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LM36010 同同期期整整流流昇昇圧圧、、シシンンググルルLEDフフララッッシシュュ・・ドドラライイババ
1.5Aののハハイイササイイドド電電流流ソソーースス搭搭載載

1

1 特特長長
1• 正確でプログラム可能なLED電流

– フラッシュ/IR電流範囲: 11mA～1.5A (128レベ
ル)

– トーチ電流範囲: 2.4mA～376mA (128レベル)
• 1.6秒までのフラッシュ・タイムアウト
• 低バッテリ状況でフラッシュLED電流を最適化

(IVFM)
• 接地カソードLED動作により熱管理を改良
• 小さな合計ソリューション・サイズ: 7mm2未満
• ハードウェア・ストローブ・イネーブル

(STROBE)
• 入力電圧範囲: 2.5V～5.5V
• 400kHzのI2C互換インターフェイス

– I2Cアドレス = 0x64

2 アアププリリケケーーシショョンン
• 携帯電話/スマートフォン
• タブレット
• IR LEDドライバ
• ビデオ監視: IPカメラ
• バーコード・スキャナ
• ポータブル・データ端末

3 概概要要
LM36010は超小型のLEDフラッシュ・ドライバで、高いレ

ベルの調整が可能です。合計ソリューション・サイズが

7mm2で、最大1.5AのLEDフラッシュ電流、または最大

376mAのトーチ電流を生成できます。

このデバイスは、2MHzまたは4MHzの固定周波数の同期

整流昇圧コンバータを利用して、1.5Aの定電流LEDソー

スを駆動できます。適応型レギュレーション手法により、フ

ラッシュ・モードでは11mA～1.5A、トーチ・モードでは

2.4mA～376mAに電流が制御される間、電流ソースのレ

ギュレーションが維持され、効率の最大化が保証されま

す。

LM36010の機能は、I2C互換のインターフェイスにより制

御されます。機能には、ハードウェア・フラッシュ

(STROBE)や、フラッシュとムービー・モード(トーチ)の両

方でプログラム可能な128の電流が含まれます。2MHz
または4MHzのスイッチング周波数、過電圧保護(OVP)、
可変電流制限により、小さな薄型のインダクタと、セラミッ

ク・コンデンサを使用できます。このデバイスは、-40℃～

+85℃の周囲温度範囲で動作します。

製製品品情情報報(1)

型型番番 パパッッケケーージジ 本本体体ササイイズズ(公公称称)
LM36010 DSBGA (8) 1.512mm×0.800mm

(1) 提供されているすべてのパッケージについては、巻末の注文情報
を参照してください。

概概略略回回路路図図

http://www-s.ti.com/sc/techlit/SNVSAN4.pdf
http://www.tij.co.jp/product/lm36010?qgpn=lm36010
http://www.tij.co.jp/product/jp/LM36010?dcmp=dsproject&hqs=pf
http://www.tij.co.jp/product/jp/LM36010?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.tij.co.jp/product/jp/LM36010?dcmp=dsproject&hqs=td&#doctype2
http://www.tij.co.jp/product/jp/LM36010?dcmp=dsproject&hqs=sw&#desKit
http://www.tij.co.jp/product/jp/LM36010?dcmp=dsproject&hqs=support&#community
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(1) G = Ground; P = Power; I = Input; O = Output

5 Pin Configuration and Functions

YKB Package
8-Pin DSBGA

Top View

Pin Functions
PIN

TYPE (1) DESCRIPTION
NAME NO.
A1 GND G Ground

A2 IN P Input voltage connection. Connect IN to the input supply and bypass to GND with a 10-µF or
larger ceramic capacitor.

B1 SW P Drain connection for Internal NMOS and synchronous PMOS switches.

B2 STROBE I Active high hardware flash enable. Drive STROBE high to turn on flash pulse. An internal
pulldown resistor of 300 kΩ is between STROBE and GND.

C1 OUT P Step-up DC-DC converter output. Connect a 10-µF ceramic capacitor between this terminal
and GND.

C2 SDA I/O I2C serial data input/output.
D1 LED P High-side current source output for flash LED.
D2 SCL I I2C serial clock input.

http://www.ti.com/product/lm36010?qgpn=lm36010
http://www.ti.com
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(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 TJ = 150°C (typical) and

disengages at TJ = 135°C (typical). Thermal shutdown is ensured by design.

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (1) (2)

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 (3) Internally limited
Junction temperature, TJ-MAX 150 °C
Storage temperature, Tstg −65 150 °C

(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.

6.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 (1) ±1000

V
Charged-device model (CDM), per JEDEC specification JESD22-C101 (2) ±250

(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 (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 (PD-MAX), and the junction-to-ambient thermal resistance of the
part/package in the application (RθJA), as given by the following equation: TA-MAX = TJ-MAX-OP – (RθJA × PD-MAX).

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted) (1) (2)

MIN MAX UNIT
VIN 2.5 5.5 V
Junction temperature, TJ −40 125 °C
Ambient temperature, TA

(3) −40 85 °C

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

6.4 Thermal Information

THERMAL METRIC (1)
LM36010

UNITYKB (DSBGA)
8 PINS

RθJA Junction-to-ambient thermal resistance 117.3 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 1.3 °C/W
RθJB Junction-to-board thermal resistance 34.3 °C/W
ΨJT Junction-to-top characterization parameter 0.5 °C/W
ΨJB Junction-to-board characterization parameter 34.6 °C/W

http://www.ti.com/product/lm36010?qgpn=lm36010
http://www.ti.com
http://www.ti.com/lit/pdf/SPRA953
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(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: VIN = 3.6 V and TA = 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.

6.5 Electrical Characteristics
TA = 25°C and VIN = 3.6 V, unless otherwise specified. Minimum and maximum limits apply over the full operating ambient
temperature range (–40°C ≤ TA ≤ 85°C). (1) (2)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
CURRENT SOURCE SPECIFICATIONS

ILED Current source accuracy
VOUT = 4 V , flash code = 0x7F = 1.5 A (3) –10% 1.5 10% A
VOUT = 4 V , torch code = 0x7F = 376 mA –10% 376 10% mA

VHR
LED current source regulation
voltage

ILED = 1.5 A Flash 550
mV

ILED = 376 mA Torch 350

VOVP Overvoltage Protection
ON threshold 4.86 5 5.10

V
OFF threshold 4.71 4.85 4.95

STEP-UP DC-DC CONVERTER SPECIFICATIONS
RPMOS PMOS switch on-resistance 175

mΩ
RNMOS NMOS switch on-resistance 130

ICL Switch current limit
Reg 0x01, bit [5] = 0 –15% 1.9 15%

A
Reg 0x01, bit [5] = 1 –15% 2.8 15%

VUVLO Undervoltage lockout threshold Falling VIN 2.5 V
VIVFM Input voltage flash monitor trip

threshold Reg 0x02, bits [7:5] = 000 –3% 2.9 3% V

IQ Quiescent supply current Device not switching, in pass mode 0.3 mA

ISB Standby supply current Device disabled
2.5 V ≤ VIN ≤ 5.5 V 0.8 4 µA

STROBE VOLTAGE SPECIFICATIONS
VIL Input logic low

2.5 V ≤ VIN ≤ 5.5 V
0 0.4 V

VIH Input logic high 1.2 VIN V
I2C-COMPATIBLE INTERFACE SPECIFICATIONS (SCL, SDA)
VIL Input logic low

2.5 V ≤ VIN ≤ 4.2 V
0 0.4

V
VIH Input logic high 1.2 VIN

VOL Output logic low ILOAD = 3 mA 400 mV

6.6 Timing Requirements
MIN NOM MAX UNIT

t1 SCL clock period 2.4 µs
t2 Data in set-up time to SCL high 100 ns
t3 Data out stable after SCL low 0 ns
t4 SDA low set-up time to SCL low (start) 100 ns
t5 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

ƒSW Switching frequency 2.5 V ≤ VIN ≤ 5.5 V
-10% 2 10%

MHz
-10% 4 10%

http://www.ti.com/product/lm36010?qgpn=lm36010
http://www.ti.com
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図図 1. I2C-Compatible Interface Specifications

http://www.tij.co.jp/product/lm36010?qgpn=lm36010
http://www.tij.co.jp


VIN (V)

I F
LA

S
H
 (

A
)

2.5 3 3.5 4 4.5 5 5.5
0.8

0.88

0.96

1.04

1.12

1.2

1.28

1.36

1.44

1.52

1.6

D005

85qC
25qC
-40qC

VIN (V)

I F
LA

S
H
 (

A
)

2.5 3 3.5 4 4.5 5 5.5
0.8

0.88

0.96

1.04

1.12

1.2

1.28

1.36

1.44

1.52

1.6

D006

85qC
25qC
-40qC

VIN (V)

I F
LA

S
H
 (

A
)

2.5 3 3.5 4 4.5 5 5.5
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

D003

Code 0x00
Code 0x07
Code 0x0F
Code 0x17
Code 0x1F
Code 0x27
Code 0x2F
Code 0x37
Code 0x3F

VIN (V)

I F
LA

S
H
 (

A
)

2.5 3 3.5 4 4.5 5 5.5
0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

D004

Code 0x47
Code 0x4F
Code 0x57
Code 0x5F
Code 0x67
Code 0x6F
Code 0x77
Code 0x7F

Brightness Code (hex)

I F
LA

S
H
 (

A
)

0

0.3

0.6

0.9

1.2

1.5

0x00 0x0F 0x1F 0x2F 0x3F 0x4F 0x5F 0x6F 0x7F

D002

85qC
25qC
-40qC

Brightness Code (hex)

I F
LA

S
H
 (

A
)

0

0.3

0.6

0.9

1.2

1.5

0x00 0x0F 0x1F 0x2F 0x3F 0x4F 0x5F 0x6F 0x7F

D001

85qC
25qC
-40qC

7

LM36010
www.tij.co.jp JAJSDL9B –APRIL 2017–REVISED OCTOBER 2017

Copyright © 2017, Texas Instruments Incorporated

6.8 Typical Characteristics
TA = 25°C, VIN = 3.6 V, CIN = 10 µF, COUT = 10 µF, L = 1 µH, VLED = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.

ƒSW = 2 MHz ICL = 2.8 A

図図 2. LED Flash Current vs Brightness Code

ƒSW = 4 MHz ICL = 2.8 A

図図 3. LED Flash Current vs Brightness Code

ƒSW = 2 MHz ICL = 2.8 A

図図 4. LED Flash Current vs Input Voltage

.
ƒSW = 2 MHz ICL = 2.8 A

図図 5. LED Flash Current vs Input Voltage

ƒSW = 2 MHz IFLASH = 1.5 A
ICL = 1.9 A Flash Time-out < 120 ms at 85°C

図図 6. LED Flash Current vs Input Voltage

ƒSW = 4 MHz IFLASH = 1.5 A
ICL = 1.9 A Flash Time-out < 120 ms at 85°C

図図 7. LED Flash Current vs Input Voltage

http://www.tij.co.jp/product/lm36010?qgpn=lm36010
http://www.tij.co.jp
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Typical Characteristics (continued)
TA = 25°C, VIN = 3.6 V, CIN = 10 µF, COUT = 10 µF, L = 1 µH, VLED = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.

ƒSW = 2 MHz IFLASH = 1.2 A
ICL = 1.9 A Flash Time-out < 280 ms at 85°C

図図 8. LED Flash Current vs Input Voltage

ƒSW = 4 MHz IFLASH = 1.2 A
ICL = 1.9 A Flash Time-out < 280 ms at 85°C

図図 9. LED Flash Current vs Input Voltage

ƒSW = 2 MHz IFLASH = 1.03 A ICL = 1.9 A

図図 10. LED Flash Current vs Input Voltage

ƒSW = 4 MHz IFLASH = 1.03 A ICL = 1.9 A

図図 11. LED Flash Current vs Input Voltage

ƒSW = 2 MHz IFLASH = 1.03 A ICL = 2.8 A

図図 12. LED Flash Current vs Input Voltage

ƒSW = 4 MHz IFLASH = 1.03 A ICL = 2.8 A

図図 13. LED Flash Current vs Input Voltage
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Typical Characteristics (continued)
TA = 25°C, VIN = 3.6 V, CIN = 10 µF, COUT = 10 µF, L = 1 µH, VLED = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.

ƒSW = 2 MHz IFLASH = 0.75 A ICL = 1.9 A

図図 14. LED Flash Current vs Input Voltage

ƒSW = 4 MHz IFLASH = 0.75 A ICL = 1.9 A

図図 15. LED Flash Current vs Input Voltage

ƒSW = 2 MHz IFLASH = 0.75 A ICL = 2.8 A

図図 16. LED Flash Current vs Input Voltage

ƒSW = 4 MHz IFLASH = 0.75 A ICL = 2.8 A

図図 17. LED Flash Current vs Input Voltage

ƒSW = 2 MHz

図図 18. LED Torch Current vs Brightness Code

ƒSW = 4 MHz

図図 19. LED Torch Current vs Brightness Code
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Typical Characteristics (continued)
TA = 25°C, VIN = 3.6 V, CIN = 10 µF, COUT = 10 µF, L = 1 µH, VLED = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.

ƒSW = 2 MHz

図図 20. LED Torch Current vs Input Voltage

ƒSW = 2 MHz

図図 21. LED Torch Current vs Input Voltage

ƒSW = 2 MHz ITORCH = 376 mA

図図 22. LED Torch Current vs Input Voltage

ƒSW = 4 MHz ITORCH = 376 mA

図図 23. LED Torch Current vs Input Voltage

ƒSW = 2 MHz ITORCH = 258 mA

図図 24. LED Torch Current vs Input Voltage

ƒSW = 2 MHz ITORCH = 188 mA

図図 25. LED Torch Current vs Input Voltage
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Typical Characteristics (continued)
TA = 25°C, VIN = 3.6 V, CIN = 10 µF, COUT = 10 µF, L = 1 µH, VLED = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.

Mode (Reg 0x01 bits[1:0]) = 01 (IR Mode)

図図 26. LED Off Current vs Input Voltage

Mode (Reg 0x01 bits[1:0]) = 10 (Torch Mode)

図図 27. LED On Current vs Input Voltage

図図 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 VHR 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 (VIN - ILED × RPMOS) and VLED.

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

Additional features of the device include an input voltage monitor that can reduce the flash current during low VIN
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 I2C-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 VIN undervoltage conditions.
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7.2 Functional Block Diagram
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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, M0 (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, M0 (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, M0 (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, M0 (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.

(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 VIN (Pass Mode)

図図 29. IR Mode with Boost
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Feature Description (continued)

(1) In pass mode, the boost stays disabled and VOUT = VIN when the Strobe Pin is high or low

図図 30. IR Mode Pass Only

(1) When the flash timer elapses, the device goes into stand-by regardless of strobe state

図図 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 VIN 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 VOUT and VLED falls below VHR, 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 VIN – ILED × 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.

図図 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, M0 (bits [1:0]) of the Enable Register (0x01). The LM36010
remains in standby until an I2C read of the Flags Register. I2C 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 VOVP 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 VOUT 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 VOUT falls below the VOVP off threshold, the LM36010 switches again.

http://www.tij.co.jp/product/lm36010?qgpn=lm36010
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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 VLED Short Fault flag (bit [5]) of Flags Register
(0x05) 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 µs 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 I2C-
compatible interface by writing to Register 0x01 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, M0 (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 VOUT 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 I2C 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 I2C read of the Flags Register. Upon an I2C 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 (0x02 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
bit[1])

M0 (Register 0x01 bit[0]) STROBE EN (Register
0x01 bit[2])

STROBE PIN ACTION

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 I2C-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.

図図 33. Data Validity Data

A pullup resistor between the VIO line of the controller and SDA must be greater than [(VIO – VOL) / 3 mA] to
meet the VOL 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 I2C 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 I2C master always generates START and
STOP conditions. The I2C bus is considered busy after a START condition and free after a STOP condition.
During data transmission, the I2C master can generate repeated START conditions. First START and repeated
START conditions are equivalent, function-wise.

図図 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 I2C 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.

図図 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 I2C-Compatible Chip Address
The device address for the LM36010 is 1100100 (0x64). After the START condition, the I2C-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.

図図 36. I2C-Compatible Chip Address
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7.6 Register Descriptions

REGISTER NAME INTERNAL HEX ADDRESS
POWER ON/RESET VALUE

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
0 = Normal
(Default)
1 = Pass Mode
Only

Boost
Frequency
Select
0 = 2 MHz
(Default)
1 = 4 MHz

Boost Current
Limit Setting
0 = 1.9 A
1 = 2.8 A
(Default)

IVFM Enable
0 = Disabled
(Default)
1 = Enabled

Strobe Type
0 = Level
Triggered
(Default)
1 = Edge
Triggered

Strobe Enable
0 = Disabled
(Default )
1 = Enabled

Mode Bits: M1, M0
00 = Standby (Default)
01 = IR Drive
10 = Torch
11 = Flash

注注
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, TI 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)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IVFM Levels (IVFM-D)
000 = 2.9 V (Default)
001 = 3 V
010 = 3.1 V
011 = 3.2 V
100 = 3.3 V
101 = 3.4 V
110 = 3.5 V
111 = 3.6 V

Flash Time-out Duration
0000 = 40 ms
0001 = 80 ms
0010 = 120 ms
0011 = 160 ms
0100 = 200 ms
0101 = 240 ms
0110 = 280 ms
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

Torch Ramp
0 = No Ramp
1 = 1 ms
(default)

注注
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 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Thermal
Current
Scale-Back
0 = Disabled
1 = Enabled
(default)
If enabled, the
LED current
shifts to torch
current level if
TJ reaches
125 °C

LED Flash Brightness Level
0000000 = 11 mA (Default)
.......................
00010101 (0x15) = 0.257 A
.......................
0111111 (0x3F) = 0.75 A
.......................
0101111 (0x5F) = 1.03 A
.......................
01100110 (0x66) = 1.2 A
.......................
1111111 (0x7F) = 1.5 A

7.6.4 LED Torch Brightness Register (0x04)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

RFU

LED Torch Brightness Levels
0000000 = 2.4 mA (Default)
.......................
00010101 (0x15) = 64 mA
.......................
0111111 (0x3F) = 188 mA
.......................
0101111 (0x5F) = 258 mA
.......................
01100110 (0x66) = 302 mA
.......................
1111111 (0x7F) = 376 mA

7.6.5 Flags Register (0x05)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

OVP Fault IVFM Trip
Flag

VOUT / VLED
Short Fault

Current Limit
Flag

Thermal Current
Scale-back
(TSB) Flag

Thermal
Shutdown
(TSD) Fault

UVLO Fault Flash Time-Out
Flag

7.6.6 Device ID and RESET Register (0x06)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Software
RESET
0 = Normal
(default)
1 = Force
device RESET

RFU

Device ID
000

Silicon Revision Bits
001
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8 Applications and Implementation

注注
Information in the following applications sections is not part of the TI component
specification, and TI 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

図図 37. LM36010 Typical Application

8.2.1 Design Requirements
Example requirements based on default register values:

表表 1. Design Parameters
DESIGN PARAMETER EXAMPLE VALUE

Input voltage range 2.5 V to 5.5 V
Brightness control I2C 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 VIN < VLED + VHR, the power dissipation can be approximated by 式 1:

(1)

When the device is in pass mode, where VIN > VLED + VHR, the power dissipation equals:

(2)

Use 式 3 to calculate the junction temperature (TJ) of the device:
(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-µF 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-µF 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 (ΔVQ) and the ripple due
to the capacitors ESR (ΔVESR), use 式 4 and 式 5:

For continuous conduction mode, the output voltage ripple due to the capacitor discharge is:

(4)

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

(5)

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. 表 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-µF 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. 表 2 lists
various input capacitors recommended for use with the LM36010.

表表 2. Recommended Input/Output Capacitors (X5R/X7R Dielectric)
MANUFACTURER PART NUMBER VALUE CASE SIZE VOLTAGE RATING

TDK Corporation C1608JB0J106M 10 µF 0603 (1.6 mm × 0.8 mm × 0.8 mm) 6.3 V
TDK Corporation C2012JB1A106M 10 µF 0805 (2 mm × 1.25 mm × 1.25 mm) 10 V
Murata GRM188R60J106M 10 µF 0603 (1.6 mm × 0.8 mm × 0.8 mm) 6.3 V
Murata GRM21BR61A106KE19 10 µF 0805 (2 mm × 1.25 mm × 1.25 mm) 10 V

8.2.2.4 Inductor Selection
The LM36010 is designed to use a 0.47-µH or 1-µH inductor. 表 3 lists various inductors and their manufacturers
that work well with the LM36010. When the device is boosting (VOUT > VIN) 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 IPEAK in 式 6:

where
• ƒSW = 2 or 4 MHz (6)

Efficiency details can be found in the Application Curves.

表表 3. Recommended Inductors
MANUFACTURER L PART NUMBER DIMENSIONS (L×W×H) ISAT RDC

TOKO 0.47 µH DFE201610P-R470M 2 mm × 1.6 mm × 1 mm 4.1 A 32 mΩ

TOKO 1 µH DFE201610P-1R0M 2 mm × 1.6 mm × 1 mm 3.7 A 58 mΩ
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8.2.3 Application Curves
TA = 25°C, VIN = 3.6 V, CIN = 10 µF, COUT = 10 µF, L = 1 µH, VLED = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.

ƒSW = 2 MHz ICL = 2.8 A

図図 38. LED Flash Efficiency vs Brightness Code

ƒSW = 4 MHz ICL = 2.8 A

図図 39. LED Flash Efficiency vs Brightness Code

ƒSW = 2 MHz ICL = 2.8 A

図図 40. LED Flash Efficiency vs Input Voltage

ƒSW = 2 MHz ICL = 2.8 A

図図 41. LED Flash Efficiency vs Input Voltage

ƒSW = 2 MHz IFLASH = 1.5 A
ICL = 1.9 A Flash Time-out < 120 ms at 85°C

図図 42. LED Flash Efficiency vs Input Voltage

ƒSW = 4 MHz IFLASH = 1.5 A
ICL = 1.9 A Flash Time-out < 120 ms at 85°C

図図 43. LED Flash Efficiency vs Input Voltage
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TA = 25°C, VIN = 3.6 V, CIN = 10 µF, COUT = 10 µF, L = 1 µH, VLED = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.

ƒSW = 2 MHz IFLASH = 1.2 A
ICL = 1.9 A Flash Time-out < 280 ms at 85°C

図図 44. LED Flash Efficiency vs Input Voltage

ƒSW = 4 MHz IFLASH = 1.2 A
ICL = 1.9 A Flash Time-out < 280 ms at 85°C

図図 45. LED Flash Efficiency vs Input Voltage

ƒSW = 2 MHz IFLASH = 1.03 A ICL = 1.9 A

図図 46. LED Flash Efficiency vs Input Voltage

ƒSW = 4 MHz IFLASH = 1.03 A ICL = 1.9 A

図図 47. LED Flash Efficiency vs Input Voltage

ƒSW = 2 MHz IFLASH = 1.03 A ICL = 2.8 A

図図 48. LED Flash Efficiency vs Input Voltage

ƒSW = 4 MHz IFLASH = 1.03 A ICL = 2.8 A

図図 49. LED Flash Efficiency vs Input Voltage

http://www.tij.co.jp/product/lm36010?qgpn=lm36010
http://www.tij.co.jp


Brightness Code (hex)

K
T

O
R

C
H
 (

%
)

50

55

60

65

70

75

80

85

90

95

100

0x00 0x0F 0x1F 0x2F 0x3F 0x4F 0x5F 0x6F 0x7F

D044

85qC
25qC
-40qC

Brightness Code (hex)

K
T

O
R

C
H
 (

%
)

50

55

60

65

70

75

80

85

90

95

100

0x00 0x0F 0x1F 0x2F 0x3F 0x4F 0x5F 0x6F 0x7F

D045

85qC
25qC
-40qC

VIN (V)

K
F

LA
S

H
 (
�

)

2.5 3 3.5 4 4.5 5 5.5
45

50

55

60

65

70

75

80

85

90

95

100

D042

85qC
25qC
-40qC

VIN (V)

K
F

LA
S

H
 (
�

)

2.5 3 3.5 4 4.5 5 5.5
45

50

55

60

65

70

75

80

85

90

95

100

D043

85qC
25qC
-40qC

VIN (V)

K
F

LA
S

H
 (
�

)

2.5 3 3.5 4 4.5 5 5.5
45

50

55

60

65

70

75

80

85

90

95

100

D040

85qC
25qC
-40qC

VIN (V)

K
F

LA
S

H
 (
�

)

2.5 3 3.5 4 4.5 5 5.5
45

50

55

60

65

70

75

80

85

90

95

100

D041

85qC
25qC
-40qC

27

LM36010
www.tij.co.jp JAJSDL9B –APRIL 2017–REVISED OCTOBER 2017

Copyright © 2017, Texas Instruments Incorporated

TA = 25°C, VIN = 3.6 V, CIN = 10 µF, COUT = 10 µF, L = 1 µH, VLED = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.

ƒSW = 2 MHz IFLASH = 0.75 A ICL = 1.9 A

図図 50. LED Flash Efficiency vs Input Voltage

ƒSW = 4 MHz IFLASH = 0.75 A ICL = 1.9 A

図図 51. LED Flash Efficiency vs Input Voltage

ƒSW = 2 MHz IFLASH = 0.75 A ICL = 2.8 A

図図 52. LED Flash Efficiency vs Input Voltage

ƒSW = 4 MHz IFLASH = 0.75 A ICL = 2.8 A

図図 53. LED Flash Efficiency vs Input Voltage

ƒSW = 2 MHz

図図 54. LED Torch Efficiency vs Brightness Code

ƒSW = 4 MHz

図図 55. LED Torch Efficiency vs Brightness Code
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TA = 25°C, VIN = 3.6 V, CIN = 10 µF, COUT = 10 µF, L = 1 µH, VLED = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.

ƒSW = 2 MHz

図図 56. LED Torch Efficiency vs Input Voltage

ƒSW = 2 MHz

図図 57. LED Torch Efficiency vs Input Voltage

ƒSW = 2 MHz ITORCH = 376 mA

図図 58. LED Torch Efficiency vs Input Voltage

ƒSW = 4 MHz ITORCH = 376 mA

図図 59. LED Torch Efficiency vs Input Voltage

ƒSW = 2 MHz ITORCH = 258 mA

図図 60. LED Torch Efficiency vs Input Voltage

ƒSW = 2 MHz ITORCH = 188 mA

図図 61. LED Torch Efficiency vs Input Voltage
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TA = 25°C, VIN = 3.6 V, CIN = 10 µF, COUT = 10 µF, L = 1 µH, VLED = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.

Time (400 µs/DIV)
Mode bits (Reg 0x01 bit[1:0]) = 11 (Flash Mode)

図図 62. Flash Start-up with I2C

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

図図 63. Flash Time-Out

Time (2 ms/DIV)

図図 64. Flash Turnoff with I2C

Time (400 µs/DIV)
Mode bits (Reg 0x01 bit[1:0]) = 10 (Torch Mode)

図図 65. Torch Start-up with I2C

Time (4 ms/DIV)
Mode bits (Reg 0x01 bit[1:0]) = 00 (Standby Mode)

図図 66. Torch Turnoff with I2C

Time (400 µs/DIV)
STROBE Enabled (Reg 0x01 bit[2] = 1)

図図 67. Flash Start-up with STROBE
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TA = 25°C, VIN = 3.6 V, CIN = 10 µF, COUT = 10 µF, L = 1 µH, VLED = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.

Time (100 ms/DIV)
STROBE Enabled (Reg 0x01 bit[2] = 1)

Level Triggered (Reg 0x01 bit[3] = 0)
Strobe pulse = 100 ms

図図 68. Flash Turnoff with Level Triggered STROBE

Time (100 ms/DIV)
STROBE Enabled (Reg 0x01 bit[2] = 1)

Edge Triggered (Reg 0x01 bit[3] = 1)
Flash Time-out = 320 ms

図図 69. Flash Turnoff with Edge Triggered STROBE

Time (400 µs/DIV)
Reg 0x01 = 0x26

図図 70. Boost I2C Torch

Time (400 µs/DIV)
Reg 0x01 = 0x27

図図 71. Boost I2C Flash

Time (400 µs/DIV)
Reg 0x01 = 0x2C

図図 72. Boost Edge Triggered Flash

Time (400 µs/DIV)
Reg 0x01 = 0x24

図図 73. Boost Level Triggered Flash
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TA = 25°C, VIN = 3.6 V, CIN = 10 µF, COUT = 10 µF, L = 1 µH, VLED = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.

Time (400 µs/DIV)
Reg 0x01 = 0xA6

図図 74. Pass Mode I2C Torch

Time (400 µs/DIV)
Reg 0x01 = 0xA7

図図 75. Pass Mode I2C Flash

Time (400 µs/DIV)
Reg 0x01 = 0xAC

図図 76. Pass mode Edge Triggered Flash

Time (400 µs/DIV)
Reg 0x01 = 0xA4

図図 77. Pass mode Level Triggered Flash

Time (200 ns/DIV)
ƒSW = 2 MHz

図図 78. Inductor Current and Switch node (SW) Waveform

Time (200 ns/DIV)
ƒSW = 4 MHz

図図 79. Inductor Current and Switch node (SW) Waveform
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TA = 25°C, VIN = 3.6 V, CIN = 10 µF, COUT = 10 µF, L = 1 µH, VLED = 3.4 V, Flash Time-out = 320 ms and Thermal Scale-Back
(TSB) disabled, unless otherwise noted.

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

図図 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 CIN 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 VIN line.

2. Place COUT on the top layer (same layer as the LM36010) and as close as possible to the OUT and GND
pins. The returns for both CIN and COUT must come together at one point, as close as possible to the GND
pin. Connecting COUT through short, wide traces reduce the series inductance on the OUT and GND pins that
can corrupt the VOUT 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.

http://www.tij.co.jp/product/lm36010?qgpn=lm36010
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10.2 Layout Example

図図 81. LM36010 Layout Example

http://www.tij.co.jp/product/lm36010?qgpn=lm36010
http://www.tij.co.jp


35

LM36010
www.tij.co.jp JAJSDL9B –APRIL 2017–REVISED OCTOBER 2017

Copyright © 2017, Texas Instruments Incorporated

11 デデババイイススおおよよびびドドキキュュメメンントトののササポポーートト

11.1 デデババイイスス・・ササポポーートト

11.1.1 デデベベロロッッパパーー・・ネネッットトワワーーククのの製製品品にに関関すするる免免責責事事項項
デベロッパー・ネットワークの製品またはサービスに関するTIの出版物は、単独またはTIの製品、サービスと一緒に提供さ
れる場合に関係なく、デベロッパー・ネットワークの製品またはサービスの適合性に関する是認、デベロッパー・ネットワーク
の製品またはサービスの是認の表明を意味するものではありません。

11.2 ドドキキュュメメンントトののササポポーートト

11.2.1 関関連連資資料料
関連資料については、以下を参照してください。

『AN-1112 DSBGAウェハー・レベルのチップ・スケール・パッケージ』

11.3 ドドキキュュメメンントトのの更更新新通通知知をを受受けけ取取るる方方法法
ドキュメントの更新についての通知を受け取るには、ti.comのデバイス製品フォルダを開いてください。右上の隅にある「通
知を受け取る」をクリックして登録すると、変更されたすべての製品情報に関するダイジェストを毎週受け取れます。変更の
詳細については、修正されたドキュメントに含まれている改訂履歴をご覧ください。

11.4 ココミミュュニニテティィ・・リリソソーースス
The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute TI specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™オオンンラライインン・・ココミミュュニニテティィ TIののE2E（（Engineer-to-Engineer））ココミミュュニニテティィ。。エンジニア間の共同作
業を促進するために開設されたものです。e2e.ti.comでは、他のエンジニアに質問し、知識を共有
し、アイディアを検討して、問題解決に役立てることができます。

設設計計ササポポーートト TIのの設設計計ササポポーートト役に立つE2Eフォーラムや、設計サポート・ツールをすばやく見つけることが
できます。技術サポート用の連絡先情報も参照できます。

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

11.6 静静電電気気放放電電にに関関すするる注注意意事事項項
すべての集積回路は、適切なESD保護方法を用いて、取扱いと保存を行うようにして下さい。

静電気放電はわずかな性能の低下から完全なデバイスの故障に至るまで、様々な損傷を与えます。高精度の集積回路は、損傷に対して敏感
であり、極めてわずかなパラメータの変化により、デバイスに規定された仕様に適合しなくなる場合があります。

11.7 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms, and definitions.

12 メメカカニニカカルル、、パパッッケケーージジ、、おおよよびび注注文文情情報報
以降のページには、メカニカル、パッケージ、および注文に関する情報が記載されています。この情報は、そのデバイスに
ついて利用可能な最新のデータです。このデータは予告なく変更されることがあり、ドキュメントが改訂される場合もありま
す。本データシートのブラウザ版を使用されている場合は、画面左側の説明をご覧ください。
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PACKAGE OPTION ADDENDUM

www.ti.com 29-Apr-2025

PACKAGING INFORMATION

Orderable
part number

Status
(1)

Material type
(2)

Package | Pins Package qty | Carrier RoHS
(3)

Lead finish/
Ball material

(4)

MSL rating/
Peak reflow

(5)

Op temp (°C) Part marking
(6)

LM36010YKBR Active Production DSBGA (YKB) | 8 3000 | LARGE T&R Yes SAC396 | SNAGCU Level-1-260C-UNLIM -40 to 85 6010
 
(1) Status:  For more details on status, see our product life cycle.

 
(2) 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.

 
(3) RoHS values:  Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

 
(4) 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.

 
(5) 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.

 
(6) 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. TI 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.
TI 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 TI part(s) at issue in this document sold by TI to Customer on an annual basis.
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重要なお知らせと免責事項
テキサス・インスツルメンツは、技術データと信頼性データ (データシートを含みます)、設計リソース (リファレンス デザインを含みま
す)、アプリケーションや設計に関する各種アドバイス、Web ツール、安全性情報、その他のリソースを、欠陥が存在する可能性のある
「現状のまま」提供しており、商品性および特定目的に対する適合性の黙示保証、第三者の知的財産権の非侵害保証を含むいかなる保証
も、明示的または黙示的にかかわらず拒否します。
これらのリソースは、 テキサス・インスツルメンツ製品を使用する設計の経験を積んだ開発者への提供を意図したものです。(1) お客様
のアプリケーションに適した テキサス・インスツルメンツ製品の選定、(2) お客様のアプリケーションの設計、検証、試験、(3) お客様の
アプリケーションに該当する各種規格や、その他のあらゆる安全性、セキュリティ、規制、または他の要件への確実な適合に関する責任
を、お客様のみが単独で負うものとします。
上記の各種リソースは、予告なく変更される可能性があります。これらのリソースは、リソースで説明されている テキサス・インスツル
メンツ製品を使用するアプリケーションの開発の目的でのみ、 テキサス・インスツルメンツはその使用をお客様に許諾します。これらの
リソースに関して、他の目的で複製することや掲載することは禁止されています。 テキサス・インスツルメンツや第三者の知的財産権の
ライセンスが付与されている訳ではありません。お客様は、これらのリソースを自身で使用した結果発生するあらゆる申し立て、損害、
費用、損失、責任について、 テキサス・インスツルメンツおよびその代理人を完全に補償するものとし、 テキサス・インスツルメンツは
一切の責任を拒否します。
テキサス・インスツルメンツの製品は、 テキサス・インスツルメンツの販売条件、または ti.com やかかる テキサス・インスツルメンツ
製品の関連資料などのいずれかを通じて提供する適用可能な条項の下で提供されています。 テキサス・インスツルメンツがこれらのリソ
ースを提供することは、適用される テキサス・インスツルメンツの保証または他の保証の放棄の拡大や変更を意味するものではありませ
ん。
お客様がいかなる追加条項または代替条項を提案した場合でも、 テキサス・インスツルメンツはそれらに異議を唱え、拒否します。
IMPORTANT NOTICE

郵送先住所：Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated
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