ROHM Datasheet

SEMICONDUCTOR

4ch White LED Driver Built-in Current Driver
Buck-Boost and Boost DC/DC Converter

for Automotive
BD81A24MUF-M

General Description Key Specifications
BD81A24MUF-M is a white LED driver with the Operating Input Voltage Range 45Vto35V
capability of withstanding high input voltage Output LED Current Accuracy +£3.0 % @50 mA
(maximum 35 V). This driver has 4ch constant-current DC/DC Oscillation Frequency 200 kHz to 2200 kHz

drivers in 1-chip, where each channel can draw up to Operating Temperature -40 °Cto +125 °C
120 mA (Max), and it is suitable for high illumination LED Maximum Output Current 120 mA/ch
LED drive. Furthermore, a buck-boost current mode LED Maximum Dimming Ratio  10,000:1@100 Hz
DC/DC converter is also built to achieve stable PWM Minimum Pulse Width 1.0 s
operation during power voltage fluctuation. Light
modulation (10,000:1@100 Hz dimming function) is Packages W (Typ) x D (Typ) x H (Max)
possible by PWM input. VQFN28FV5050 5.0mm x 5.0 mm x 1.0 mm
Features
B AEC-Q100 Qualified™
B 4ch Current Driver for LED Drive
B Buck-Boost Current Mode DC/DC Converter
m Control DC/DC Converter Oscillation Frequency by
External Synchronized Signal
m LSI Protection Function (UVLO, OVP, TSD, OCP, SCP)
m LED Abnormality Detection Function (Open/Short)
® VOUT Discharge Function (Buck-Boost Structure VQFN28FV5050
Limitation) BD81A24MUF-M
*1 Grade 1
Applications
m Automotive CID (Center Information Display) Panel
® Car Navigation
m Cluster Panel
m HUD (Head Up Display)
B Small and Medium Type LCD Panels for Automotive
Use
Typical Application Circuit
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OProduct structure : Silicon integrated circuit OThis product has no designed protection against radioactive rays
OThis product is protected by U.S. Patent No.7,235,954, No.7,541,785, No.7,944,189.
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Pin Configuration
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Pin Description
Pin No. Pin Name Function
1 LEDEN1 LED output pin enable terminal 1
2 LEDEN2 LED output pin enable terminal 2
3 LED1 LED output terminal 1
4 LED2 LED output terminal 2
5 LED3 LED output terminal 3
6 LED4 LED output terminal 4
7 OVP Over-voltage detection terminal
8 ISET LED output current setting terminal
9 PGND LED output GND terminal
10 OuUTL Low side FET drain terminal
11 DGND DC/DC output GND terminal
12 VDISC Output voltage discharge terminal
13 SW High side FET source terminal
14 OUTH High side FET gate terminal
15 BOOT High side FET driver power supply terminal
16 VREG Internal constant voltage
17 EN Enable terminal
18 CS DC/DC current sense terminal
19 VCC Input power supply terminal
20 SS “Soft Start” Capacitor connection
21 COMP ERR AMP output
22 RT Oscillation Frequency-setting resistor input
23 SYNC External synchronization input terminal
24 SHDETEN Short detection enable signal
25 GND Small signal GND terminal
26 PWM PWM light modulation input terminal
27 FAIL1 “Failure” signal output terminal
28 FAIL2 LED open/short detection output signal
- EXP-PAD Back side thermal PAD (Connect to GND)
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Block Diagram
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Description of Blocks
If there is no description, the mentioned values are typical value.

1. Reference Voltage (VREG)

VREG Block generates 5 V at EN = High, and outputs to the VREG pin. This voltage (Vvreg) is used as power
supply for internal circuit. It is also used to fix each input pin to High voltage outside IC. It cannot supply power
to other parts than this IC. The VREG pin has UVLO function, and it starts operation at VCC = 4.0 V and Vvrec
> 3.5 V and stops when at VCC < 3.5 V or Vyreg £ 2.0 V. About the condition to release/detect VREG voltage,
refer to Table 2 on section 4 4. Protection Feature. Connect a ceramic capacitor (Cvrec) to the VREG pin for
phase margin. Cyrec range is 1.0 pyF to 4.7 uF and recommended value is 2.2 pF. If the Cyrec is not connected,
it might occur unstable operation e.g. oscillation.

2. Current Driver
Table 1. LED Control Logic

LEDEN1 LEDEN2 LED1 LED2 LED3 LED4
Low Low ON ON ON ON
High Low ON ON ON OFF
Low High ON ON OFF OFF
High High ON OFF OFF OFF

If there is the constant-current driver output not to use, make the LED1 to LED4 pins ‘open’ and turn off the
channel, which is not used, with the LEDEN1 and LEDEN?Z2 pins. The truth table for these pins is shown above.
If the unused constant-current driver output is set open without the process of the LEDEN1 and LEDEN2 pins,
the ‘open detection’ is activated. The LEDEN1 and LEDEN2 pins are pulled down internally in the IC and it is
low at ‘open’ condition. They can be connected to the VREG pin and fixed to logic High. Logic of the LEDEN1

and LEDENZ pins are not switchable during these in operation.
(1) Output Current Setting (Riser)
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Figure 1. Iep vs RISET

The Output Current I gp can be obtained by the following equation:
Iigp = 5000/R;spr  [A]

The operating range of the Riser value is from 41 kQ to 250 kQ. Additionally, the Riser value could not be
changed during operation. In this IC, ISET-GND short protection is built-in to protect an LED element
from excess current when the ISET pin and GND are shorted. If the Riser value is 4.7 kQ or less, the IC
detects ISET-GND short condition and LED current is turned off.
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2. Current Driver - continued
<Caution of Large LED Current Setting>

During PWM dimming, the LED pin voltage (Viep) rises when PWM = Low because LED current doesn't flow,
and controls Vigp to 1 V when PWM = High. When PWM rise up, Viep undershoot may occur depends on
LED current setting or external parts including the output capacitor. The undershoot is large especially at
high temperature and large LED current.
LED current may decrease instantly as Figure 2(a) shows by the undershoot. The undershoot and the
settable LED current are shown in Figure 2(b).
If the LED current is decreased with the undershoot, it may not see as the LED flicker. Evaluate with the
actual application certainly, and check at the visual perspective.
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(a) Timing Chart of Viep, Iiep at PWM Dimming (b) Temperature (Ta) vs LED Current (I.ep)
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Figure 2. Relation Between Undershoot of Vi ep and LED Current

(2) PWM Dimming Control
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Figure 3. PWM Dimming Waveform

The current driver ON/OFF is controlled by the PWM pin. The duty ratio of the PWM pin becomes duty
ratio of Iep. If PWM dimming is not totally used (i.e. 100 %), fix the PWM pin to High. Output light
intensity is the highest at 100 %.
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Description of Blocks — continued

3. Buck-Boost DC/DC Converter
(1) Number of LED in Series Connection
This IC controls output voltage to become 1.0 V by detecting LED cathode voltage (the LED1 to LED4 pins
voltage). When multiple LED outputs are operating, it controls LED pin voltage with the highest LED Vf to
become 1.0 V. Thus, the output voltage of other LED pins is higher by the variations of Vf. Set up Vf variation
to meet the formula below.

LED Series Number X Vf Variation
< Short Detection Voltage (Min) — LED Control Voltage(Max)

(2) Over Voltage Protection (OVP)
The output voltage (VOUT) should be connected to the OVP pin via resistor voltage divider. If the OVP pin
voltage is 2.0 V or more, Over Voltage Protection (OVP) is active and stop the DC/DC converter switching.
Determine the setting value of OVP function by the total number of the LEDs in the series and the Vf
variation. When the OVP pin voltage drops less than 1.94 V after OVP operation, the OVP is released.

VOUT = {(Rovp1 + Rovpz) / Rovp1} X 2.0

where:

VOUT is the Output voltage.

Royvp1 is the GND side OVP resistance.

Rovp, is the Output voltage side OVP resistance.

For example, OVP is active when VOUT = 32 V if Rovp1 = 22 kQ and Rovpz = 330 kQ.

(3) Buck-Boost DC/DC Converter Oscillation Frequency (fosc)

1000 - \\
w
I
=
Q
s
100 EEREREE e SN EE e
1 10 100
Rgr [kQ]

Figure 4, fosc VS Rrt

DC/DC oscillation frequency can be set via a resistor connected to the RT pin. This resistor determines the
charge/discharge current to the internal capacitor, thereby changing the oscillation frequency. Set the
resistance of Rrr using the above data and the equation below.

fosc = (81 X 10°/Rgr) xa  [kHz]

81 x 10° is the constant value determined in the internal circuit. a is coefficient for revision.(RT: a = 41k
Q:1.01, 27kQ: 1.00,18kQ: 0.98, 10 kQ: 0.96,3.9kQ: 0.91, 3.6kQ: 0.9)
Take note that operation could not be guaranteed in the case of settings other than the recommended range.
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3. Buck-Boost DC/DC Converter - continued

(4) External Synchronization Oscillation Frequency
By clock signal input to the SYNC pin, the internal oscillation frequency can be synchronized externally. Do
not switch from external to internal oscillation if the DC/DC switching is active. The clock input to the SYNC
pin is valid only in rising edge. Input the external input frequency within £20 % of internal oscillatory
frequency set by the RT pin resistance.

(5) Soft Start Function (SS)
The soft-start (SS) function can start the output voltage slowly while controlling the current during the start
by connecting the capacitance (Css) to the SS pin. In this way, output voltage overshoot and inrush current
can be prevented. When SS function is not used, set the SS pin open. Refer to Setting of the Soft Start Time
for the calculation of SS time.
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3. Buck-Boost DC/DC Converter - continued

(6) Maximum Duty
When DC/DC switching reaches Maximum Duty, expected VOUT voltage could be not output, and LED lights-
out might occur by the reduction of LED output current and detection of ground short protection. Set input
condition and load condition such that it does not reach Maximum Duty.

(7) DC/DC Switching Control at Over Voltage Output (LSDET)
When the lowest voltage in LED1 to LED4 pins (DC/DC feedback voltage) is more than 1.24 V, LSDET
function works and turns off the switching of the DC/DC converter and maintains the COMP voltage
(switching Duty). This function reduces the VOUT voltage quickly and intended to output stable switching
Duty when VOUT is higher than the aim voltage. For example, LSDET works at the time of the LED4 OPEN
detection. The timing chart example is described below.

High
PWM
oor. (MM~ OO 2,557 e e s o
flow, LED4 pin voltage is 0 V.
COMP keep (2) VOUT is increase because of LED4 pin voltage
{(Switding Duty) . R is 0 V. Therefore QVP rises to 2.0 V, and LED4
(4) becomes the OPEN detection state.
(5)
—_— . .
\ (3) LED4 pin voltage pulls up to 4.3 V in the IC
by the OPEN detection.
VOUT 20V N—
~ (2) {(4) Because LED1 to LED4 pin becomes more
than 1.24 ¥V, LSDET function works. DCDC
OVP \ switching is OFF and COMP pin voltage is kept by
LSDET function. VOUT is decrease because
DC/DC switching is OFF.
MR
LED1 to LED3 _1.0¥ | 1OV (5) LED1 to LED3 pin voltages decrease with a
43V drop of VOUT. And LSDET function is released
Loy 1.24v | * when any of them is 1.24 V or less. DC/DC
LED4 1.0V | oV \ (3) switching is turned on again and COMP pin
'\ stable voltage is controlled to appropriate duty.
LED1 to LED3 Current \

(1)
LED4 Current  ON |/ OFF

(8) PWM Pulse and DC/DC Switching
After the fall of the PWM pulse, DC/DC switching is output 12 times and after that, turn off the DC/DC
switching during PWM = Low. When PWM becomes High again, the DC/DC switching is on. Because of this,
when PWM pulse width is short, it can maintain the output voltage and output the stable LED current.

PWM

1 ) 1
| — | |
' s +12 pulses '

LA i

Stable LED current output

OUTL

ILep
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Description of Blocks — continued

4. Protection Feature

Table 2. Detect Condition of Each Protection Feature and Operation during Detection

Detect Condition
Function - - Operation During Detection
[Detection] [Release/Cancellation]
VCC > 4.0V and
UVLO VCC <3.5VorVyres £ 2.0V All blocks shut down except VREG
Vvreg = 3.5V
TSD Ta =175 °C Ta < 150 °C All blocks shut down except VREG
OVP Vow = 2.0V Vow < 1.94V DC/DC switching OFF
ocCP Ves < VCC-0.2 V Ves > VCC-0.2 V DC/DC switching OFF
Vow < 0.57 V
scp Any of V orto Vv i EN ngEt After SCP delay time,
LED1 LED4
0.3V or less UVLO Reset all blocks latch OFF except VREG
(100 ms delay @300 kHz)
Any of Viep1 to Vieps is EN Reset
LED Open 0.3 Vorless ofse Only detected channel
Protection and LED current latches OFF
UVLO Reset
Vow = 2.0V
LED Any of Viep1 to Vieps is EN Reset After LED Short delay time,
Short 4.5V and more or only detected channel
Protection (100 ms delay @300 kHz) UVLO Reset LED current latches OFF
g _i| FAIL2 @
OPEN | L
s e e - S
SHORT \J Counter ’—/_ Q
SHDETEN (>o—f / AR
ovP R ' _ Y ) ‘_
[ ocp _J_ S : J ) /L ‘
' | Scp Counter | S
. | Q
‘ EN=Low or UVLO I R
v
/ L

Protection Flag Output Block Diagram

FAIL1 becomes low when OVP or OCP protection is detected, whereas FAIL2 becomes low when SCP, LED
open or LED short is detected. If the FAIL1, FAIL2 pin is not used as a flag output, set the FAIL1, FAIL2 pin
open or connect it to GND. The output from the FAIL1 and FAIL2 pins are reset and return to High by
starting up of EN or release of UVLO. Also, those output is unstable when EN = Low and detecting UVLO.
If the FAIL pin is used as a flag output, it is recommended to pull-up the FAIL1, FAIL2 pins to the VREG pin.
The recommended value of pull-up resistance is 100 kQ.
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4. Protection Feature - continued

(1) Under-Voltage Lock Out (UVLO)
The UVLO shuts down DC/DC converter and Current Driver when VCC < 3.5V or Vyres £ 2.0 V. And UVLO
is released by VCC = 4.0 V and Vyreg = 3.5 V.

(2) Thermal Shutdown (TSD)
The TSD shuts down DC/DC converter and Current Driver when the Tj 175 °C or more, and releases when
the Tj becomes 150 °C or less.

(3) Over Voltage Protection (OVP)
The output voltage of DC/DC converter is detected from the OVP pin voltage, and the over voltage protection
is activate if the OVP pin voltage becomes > 2.0 V. When OVP is activated, the switching operation of the
DC/DC converter turns off. And the OVP pin voltage becomes < 1.94 V, OVP is released and the switching
operation of the DC/DC converter turns on.

(4) Over Current Protection (OCP)
The OCP detects the coil current by monitoring the voltage of the high side resistor, and activates when Vcs
< VCC-0.2 V. When the OCP is activated, the switching operation of the DC/DC converter turns off. And Vcs
> VCC-0.2 V, OCP is released and the switching operation of the DC/DC converter turns on.

(5) Short Circuit Protection (SCP)
The SCP can be operated when the SS pin voltage reaches 3.3 V while start-up. When any of the LED1 to
LED4 pins voltage becomes 0.3 V or less or Vovwr < 0.57 V, the built-in counter operation starts. The clock
frequency of counter is the oscillation frequency (fosc), which is determined by Rgrr. After it counts 32770,
the DC/DC converter and the current driver are latched off. When fosc = 300 kHz, the count time is 100
ms and SCP operates after this count time. If all of the LED pin voltage becomes more than 0.3 V or Vovp
> 1.0 V before 32770 count, the counter resets and SCP is not detected.

(6) LED Open Protection
When any of the LED pins voltage is 0.3 V or less and Vove 2.0 V or more, LED open is detected and latches
off the open LED channel only.

(7) LED Short Protection

If any of Viep:1 to Vieps is 4.5 V or more, the built-in counter operation starts. The clock frequency of counter
is the oscillation frequency (fosc), which is determined by Rgr. After it counts 32770, latches off the short
LED channel only. When fosc = 300 kHz, the count time is 100 ms and SCP operates after this count time.
During PWM dimming, the LED Short Protection is carried out only when PWM = High. If the condition of
LED Short is reset while working the counter, the counter resets and LED Short is not detected. When LED
Short Detect function will not be used, SHDETEN pin should be connected to VREG before starting. When
LED Short Detect function is used, the SHDETEN pim should be connected to GND. In addition, it cannot
change SHDETEN voltage (High or Low) during normal operation.

(8) PWM Low Interval Detect
The low interval of PWM input is counted by built-in counter during EN = High. The clock frequency of
counter is the oscillation frequency (fosc), which is determined by Rgr. It stops the operation of circuits
except VREG at 32768 counts. When fosc = 300 kHz, the count time is 100 ms and the Low interval of PWM
is detected after this count time.
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4. Protection Feature - continued

(9) Output Voltage Discharge Circuit (VOUT Discharge Function)

If start-up with a charge remaining at VOUT, LED might occur flicker. To prevent this, it is necessary to
discharge of VOUT when starting-up. If use only resistance for setting OVP to discharge, it takes a lot time
for discharging VOUT. Therefore, this product has functionality of circuit for VOUT discharge. VOUT
discharge function is available at Buck-Boost application and Buck application. For this case, be sure to
connect VOUT and the VDISC pin. It discharges the residual electric charge of VOUT when DC/DC circuit is
OFF; changing EN High to Low or operating protect function. The discharge time (tpisc) is expressed in the
following equations.

toisc = 3><V40UT><C0UT (s]
XIpisc

where:

toisc is the DC/DC converter output discharge time.

Cour is the VOUT capacity.

vouT is the DC/DC converter output voltage.

Inisc is the discharge current.

From the graph below, find the Ipisc value in 25 % VOUT voltage, and substitute it in the above equation.
For example, substitute Ipisc value in VOUT = 5 V (approximately 76 mA) in the above equation when using
in VOUT = 20 V, and calculate the discharge time.

In order to suppress the flickering of the LED, the time of restarting EN = Low should be secured tpisc or
more long.

Always check with actual machine because the tpisc found here is a reference level.

0.12
0.10 ///,
0.08
< /
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]
2o/
0.04 /
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0.00
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Figure 5. IDISC vs VOUT
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Absolute Maximum Ratings (Ta = 25 °C)

Parameter Symbol Rating Unit
Power Supply Voltage VCC 40 \
BOOT, OUTH Pin Voltage Vsoor, VouTH 45 \
SW, CS, OUTL Pin Voltage Vsw, Vcs, VoutL 40 \%
BOOT-SW Pin Voltage VBoot-sw 7 \
LED1 to LED4, VDISC Pin Voltage VLEDn (n = 1to4), Vvbisc 40 \
PWM, SYNC, EN Pin Voltage Vewm, Vsyne, Ven -0.3to +7 \Y
VREG, OYR FAIL1, FAIL2, Vvreg, Vovp, VEarL1, VearL2, 0.3 to 47 < VCC v
SS, RT Pin Voltage Vss, VRt
LEDEN1, LEDEN2, -ISET, Viepen1, Vieoenz, Viser 0.3 10 47 < Vre v
COMP, SHDETEN Pin Voltage Vcomp, VSHDETEN
Maximum Junction Temperature Tjmax 150 °C
Storage Temperature Range Tstg -55to +150 °C
LED Maximum Output Current Iieo 120™ mA

Caution 1: Operating the IC over the absolute maximum ratings may damage the IC. The damage can either be a short circuit between pins or
an open circuit between pins and the internal circuitry. Therefore, it is important to consider circuit protection measures, such as adding
a fuse, in case the IC is operated over the absolute maximum ratings.

Caution 2: Should by any chance the maximum junction temperature rating be exceeded the rise in temperature of the chip may result in
deterioration of the properties of the chip. In case of exceeding this absolute maximum rating, design a PCB board with thermal
resistance taken into consideration by increasing board size and copper area so as not to exceed the maximum junction temperature
rating.

*1 Current level per channel. Set the LED current that does not over Junction Temperature Range (Tj) maximum.

Thermal Resistance™!

Thermal Resistance (Typ) .
Parameter Symbol o a Unit
1s ‘ 2s2p
VQFN28FV5050
Junction to Ambient B1a 128.50 31.50 °C/W
Junction to Top Characterization Parameter Wyr 12 9 °Cc/W
Layer Number of Material Board Size
Measurement Board
Single FR-4 114.3 mm x 76.2 mm x 1.57 mmt
Top
Copper Pattern Thickness
Footprints and Traces 70 um
Layer Number of . . Thermal Via™
Measurement Board Material Board Size Pitch Diameter
4 Layers FR-4 114.3 mm x 76.2 mm x 1.6 mmt 1.20 mm ®0.30 mm
Top 2 Internal Layers Bottom
Copper Pattern Thickness Copper Pattern Thickness Copper Pattern Thickness
Footprints and Traces 70 um 74.2 mm x 74.2 mm 35 um 74.2 mm x 74.2 mm 70 pm

*1 Based on JESD51-2A(Still-Air).

*2 The thermal characterization parameter to report the difference between junction temperature and the temperature at the top center of the outside
surface of the component package.

*3 Using a PCB board based on JESD51-3.

*4 Using a PCB board based on JESD51-5, 7.

*5 This thermal via connects with the copper pattern of all layers.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit
Power Supply Voltage™ vCC 4.5 12 35 Y
Operating Temperature Topr -40 +25 +125 °C
DC/DC Oscillation Frequency fosc 200 300 2200 kHz
External Synchronized Frequency™ ™ | fsync Holgrf]:;?(f 5080 300 Lz\:/gs:izlzlgo kHz
External Synchronized Pulse Duty Dsync 40 50 60 %

*1 This indicates the voltage near the VCC pin. Be careful of voltage drop by the impedance of power line.

*2 When external synchronization frequency is not used, connect the SYNC pin to open or GND.

*3 When external synchronization frequency is used, do not change to internal oscillation frequency along the way.

Operating Conditions (External Constant Range)

Parameter Symbol Min Typ Max Unit

VREG Capacity Cvrec 1.0 2.2 4.7 pF

LED Current Setting Resistance Riser 41 100 250 kQ

Osc!llat|on Frequency Setting Rer 36 57 41 KO

Resistance

Soft Start Capacity Setting Css 0.047 0.1 0.47 MF
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I/0 Recommended Operating Range

The I/O recommended operating range (VCC vs VOUT) is shown as follows. The graphs below are the
recommended operating range of output voltage (VOUT) for the input voltage (VCC). The data mentioned below

is the reference data for ROHM evaluation board. So please always check the behavior of the evaluation board
before using this IC.

VoG V] vee V]
35 T
12 - Recommended
Operating Rang
75|
45 F--- 45 T :
15 32 35 VOUT V]
O] @ fosc = 300 kHz, I g, = 200 mA
Boost oo ™l VGC V] 4
Recommended
0 Operating Rang
R e -
8 3235 qut v) 12 235 your v
@ fosc = 2200 kHz, Iz, = 360 mA @ fosc = 2200 kHz, I g5, = 200 mA
vee [V] Vee [V]
35 fmmmmm e L
Recommended Recommended
R e Operating Range
5 3z 35 vouT [v] 1I2 32 35 \;ouT vl
Buck-Boost @ fosc = 300 kHz, I gp, = 360 mA @ fosc = 300 kHz, I ep, = 200 mA
vee [v] vee [v]
Py P L
Recommended
Operating Range Recommended
Operating Range
45 82 B youT [v] 45 82 35 your [v]
i fosc = 2200 kHz, I gp, = 360 mA @® fosc = 2200 kHz, Iz, = 200 mA
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Datasheet

Electrical Characteristics(Unless otherwise specified, VCC = 12 V, Ta = -40 °C to +125 °C)

Parameter Symbol Min Typ Max Unit Conditions
EN = High, SYNC = High,
Circuit Current Icc - - 10 mA | RT = OPEN, PWM = Low,
ISET = OPEN, CIN = 10 pF

Standby Current Ist - - 10 MA | EN = Low, VDISC = OPEN
[VREG]
Reference VoItage VVREG 4.5 5.0 5.5 V ‘ Ivreg = -5 mA, CVREG =2.2 |JF
[OUTH]
OUTH High Side ON-Resistor RonHH 1.5 3.5 7.0 Q Iouth = -10 MA
OUTH Low Side ON-Resistor RonHL 0.8 2.5 5.5 Q Iouth = 10 MA
OCP Detection Voltage Voumr | VCC-0.22 | VCC-0.20 | VCC-0.18 \Y,
[OUTL]

0.44 0.80 1.15 Q IT‘_C’]”T: iz'sl(fcmA
OUTL ON-Resistor RonL Tourt = 10 MA

0.20 0.80 2.10 Q Ta = -40 °C ~ +125 °C
[sw]
SW ON-Resistor Ron_sw 4.0 10.0 25.0 Q ‘ Isw = 10 mA
[ERRAMP]
LED Control Voltage Viep 0.9 1.0 1.1 \Y
COMP Sink Current Tcowsme | 35 80 145 UA xt';DMP:: 21\\//(” =1to4),
COMP Source Current Tcovpsouce | -145 -80 -35 LA xif:; ol.f/v (n=1to4),
[Oscillator]
Oscillation Frequency 1 fosc1 285 300 315 kHz | Rrr = 27 kQ
Oscillation Frequency 2 fosc2 1800 2000 2200 kHz | Rrr = 3.9 kQ
[OVP]
OVP Detection Voltage Vovpi 1.9 2.0 2.1 \Y, Vovp: Sweep up
OVP Hysteresis Width VovpHys1 0.02 0.06 0.10 V | Vovp: Sweep down
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BD81A24MUF-M Datasheet

Electrical Characteristics - continued(Unless otherwise specified, VCC = 12 V, Ta = -40 °C to +125 °C)

Parameter Symbol Min Typ Max Unit Conditions
[UVLO]
UVLO Detection Voltage Vuvio 3.2 3.5 3.8 V | VCC: Sweep down
UVLO Hysteresis Width Vans | 025 | 050 | 075 | Vv /¢ iWBeespV“p'
VREG .
[LED Output]
Iiep = 50 mA, Ta = 25 °C
-3 - +3 % | Alieps = (Iteon/Itepn_ave-1)x 100
LED Current Relative (n=1to4)
Dispersion ILep1 Iiepo = 50 MA,
P . v | g |Ta=-40°Cto +125°C
- - (o]
Aliepr = (Iteon/Iepn_ave-1)x 100
(n=1to4)
Iiep = 50 mA, Ta = 25 °C
-3 - +3 % | Aliep2 = (ILepn/50 mA-1) x 100
LED Current Absolute (n=1to4)
Dispersion Liep2 Iiep = 50 MA,
P = ] v | o |Ta=-40°Cto +125°C
° Alepz = (ILEDn/SO mA—l) x 100
(n=1to4)
ISET VoItage Viser 0.9 1.0 1.1 \% Riser = 100 kQ
PWM Minimum Pulse Width tmn 1 - - HS ?WM_:;(?%:thol%% I:::’
LED —
PWM Frequency fowm 0.1 - 20 kHz
[Protection Circuit]
LED Open Detection Voltage Vopen 0.2 0.3 0.4 \Y \S/\L;Zré;:)(gojv; to 4)
LED Short Detection Voltage Vsiorr | 4.2 4.5 48 |V ZCSZL;(E; 1to4)
LED Short Detection Latch OFF
Delay Time tsHorT 70 100 130 ms | Rrr = 27 kQ
SCP Latch OFF Delay Time tscp 70 100 130 ms | Rrr = 27 kQ
PWM Latch OFF Delay Time tpwm 70 100 130 ms | Rrr = 27 kQ
ISET-GND Short Protection
Impedance Isereror i ) 4.7 k&
LSDET Detection Voltage VspeT - 1.24 - V
[Logic Input Voltage]
. EN, SYNC, PWM, SHDETEN,
Input High Voltage VINH 2.1 - VVREG \Y, LEDEN1 LEDEN2
Input Low Voltage Ve | G | - | og | v ENSYNG PWM, SHDETEN,
Input Current I 15 50 100 HA \P/\I/'\“/; ?_I;/D(EEl\ll\lll SLYE'\IID%NSZ?DETEN’
[FAIL Output (Open Drain)]
FAIL Low Voltage ‘ Vo|_ ‘ - ‘ 0.1 ‘ 0.2 ‘ V ‘ IeanL = 0.1 mA
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Typical Performance Curves
(Reference Data. Unless otherwise specified, Ta = -40 °C to +125 °C)

10 5.5
T 8 I ' [ E 5.0
E 2
g
26 < , -
= o 4.5
C (@)}
o 3
34 2
5 8 4.0
O 2 QL
Q
o
3.5
0 -40 0 40 80 120
5 15 25 35
Supply Voltage: VCC[V] Temperature : Ta [°C]
Figure 6. Circuit Current vs Power Supply Voltage Figure 7. Reference Voltage vs Temperature
(VCC=45Vto35V, Ven = 3.3V, (VCC =12V to35V Ven=3.3V, Vewm =5V)
Vewm = 0V, Ta = +25 °C)
400 3000
g 350 o 2500
- ~
9 g —
$ 300 $ 2000
=2 3
g g
w [
5 5
= 250 S 1500
& &
G 2
@] o
200 1000
-40 0 40 80 120 -40 0 40 80 120
Temperature : Ta [°C] Temperature : Ta [°C]
Figure 8. Oscillation Frequency 1 vs Temperature Figure 9. Oscillation Frequency 2 vs Temperature
(@300 kHz, VCC = 12V, Ven = 3.3V, Rer = 27 kQ) (@2000 kHz, VCC =12V, Veny = 3.3V,
Rrr = 3.9 kQ)
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BD81A24MUF-M Datasheet

Typical Performance Curves - continued
(Reference Data. Unless otherwise specified, Ta = -40 °C to +125 °C)
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LED Voltage : Vigp, [V] (n = 1 to 4) Temperature : Ta [°C]
Figure 10. LED Current vs LED Voltage Figure 11. LED Current vs Temperature
(Ta = 25°C, VCC =12V, Veny = 3.3V, (VCC =12V, Ven = 3.3,
Vieon = sweep (n = 1 to 4)) Vieon = 2V (n = 1 to 4), Vewm = Vvrec)
100 100
95 — 95
- > e
Q
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LED Current : Iz, (N = 1 to 4) [mA] LED Current : Iigp, (n = 1 to 4) [MA]
Figure 12. Efficiency vs LED Current(n = 1 to 4) Figure 13. Efficiency vs LED Current(n = 1 to 4)
(Buck-Boost Application) (Boost Application)

(Ta =25 °C, VCC =12 V,VEN =3.3 V, Vewm = VVREg, (Ta =25 °C, VCC =12 V,VEN =3.3 V, Vewm = VVREG,
4 LED loads per channel, all channels have loads) 8 LED loads per channel, all channels have loads)
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BD81A24MUF-M Datasheet

Timing Chart (Start-up and Protection)

forrd 5V
VCC 8

EN™

Vyreg

UVLO

SYNC™

J s s

ss P

SW/OUTL/
OUTH

VOUT

194V

Voue @ LED3 = SHORT: @iLED

{

ILEDl

Lieos g s N B

ILeps

%
ﬁ

_—\F %100 ms ¥
t— J_‘;J nrerer s

er0.3V Over4.5v Under0.3v""

FAILLY i JI_
FAIL2Y i/

*1 EN is input after input VCC in the timing chart above, but there is no problem to input EN, PWM, and SYNC before input VCC. EN is judged as
Low at Vey is 0.8 V or less and as High at Vey is 2.1 V or more. Do not use this IC in the condition of Vgy is between 0.8 V and 2.1 V.

*2  The count time of 32770 clk x 1/fosc. In case of fosc=300 kHz, the count time is 100 ms(typ).

*3 The above timing chart is when the FAIL1 and FAIL2 pins are pulled up to the VREG pin.

@® When Vo is less than 1.0 V, regardless of PWM input, the DC/DC switching operation is active (Pre-Boost
function). And if Vove reaches 1.0 V, the Pre-Boost is finished. Only when PWM is activated, switches to the
Normal mode which operates the DC/DC switching. When VOVP at the time of the start is 0.57 V or less,
pre-boost function is effective.

When Viep2 is 0.3 V or less and Vovp is 2.0 V or more, LED Open Protect is active and LED2 is turned OFF.
Then FAIL2 becomes Low.

If the condition of Viep3 is 4.5 V or more and passes 100 ms (@fosc = 300 kHz), LED3 is turned OFF. Then
FAIL2 becomes Low.

When Vieps is shorted to GND, increase the VOUT voltage. Then Vovp rises 2.0 V or more and detect OVP.
FAIL1 becomes Low. If OVP occurs, DC/DC switching is OFF and decrease the VOUT voltage, then OVP
repeats ON/OFF. And DC/DC switching and LED current of each channel is turned OFF after 100 ms by
detecting ground short protection. (In case of fosc = 300 kHz).
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Timing Chart (Start-up and EN Restart)

vee [ 45V
2.0 ms*f

EN P
Vires L 3.5V 2.0 Yoo ; """" 3.5V
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NN iaiginiy Enigipinininly
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I Ty W W B e W I W
YRR S e A B By G 5 N o o B N

: Hi-z Hi-z
FAIL1

\

FAIL2 \ /:

*1 The Low section during EN restart requires 2.0 ms or more.

Restart after VOUT voltage is discharged. VOUT Discharge Function or external discharge switch is recommended.

If EN is restarted with remaining VOUT voltage, LED flickering might occur.
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Application Examples
When using as Boost DC/DC converter

vchcle . i p—
/l’ /:J; /J:’ VREG VDISC l J—COUT
VCC I/
EN
o e e
SYNC P P N o
T IR LAV
o Y e e
o e
ils P P P
RPC
CF‘C,_J_,
SS
css
E3

SHDETEN LEDEN | -, LEDEN2

Figure 14. Boost application Circuit

If the VOUT pin or the LED pin is shorted in this case, the overcurrent from Viy cannot be prevented. To
prevent overcurrent, carry out measure such as inserting fuse of which value is OCP setting value or more
and is part’s rating current or less in between VCC and Rcs.

When using as Buck DC/DC Converter

vcc:cwj_ I e
& & VREG VDISC [ Teour
+
vee
EN
Yo N W N2
SYNC NiehVia Ve hVied
comp
CPCFJ;
ss
CSS_L_<
-
ISET
GND
SHDFTFN/;‘7 IFDFN]/_L /_I_,I EDEN2
Figure 15. Buck Application Circuit
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PCB Application Circuit Diagram
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Figure 16. PCB Application Circuit

- Arrange Rgr resistor near the RT pin and do not attach capacitor.

- Arrange Riset resistor near the ISET pin and do not attach capacitor.

- Attach the decoupling capacitor of Ciy and Cyrec to IC pin as close as possible.

- Keep the impedance low because large current might flow into DGND and PGND.

- Be careful not to occur noise in the ISET, RT, and COMP pins.

- Since PWM, OUTH, OUTL, SW, SYNC and LED1 to LED4 have switching, avoid affecting the surrounding patterns.

- The SW, OUTH, BOOT pin to each components, keep shortest wiring and minimum impedance.

- There is thermal PAD at the back of package. Solder the board GND for thermal PAD.

- Set the gate resistor of FET (M1) to 0 Q. If resistor is connected, M1 OFF timing is delayed in M1 parasitic
capacity and gate resistor, and the penetrating current flows to the internal transistor of M1 and SW. The
penetrating current might worsen the efficiency or detect OCP.

- To reduce noise, consider the board layout in the shortest wiring and minimum impedance for Boost loop (D2
—>CVOUT—DGND—M2—D2) and Buck loop (VCC—RCS—>M1—>D1—->DGND—>GND—CIN—>VCC).

- When PWM min pulse width satisfies the following formula, please do not connect a capacitor to LED1 to
LED4 pins. It might misdetect LED short protection. When the connection of the capacitor is necessary for
noise measures, please refer to us.

10

tuin <
fosc

tyuy : PWM min pulse width fosc : DCDC frequency target

- Wire both ends of Rcsi and Resz (Red line of below figure) most shortly. If a wiring is long, it may lead to false
detection of OCP by an inductance.

veelRl . l veeX—y
IZ L‘)JT /\?\7\:; o o o1 ‘E)
cs : .
l cs X— Y
Figure 17. The Case of Rcs Parallel Figure 18. The case of Rcs Series
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PCB Board External Components List (Buck-Boost Application)

Serial No. | Component Name Component Value Product Name Manufacturer
1 Cing 10 pF GCM32EC71H106KAD1 murata
2 Cinz - - -

3 Cing - - -

4 Resi 100 mQ MCR100 Series Rohm
5 Reso 100 mQ MCR100 Series Rohm
6 Ress Short - _

7 Ces - - -

8 Css 0.1 pF GCM155R71H104KE37 murata
9 Cocy 0.01 pF GCM155R71H103KA40 murata
10 Rpc1 5.1 k@ MCRO3 Series Rohm
11 Rem1 27 kQ MCRO3 Series Rohm
12 Rerg 100 kQ MCRO3 Series Rohm
13 Rero 100 kQ MCRO3 Series Rohm
14 Crec 2.2 pF GCM188C71A225KED1 murata
15 Cegoor 0.1 pF GCM155R71H104KE37 murata
16 Recor Short - -

17 L1 22 pH CLF10060NIT-220M-D TDK
18 M1 - RSS070NO5 Rohm
19 - - - -
20 D1 - RBO50L-40 Rohm
21 D2 - RB0O50L-40 Rohm
22 Cours 10 pF GCM32EC71H106KAO1 murata
23 Courz 10 pF GCM32EC71H106KAO01 murata
24 Couts 10 pF GCM32EC71H106KAO1 murata
25 Couta 10 pF GCM32EC71H106KA01 murata
26 Rove1 30 kQ MCRO3 Series Rohm
27 Rovez 360 kQ MCRO3 Series Rohm
28 Risert 100 kQ MCRO3 Series Rohm
29 - - - -

* The above components are modified according to operating conditions and load to be used.
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Selection of Components Externally Connected
Select the external components following the steps below.

1. Computation of Input Peak Current I, wax from application condition €--—---=-=-= ,

\
2. Set the Res value so that it becomes Iocp>IL max

L value is
feed back

:

N4 :
3. Select the value of L so that it becomes E
0.05 V/ps < (VOUT / L):Res<0.63 x fosc [MHz] |77 77777=77
Please judge the L value. If it's OK, go to 4. And if it's NG, go back to 1.

y

4. Select the coil, schottky diode, MOSFET and Rcs which meets the current
and voltage ratings.

J

5. Select the output capacitor which meets with the ripple voltage requirements.

v
6. Select the input capacitor.

7. Select the BOOT - SW capacitor.

4

8. Phase Characteristics adjustment (Cec, Rec) €-—mm - -

A4
9. Over-Voltage Protection setting (Rovri, Rovez).

N
10. Soft Start Time Selection (Css).

Crc, Css adjustment
(When use Boost
application)

11. Check the Startup Time

N
12. EN restart check — eme e m oo

13. Actual Operation Confirmation
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BD81A24MUF-M Datasheet

Selection of Components Externally Connected - continued

1. Derivation of Maximum Input Leak Current I max

Internal IC Vin
Rcs
Cs
M1

OUTH
L D2 VOUT

OuUTL

| |§|7M2 ; Cour

Output Application Circuit Diagram (Buck-Boost Application)

(1) Maximum Output Voltage (VOUT wax) Computation
Consider the Vf variation and number of LED connection in series for VOUT max derivation

VOUT yax = (Vf+AVF) X N+ 1.1

where:
VOUT y4x IS the maximum output voltage.

Ve is the LED Vf voltage.
AVy is the LED Vf voltage variation.
N is the LED series number.

(2) Maximum Output Current Iour_max Computation

IOUT_MAX = ILED X 105 X M

where:

lour max is the maximum output current.

Iiep is the output current per channel.

M is the LED parallel number.
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BD81A24MUF-M Datasheet

1. Derivation of Maximum Input Leak Current I._max - continued

(3) Maximum Input Peak Current I, max Computation

I, max = 11 ave +§AIL

where:

I max is the maximum input current.

11 ave is the maximum input average current.
Al is the coil current amplification.

(In case of Boost Application)

lour max
I, av¢ = VOUT pax X W

Al = VCC>< 1 XVOUT_MAX—VCC
ETOL T fose VOUT yax

(In case of Buck-Boost application)

IOUT MAX

I = (VCcCc +vour X ——

L_AVG ( + 'MAx) 7 X VCC
vee 1 VOUT yax

AIL =

X X
L fosc  VCC + Vour max

(In case of Buck application)

I, ave = lour max /M

vouT 1 VCC —VOUT pax
Al = X X =
L fosc vcee

where:

vce is the supply voltage.

n is the efficiency.

fosc is the DC/DC oscillation frequency.
L is the coil value.

e The worst case for VCC is minimum, so the minimum value should be applied in the equation.

e BD81A24MUF-M adopts the current mode DC/DC converter control and is appropriately designed for
coil value. The abovementioned value is recommended according to efficiency and stability. If choose
the L values outside this recommended range, it not to be guaranteed the stable continuous
operation. For example, it may cause irregular switching waveform.

e n (efficiency) is around 80 %.
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Selection of Components Externally Connected - continued

2. Setting of Over Current Protection Value (Iocp)

Vocp_MIN

= > I, max  [A]
CS

locp =
where:
Iocp miv 1S the overcurrent protection detect voltage.

Vocr min 1S the overcurrent protection detect voltage (0.18 V).
Res is the current detect resistance.

I max is the maximum input peak current.

Rcs should be selected by the above equation.

3. Selection of Inductor
In order to achieve stable operation of the current mode DC/DC converter, it is recommended adjusting the L
value within the range indicated below.

VOUTXRcs 0.63Xfosc

0.05 < ——= e [V/ps]
where:
vouT is the DC/DC converter output voltage.
Res is the current detect resistance.
L is the coil value.

fosc is the DC/DC oscillation frequency.

Consider the deviation of L value and set with enough margins.

VOUTXRCS

It is more stable by reducing the value of
Lx106

, however it slows down the response time.

Also, the following equation should be satisfied during coil selection in case it is used in VCC = 5 V or less.

L < 12X VCC XVCC X7
VOUT X I gp X M X fosc

where:

L is the coil value.

vcC is the supply voltage.
n is the efficiency.

VOoUT is the DC/DC converter output voltage.
I,gp is the LED current per channel.

fosc is the DC/DC oscillation frequency.

M is the LED parallel number.

LED intensity may drop when a coil which does not satisfy the above is chosen.
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Selection of Components Externally Connected - continued

4. Selection of Voltage/Current Ratings of Coil (L), Diode (D1, D2), FET (M1, M2), Rcs, and Cout

Current Rating Voltage Rating Heat Loss
Coil L > I max - -
Diode D1 > Tocp > VCC max -
Diode D2 > Iocp > Vovp_Max -
FET M1 > Iocp > VCC max -
Rcs - - > Toce? X Res
Cout - > Vovp_Max -

Consider deviation of external parts and set with enough margins.
In order to achieve fast switching, choose the FET’s with smaller gate-capacitance.

5. Setting of Output Capacitor
Select the output capacitor Cout based on the requirements of the ripple voltage VOUTpp.

20xI gpXM

VOUTpp = W+A1L XRESR [V]
where:

VOUTpp is the VOUT ripple voltage.

Igp is the LED current per channel.

M is the LED parallel number.

fosc is the DC/DC oscillation frequency.
Cvour is the VOUT capacity.

n is the efficiency.

Al is the coil current amplification.

Risr is the equivalent series resistance of output capacitor Cour.

The actual VOUT ripple voltage is affected by PCB layout and external components characteristics. Therefore,
check with the actual machine, and design a capacity with enough margins to fit in allowable ripple voltage.
The maximum value of Cour that can be set is 500 pF.

6. Selection of Input Capacitor
An input capacitor which is 10 pF or more with low ESR ceramic capacitor is recommended. An input capacitor
which is not recommended may cause large ripple voltage at the input and hence lead to malfunction of the
IC.

7. Selection of BOOT - SW Capacitor
When using the Buck-Boost application or Buck application, insert 0.1 yF capacitor between the BOOT pin and
the SW pin.
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Selection of Components Externally Connected - continued

8. Setting of Phase Compensation Circuit

COMP Pin Application Schematic(n = 1 to 4)

Stability Condition of Application

The stability in LED voltage feedback system is achieved when the following conditions are met.
(1) When gainis 1 (0 dB), the phase delay is 150° or less (or simply, phase margin is 30° or more).
(2) When gain is 1 (0 dB), the frequency (Unity Gain Frequency) is 1/10 or less of switching frequency.

To assure stability based on phase margin adjustment is setting the Phase-lead fz close to unity gain frequency.

In addition, the Phase-lag fp1 is decided based on Cour and output impedance R;.
The respective formulas are as follows.

Phase-lead fz = 1/(2nRpcCpc) [Hz]
Phase-lag frl = 1/(2nR. Coyr) [Hz]

* The output impedance that is calculated in R, = VOUT /Iyt

To make a good result, set fz between 1 kHz to 10 kHz. Substitute the value in the maximum load for R;.
Further, this setting is easily obtained, and the adjustment with the actual machine may be necessary because
it is not strictly calculated. In case of mass production design, thorough confirmation with the actual machine
is necessary because these characteristics can change based on board layout, load condition and etc.
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Selection of Components Externally Connected - continued

9. Setting of Over Voltage Protection (OVP)
Over voltage protection (OVP) is set from the external resistance Rovpi, Rovea.
The setting described below is important in the either boost, buck and buck-boost applications.

VOUT Internal IC
20V /194V
1
1.0V/057V
=

OVP Application Circuit

The OVP pin detects the over voltage when it is 2.0 V (Typ) or more and stops the DC/DC switching. In
addition, it detects the open condition when the OVP pin is at 2.0 V (Typ) or more and the LED1 to LED4 pins
voltage is at 0.3 V (Typ) or less, and the circuit is latched to OFF (Refer to Protection Feature). In preventing
error in detection of OPEN, it is necessary that the resistor divide voltage of the maximum value of output
voltage shall be less than the minimum value of OPEN detection voltage.
Set the Rovpi, Rovez in such a way the formula shown below can be met.

R .
VOUT (Max) x —2¥EL < VOVPopen(Mm) ............................................................ (1)
(Rovp1*+Rovp2)
where:
vourt is the DC/DC output voltage.
Vovropen is the OVP pin open detection voltage.

Example 1: When Vf = 3.2 V£0.3 V LED is used in 8 series

VOUT(Max) = 1.1(LED control voltage Max) + (3.2+0.3) x 8 = 29.1 [V]
Open Detection OVP Pin Voltage Vovpopen(Min) = 1.9 [V]
If Rove1 = 20 kR, set by Rovpz > 286.3 kQ from (1).
Example 2: When Vf = 3.2 V0.3 V LED is used in 3series
VOUT(Max) = 1.1(LED control voltage Max) + (3.2+0.3) x3 = 11.6 [V]
Open Detection OVP Pin Voltage Vovpopen(Min) = 1.9 [V]
If Rove1 = 20 kR, set by Rovpz > 102.1 kQ from (1).
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9. Setting of Over Voltage Protection (OVP) - continued

<Attention at the OVP Voltage Setting>
At the boost application, it is decided whether pre-boost works by initial value of the OVP pin voltage.
When it does not perform pre-boost, be careful because startup time may become long.

OVP Pin Voltage [v] A

Boost up at PWM = High

PreBoost FinishVoltage 1.0V} = = = = m gt e e e e m e e e m e e e e e e e e e e e e e e e e e e e e e e e e = ===

When initial OVP voltage is less than PreBoost Start Voltage,
it performs Pre-Boost.

Pre-Boost

PreBoost Start Voltage 0.57 V

—
-
Time
Figure 19. With Pre-boost
OVP Pin Voltage [v]
Boost up at PWM = ngh/
Pre-Boost Finish Voltage L0 V=== e e m e e e e e el e e e - = =
When initial OVP pin voltage is more than pre-boost start voltage,
it does not perform pre-boost.
Pre-BoostStart Voltage 0.57 Vi = = e e e e e e e e e e e e e e e e e e e e e e e e e e, e e e e e e - - - --—----
>
Time

Figure 20. Without Pre-boost

At the buckboost or buck application, initial OVP voltage is less than pre-boost start voltage by VDISC
function, it always performs pre-boost.
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Selection of Components Externally Connected - continued

10. Setting of Soft Start Time

The soft start circuit is necessary to prevent increase of the coil current and overshoot of the output during
the start-up. A capacitance in the range of 0.047 uF to 0.47 uF is recommended. A capacitance less than
0.047 pF may cause overshoot at the output voltage. On the other hand, a capacitance more than 0.47 uF
may cause massive reverse current through the parasitic elements when power supply is OFF and may
damage the IC.
Soft start time tss (Typ).
tss = Css X 3.3/ (5% 107°) [s]

where:

Css is the Capacitance at the SS pin.

11. Confirmation of Start-up Time
If the PWM duty is smaller at start-up, the start-up time becomes longer. It is effective to reduce the Cpc value
to shorten start-up time, however, confirmation of the phase margin is necessary. PWM duty and data of start-
up time in typical 2 conditions are shown below.
Condition 1 (Boost)
VCC =12 V, VOUT =30V (assume 8 LED's series), RrT = 27 kQ (fosc = 300 kHZ), Riser = 100 kQ (ILED =
50 mA), Cpc = 0.01 |JF, Rpc =51 kQ, Css =0.1 |JF, Rovp1 =20 kQ, Rovpz = 360 kQ

1000 1000
900 900
800 _ 8w \\
é 700 é 700 \
2 600 o 600 \
iZ 500 £ 500 \
% 400 % 400 \
E 300 E 300 \
2 200 ] 200
100 100 S~
0
0 0 20 40 60 80 100 0 0.2 0.4 0.6 0.8 1
PWM Duty [%] PWM Duty [%]

Figure 21. Start-up Time(Boost) vs PWM Duty
Condition 2 (Buck-Boost)
VCC = 12V, VOUT = 20 V (assume 5 LED's series), Rrr= 27 kQ (fosc = 300 kHz), Riser = 100 kQ (Iiep =
50 mA), Cpc = 0.01 pF, Rpc = 5.1 kQ, Css = 0.1 PF, Rovpr = 30 kQ, Rovpz = 360 kQ

1000 1000

900 900

800 800
w700 o
z Z 0
o 600 o 600
E 500 E \
E E 500 \
o 400 o 400
5 > \
£ 300 £ 300
g 200 & 200 \
] "

100 100 S~

0 0
0 20 40 60 80 100 0 02 04 06 08 1
PWM Duty [%] PWM Duty [%]

Figure 22. Start-up Time(Buck-Boost) vs PWM Duty
The above are reference data. Always confirm by machine operation because the actual start-up time depends
on layout pattern, component constant, and component characteristics.

www.rohm.com _ 32/43 TSZ202201-0T3T0C600090-1-2
© 2016 ROHM Co., Ltd. All rights reserved. 12.Feb.2021 Rev.003

TSZ22111 « 15 « 001
Downloaded from AFFOW.Com.


http://www.rohm.co.jp/
http://www.arrow.com

BD81A24MUF-M Datasheet

Selection of Components Externally Connected - continued

12. EN Restart Check
When it starts in the state that an electric charge remains in Vout including the case of the EN restart, It may
become the SCP detection condition. Set the condition according to applications.

When use the Buck-Boost or Buck application.
Connect the VOUT and VDISC pin and set EN = Low time to satisfy the below equation.

3XVOUTXCoyr

tDISC = < EN LOW Tlme [S]

4xIprsc

Regarding toisc details, please refer to Output Voltage Discharge Circuit (VOUT Discharge Function).

When use the Boost application.
Adjust Css and Cpc value to satisfy the below equation. If Cpc value is changed, phase margin will changed,
and if Css value is changed, start up time is changed. Please verifying by actual measurements.

__ ,0.4+2.7xn-VCC 1 Cpc
t1=( 0.4+2.7Xn x foscXRrr*x1.38x10~10 +1.56) x (0.46xDuty) [s]
t2 = Csg X 6.1 X 105 + 29791 /f,sc [s]

Adjust Cpc and Css value with t1 < ¢t2.
Where:

n is the LED series number.

vce  is the supply voltage.

fosc is the DC/DC oscillation frequency.
Rpr is the RT resistence.

Cpc is the COMP capacitor.

Duty is the PWM Duty.

Css is the Capacitance at the SS pin.

(Example) n=7,VCC=7YV, fosc = 300 kHZ, Rrr = 27 kQ, Cpc =0.01 (1] Css=0.1 uF, PWM Duty = 1 %

0.01

0.4+2.7X7~7 1
tl = ( 04127%7 < 300kx27kx138x10-10 T 1'56) X (0.46x1) 0.0463 [s]
t2 =0.1pux6.1x10%+29791/300k = 0.1603 [s]

In the case of this condition, it is no problem because “t1 < ¢t2” is met.
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Selection of Components Externally Connected - continued

13. Confirmation of Actual Operation
Set up the external components value by procedures and attentions mentioned above. However, those settings
above are not guaranteed because these are theoretically calculated and it does not include the external parts'
variation or characteristics changing. The overall characteristics may change depend on power supply voltage,
LED current, LED number, inductance, output capacitance, switching frequency, and PCB layout. We strongly
recommend verifying your design by taking the actual measurements.

Additional parts for EMC
The example of EMC countermeasure components is shown in the chart below.
The resistance for adjusting Slew Rate of high side FET
The capacitor for reducing current loop noise of high side FET.
The capacitor for reducing noise of high frequency on power line.
The low pass filter for reducing noise of power line.
The common mode filter for reducing noise of power line.
The snubber circuit for reducing noise of high frequency of low side FET.

NouhkwnNe=

The snubber circuit for reducing ringing of low side FET switching.

"‘ H Li 1 CREG
i jv-/‘ L;; » VREG lvmsc Icour

VCC

U s o
o “Eany Vo o o
. & ﬂ | [ o o
" o I T | e e e e
& f=il
comp DGND = W e o
g U e e
RPC
CPC
7+ LED1
SS
css /;/E;Li

PWM

ISET

RISET

SL:-‘

GND

SHDETENJ? LEDENI% ,;(7 LEDEN2

Application Circuit Reference Example (Including EMC Countermeasure Components)

It is basically non-recommended to connect a capacitor to the LED1 to LED4 pins. Please refer to PCB
Application Circuit. When the connection of the capacitor is necessary for noise measures, please refer to us.
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Precautions on PCB Layout
The layout pattern greatly affects the efficiency and ripple characteristics. Therefore, it is necessary to examine
carefully when designing. As show in the figure below, Buck-Boost DC/DC converter has two loops; “Loopl” and
“Loop2”. The parts in each loop have to be set as near as possible to each other. (For example, GND of Cour and
DGND should be very near, GND of Ciy and GND of D1 should be very near and so on.)
Moreover, the wirings of each loop should be as low impedance as possible.

UDUT oocoo
205en0

0000

COUH EN
B Bfcors O

LED4

LED3

us&‘ﬁROHm =

UTL COUTZ seMICONDUCTOR
BD81A24MUV LED2

)
O

LEDEN2 LEDEN1

O
| il LEDi
: O sssaa-
591: SHDETEN PUM  FAIL1 rgz UREG Qs

Figure 24. BD81A24MUF-M PCB TOP-layer
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PC = ICC xVCC
+Crssi X Vyreg X fosc X Vvres

+Crss2X Vyrea X fosc X Vvres

+{VieoXM+AVFXNx(M-1)}xI,ep

+Ron rerXTrerXIeer
+IFET % Vour/s X (fr'l'tf) Xfosc

Ii ave = (VCC+Vour)xIour/ (nxVCC)
Iour = I,epx1.05xM
Vour = (VF+AVF)XN+Vieo
Ieer = I._avexVour / (VCC+Vour)
where:
P, is the IC power consumption. N
I, s the circuit current. M
vce  is the supply voltage Vf
Ciss1  is the External boost FET gate capacity. AVF
Cissp is the External buck FET gate capacity. Ron_eer
Vyree is the VREG voltage. t,
fosc is the switching frequency. ty
V,gp is the LED control voltage. n

I;gp is the LED output current.

<Sample Calculation=>
Buck Boost application

Calculation Example of Power Consumption (Case of Buck-Boost application)

« o ¢ (1) Circuit Power

+ « o (2) External Boost FET Power

« « o (3) External Buck FET Power

« o ¢ (4) Current Driver Power

+ o o (5) Built-in Boost FET ON Power

+ o o (6) Built-in Boost FET Switching Power
« « o (7) Inductance Average Current

e e o (8) LED Output Current

« » + (9) DC/DC Output Voltage

+ o o (10) Built-in Boost FET Current

is the number of LED in serjes.

is the LED parallel number.

is the LED Forward Voltage.

is the LED VT tolerance of each strings.
is the Boost FET ON Resistance.

is the OUTL rise time.

is the OUTL fall time.

is the Efficiency.

ICC =10 mA, VCC =12 V, CISS] =65 pF, CISSZ = 2000 pF, VVREG =5 V, fosc = 2200 kHZ, VLED =1 V,
e =50mA, N=7,M=4, Vf=35V, AVf =0.15V, Roy rer = 0.8 Q, £, =20 ns, =20 ns, n = 80 %

Vour = (3.5 V+0.15 V)Xx7 series + 1 V = 26.55 V
Iour = 50 mAx1.05%x4 parallel = 0.21 A

I, ave = ((12 V+26.55 V))/12 Vvx0.21 A/0.8 = 0.843 A
Trer = 0.843 Ax26.55 V /(12 V+26.55 V) = 0.581 A

Pc =10 mAx12 V

+65 pFx5 Vx2200 kHzx5 V

+2000 pFx5 Vx2200 kHzx5 V

+{1.0 Vx4+0.15 Vx7%x(4-1)}x50 mA

+0.8 2x0.581 Ax0.581 A

+0.581A%x26.55V/6%x(20 ns + 20 ns) x2200kHz = 1.087

[W]

The above mentioned is a simple calculation and sometimes the value may differ from the actual value.
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I/0 Equivalence Circuit

SS COMP RT
vee Viees  Vims Vi /I | J
e BT |d PP
12,5
= o
ss[] 25 1ok comp [} l & ngl RT
J 1k J 1k
7, gl
SYNC,PWM SHDETEN,LEDEN1,LEDEN2 FAIL1,FAIL2
Vizes Vjﬁﬁ
Wyres
SHDETEN
2| ] = | ] o
100k ﬁ LEDENZ 100k ﬁ fl

LED1, LED2, LED3, LED4 OovP ISET

2]

Vires

LEDL LL ! Vires J»J

LEDZ2 100k

i Lﬁ:@z s :

ovp ISET
O % G [': quk o Tk
20
% 2
OUTL VDISC SW
vee
ouTL VDISC ] sSwW
£ i
OUTH BOOT VREG
BOOT BOOT BOOT
VCC
Tq Tﬁ[ Viges ?:[
QUTH 1k BOOT VREG
rr |
W sw Sw o r[;:

EN CS

EN

ot sty
. ™

]

&

*All values are Typ value
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Operational Notes

1. Reverse Connection of Power Supply
Connecting the power supply in reverse polarity can damage the IC. Take precautions against reverse polarity
when connecting the power supply, such as mounting an external diode between the power supply and the
IC's power supply pins.

2. Power Supply Lines
Design the PCB layout pattern to provide low impedance supply lines. Furthermore, connect a capacitor to
ground at all power supply pins. Consider the effect of temperature and aging on the capacitance value when
using electrolytic capacitors.

3. Ground Voltage
Except for pins the output and the input of which were designed to go below ground, ensure that no pins are
at a voltage below that of the ground pin at any time, even during transient condition.

4. Ground Wiring Pattern
When using both small-signal and large-current ground traces, the two ground traces should be routed
separately but connected to a single ground at the reference point of the application board to avoid fluctuations
in the small-signal ground caused by large currents. Also ensure that the ground traces of external
components do not cause variations on the ground voltage. The ground lines must be as short and thick as
possible to reduce line impedance.

5.  Recommended Operating Conditions
The function and operation of the IC are guaranteed within the range specified by the recommended operating
conditions. The characteristic values are guaranteed only under the conditions of each item specified by the
electrical characteristics.

6. Inrush Current
When power is first supplied to the IC, it is possible that the internal logic may be unstable and inrush current
may flow instantaneously due to the internal powering sequence and delays, especially if the IC has more
than one power supply. Therefore, give special consideration to power coupling capacitance, power wiring,
width of ground wiring, and routing of connections.

7. Testing on Application Boards
When testing the IC on an application board, connecting a capacitor directly to a low-impedance output pin
may subject the IC to stress. Always discharge capacitors completely after each process or step. The IC’s
power supply should always be turned off completely before connecting or removing it from the test setup
during the inspection process. To prevent damage from static discharge, ground the IC during assembly and
use similar precautions during transport and storage.

8. Inter-pin Short and Mounting Errors
Ensure that the direction and position are correct when mounting the IC on the PCB. Incorrect mounting may
result in damaging the IC. Avoid nearby pins being shorted to each other especially to ground, power supply
and output pin. Inter-pin shorts could be due to many reasons such as metal particles, water droplets (in very
humid environment) and unintentional solder bridge deposited in between pins during assembly to name a
few.
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Operational Notes - continued

9.

10.

11.

12.

Unused Input Pins

Input pins of an IC are often connected to the gate of a MOS transistor. The gate has extremely high impedance
and extremely low capacitance. If left unconnected, the electric field from the outside can easily charge it.
The small charge acquired in this way is enough to produce a significant effect on the conduction through the
transistor and cause unexpected operation of the IC. So unless otherwise specified, unused input pins should
be connected to the power supply or ground line.

Regarding the Input Pin of the IC

This monolithic IC contains P+ isolation and P substrate layers between adjacent elements in order to keep
them isolated. P-N junctions are formed at the intersection of the P layers with the N layers of other elements,
creating a parasitic diode or transistor. For example (refer to figure below):

When GND > Pin A and GND > Pin B, the P-N junction operates as a parasitic diode.
When GND > Pin B, the P-N junction operates as a parasitic transistor.

Parasitic diodes inevitably occur in the structure of the IC. The operation of parasitic diodes can result in
mutual interference among circuits, operational faults, or physical damage. Therefore, conditions that cause

‘ Resistor ‘ ‘ Transistor (NPN) ‘
P|nA Pin B c B S Pin B

A o I
%Parasnslc NP \MVVPN PN

EIements -¥---i

;' P Substrate . 4 P Substrate
JT— GND J_— GND GND ==

Parasitic Parasitic N Region
Elements Elements close-by

these diodes to operate, such as applying a voltage lower than the GND voltage to an input pin (and thus to
the P substrate) should be avoided.

""" ' \ Parasitic

Elements

— GND

Figure 25. Example of monolithic IC structure

Ceramic Capacitor
When using a ceramic capacitor, determine a capacitance value considering the change of capacitance with
temperature and the decrease in nominal capacitance due to DC bias and others.

Thermal Shutdown Circuit (TSD)

This IC has a built-in thermal shutdown circuit that prevents heat damage to the IC. Normal operation should
always be within the IC's maximum junction temperature rating. If however the rating is exceeded for a
continued period, the junction temperature (Tj) will rise which will activate the TSD circuit that will turn OFF
power output pins. When the Tj falls below the TSD threshold, the circuits are automatically restored to normal
operation.

Note that the TSD circuit operates in a situation that exceeds the absolute maximum ratings and therefore,
under no circumstances, should the TSD circuit be used in a set design or for any purpose other than protecting
the IC from heat damage.
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Operational Notes - continued

13. Over Current Protection Circuit (OCP)

This IC incorporates an integrated overcurrent protection circuit that is activated when the load is shorted.
This protection circuit is effective in preventing damage due to sudden and unexpected incidents. However,

the IC should not be used in applications characterized by continuous operation or transitioning of the
protection circuit.

Ordering Information

B D 8 1 A 2 4 ™M U F - ME?2
Package Product Rank
MUF: VQFN28FV5050 M: for Automotive
Packaging and forming specification
E2: Embossed carrier tape

Marking Diagram

VQFN28FV5050 (TOP VIEW)

Part Number Marking

(
BD81A | LOT Number
24MUF |

]

O

Pin 1 Mark

www.rohm.com

TSZ02201-0T3T0C600090-1-2
© 2016 ROHM Co., Ltd. Al rights reserved. 40/43

16799111 15 = 001 12.Feb.2021 Rev.003
Downloaded from AFFOW.Com.



http://www.rohm.co.jp/
http://www.arrow.com

BD81A24MUF-M Datasheet

Physical Dimension and Packing Information

Package Name VQFN28FV5050

e T e e B e e B e B e |

~OUUUUoUp

s D N -
D d
D d -
D d
- D d
D d
- z D ‘Cllgl
nEaEnEnNaNalal
E‘II\ L |
NOTI Dimensions in | lor relerence only.
Packing Information
Packing Form Embossed carrier tape
Quantity 2500 pcs
Direction of feed E2
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Datasheet

Revision History

Date Revision Details
12.Dec.2016 001 New Release
P.1 General Description
Change to “Light modulation (10,000:1@100Hz dimming function) is possible by PWM
input.”
P.1 Features
Change to “LED Maximum Dimming Ratio 10,000:1@100Hz".
22.Dec.2017 002
P.12 PWM Minimum Pulse Width, Conditions
Change to “fPWM = 100Hz to 20kHz".
P.12 PWM Frequency, Min
Change to “0.1kHz".
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Datasheet

Revision History - continued

Date Revision Details
Format update
Formula update
Add " O This product is protected by U.S. Patent No.7,235,954, No.7,541,785,
No.7,944,189."
Added the sentence to the description of "Current Driver"/"Caution of Large LED Current
Setting"
Added the sentence to the description of "DC/DC Switching Control at Over Voltage
Output (LSDET)"
Added the sentence to the description of "PWM Pulse and DC/DC Switching"
Added the following sentence to the description of "Timing Chart (Start-up and
Protection)"
When VOVP at the time of the start is 0.57 V or less, pre-boost function is effective.
Added Figure and calculation.
12.Feb.2021 003 ] o o L
Added the following sentence to the description of "PCB Application Circuit Diagram"
When PWM min pulse width satisfies the following formula, please do not connect a
capacitor to LED1 to LED4 pins. It might misdetect LED short protection. When the
connection of the capacitor is necessary for noise measures, please refer to us.
tuin < 10/fosc
tmin 1 PWM min pulse width fosc : DCDC frequency target

Added the sentence to the description of "Setting of Over Voltage Protection
(OVP)"/"<Attention at the OVP Voltage Setting>"
Added the following sentence to "Selection of Components Externally
Connected"/"Confirmation of Actual Operation"
It is basically nhon-recommended to connect a capacitor to the LED1 to LED4 pins. Please
refer to PCB Application Circuit. When the connection of the capacitor is necessary for
noise measures, please refer to us.
Change to "Calculation Example of Power Consumption"
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Notice

Precaution on using ROHM Products
1. If you intend to use our Products in devices requiring extremely high reliability (such as medical equipment (ot 1),
aircraft/spacecraft, nuclear power controllers, etc.) and whose malfunction or failure may cause loss of human life,
bodily injury or serious damage to property (“Specific Applications”), please consult with the ROHM sales
representative in advance. Unless otherwise agreed in writing by ROHM in advance, ROHM shall not be in any way
responsible or liable for any damages, expenses or losses incurred by you or third parties arising from the use of any
ROHM'’s Products for Specific Applications.

(Notel) Medical Equipment Classification of the Specific Applications

JAPAN USA EU CHINA
CLASSII CLASSIb
CLASSIV CLASSII CLASSII CLASSII

2. ROHM designs and manufactures its Products subject to strict quality control system. However, semiconductor
products can fail or malfunction at a certain rate. Please be sure to implement, at your own responsibilities, adequate
safety measures including but not limited to fail-safe design against the physical injury, damage to any property, which
a failure or malfunction of our Products may cause. The following are examples of safety measures:

[a] Installation of protection circuits or other protective devices to improve system safety
[b] Installation of redundant circuits to reduce the impact of single or multiple circuit failure

3. Our Products are not designed under any special or extraordinary environments or conditions, as exemplified below.
Accordingly, ROHM shall not be in any way responsible or liable for any damages, expenses or losses arising from the
use of any ROHM'’s Products under any special or extraordinary environments or conditions. If you intend to use our
Products under any special or extraordinary environments or conditions (as exemplified below), your independent
verification and confirmation of product performance, reliability, etc, prior to use, must be necessary:

[a] Use of our Products in any types of liquid, including water, oils, chemicals, and organic solvents

[b] Use of our Products outdoors or in places where the Products are exposed to direct sunlight or dust

[c] Use of our Products in places where the Products are exposed to sea wind or corrosive gases, including Clz,

H2S, NH3, SO2, and NO2

[d] Use of our Products in places where the Products are exposed to static electricity or electromagnetic waves

[e] Use of our Products in proximity to heat-producing components, plastic cords, or other flammable items

[f] Sealing or coating our Products with resin or other coating materials

[g] Use of our Products without cleaning residue of flux (Exclude cases where no-clean type fluxes is used.
However, recommend sufficiently about the residue.); or Washing our Products by using water or water-soluble
cleaning agents for cleaning residue after soldering

[h] Use of the Products in places subject to dew condensation

4. The Products are not subject to radiation-proof design.
5. Please verify and confirm characteristics of the final or mounted products in using the Products.

6. In particular, if a transient load (a large amount of load applied in a short period of time, such as pulse, is applied,
confirmation of performance characteristics after on-board mounting is strongly recommended. Avoid applying power
exceeding normal rated power; exceeding the power rating under steady-state loading condition may negatively affect
product performance and reliability.

7. De-rate Power Dissipation depending on ambient temperature. When used in sealed area, confirm that it is the use in
the range that does not exceed the maximum junction temperature.

8. Confirm that operation temperature is within the specified range described in the product specification.

9. ROHM shall not be in any way responsible or liable for failure induced under deviant condition from what is defined in
this document.

Precaution for Mounting / Circuit board design
1. When a highly active halogenous (chlorine, bromine, etc.) flux is used, the residue of flux may negatively affect product
performance and reliability.

2. In principle, the reflow soldering method must be used on a surface-mount products, the flow soldering method must
be used on a through hole mount products. If the flow soldering method is preferred on a surface-mount products,
please consult with the ROHM representative in advance.

For details, please refer to ROHM Mounting specification
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Precautions Regarding Application Examples and External Circuits
1. If change is made to the constant of an external circuit, please allow a sufficient margin considering variations of the
characteristics of the Products and external components, including transient characteristics, as well as static
characteristics.

2. You agree that application notes, reference designs, and associated data and information contained in this document
are presented only as guidance for Products use. Therefore, in case you use such information, you are solely
responsible for it and you must exercise your own independent verification and judgment in the use of such information
contained in this document. ROHM shall not be in any way responsible or liable for any damages, expenses or losses
incurred by you or third parties arising from the use of such information.

Precaution for Electrostatic
This Product is electrostatic sensitive product, which may be damaged due to electrostatic discharge. Please take proper
caution in your manufacturing process and storage so that voltage exceeding the Products maximum rating will not be
applied to Products. Please take special care under dry condition (e.g. Grounding of human body / equipment / solder iron,
isolation from charged objects, setting of lonizer, friction prevention and temperature / humidity control).

Precaution for Storage / Transportation
1. Product performance and soldered connections may deteriorate if the Products are stored in the places where:
[a] the Products are exposed to sea winds or corrosive gases, including Clz, H2S, NHs, SO2, and NO2
[b] the temperature or humidity exceeds those recommended by ROHM
[c] the Products are exposed to direct sunshine or condensation
[d] the Products are exposed to high Electrostatic

2. Even under ROHM recommended storage condition, solderability of products out of recommended storage time period
may be degraded. It is strongly recommended to confirm solderability before using Products of which storage time is
exceeding the recommended storage time period.

3. Store / transport cartons in the correct direction, which is indicated on a carton with a symbol. Otherwise bent leads
may occur due to excessive stress applied when dropping of a carton.

4. Use Products within the specified time after opening a humidity barrier bag. Baking is required before using Products of
which storage time is exceeding the recommended storage time period.

Precaution for Product Label
A two-dimensional barcode printed on ROHM Products label is for ROHM’s internal use only.

Precaution for Disposition
When disposing Products please dispose them properly using an authorized industry waste company.

Precaution for Foreign Exchange and Foreign Trade act

Since concerned goods might be fallen under listed items of export control prescribed by Foreign exchange and Foreign
trade act, please consult with ROHM in case of export.

Precaution Regarding Intellectual Property Rights
1. All information and data including but not limited to application example contained in this document is for reference
only. ROHM does not warrant that foregoing information or data will not infringe any intellectual property rights or any
other rights of any third party regarding such information or data.

2. ROHM shall not have any obligations where the claims, actions or demands arising from the combination of the
Products with other articles such as components, circuits, systems or external equipment (including software).

3. No license, expressly or implied, is granted hereby under any intellectual property rights or other rights of ROHM or any
third parties with respect to the Products or the information contained in this document. Provided, however, that ROHM
will not assert its intellectual property rights or other rights against you or your customers to the extent necessary to
manufacture or sell products containing the Products, subject to the terms and conditions herein.

Other Precaution
1. This document may not be reprinted or reproduced, in whole or in part, without prior written consent of ROHM.

2. The Products may not be disassembled, converted, modified, reproduced or otherwise changed without prior written
consent of ROHM.

3. In no event shall you use in any way whatsoever the Products and the related technical information contained in the
Products or this document for any military purposes, including but not limited to, the development of mass-destruction
weapons.

4. The proper names of companies or products described in this document are trademarks or registered trademarks of
ROHM, its affiliated companies or third parties.
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General Precaution
1. Before you use our Products, you are requested to carefully read this document and fully understand its contents.
ROHM shall not be in any way responsible or liable for failure, malfunction or accident arising from the use of any
ROHM’s Products against warning, caution or note contained in this document.

2. All information contained in this document is current as of the issuing date and subject to change without any prior
notice. Before purchasing or using ROHM'’s Products, please confirm the latest information with a ROHM sales
representative.

3. The information contained in this document is provided on an “as is” basis and ROHM does not warrant that all
information contained in this document is accurate and/or error-free. ROHM shall not be in any way responsible or
liable for any damages, expenses or losses incurred by you or third parties resulting from inaccuracy or errors of or
concerning such information.
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