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SEMICONDUCTOR

Buck LED Driver

Buck LED Driver for Automotive
Suitable for Matrix LED Control

BD18395EFV-M

General Description Key Specifications
BD18395EFV-M is a Buck LED driver suitable for matrix HInput Voltage Range: 45Vto70V
LED control. It has a wide input voltage range from 4.5 V mQOutput Voltage Range: OVto60V
to 70 V with a possible average output current of 2.0 A mAverage Output Current: 0.1At02.0A
max. A shutdown function reduces power consumption. mHigh side FET ON Resistance: 170 mQ (Typ)
The LED current can be set by an external current setting EStandby Current: 0 pA (Typ)
resistor, and it operates by peak current detection OFF EOperating Temperature Range:  -40 °C to +125 °C
TIME control. The device includes self-protection
features such as UVLO, overcurrent protection, LED Package W (Typ) x D (Typ) x H (Max)
open detection, low output voltage detection, status good HTSSOP-B20 6.5mmx 6.4 mmx 1.0 mm

output and a thermal shutdown function.
The device is suitable for matrix control of LEDs.

Features
B AEC-Q100 Qualified (Note 1)
B Functional Safety Supportive Automotive Products
B Peak Current Detection OFF TIME Control System
B For Use with Matrix LED Control

(High-speed Response Current Control)
High-side LED Current Detection

LED Voltage Maximum 60 V

Shutdown for Low Power Consumption

Control Loop Compensating Circuit is not needed
Normal State Flag Output (Status Good Signal) HTSSOP-B20

Various Protection Functions
(Note 1) Grade 1

Applications
B Automotive Exterior Lamps
(Rear, Turn, DRL/Position, Fog, Dynamic Indicator,
High/Low Beam, AFS Head Lamp, ADB Head Lamp
etc.)

Typical Application Circuit
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OProduct structure : Silicon integrated circuit OThis product has no designed protection against radioactive rays
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Pin Configuration
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Pin Description
Pin No. Pin Name Function
1 VPOW Power supply input for high side FET
2 VPOW Power supply input for high side FET
3 SNSN Inductor current sense input (-)
4 SNSP Inductor current sense input (+)
5 VB Power supply input
6 N.C. Non connected Note )
7 EN Enable input
8 SG Status good output
9 DCDIM Analog dimming input
10 PWM PWM dimming input
11 VLED LED voltage detection input
12 GND GND
13 SFON Short detection flag enable input
14 TOFF Resistor connection for OFF TIME setting
15 LVD Low voltage detection setting input
16 VREG Connecting capacitor for 5 V gate drive
17 N.C. Non connected Note )
18 BOOT Connecting boot strap capacitor for high side gate drive
19 SW Connecting to high side FET source
20 SW Connecting to high side FET source
- EXP-PAD Heat radiation pad. The EXP-PAD is connected to GND.

(Note 1) Leave this pin unconnected.
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Block Diagram
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Description of Blocks

1 Control Method (OFF TIME Control)
This product uses the OFF TIME control method for LED current control.
OFF TIME control consists of a comparator that detects the peak current of the LED and an OFF TIME generation
circuit that generates a set signal in a time according to the output voltage.

First turn on the high side FET and let the current flow through the inductor. Current flowing through the inductor flows
directly to the LED. The current flowing through the inductor is monitored by the voltage generated between the peak
current detection resistors Rsg, and when the set peak current is detected, the high side FET is turned off. After that,
when the OFF TIME set inside the circuit elapses according to the Vf voltage of the generated LED, the high side FET
is turned on again. By repeating this, LED current is controlled.

One characteristic of the OFF TIME control method is that it can reduce the output capacitor Cour. If the output
capacitor is increased, the charge of the output capacitor flows to the LED as the rush current when reducing the
number of LED lamps by matrix control, so it may cause flickering of the LED and breakdown beyond the rating. Also,
when switching the number of LED lights, delay in output responsiveness due to LC filter made up of inductor and
capacitor occurs. For this reason, it is necessary to minimize the output capacitor during matrix control.

Driver
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The LED current is the same as the coil current.

Figure 1. OFF TIME Control Method
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Description of Blocks — continued

2 Reference Voltage VREG (5 V Output)

The VREG voltage 5.0 V (Typ) is generated from the VB pin voltage and VREF block. This voltage is used as the
internal power supply of the IC and the FET drive. It also supplies current to the SG pin and the LVD pin connected
resistor. The total current supplied to the resistor must be 10 mA or less. Connect Cvrec = 2.2 YF as feedback
compensation capacitor to the VREG pin. Place ceramic capacitor close to the IC to minimize trace length to the
VREG pin also to the IC ground. Do not use the VREG as a power supply other than this IC.

When the EN pin voltage exceeds the threshold voltage Venn, the reference voltage generation circuit starts operating.
When the EN pin voltage falls below the threshold voltage Veni, all internal circuits including the reference voltage
generation circuit stop operating and the circuit current becomes 0 pA (Typ).

3 SG (Status Good Signal)
The SG pin has an open drain output and requires an external pull-up to the power supply for use. When the LED
driver is activated and the current control circuit detects the peak current three times, the SG pin is Hiz controlled. In
addition, when a failure is detected (UVLO, TSD, OCP, LED OPEN), the SG pin is controlled low. (See 7. Fault
Detection / Protection Functions.) This SG signal can be used as an enable signal for the Matrix SW driver. (For
applications using Matrix SW, refer to the application circuit example.)

EN Low High Low

40V
! Operation starts VREG > 4.0 V

1

1

:

Peak current :

detection : I—H—“—H—H—”—H—“—,i'

—l— J 1 ]
- 1 I
OFF TIME ﬂ H H
output ! !
1

1

VREG

|||—

lLep max detection

LED current 1 peak current 3 times, the SG

1
1
I
1 After the LED driver detects I
]
1 signal goes High !
1 1

1

1
External 5 V power supply

SG (pull up

High
External 5 V)_I_

Low

IfEN is Low,
the SG signal goes Low output

Low

Figure 2. Explanation of SG Signal Operation (When Switching the EN Pin Low/High)

4 Average LED Current Control
4.1 SECOMP (Peak current detection)
The voltage between the SNSP and SNSN pins is used to detect the peak current flowing through the inductor.
The detection resistor Rse is connected between the SNSP pin and the SNSN pin, and the voltage between the
pins is adjusted to Vsns = 200 mV (Typ). Therefore, the LED peak current ILep_max can be set by the following
formula.

0.2
lLEp Max = Rom [A]

Rgr : Peak current detection resistance

4.2 OFF TIME Control (OFF TIME Generation Circuit)

OFF TIME block generates the set signal of the time to depend on the VLED pin voltage Vviep. When peak current
is detected, the high side FET is off, and the OFF TIME count starts. When OFF TIME passes, the set signal is
output, and the high side FET is turned on. Since the OFF TIME is generated according to the VLED pin voltage, it
varies under the control of the Matrix SW controller, but the ripple of the LED current is controlled to be constant.
The OFF TIME can be changed by the external resistor Rrorr connected to the TOFF pin, and the switching
frequency can be adjusted. The maximum time is set in OFF TIME (MAX OFF TIME Detection), and the set signal
is automatically output when counting 80 ps or more (same time as topen).

www.rohm.com _ KR
© 2017 ROHM Co., Ltd. All rights reserved. 5/42 T8202201-0T1T0B400370-1-2

TSZ22111 « 15« 001 15.Dec.2020 Rev.001


http://www.rohm.com/

BD18395EFV-M Datasheet

4.2 OFF TIME Control (OFF TIME Generation Circuit) — continued
The OFF TIME (torF) is set using the formula shown below.

topr = 1.05 X 107° x STOFE  [q]
VLED

Rrorr : External resistance value connected to the TOFF pin
Vviep : LED Vfvoltage (= VLED pin voltage)

torr affects the switching frequency fsw. fsw can be determined according to the formula below.

_ Vsnsp=VvLED 1
fsw = X
Vsnsp+VsBp torF

[Hz]

Rrorr : External resistance value connected to the TOFF pin
Vviep : LED Vf voltage (= VLED pin voltage)

Vsnsp : SNSP pin voltage

Vsgp : Schottky barrier diode forward voltage

This formula shows parabolic characteristics and the switching frequency becomes maximum when Vviep = Vsnsp/
2

The maximum value of the switching frequency fsw_max is calculated by the formula below.

Vsnsp?
2X(Vsnsp+Vspp)X2.10X10~2XRToFF

fsw max = [Hz]

Ryorr : External resistance value connected to the TOFF pin
Vsnsp : SNSP pin voltage
Vsgp : Schottky barrier diode forward voltage

Due to the circuit delay, fsw_max will be lower than this calculation suggests.
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Figure 3. Switching Frequency vs Vviep
(Vsnsp =30V, Vsep= 0.7 V, Rrorr = 10 kQ, 20 kQ, 47 kQ)

Using the above graph, determine the maximum switching frequency fsw_wax and Rrorr for a given Vsnse.

Vsnsp®
2x(Vsnsp+Vspp)*x2.10X1079X fsw max

Rropr = [Q]

Vsnse : SNSP pin voltage
Vsgp  : Schottky barrier diode forward voltage

4.3 DRV Logic (Output control logic)

The high side FET is controlled according to the output signal (reset) of the SECOMP circuit and the output signal
(set) of the OFF TIME circuit. The switching frequency can be adjusted.
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Description of Blocks — continued

5 Dimming Function
To adjust the LED current, the PWM dimming function and analog dimming function is integrated in this IC.

5.1 PWM Control (PWM Dimming)
The LED current ON/OFF is controlled by inputting a PWM signal to the PWM pin. It is ON control when PWM =
High and OFF control when PWM = Low. No additional FET are required for PWM control.

High High
PWM  Low Low Low
L :
S -
leo

liep= OFF liep= OFF

Figure 4. PWM Dimming Operation

5.2 DC Dimming (Analog Dimming)
If a derating in the current is desired, due to LED temperature, the analog dimming function can be used. The LED
peak current is adjusted according to the voltage applied to the DCDIM pin. If the DCDIM voltage Vbcoiv is above
1.0 V (Typ), the peak detection voltage Vsns is 200 mV (Typ). If a lower voltage is applied, the peak detection
voltage will be reduced, as shown in the diagram below. If the analog dimming function is not used, connect the
DCDIM pin to the VREG pin with 10 kQ or more.

VSNS
N

200 mV+

s ] i ~

I T rg
0.5V 1.0V Vpeom

Figure 5. Analog Dimming
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Description of Blocks — continued

6 Zero LED Operation
When driving Matrix SW such as dynamic indicator, all Matrix SW may be turned on and LED may be 0. At this time,
the current supplied from the LED driver does not flow to the LED but flows to the Matrix SW, and the switching
operation continues.

LED Driver Current flows completely into
the Matrix SW
BD18395 MY

Matrix SW

ol on

B e

6

o
o
-

o
4
n

NSNS SN NN NN
b
o
=

o
]
m

Figure 6. Current Path at Zero LED

6.1 Low Voltage Detection (LED Anode Low Voltage Detection Function)

BD18395EFV-M has the LVD (Low Voltage Detection) function in order to detect if the voltage of the VLED pin
which connects to the LED anode side goes down. When the voltage of the VLED pin becomes lower than the set
voltage when the SFON pin voltage Vsron> 2.4V, it acts as ground fault detection (SCP) on the LED anode side
and outputs the SG pin Low to notify abnormality. When the SFON pin voltage Vsron < 0.6 V, the current drive
operation is continued while keeping the SG pin Hiz output. The detection voltage of LVD is set by the voltage
value externally input to the LVD pin. Connect external resistors Ruvpn, RivoL between the VREG pin and the GND
pin, and set arbitrarily according to Vf of LED.

VREG
VREG
RLVDH
LVD
LVD _]_-'F
VLED
-— RLVDL

Figure 7. How to Set the LVD Voltage

The low voltage detection voltage Vb is calculated by the following formula. The minimum VLED pin voltage
depends upon the number of LEDs and their Vf. The LVD detection voltage must be between 1.5 V and 2.75 V.

_ RrvpL
Vivo = Vege X ————— V]
RrvpH+RLVDL

Vree : VREG output voltage
Riypu, Rivpr @ LVD pin connection resistance

The low voltage detection voltage Vivp should be set lower than a single LED Vf. Therefore, consider the variation
of LED Vf when setting the low voltage detection voltage. An example is shown below.
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6.1. Low Voltage Detection (LED Anode Low Voltage Detection Function) — continued

6.1.1  The Low Voltage Detection Voltage Setting Example (When Using the Matrix SW)
Conditions.
LED Forward Voltage (Vf) :Min1.6V,Max 24V
(Including current range of used LED and temperature characteristics)
Number of LEDs (N) 18
Average LED Current (lkeo_ave) :1.0A
LED Current Ripple (Allep)  :0.1A
Matrix SW ON Resistance (Ron_min) :0.12 Q/ch
Min voltage value of the LED anode side, in case of a single LED
Viep = Ve + (Igp ave — Algp) X Roy v X (N —1) V]
=16V+(1.0A-0.1A)x0.12Qx (8—1)=2.356 V
Taking the dispersion (5 %) of Vrec into consideration, the low voltage detection voltage is setto 2.0 V.
Therefore, determine the resistance to be connected the LVD pin: Ruvor = 30 kQ, RuvoL = 20 kQ.
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Description

of Blocks — continued

7 Malfunction Detection / Protective Functions

Detecti diti T
Detection/Protection etection conditions (Typ) . . . SG output during
. Operation during detection :
function . detection
Detection Release
Vsnsp <4.1V Vsnsp 24.5V
or and
UvLO V<41V V245V High side FET OFF SG = Low
or and
VReGg < 3.8V VrRec 24.0 V
TSD Tj>175°C Tj<150°C High side FET OFF SG = Low
rotoction. lvpow > 3.5 A vpow < 3.5 A OFF TIME operation starts SG = Low
P VPoW = 3. vPOW = 5. after High side FET OFF
OoCP
The TOFF . . _
pin short protection Itorr > 0.5 MA Itorr £ 0.5 mA High side FET OFF SG = Low
LED open detection | High side FET ON time | High side FET ON time | OFF TIME operation starts SG = Low
timer >80 s <80 pus after High side FET OFF
LED anode short Vivp < Setting voltage Vivp 2 Setting voltage ) (effecsti(vse=olr_®wwhen
detection (1.50 V10 2.75 V) (1.50 V10 2.75 V) SFON = High)
7.1 Under Voltage Locked Out (UVLO)

7.2

7.3

UVLO is a protection circuit that prevents IC malfunction at power-on or power-off. This IC is equipped with 3
UVLO circuits: UVLO VB for the VB voltage, UVLO VREG for the VREG voltage and UVLO SNSP for the SNSP
voltage. When UVLO is detected, the switching operation stop, and the high side FET is turned off. Also, during
UVLO detection, the SG pin is set to Low output to notify the outside of an abnormality.

Thermal Protection Circuit (TSD Thermal Shutdown)

TSD is a protection circuit to prevent IC destruction due to abnormal heat generation.

The TSD stops switching at 175 ° C (Typ), recovers at 150 ° C (Typ), and starts switching operation again. Also,
during TSD detection, the SG pin is set to Low output to notify the outside of the abnormality.

Overcurrent Protection Circuit (OCP)

By detecting the current flowing between the VPOW pin and the SW pin and prevents destruction due to an excess
current higher than the tolerance of the high side FET, inductor or LED. When the OCP operates, it stops the
step-down switching operation and the high side FET turned off. Hence the output of the SW pin will be Low. The
step-down switching operation starts again when the OFF TIME, which depends on the VLED pin voltage, has
passed, after the output of the SW pin has become Low.
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7.3 Overcurrent Protection Circuit (OCP) — continued

If OCP is detected even once, the SG pin is set to Low output to notify the outside of the abnormality. If OCP is
detected twice when the SG pin is low output, it will be in a hiccup operation, and after 10 ms (Typ) of OCP
detection has elapsed, the step-down switching operation will start again. If the peak current detection comparator
operates three times in succession without detecting OCP, the SG pin returns from the Low state to the Hiz state.

Rse short release |

Manitoring the current
flowing between the
VPOW and SW pins

OCP detection level

Programed peak LED current level

L f J_MH

When the OCP detection level is
OCP detection reached, an OCP signal is generated
signal (internal) _and the SW is turned off.
L

e ERE T E TR T
EEEENS - Rty T
R

! ]
+ T
= | ! ! When 5G = Low the OCP ' | I Then 3 times peak current
1 |, OCP detect | detection level is reached 2 cv:le,: ' | detect. 5G = High
L _ 1
High ' SG = Low ! change HICCUP mode . ' High
sG] N Low Ve i A
1 1 !
(5 V pull up) = | } ; 1 ] !
! ! 1 10 ms i | !
U ! 1 1
Normal operation oce HICCUP operation Normal operation

Figure 8. OCP Detection Operation

7.4 LED Open Detection (LED OPEN)
An abnormality is detected when an open failure occurs in the LED or a connector opening to the LED board
occurs. Since no current flows through the current detection resistor when the LED is open, no peak current
detection signal is generated, and the high side FET is kept on. When 80 us or more of the high side FET is turned
on, it recognizes the LED open state and outputs the reset signal to turn off the high side FET. Also, output the SG
pin Low to notify abnormality to the outside.
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—_— !
|
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POW !
i
|

|

v ' !
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' |
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i
i

[ ' ‘
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' H

I

i

i

!

i

i

I
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Lo ' ————————— ———————————
= '
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1t when SW = High time
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L
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L
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i

|
1
'
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|
'
1
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Figure 9. LED OPEN Detection Operation
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7 Malfunction Detection / Protective Functions — continued

7.5 TOFF Pin Short Detection Function
When the TOFF pin short-circuited with GND or when external resistor Rrorr short-circuited, the TOFF pin short
detection function detects abnormality. When the TOFF pin short detection function detects abnormality, the high
side FET is turned off, and the SG pin outputs Low.
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Absolute Maximum Ratings (Ta = 25 °C)

Parameter Symbol Rating Unit
Power Supply Voltage (VB) Ve -0.3t0 +72 \Y
Power Supply Voltage (SNSP) Vsnsp -0.3to +72 \%
VREG Pin Voltage VREG -0.3to+7<Ve+0.3 Y
EN Pin Voltage VEN -0.3t0+72<Ve+0.3 \Y
VPOW, SNSN, SW, VLED Pin Voltage Vpeow, VsnsN, Vsw, VvLED -0.3to +72 < Vsnsp + 0.3 \Y
SNSP to SNSN Pin Voltage V/SNSP_SNSN -0.3 to +2 \%
SNSP to VPOW Pin Voltage VsNsp_vPow -0.3to +2 \Y
BOOT Pin Voltage Voot -0.3t0 +72 < Vsnsp+ 7 \Y
BOOT to SW Pin Voltage VBooT_sw -0.3to +7 Vv
DCDIM, TOFF, LVD Pin Voltage Vbcepim, VTore, Vivb -0.3t0+7 < VRrec + 0.3 \%
PWM, SFON, SG Pin Voltage Vpwwm, VsrFon, Vsc -0.3to +7 £VRrec + 0.3 \Y
DCDIM Pin Input Current Iocoim -0.01 to +10 mA
Maximum Junction Temperature Tjmax 150 °C
Storage Temperature Range Tstg -55 to +150 °C

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 with thermal resistance taken into consideration by
increasing board size and copper area so as not to exceed the maximum junction temperature rating.
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Thermal Resistance (NVote 7)

Parameter Symbol Thermal Resistance (Typ) Unit
1g (Note 3) ’ 252p (Noto 4)
HTSSOP-B20
Junction to Ambient Bua 143.0 26.8 °C/W
Junction to Top Characterization Parameter (Note 2) Wt 8 4 °C/W

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

(Note 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.

(Note 3) Using a PCB board based on JESD51-3.

Note 4) Using a PCB board based on JESD51-5, 7.
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 (Note 9)
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 ym

(Note 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
Operating Voltage (VB)(Nete 1)(Note 2) Ve 4.5 13.0 70.0 \Y
Operating Voltage (SNSP)Note 1)((Note 2) Vsnsp 4.5 13.0 70.0 \Y
Operating Temperature Topr -40 - +125 °C
VLED Voltage VVLED 0 - 60 \%
LED Average Current Setting Isw 0.1 - 20 A
VREG Output Current IvrReG - - 10 mA
TOFF Output Current ITorr 2 - 250 MA
PWM Frequency Input fewm 100 - 2000 Hz
Low Voltage Detection Voltage Vivp 1.50 - 275 \Y
(Note 1) ASO should not be exceeded.
(Note 2) At start-up time, apply the voltage 5 V or more once. The value is the voltage range after the temporary rise to 5 V or more.

Recommended Setting Parts Range

Parameter Symbol Min Typ Max Unit
Capacitor Connecting to VREG Pin(Nete 3 CvReG 1.0 2.2 47 uF
Capacitor Connecting to VLED Pin(Note 3 CvLeED 10 100 1000 nF
Capacitor for BOOST (Note 3) CsooT_sw 0.10 0.22 0.33 uF
Inductor Set Range L 22 220 470 pH
Resistor for SG Pin Rsc 10 47 200 kQ

(Note 3) Capacitor capacitance should be set considering temperature characteristics, DC bias characteristics, etc.
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Electrical Characteristics
(Unless otherwise specified Ve =13V, Vsnsp =13V, Ven=5V, Tj = 25 °C)

TSZ22111 « 15« 001

Parameter Symbol Limit Unit Conditions
Min ‘ Typ ‘ Max
[Total]
VB Circuit Current lccvs - 2.5 6.0 mA | Vepwm=5V, Vbocom=5V
SNSP Circuit Current Iccsnsp - 0.4 2.0 mA | Vepwm=5V, Vbocom=5V
VB Standby Current IsTve - 0 10 MA | Ven=0V
SNSP Standby Current IsTsnsP - 0 10 MA | Ven=0V
VB UVLO Detection Voltage VBuvb 3.75 4.10 4.45 \Y Vs falling
VB UVLO Release Voltage VBUvR 4.15 4.50 4.85 \Y Vs rising
VB UVLO Hysteresis Voltage VBuUvHYs - 0.4 - \Y -
SNSP UVLO Detection Voltage VsNspuvD 3.75 4.10 4.45 \Y Vsnsp falling
SNSP UVLO Release Voltage VsNsPUVR 4.15 4.50 4.85 \Y Vsnsp rising
SNSP UVLO Hysteresis Voltage VSNSPUVHYS - 0.4 - \Y -
[Reference Voltage]
VREG Voltage VREG 4.75 5.00 5.25 \Y Cvrec = 2.2 uF
VREG Line Regulation VLUINEREG - 10 - mV S\B’R;Eﬁ; \2/‘50“7% Vv
VREG Load Regulation Viomores | 475 | 500 | 525 | V S‘QEZG:_ 12(.)2th£
[EN]
EN Pin Input Current len - 7 15 MA | Ven=5V
EN Threshold Voltage H (Rising) VENH 24 - - \% Ve rising
EN Threshold Voltage L (Falling) VENL - - 0.6 \% Ven falling
EN Hysteresis Voltage VENHYS - 50 - mV |-
[PWM]
PWM Pin Input Current Ipwm - 50 100 MA | Vewm=5V
PWM Threshold Voltage H (Rising) VPwWMH 2.0 - - \% Vewwm rising
PWM Threshold Voltage L (Falling) VewMmL - - 0.8 \Y Vpwm falling
PWM Hysteresis Voltage VewmHYs - 0.25 - \% -
[DCDIM]
DCDIM Gain GAbcoim - 0.2 - VIV | Vsns/ Vbcoim
DCDIM Voltage Vbebim - 1.00 - Vv -
DCDIM Pin Output Current Iocoim 1.0 3.5 7.0 MA Vocoiv = GND
gv;v(\)largh':r{ndf_lol\?co” Ltd. All rights reserved. 16/42 T8202201-0T1T0B400370-1-2
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Electrical Characteristics - continued

(Unless otherwise specified Ve =13V, Vsnsp =13V, Ven=5V, Tj = 25 °C)
Limit . .
Parameter Symbol Unit Conditions
Min ‘ Typ ‘ Max

[Status Good]

SG Output Leak Current IseLk - 0 10 MA Vsc=5V

SG Pin Low Output Voltage VseL - 0.1 0.4 \Y Isc = 0.5 mA input

[SFON (Short Flag ON)]

SFON Threshold Voltage H(Rising) VSFONH 24 - - \Y VsFon rising

SFON Threshold Voltage L(Falling) VsFonL - - 0.6 \Y Vsron falling

SFON Hysteresis Voltage VSFONHYS - 50 - mV |-

[Low Voltage Detection]

LVD Threshold Voltage VivpTH 1.9 2.0 21 \Y Vviep=2V

LVD Pin Input Current lLvp - 0 10 MA V=2V

[Buck Converter]

S e o Rosistance between | Rows - 1170 | 500 | mQ | lsw=-100mA

N O posistance betWeen | Row. : 6 15 Q | lsw=10mA
Ta =25 °C,

196 200 205 mV Vviep=5V,

Vsns = Vsnsp - Vsnsn

Ta = -40 °C to +125 °C,
194 200 206 mV Vviep=5V,

Vsns = Vsnsp - Vsnsn

LED Peak Current Detection Voltage Vsns

Vviep X torr V{;‘i‘i X | 44.40 | 4935 | 5420 | Vps | Rrorr=47kQ

VLED Pin Input Current Iviep 0 15 30 MA Vewm=5V, Vvien=5V

SW Pin Minimum ON Time toNmIN - 200 - ns -

LED Open Detection Time toPen 60 80 100 V& -

Overcurrent Detection locp 3.0 3.5 - A -

HICCUP Time thiccup - 10 - ms -
www.rohm.com _ KR
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Typical Performance Curves (Reference Data)
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Figure 10. VB Standby Current vs VB Pin Voltage

Figure 11. VB Circuit Current vs VB Pin Voltage
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Figure 12. SNSP Standby Current vs SNSP Pin Voltage

Figure 13. SNSP Circuit Current vs SNSP Pin Voltage
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Typical Performance Curves (Reference Data) - continued
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www.rohm.com - 1-
© 2017 ROHM Co., Ltd. All rights reserved. 19/42 TSZ02201-0T1T0B400370-1-2

TSZ22111 « 15« 001 15.Dec.2020 Rev.001


http://www.rohm.com/

BD18395EFV-M

Datasheet

Typical Performance Curves (Reference Data) - continued
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Figure 18. DCDIM Voltage vs VB Pin Voltage

Figure 19. DCDIM Voltage vs Ambient Temperature
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Figure 20. MOS FET ON Resistance between the VPOW
and SW Pins vs Ambient Temperature
(Isw=-100 mA)

Figure 21. MOS FET ON Resistance between the SW and
GND Pins vs Ambient Temperature
(Isw= 10 mA)
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Typical Performance Curves (Reference Data) - continued
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Figure 23. LED Open Detection Time vs Ambient

Temperature
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Typical Performance Curves (Reference Data) - continued
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Figure 25. Efficiency vs SNSP Pin Voltage
(Ve =13V, ltep = 1 A, Rrore = 20 kQ, L = 100 pH)

Figure 26. LED Current vs SNSP Pin Voltage
(Ve =13V, Rrorr = 20 kQ, L = 100 pH)
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Figure 27. Frequency vs VLED Pin Voltage
(Vsnsp = 30V, Rrore = 10 kQ, 20 kQ, 47 kQ)

Figure 28. EN Start-up
(Ve =13V, Vensp =13V, L=47 pyH, lLep = 1 A)
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Typical Performance Curves (Reference Data) - continued
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Figure 29. PWM Dimming Figure 30. PWM Dimming
(Ve =13V, Vsnsp =13V, L =47 pyH, ltep = 1 A, (Ve =13V, Vsnsp =13V, L =47 pH, ltep = 1 A,
PWM = 1 kHz, Duty = 50 %) PWM = 1 kHz, Duty = 0.5 %)
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Timing Chart

1. Start-up Sequence Controlled EN
(Start-up sequence of VB/SNSP is arbitrary)

UVLO detect

VB

SNSP

High Low

Clamp by VB voltage

Hiz
UVLO release

I
:—> Start switching

ISNSP - 0.2
:peak detect

 liep_ave

ILED

Pull up by external
power supply

High Low High

Peak current detect 3 times

SG(5Vpullup)  [Low
4

Figure 31. Timing Chart (ON/OFF Control with the EN Pin)
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Timing Chart — continued

2, Start-up Sequence for SNSP Rising 1 [EN Tied to VB]
(VB Start-up — SNSP Start-up / SNSP Shutdown — VB Shutdown)

SNSP -0.2V
peak detect

VB
SNSP
VLO release UVLO detect
1
| |
= 1 1
I [
! 1
! 1
! 1
EN threshold vol}age | EN threshold voltage
EN | | ' : i
- : : : ! : Clamp by VB voltage
| 1 1 |
1 1 1 1 Hiz
VREG | te————> LED OPEN detect fe——s!
! ! ! ! LED OPEN detect
180 s 1 1 |
1 1 1 ! 1
— [} I_): 1 1 1
! [ | ! !
1 [ 1 1 !
! P - 1
| [ |
W = il 1[Iy
— : : 1 1 :
= | N ' |
! ! ———————————_ : !
1 '/\/\/\ ! |
1 ] M 1
VD il LT
1 1
1 L 1
| 1 1
1 1
1 1
1 1
1
|
1
1

.I.
]
lLeo :
T : -
= | Peak current detect 3 times : Pull up by ext:ernal power supply
SG (5V pull up) |Low High | Low High
Figure 32. Timing Chart (VB Start-up — SNSP Start-up)
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Timing Chart — continued

3. Start-up Sequence for SNSP Rising 2 [EN Tied to VB]

(SNSP Start-up — VB Start-up / VB Shutdown — SNSP Shutdown)

VB

SNSP

EN

VREG

UVLO detect

EN threshold voltage

UVLO release

:—) Start switching

T R

— -

I Peak current detect 3 times

EN threshold voltage

:/ Clamp by VB voltage

Hiz

High

Low

== SNSP -0.2V
peak detect

Pull up by external power supply

Figure 33. Timing Chart (SNSP Start-up — VB Start-up)
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Application Examples

1 3 LEDs (White), ILeo = 2 A Setting

Ul

ILED

—r_‘LH»—E:E veow aw _T_ —
VPOW Sw C . c . ;
—' SNSN BoaT '4 e b I o /
VREG
y— | nel 1 = = A
L 2 L 4 [ Jw vaes [} /'
I T = —
B+ Cyay Cyez e J_— te ? Ruvon ;
I T I =[] —=Fe I . e
= = = G SFON fe— Rrase Hos T =
—_— o__RE\,"_I_ DEDIM GND } T -
—[ |ewm weo [} = = =
Figure 34. V=13V, lLep = 2 A, LED = 3 Series, Frequency = 210 kHz
Recommended Parts List
Parts Symbol Parts Name Value Unit Product
Maker
IC U1 BD18395EFV-M - - ROHM
Rse LTR18 91 mQ ROHM
Rse MCRO01 47 kQ ROHM
) Rocoim MCRO1 10 kQ ROHM
Resistor
RrorrF MCRO01 11 kQ ROHM
RuivoH MCRO01 30 kQ ROHM
RuvoL MCRO01 20 kQ ROHM
Cva1 GCM32EC71H106KA 10 uF murata
Cve2 GCM155R71H104KE 0.1 uF murata
Capacitor Csoot GCM155R71C224KE 0.22 uF murata
CvreG GCM21BR71E225KA 2.2 uF murata
Cour GCM155R71H103KA 0.01 uF murata
Diode D RBR5LAM60ATF - - ROHM
Inductor L CLF12577NIT-330M-D 33 uH TDK
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Application Examples - continued

2 8 LEDs (White), Ieo = 1 A Setting

Ul

R ILED
T A o = : TT,
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7
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el — — e
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Ve
7
;
;
7
7
;
Figure 35. Vin=48V, V=13V, ILen = 1 A, LED = 8 Series, Frequency = 250 kHz
Recommended Parts List
Parts Symbol Parts Name Value Unit Product
Maker
IC U1 BD18395EFV-M - - ROHM
Rse LTR18 182 mQ ROHM
Rsc MCRO1 47 kQ ROHM
) Rocoim MCRO1 10 kQ ROHM
Resistor
Rrorr MCRO1 40 kQ ROHM
RuivoH MCRO1 30 kQ ROHM
RuvoL MCRO1 20 kQ ROHM
Cvi GCM32EC71H106KA 10 uF Murata
Cvs GCM21BR71C225KA 2.2 uF Murata
Capacitor Csoot GCM155R71C224KE 0.22 uF Murata
Cvrec GCM21BR71E225KA 2.2 uF Murata
Cour GCM155R71H103KA 0.01 uF Murata
Diode D RBO58LAM100TF - - ROHM
Inductor L CLF12577NIT-221M-D 220 uH TDK
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Application Examples - continued

3 16 LEDs (Yellow), ILep = 350 mA Setting

Ul

R
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{ SNSN BOOT f
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l I RSG —i|: EN - TOFF /1
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2
7
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7
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Figure 36. Vin=60V, Ve= 13V, ILep = 350 mA, LED = Yellow 16 Series, Frequency = 350 kHz
Recommended Parts List
Parts Symbol Parts Name Value Unit Product
Maker
IC U1 BD18395EFV-M - - ROHM
Rse LTR18 510 mQ ROHM
Rse MCRO1 a7 kQ ROHM
) Rocoim MCRO1 10 kQ ROHM
Resistor
Rrorr MCRO1 36 kQ ROHM
RLvpH MCRO1 39 kQ ROHM
RivoL MCRO1 22 kQ ROHM
Cvin GCM32DC72A475KE 4.7 uF Murata
Cvs GCM21BR71C225KA 2.2 uF Murata
Capacitor Csoot GCM155R71C224KE 0.22 uF Murata
CvreG GCM21BR71E225KA 2.2 uF Murata
Cour GCM155R71H103KA 0.01 uF Murata
Diode D RBO58LAM100TF - - ROHM
Inductor L CLF12577NIT-471M-D 470 uH TDK
www.rohm.com _ .
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Application Examples - continued
4 8 LEDs (Yellow), ILep = 300 mA, with the Matrix SW Setting
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Figure 37. Use BD18395EFV-M and BD18362EFV-M ot 1) 8 ch Dynamic Indicator
{BD18395EFV-M: Vin=24 V, Ve = 13V, lLep = 300 mA, LED = Yellow 8 Series (18.4 V), Frequency = 310 kHz}
{BD18362EFV-M: 8 ch Setting, The Sequential Lighting Phase Time tps1 = 15 ms, The Sequential Lighting Start-up
Delay Time toLy = 1.25 ms}

- Application of Dynamic Indicator (Use BD18395EFV-M and BD18362EFV-M (Note 1))
The BD18395EFV-M has SG function (status good), and by using this function, it is easy to design the dynamic indicator
application using BD18362EFV-M (8 ch Matrix SW).
- Connect the SG signal of BD18362EFV-M to the EN pin of BD18395EFV-M
- Connect the SG signal of BD18395EFV-M to the SETDLY pin of BD18362EFV-M
By starting the operation by connecting the above two points
Start operation
— All the SW of BD18362EFV-M are ON (the SG pin of BD18362EFV-M = High).
— The EN pin of BD18395EFV-M becomes High, so the driver operation starts.
— Driver operation is normal, the SG pin of BD18395EFV-M = High.
— The SETDLY pin of BD18362EFV-M becomes High, so sequential operation is started.

This prevents chattering at LED startup due to variation in startup time setting.
(Note 1) Please refer to datasheet for usage of BD18362EFV-M.
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4 8 LEDs (Yellow), ILepo = 300 mA, with the Matrix SW Setting - continued

Recommended Parts List

Parts Symbol Parts Name Value Unit P,\;lc;?:;?t
IC U1 BD18395EFV-M - - ROHM
Rse LTR18 510 mQ ROHM
Rse1 MCRO1 47 kQ ROHM
Rbcom MCRO1 10 kQ ROHM
Resistor
Rrorr MCRO1 13 kQ ROHM
RuvoH MCRO1 39 kQ ROHM
Ruvou MCRO1 22 kQ ROHM
CviN GCM32EC71H106KA 4.7 uF Murata
Cvs GCM21BR71C225KA 2.2 uF Murata
Capacitor Csoot GCM155R71C224KE 0.22 uF Murata
CvreG GCM21BR71E225KA 2.2 uF Murata
Cour GCM155R71H103KA 0.01 uF Murata
Diode D RBR5LAMG0ATF - - ROHM
Inductor L CLF12577NIT-221M-D 220 puH TDK
IC u2 BD18362EFV-M - - ROHM
Ruaz MCRO1 10 kQ ROHM
Rser MCRO1 10 kQ ROHM
Resistor Rempur MCRO01 22 kQ ROHM
RrLAG MCRO1 22 kQ ROHM
Rsez2 MCRO1 22 kQ ROHM
Cvcet GCM32EC71H106KA 10 uF Murata
Cvccz GCM155R71H104KE 0.1 uF Murata
CvreG2 GCM21BR71C225KA49 2.2 uF Murata
Capacitor CseTbLY GCM155R71H473KEO1 0.047 uF Murata
Csetcrk GCM2162C1K472JA01 0.0047 uF Murata
Ccr GCJ188R71H473KA12 0.047 uF Murata
Ccp GCJ188R71H473KA12 0.047 uF Murata
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Selection of Parts Externally Connected

Please follow the below procedure for selecting application parts.

1. Confirm Usage Conditions.
(Power supply voltage, LED current, number of LED lamps,
oscillating frequency, etc.).

2. Selection of the Resistance Rrorr to Set Oscillating Frequency. |<& — — — = — — — — —

3. Selection of the Inductor.
If the loss exceeds the

tolerance, review the
selected parts.

4. Selection of the Peak Current Detection Resistance Rsk.

— o —— -

5. Calculate Power Consumpton. e = -

6. Setting the Low Voltage Detection.

7. Selection of the Input Capacitor and the Output Capacitor.

8. Selection of the Schottky Barrier Diode.

9. Confirm Operation in Actual Application.
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Selection of Parts Externally Connected - continued

1. Confirm Usage Conditions
Confirm the following usage conditions before proceeding with calculations.

1.1  LED current (Average) . lLep_ave
1.2  Power supply voltage : Vsnsp
1.3 VLED voltage : Vvieo
1.4  Oscillating frequency s fsw

1.5  Schottky barrier diode forward direction voltage *VseD

2. Selection of the Resistance Rrorr to Set Oscillating Frequency
Calculate oscillating frequency from power supply voltage Vsnsp and the VLED pin voltage Vviep. Oscillating frequency
can be adjusted by the external resistance Rrorr. Oscillating frequency, fsw can be calculated by the following formula:

f _ Vsnsp—VviED x 1 _ Vsnsp—VvieD VvLED [Hz]
sw Vsnsp+Vsep  torFr Vsnsp+Vsgp ~ 1.05X107°XRroFF

Rrorr : External resistance value to connect at the TOFF pin

VyieD : LED Vf voltage (= VLED pin voltage)

Vsnsp : SNSP pin voltage

Vsap : External Schottky barrier diode forward direction voltage

When used in combination with Matrix SW controller, while switching LEDs, the frequency becomes minimum with either
the minimum number of LED lights (other than zero) or the maximum number of LED lights. Also, when Vviep = Vsnsp / 2,
the oscillation frequency becomes maximum.

3. Selection of the Inductor
Calculate the desired LED current ripple ILep_rirpLE by selecting an optimal inductor value.
Recommended output ripple current is within 5 % to 20 % of desired LED current.
Value of inductor can be calculated by substituting the values of Rrorr from step 2 above and desired LED current ripple,
in the following formula:

v +V v +V _ R
Iiep riPPLE = —VLEDL 2 X topp = —HE2—E2 x 1.05 x 1077 x —Vi(z;: [A]
Rrorr : External resistance value to connect at the TOFF pin
VvLED : LED Vf voltage (= VLED pin voltage)
Vsap : External Schottky barrier diode forward direction voltage
L : Inductor value

4. Selection of the Peak Current Detection Resistance Rse
Calculate the average LED current ILep_ave and select the value of the peak current detection resistor Rsk.
Calculate the LED average current based on the Rrorr and L values obtained in 2 and 3 above and calculate the peak
current detection resistance value.
The average LED current ILep_ave is calculated by the following formula:

02 ILED RIPPLE
Iigp ave =7 —————— [Al
RsE 2
Rsp : Peak current detection resistance

Igp rippre - LED ripple current
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Selection of Parts Externally Connected - continued
5. Calculate Power Consumption

Calculate power consumption from input voltage, number of LEDs, LED average current and oscillating frequency.
Use the following formulae to calculate IC power consumption:

Prorar = Prer + Ppreprv + Picc (W]

Ppgr = Py + Pip + Pron + Prosp [W] Pprepry = Qg X Vrge X fow [W]
Picc = Vg X Iccyp + Vsnsp X Iccsnsp W] Py = Vonsp X I, avg X 0.5 X & X foy, [W]
VyLED+V.
Pir = Vsnsp X Iy ave X 0.5 X tr X fo [W] Pion = I, ave X I, ave X Ronug X W W]
SNSP SBD

Vsep®  Vsnsp=VVLED
Ptof s RonL Vsnsp+VsBD W]
Prorar : Total power consumption
Vsnsp : SNSP voltage
Vg : VB voltage
VyiLED : VLED voltage
VrEG : VREG voltage
Vsap : External schottky barrier diode forward direction voltage
I, ave : Average inductor current
Iccsnsp : SNSP current
Iccvs : VB supply current
Qq : Internal gate charge (1.4 nC)
fsw : Oscillating frequency
Ronn : MOS FET ON resistance between the VPOW and SW pins
Ront : MOS FET ON resistance between the SW and GND pins
t, : SW pin rising time
tr : SW pin falling time

6. Setting the Low Voltage Detection
If you have a situation where you are using the Matrix SW controller and all the switches are on and the LEDs are 0, you
need to set the low voltage detection voltage Vivo to detect that the LEDs are 0. The low voltage detection voltage is set
by the voltage value input from the outside to the LVD pin. Connect external resistors Rivon and RivoL between the
VREG pin and the GND pin. Also, set the low voltage detection voltage to be in the range of 1.5V to 2.75 V. It must be
set lower than the Vf voltage when one LED is lit.

The low voltage detection voltage Vo is calculated by the following formula.

RrypL
= X —— V
VLVD VREG RrvpH+RLVDL ]
VREG
VREG
RLVDH
+ LVD
LVD
_I— VLED R

-— LvDL

Figure 38. How to Set the Low Voltage Detection
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Selection of Parts Externally Connected - continued

7. Selection of the Input Capacitor and the Output Capacitor
A capacitor is required on the input side of switching type LED driver as peak current flows between input and output.
Capacitor value of 4.7 yF or more with ESR of 100 mQ or less, is recommended at the input. Capacitor beyond this
range may cause excessive ripple on the input, causing malfunction of the IC.

8. Selection of the Schottky Barrier Diode
In the switching type Buck LED driver, when the High side FET is turned off, the current is supplied from the external
Schottky barrier diode. Therefore, select a schottky barrier diode whose current capacity is sufficiently higher than the
LED current. Also, if the Vf voltage of the diode is high, not only the power loss will increase, but also the SW pin voltage
will become a negative voltage, which may cause the circuit inside the LSI to malfunction. Therefore, a diode with as low
a Vf voltage as possible is recommended.

9. Confirm Operation in Actual Application
The characteristics will change depending on the LED current, input voltage, output voltage, inductor value, load
capacity, switching frequency, mounting pattern, etc., so be sure to check with the actual application.
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BD18395EFV-M

1/0 Equivalence Circuit
snsp [ |—
VREG D
1 VPOW veow [ — E”*
2 VPOW
4 SNSP A ‘EH— 9 DCDIM DCDIM '
19 SW
20 swW sw ] ' Sl
3’_ GND *
GND D *
SNSP D 4 4 VREG D
3 SNSN 10 PWM PWM
S # E
ono [ ] . GNP ' '
VB . % SNSP ’
5 VB % .
16 VREG vreG [ ] 11 VLED VLED
—5
GND D . GND . .
EN D— SFON
7 EN 13 SFON
GND I:l . . GND
5G D— VREG ’
—
8 SG A 14 TOFF .
—
GND > GND
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/0 Equivalence Circuit - continued

VREG >
’:} ‘[ BOOT D——|<]—D VREG
AN
15 LVD VD D . 18 BOOT sw D _
oo ] ool ]
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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.

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.

Ground Voltage

Ensure that no pins are at a voltage below that of the ground pin at any time, even during transient condition. However,
pins that drive inductive loads (e.g. motor driver outputs, DC-DC converter outputs) may inevitably go below ground
due to back EMF or electromotive force. In such cases, the user should make sure that such voltages going below
ground will not cause the IC and the system to malfunction by examining carefully all relevant factors and conditions
such as motor characteristics, supply voltage, operating frequency and PCB wiring to name a few.

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.

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.

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.

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.

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.

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.
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Operational Notes — continued

10. Regarding the Input Pin of the IC

11.

12.

13.

14.

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 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.

‘ Resistor ‘ ‘ Transistor (NPN) ‘

Pln A Pin B Pin B
c —2—

A o I
% ParasnSlc N d (NP AR

, EIements ¥ T AT : \ Parasitic
. P Substrate . 4 P Substrate | Elements
JT— GND JT— GND GND = / — GND
Parasitic Parasitic N Region
Elements Elements close-by

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.

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.

Functional Safety

“ISO 26262 Process Compliant to Support ASIL-*"

A product that has been developed based on an ISO 26262 design process compliant to the ASIL level described in
the datasheet.

“Safety Mechanism is Implemented to Support Functional Safety (ASIL-*)”

A product that has implemented safety mechanism to meet ASIL level requirements described in the datasheet.
“Functional Safety Supportive Automotive Products”

A product that has been developed for automotive use and is capable of supporting safety analysis with regard to the
functional safety.

Note: “ASIL-*" is stands for the ratings of “ASIL-A”, “-B”, “-C” or “-D” specified by each product's datasheet.
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Ordering Information

B D 1 8 3

Marking Diagram

HTSSOP-B20 (TOP VIEW)

D18395

O

9 § E F V ME 2
S — 1
Package Packaging and forming specification

EFV: HTSSOP-B20

Part Number Marking

LOT Number
/—

Pin 1 Mark

M: for Automotive
Packaging and forming specification
E2: Embossed tape and reel
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Physical Dimension and Packing Information

Package Name HTSSOP-B20
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PKG: HTSSOP—B20
Drawing No. EX192—-5002

< Tape and Reel Information >

Tape Embossed carrier tape
Quantity 2500pcs
Direction of feed E2

The direction is the pin 1 of product is at the upper left
when you hold reel on the left hand and you pull out the tape on the right hand

0,0 0,0 0,0 0,0 0,0 0,0

e2iTR||E2 iR E2iTR||||E2iTR|||E2iTR] || E2 | TR

E1 TL

A et e ter ||| e [ TeiEr || TL e

\ Direction of feed \
Pocket Quadrants

Reel
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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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