output capacitors ESR is found by:

AVisg = Resg X lep x Vour FAL Al = Vin X (Vout — Vin)
ViN 2xfgy xLxVour ()

In ceramic capacitors, the ESR is very low so the assumption is that 80% of the output voltage ripple is due to
capacitor discharge and 20% from ESR. Table 2 lists different manufacturers for various output capacitors and
their case sizes suitable for use with the LM36010.
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8.2.2.3 Input Capacitor Selection

Choosing the correct size and type of input capacitor helps minimize the voltage ripple caused by the switching
of the boost converter and reduces noise on the input pin of the boost converter that can feed through and
disrupt internal analog signals. In the typical application circuit a 10-uF ceramic input capacitor works well. It is
important to place the input capacitor as close as possible to the LM36010 input (IN) pin. This reduces the series
resistance and inductance that can inject noise into the device due to the input switching currents. Table 2 lists
various input capacitors recommended for use with the LM36010.

Table 2. Recommended Input/Output Capacitors (X5R/X7R Dielectric)

MANUFACTURER PART NUMBER VALUE CASE SIZE VOLTAGE RATING
TDK Corporation C1608JB0J106M 10 uF 0603 (1.6 mm x 0.8 mm x 0.8 mm) 6.3V
TDK Corporation C2012JB1A106M 10 uF 0805 (2 mm x 1.25 mm x 1.25 mm) oV
Murata GRM188R60J106M 10 uF 0603 (1.6 mm x 0.8 mm x 0.8 mm) 6.3V
Murata GRM21BR61A106KE19 10 uF 0805 (2 mm x 1.25 mm x 1.25 mm) oV

8.2.2.4 Inductor Selection

The LM36010 is designed to use a 0.47-pH or 1-pH inductor. Table 3 lists various inductors and their
manufacturers that work well with the LM36010. When the device is boosting (Voyut > V|n) the inductor is typically
the largest area of efficiency loss in the circuit. Therefore, choosing an inductor with the lowest possible series
resistance is important. Additionally, the saturation rating of the inductor must be greater than the maximum
operating peak current of the LM36010. This prevents excess efficiency loss that can occur with inductors that
operate in saturation. For proper inductor operation and circuit performance, ensure that the inductor saturation
and the peak current limit setting of the LM36010 are greater than lpgak in Equation 6:

Vi X (V -V
loeay = lep V\C/)UT +ALAY = 2|Nf ( OLCT . n)
IN XIsw XL X Vour

where
* fow=20r4MHz 6)

Efficiency details can be found in the Application Curves.

Table 3. Recommended Inductors

MANUFACTURER L PART NUMBER DIMENSIONS (LxWxH) oo R
TOKO 0.47 pH DFE201610P-R470M 2mmx 1.6 mmx 1mm 41A 32 mQ
TOKO 1pH DFE201610P-1R0OM 2mmx 1.6 mmx 1mm 3.7A 58 mQ
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8.2.3 Application Curves

Ta=25°C,Vy=36V,Cyn=10 yF, Coyt =10 uF, L =1 pH, V gp = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back

(TSB) disabled, unless otherwise noted.

Figure 42. LED Flash Efficiency vs Input Voltage
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Figure 38. LED Flash Efficiency vs Brightness Code Figure 39. LED Flash Efficiency vs Brightness Code
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Figure 40. LED Flash Efficiency vs Input Voltage Figure 41. LED Flash Efficiency vs Input Voltage
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Figure 43. LED Flash Efficiency vs Input Voltage
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Tao=25°C,Vy=3.6V,Cy=10pF, Coyr =10 pF, L =1 pH, V gp = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.

Figure 48. LED Flash Efficiency vs Input Voltage
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Figure 44. LED Flash Efficiency vs Input Voltage Figure 45. LED Flash Efficiency vs Input Voltage
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Figure 46. LED Flash Efficiency vs Input Voltage Figure 47. LED Flash Efficiency vs Input Voltage
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Figure 49. LED Flash Efficiency vs Input Voltage
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Tao=25°C,Vy=3.6V,Cy=10pF, Coyr =10 pF, L =1 pH, V gp = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.
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Figure 50. LED Flash Efficiency vs Input Voltage Figure 51. LED Flash Efficiency vs Input Voltage
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Figure 52. LED Flash Efficiency vs Input Voltage Figure 53. LED Flash Efficiency vs Input Voltage
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Figure 54. LED Torch Efficiency vs Brightness Code Figure 55. LED Torch Efficiency vs Brightness Code
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Tao=25°C,Vy=3.6V,Cy=10pF, Coyr =10 pF, L =1 pH, V gp = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.
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Figure 56. LED Torch Efficiency vs Input Voltage Figure 57. LED Torch Efficiency vs Input Voltage
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Figure 58. LED Torch Efficiency vs Input Voltage Figure 59. LED Torch Efficiency vs Input Voltage
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Figure 60. LED Torch Efficiency vs Input Voltage Figure 61. LED Torch Efficiency vs Input Voltage
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To=25°C,Vy=3.6V,Cyn=10pF, Coyr =10 pF, L =1 pH, V gp = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back

(TSB) disabled, unless otherwise noted.
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1=

SCL (2 VIDIV)

I (500 mA/DIV)

IR

' lieo (250 mADIV) | :
ey

 Vour (2V/DIV) b
!VOUTm

Time (100 ms/DIV)
Flash Time-out (Reg 0x02 bits[4:1]) = 0111 (320 ms)

Figure 63. Flash Time-Out

A

SCL (2 VIDIV)

1 : )
T [b]
I (500 mADIV) \ s s

H_IN

lLeo (250 MA/DIV) \\ :
Sivetie sl RES.  SUUE SUDUE TN SUUN SO0
\
\

1_LEDw)
Vour (2 VIDIV)

vout

Time (2 ms/DIV)
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Figure 65. Torch Start-up with I°C
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Figure 67. Flash Start-up with STROBE
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Figure 69. Flash Turnoff with Edge Triggered STROBE
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Figure 72. Boost Edge Triggered Flash

h!.._

/ I (500 mA/DIV)

lLeo (500 MA/DIV)

Vin (2 VIDIV)

Vour (1 VIDIV)

— Lo

Time (400 ps/DIV)
Reg 0x01 = Ox24
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Tao=25°C,Vy=3.6V,Cy=10pF, Coyr =10 pF, L =1 pH, V gp = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back

(TSB) disabled, unless otherwise noted.

L1 ]

\\ Vi (100 mV/DIV) .

Vour (1 V/DIV)

/

/ I (1 AIDIV)

7/
) A il : .
/ f ILeo (500 MA/DIV)

1

Time (400 ps/DIV)
Reg 0x01 = 0x13 IVFM Trip Level (Reg 0x02 bits[7:5]) = 001 (3 V)

Figure 80. IVFM - Ramp and Hold
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9 Power Supply Recommendations

The LM36010 is designed to operate from an input voltage supply range between 2.5 V and 5.5 V. This input
supply must be well regulated and capable to supply the required input current. If the input supply is located far
from the LM36010 additional bulk capacitance may be required in addition to the ceramic bypass capacitors.

10 Layout

10.1 Layout Guidelines

The high switching frequency and large switching currents of the LM36010 make the choice of layout important.
The following steps are to be used as a reference to ensure the device is stable and maintains proper LED
current regulation across its intended operating voltage and current range.

1. Place Cy on the top layer (same layer as the LM36010) and as close as possible to the device. The input
capacitor conducts the driver currents during the low-side MOSFET turnon and turnoff and can detect current
spikes over 1 A in amplitude. Connecting the input capacitor through short, wide traces to both the IN and
GND pins reduces the inductive voltage spikes that occur during switching which can corrupt the Vy line.

2. Place Cqyr on the top layer (same layer as the LM36010) and as close as possible to the OUT and GND
pins. The returns for both C,y and Cgoyt must come together at one point, as close as possible to the GND
pin. Connecting Cqoyt through short, wide traces reduce the series inductance on the OUT and GND pins that
can corrupt the Vgt and GND lines and cause excessive noise in the device and surrounding circuitry.

3. Connect the inductor on the top layer close to the SW pin. There must be a low-impedance connection from
the inductor to SW due to the large DC inductor current, and at the same time the area occupied by the SW
node must be small so as to reduce the capacitive coupling of the high dv/dT present at SW that can couple
into nearby traces.

4. Avoid routing logic traces near the SW node so as to avoid any capacitively coupled voltages from SW onto
any high-impedance logic lines such as STROBE, SDA, and SCL. A good approach is to insert an inner layer
GND plane underneath the SW node and between any nearby routed traces. This creates a shield from the
electric field generated at SW.

5. Terminate the flash LED cathode directly to the GND pin of the LM36010. If possible, route the LED return
with a dedicated path so as to keep the high amplitude LED current out of the GND plane. For a flash LED
that is routed relatively far away from the LM36010, a good approach is to sandwich the forward and return
current paths over the top of each other on two layers. This helps reduce the inductance of the LED current
path.
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10.2 Layout Example
Figure 81. LM36010 Layout Example
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

11.2 Documentation Support

11.2.1 Related Documentation
For related documentation, see the following:
AN-1112 DSBGA Wafer Level Chip Scale Package

11.3 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

11.4 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.5 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.6 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
‘ appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

11.7 Glossary

SLYZ022 — Tl Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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% PACKAGE OUTLINE
YKB0008 DSBGA - 0.5 mm max height
DIE SIZE BALL GRID ARRAY
@—1——5—1 [2]
R —a
BALL .ﬁ.-—r"""--'-:rE
CORNER
0.13 ﬁYL” . = ) ;
E.E1@ E "'¢_ D: Max = 1.532 o, Min = 1.492 mm
E: Max = 0.820 mm, Min = 0.780 mm
A723Z2A DE201E
MOTES:

1. All Bnear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensicning and tolerancing

per ASME ¥14.5M

2. This drawing is subject o change without nobice.
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EXAMPLE BOARD LAYOUT

YKB0008 DSBGA - 0.5 mm max height
DIE SIZE BALL GRID ARRAY
(0.35) TYP
X @0.2) —\y-i_\ 5
-—t 1-—|—'—+ -+
T Ah A R_I_J
[0.35) TYE L |
Ty
B \*j-ﬁ”l_l e apam
=
— _
alre
A i o
D r- o -'f -\I
_ | N
SYMM
t
LAND PATTERM EXAMPLE
SCALE40X
00325 MAX 0.0325 MIN
uc:- nEa MASK
OPENING
_,m ':-._
s;-::nL:Eﬁt|'.-|.ﬂ»m-c—~"’.'R = T— o) x‘—HETALUHI"-H
ORENING METAL SOLDER MASK
NOM-SCOLDER MASK SOLDER MASK
DEFINED =
[PREFERRED] DEFINED
SOLDER MASK DETAILS
MOT TO SCALE
A793793A DE2016

NOTES: (continued)

4. Final dimensions may vary due fo manufacturing tolerance considerations and also routing constraints.
nfioemiak

For more

ion, see Texas Instruments literature number SNVADDE (v i com/lit'snval08).
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EXAMPLE STENCIL DESIGN
YKB0008 DSBGA - 0.5 mm max height

DME SIZE BALL GRID ARRAY

|-—-I— [1.35) TYR
gx o.21) —l—v——|

. 4_/—|11D= TYP
T'++7‘-_%++z

Ty

SOLDER PASTE EXAMPLE
BASED OM 0.075 - 0.1 mm THICK STEMCIL
SCALE 40X

4223222/A DE2D16

NOTES: {contnued)

4. Laser cutting apertures with trapezoidal walls and rounded comers may offier better pasie release.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
LM36010YKBR Active Production DSBGA (YKB) | 8 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40to 85 6010
LM36010YKBR.A Active Production DSBGA (YKB) | 8 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40to 85 6010

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI'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. TI 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 Tl 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
4 |+ KO |4 P1—»]
DO OO0 OO T
o| |e o Bo W
Rl |
L & Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ 1
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins | SPQ Reel Reel AO BO KO P1 W Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
LM36010YKBR DSBGA | YKB 8 3000 180.0 8.4 0.9 1.61 | 0.57 2.0 8.0 Q1
LM36010YKBR DSBGA | YKB 8 3000 180.0 8.4 0.9 1.61 | 0.57 2.0 8.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM36010YKBR DSBGA YKB 8 3000 182.0 182.0 20.0
LM36010YKBR DSBGA YKB 8 3000 182.0 182.0 20.0
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.
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