iW380-4X RENESAS

High Performance Step-Down DC/DC Controller with NDA Confidential
DC and PWM dimming up to 78V

1 Description

The iW380-4X is a DC/DC step-down controller with tight current regulation and exceptional dimming performance for
LED lighting. It is designed to be used in the high-side switching buck topology up to 78V input voltage and up to 98% of
output voltage/input voltage ratio.

The iW380-4X supports high resolution DC dimming and high resolution, high frequency PWM dimming. The PWM
dimming is achieved by only turning on the buck converter during PWM dimming signal ON time. To support highest
dimming resolution, the iW380 also embeds the shunt MOSFET driver to short LED string during PWM dimming signal
OFF time. This provides in most accurate LED current control.

A dedicated light-off mode in the iW380-4X turns off the output current when the dimming signal input is less than the
light-off threshold. In the light-off mode, the iW380-4X consumes minimum power while still monitoring the dimming
inputs. If the dimming signal input becomes higher than the light-on threshold, the iW380-4X can immediately wake up
and resume output current regulation.

2 Features
m Input DC voltage range: 22V ~ 78V m Constant-current (CC) line and load regulation < +3%
= Output/input voltage ratio: up to 98% m Light-off current consumption < TmA
m Output power up to 150W m Auto dimming signal type detection on ADJ pin
m Advanced dimming control m Rich protections:
o Supports DC dimming and PWM dimming o Vyy over/under voltage
o DC Dimming range: 12.5%-100% o Over current protection (OCP)
o PWM dimming range: 0% to 100% o Over temperature protection (OTP)

o PWM dimming mode supports high frequency PWM
dimming

o Embedded shunt MOSFET driver enables highest
resolution in PWM dimming mode

3 Applications
m High performance DC/DC LED driver
m Stage Lighting
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Figure 3.1 : iW380-4X Application Circuit with Shunt MOSFET for Highest Resolution Dimming
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4 Pinout Description

NDA Confidential

[o] [=] [«] [~] [~]

iW380-4X
VIN BOOT [10]
vce HSG | 9]
ADJ LX 8]
PWM SHUNT Z|
GND ISNS E

Figure 4.1 : 10-Lead SOIC Package

Pin Number Pin Name Type Pin Description
1 VIN Power Power source and input voltage sensing
2 VCC Power IC power supply
5 ADJ Analog Input DC dimming signal input
4 PWM Analog Input PWM dimming signal input
5 GND Ground Ground reference
6 ISNS Analog Input Buck inductor current sensing
7 SHUNT Analog Input LED-short MOSFET driver
8 LX Analog Input Buck switching node, high-side power MOSFET source
9 HSG Analog Output High-side power MOSFET gate drive
10 BOOT Power Bootstrap high-side driver power supply
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5 Absolute Maximum Ratings

Absolute maximum ratings are the parameter values or ranges which can cause permanent damage if exceeded.

Parameter Symbol Value Units
DC supply voltage range Vvee -0.3t06.5 \%
Continuous DC supply at VCC pin lvee 20 mA
VIN pin -0.3 to 82 \%
ADJ and PWM pin -0.3t06.5 V
ISNS pin -0.3t0 6.5 V
SHUNT pin -0.3t0 6.5 \Y
LX pin -0.7 to 82 \Y
HSG pin (Note 1) -0.3 to 87 V
BOOT pin (Note 1) -0.3t0 87 \Y
Maximum junction temperature T imax 150 °C
Operating junction temperature TiopT -40 to 150 °C
Storage temperature Tste -65 to 150 °C
Thermal resistance junction to ambient 0,a 209 °C/W
ESD rating per JEDEC JS-001-2017 +2000 V
Latch-up test per JESD78E +100 mA

Note 1. BOOT pin and HSG pin respect to LX pin < 5.5V.
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6 Electrical Characteristics

Vyee = 5V. All values are at T, = +25°C, unless otherwise specified.
Parameter Symbol Test Conditions Min Typ Max Unit
VIN Section (Pin 1)
VIN maximum operating voltage Vuin 78 Vv
VIN POR threshold VuIN_PoR 15 16 17.5 \Y
VIN UVLO threshold Vuin_uvio 11 12 13 \Y
VIN startup-voltage threshold (Note 1) Vuin_sT 43 \Y
VIN under-voltage threshold (Note 1) Vyin_uve 14 \%
VIN quiescent current lvin_op Vyin = 40V 2.67 mA
VIN standby current lvin_sTBY Vyin = 40V, light-off mode 2 mA
VCC Section (Pin 2)
VCC output voltage Vvee 4.96 5.0 5.04 \%
ADJ Section (Pins 3)
Highest analog DIM voltage VRer_ApiM 3.3
PWM DIM reference voltage (Note 1) VRer poiM 1
PWM DIM logic level hysteresis (Note 1) VhvsT PDIM 0.5 \%
PWM signal hysteresis (Note 1) Poim_nysT 0.2 %
Analog DIM 0% threshold (Note 1) Vaoim_Lo 362 mV
Analog DIM 100% threshold (Note 1) Vapiv_Hi 2933 mV
Analog signal hysteresis (Note 1) Apim_HysT 12.8 mV
Light-off threshold (Note 1) L_OFF_TH 0.0625 %
Light-on threshold (Note 1) L_ON_TH 0.5625 %
ISNS Section (Pin 6)
zﬁl;lti L;;)per regulation limit at no DIM Vipkeno i 445 mv
I(zl(\)lti I1o)wer regulation limit at no DIM Viernno o 355 my
OCP voltage threshold Voce vTH 567 580 593 mV
Short voltage threshold VshorT v 8 18 29 mV
SHUNT Section (Pin 7)
Pull-up resistance Rpson_p Vyce = 5V 5.8
Pull-down resistance Rpson N Vyce =5V 3.8
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6 Electrical Characteristics (Cont’d)
Vycc = 5V. All values are at T, = +25°C, unless otherwise specified.

Parameter Symbol Test Conditions Min Typ Max Unit

LX Section (Pin 8)

LX Low detection threshold Vix_Low vTH 0.96 1 1.04 \%

Bleeder current lsLp 14.4 mA

HSG Section (Pin 9)

Pull-up resistance Rpson p Vgoor = 5V 5.8

Pull-down resistance Rpson N VgooT = 5V 3.8 Q
Maximum ON time (Note 1) Tonmax) 10 V&
Minimum ON time (Note 1) Tonmin 0.26 us
Maximum OFF time (Note 1) Torrmax) 20 us
Minimum OFF time (Note 1) Torrmuin 0.3 us
Propagation delay from Igyg cross

regulation threshold to gate turn on ToeLay 100 ns
(Note 1)

BOOT Section (Pin 10)

High-side gate driver POR (Note 1) Vepor 2.62 \Y,

High-side gate driver UVLO (Note 1) Veuvio 1.69 \Y,

Temperature Sensor

Over temperature threshold (Note 1) Torp 150 °C

Max startup temperature (Note 1) Tstvmax) 140 °C

Note 1.  These parameters are not 100% tested. They are guaranteed by design and characterization.
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7 Typical Performance Characteristics
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8 Functional Block Diagram
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Figure 8.1 : iW380-4X Functional Block Diagram
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9 Theory of Operation

The iW380-4X detects DC dimming signals from the ADJ pin and uses advanced digital processing to determine
the DC output current percentage level. This level is mapped to corresponding buck inductor current upper and
lower boundaries as well as burst on/off timings. As the buck inductor current is sensed by Igys pin, it is compared
to these boundaries. Power MOSFET is turned on and off when inductor current reaches lower and upper boundary
respectively.

As the iIW380-4X operates in hysteretic continuous conduction mode (CCM), the output current is the average of
upper and lower boundaries of inductor current in the first order. Therefore, the output current of the iW380-4X is
tightly regulated regardless of the input voltage, output voltage or buck inductance.

The iW380-4X performs PWM dimming by enabling/disabling the buck converter based on the PWM pin signal logic
level. When high, buck converter is running; When low, the buck converter stops. The shunt pin also drives a power
MOSFET that shorts the LED when the PWM pin signal is low to ensure zero current to LED when buck converter
pulses.

9.1 Pin Details

Pin 1 VIN

The VIN pin is used to power the VCC pin of the iW380-4X via an internal 5V regulator. It is also used to sense the
input voltage level in order to determine if the input voltage is within normal range. VIN is also used for POR/UVLO of
the iW380-4X. The VIN pin should be directly connected to input voltage. The iW380-4X starts operates when Vy, is
higher than the V,, startup voltage, VyysT)-

Pin 2 VCC

The VCC pin is the power supply of the iW380-4X and is accurately regulated at 5V. The V¢ voltage is also used as
the power of the bootstrap circuit for high side power MOSFET driver. The current draw from the VCC pin other than
the IC itself should be limited < 2mA. In the application, connect a 2.2uF to 22uF low ESR capacitor from the VCC pin
to ground.

Pin 3 ADJ
ADJ pin is used to set the DC output current percentage of the iW380-4X. The ADJ pin can accept the PWM duty
signal or analog voltage level signal.

For the PWM duty signal, it is required to be 3.3V (£5%) or 5V (x5%) logic and frequency within 500Hz to 5kHz for
optimized performance. PWM duty percentage maps directly to dim percentage with a DC dimming minimum clamp
of 12.5%. For analog signal levels, 683mV or below maps to 12.5% output; 2933mV or above maps to 100% output;
683mV to 2933mV maps linearly to 12.5~100% dimming percentage. When the dim percentage is less than the light
off threshold (L_OFF_TH), the iWw380-4X will enter light off mode.

The iW380-4X has comprehensive logic to automatically determine whether it is PWM duty signal type or analog level
signal type at startup if the PWM duty signal is within the spec mentioned above.

To avoid jittering or noise on the ADJ pin causing an unstable DC output, the ADJ pin input signal is processed with a
hysteresis of Ppyryst) for PWM type signal and Ap,ynysT) for analog type signal.

Pin 4 PWM
PWM pin is used to perform high frequency PWM dimming. For the PWM duty signal, it is required to be 3.3V (+5%)
or 5V(x%) logic and frequency within 15kHz to 35kHz for optimized performance.

When input logic is high, the iW380-4X operates the buck converter. When input logic is low, the iW380-4X
immediately pulse the buck converter with high side driver keeps power MOSFET off.
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Pin 5 GND
Ground reference.

Pin 6 ISNS

ISNS pin is used for buck inductor current sensing. The inductor current is compared to an upper and lower limit in
real time for the power MOSFET on/off control. Therefore, the inductor current is tightly regulated as well as the output
current across the entire dimming range. In application, the 100% output current absolute value can be set by:

~ 400mV
ouT (mA) - ( R ) (91)

S

100% |

Where Rg is the current sense resistor value. An RC filter of 1-5ns time constant is recommended for very high
frequency noise filtering.

Pin 7 SHUNT

The SHUNT pin is the power MOSFET driver output for the LED shunt MOSFET. When the PWM pin input signal
logic is low, the SHUNT pin turns on the shunt MOSFET to short the LED load. The buck inductor current is then
freewheeling between buck inductor, rectifier diode, Igyg resistor and shunt MOSFET. When the PWM pin input signal
logic is high, the SHUNT pin turns off the shunt MOSFET and allows the buck converter to deliver current to LED
load. In application, the SHUNT pin should directly connect to the gate of the shunt MOSFET.

Pin 8 LX

LX pin is the buck switching node as well as the source of the high-side power MOSFET. The LX pin can swing
between V,,y and negative V¢ of rectifier diode. It is considered the “ground” of the high-side power MOSFET driver. In
the iW380-4X, the LX pin also has a bleeder built-in to bleed off LX node and the output voltage (via buck inductor) at
light off mode or fault conditions. In this way, the high-side driver can be permanently sustained by V¢ via bootstrap
diode. An LX pin voltage sensor is used to determine whether LX pin is discharged to GND the bleeder circuit.

Pin 9 HSG

HSG pin is the high-side driver gate drive pin. It is connected to the high-side power MOSFET gate to turn on and off
the MOSFET. When turning on, HSG is about 5V higher than the LX pin. When turning off, HSG is nearly shorted to
the LX pin. The absolute voltage of HSG pin to ground is V5 + Vgoor at turn on.

Pin 10 BOOT

BOOT pin is the high-side gate driver power supply. It is charged by V¢ through the boostrap diode when the
inductor is discharging, and LX nearly equals to GND. A capacitor of 100 to 220nF should be connected between
the BOOT and LX pins to hold the power for the high-side driver when not switching (and Vgt is not 0) or during the
on-time of the MOSFET. The differential voltage between the BOOT and LX pins is always around 5V. The absolute
voltage of the BOOT pin to GND is LX + 5V.

9.2 Operational Cycle and States

The iW380-4X is powered by V,,y. As soon as V,,y reaches the POR level, the internal the V¢ regulator starts to
work and generate V¢ for the iW380-4X internal circuit. During any time of the operation, if V,y drops below UVLO
or Vycc drops below Vycc yyio, the iW380-4X will be shut down until Vy or Vg recovers.
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Figure 9.1 : Vyy and Vycc POR/UVLO

After POR, the iW380-4X enters the qualification state. The qualification state checks if Vy,y > startup voltage, Vyysr)
and if IC junction temperature is below the startup temperature (T s)). If both pass, the iW380-4X exits qualification
state. If either qualification fails, the iW380-4X will stay in qualification state until it passes.

The iW380-4X enters Run or Pulse state after exiting qualification and detects the ADJ pin signals and determine the
DC dimming percentage. Based on the PWM dimming duty, the iW380-4X operates/pulse the buck converter in the
same duty. As a result, a further PWM style dimming is applied on top of the DC dimming level. The final LED current
percentage = DC dim % x PWM dim %.

[ . gm - P
1| Qualification = Run
0 0 PWM 0 PWM
Vv, OV,Uv, i i
Done B‘F‘own-out Fault" =higF;1In v =Iowpm
OVP,UVP,
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Wait &% Fault =2 Pulse

Figure 9.2 : States of iW380-4X Operation

As long as the input and output conditions are ok, the iW380-4X will stay in Run or Pulse state and deliver I5y1%
following supplied ADJ pin PWM pin inputs in real time. When the input, output or thermal condition does not meet
the operating criteria, the iW380-4X will enter fault state and bleed off V5t and reset. An over-temperature protection
event will incur a wait time before next restart attempt. Detail information can be found in section 9.7.

9.3 ADJ Signal Processing

The iW380-4X ADJ pin can accept both a PWM signal and an analog voltage level signal as command to control the
DC loyt%. At startup, the iW380-4X will detect which signal type it is and respond accordingly. By default, the iW380-4X
assumes the dimming signal input is an analog level until it sees consistent PWM style toggling. The specification and
mapping of accepted analog level signal and PWM duty signal are described in detail in section 9.1 ADJ pins.

For the special case of 100% duty or 0% duty of PWM signal, both are essentially an “analog voltage level”. Therefore,
PWM = 1 voltage level must > 3.3V * 95% = 3.13V and PWM = 0 voltage level must < 3.3V * 5% = 165mV. This definition
is compatible with analog voltage level signal’s 100% and 0% respectively.

Datasheet Rev. 0.4 Preliminary 22-Mar-2022
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Figure 9.3 : DC Dimming% vs. ADJ Pin Input and Light Off

A special light-off mode is included in the iW380-4X to completely turn off I, and achieve remote turn-off function
while the iW380-4X stays powered by V. In order to enter light-off mode, the set dimming percentage needs to be
lower than the light-off threshold (L_OFF_TH). Once entered, Vo1 will be discharged to 0 by the bleeder and there is
no power MOSFET switching. The iW380-4X also enters low power mode for minimum power consumption. The dim
pins are continuously monitored. As soon as dimming % = light-on threshold (L_ON_TH), the operation will resume.

9.4 DC Dimming Current Regulation

The DC dimming current regulation of the iWW380-4X is achieved by adjusting the upper and lower boundary of the
buck inductor current, which is called linear dimming.

The operation of linear dimming is straight forward. When the buck inductor current drops below the lower limit, the
power MOSFET is turned on and the buck inductor current starts to rise linearly. When the buck inductor current
reaches the upper limit, the power MOSFET is turned off and the buck inductor current starts to fall linearly. And this
process repeats indefinitely. The regulated Iyt = (upper limit + lower limit) / 2

When ADJ pin input maps to lower than 12.5% dimming, the iW380-4X enters clamp mode which limits further DC dimming.

Limit (mV)

95mV-|
50mV
5mV
| >
0% 12.5% 100% PDIM%
0 683 2933 A,,(mV)

Figure 9.4 : Upper Limit and Lower Limit of Buck Inductor Current vs. loyr %
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9.5 PWM Dimming Current Regulation

PWM dimming can be used over the full dimming range to achieve very high resolution dimming, or it can be used
with the DC Dimming to provide high resolution dimming at low LED light levels while maintaining the high efficiency of
DC Dimming mode.

The PWM dimming current regulation of the iW380-4X is achieved by modulating the time percentage that the buck
converter is enabled. The LED current % is roughly the PWM pin input signal %. The very first and last buck switching
pulse may create some discrepancy between wanted LED current vs. real LED current due to ramp up/down of the
LED current from/to zero.

PWM

wse | LTI L] REiNn) RN .

Figure 9.5 : PWM Dimming without Shunt MOSFET

To achieve an even higher LED current dimming accuracy, a shunt MOSFET to short the LED load can be used to
precisely control the LED current and remove the ramp up/down effect of the LED current. With the shunt MOSFET, LED
current is clamped to zero when buck converter is off. In this way, the LED current % is exactly the PWM pin input signal
%.

PWM

wse || LI LML LS Rl -

ILED

SHUNT

Figure 9.6 : PWM Dimming with Shunt MOSFET

9.6 Protections and Limits

The iW380-4X has a comprehensive set of the protection features to protect the application circuit and LED load from
damage under abnormal conditions.
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9.6.1 Brown-out (Power Shutdown)

When power is shutdown, the power source is cut off and V\, starts to decay as the iW380-4X still delivers power
to the load. When Vy,y approaches Vg, the on-time (Ty) will become longer to reach the inductor current upper
limit. The brown-out protection is triggered when Toywax) is reached 16 consecutive times and at the same time Vyy
< VyinsT)- Reaching Toywax) is an indicator that Vy,y is too close to Vot and the buck converter is no longer able to
regulate loyr-

Once triggered, the iW380-4X stops switching and discharges V7 by the bleeder. During this time, V,,y is being moni-
tored. If at any time Vy,y > VyysT), the iW380-4X will reset itself immediately to go through a fresh startup cycle. Oth-
erwise, the iW380-4X will reset itself after V1 is discharged to 0. Once reset, Vy,y is being checked continuously at
qualification state. At any time if Vy,y > VyysT), the iW380-4X will startup again.

This brown-out mechanism makes sure that the iWW380-4X not only stops operation when the V,,y condition does not
meet the requirement, but also restarts without delay at any time when the V,,y condition recovers.
9.6.2 Vy,y Over-voltage Protection (V,,y OVP) and V,,, Under-voltage Protection (V,y UVP)

When Vy iy > Vyin_oveer) OF Vyin < Vuin_uverh) for longer than 200us, Vy OVP or Vy, UVP will trigger. The action tak-
en after V,y OVP or UVP is same as for brown-out protection. If V,\ recovers at any moment, the iW380-4X will have
a fresh restart without any delay.

9.6.3 Over-Temperature Protection (OTP)
A junction temperature sensor is built-in to the iW380-4X. The iW380-4X continuously monitors the junction tempera-

ture during operation. If at any time the IC junction temperature > Top for more than 80ms, OTP will trigger.

Once OTP is triggered, the iW380-4X will discharge Vot and reset itself, wait for 1s and initiate a fresh restart attempt
like OVP and OSP. Normally, the IC junction temperature will not cool down fast enough that junction temperature
< T(s7)- Thus, the iW380-4X will stay in the qualification state until this condition is met.

9.6.4 Cycle-by-cycle Limits

The iW380-4X has built-in limits for each switching cycle of the power MOSFET. These limits are Tongwn), Torrguiny,
Tongax)@nd Torruax)- Also, an independent over-current protection is included. For conditions such as inductor
winding short, if V|sys is higher than the OCP threshold voltage (Vocp vrn), the power MOSFET will be turned off
immediately to prevent damage. OCP only disables power MOSFET switching but does not trigger any protection.

9.7 Buck Inductor and Power Device Selection
9.7.1 Buck inductor Consideration

The main consideration behind buck inductor parameter is the operating frequency. For any buck converter, the
maximum operating frequency happen at Vo1 = 50% Vyn.

F

ol

SW_MAX

360mV x (—)
R

S
v +0.1us (9.2)

VIN

Where 0.1us is the estimation of turn on and off delay. It is recommended that Fgy, yax Within 400kHz to 600kHz
for best regulation and efficiency performance. When the L,, is selected, the number of turns in the inductor can be
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calculated by

445mV L
Turns = ( ) X
R (A;xB

S

M

(9.3)

MAX)

Where A; is the effective magnetic core cross-sectional area and Bysx is the maximum flux density the core can
support. Both of these parameters can be found in the selected core datasheet.

9.7.2 Power MOSFET and Rectifier Diode Consideration

In the DC/DC application, conduction loss is a key factor in thermal consideration. The maximum conduction loss of
the power MOSFET happens at Iyt = 100% and highest V1; while the maximum conduction loss of the rectifier
diode happens at 5t = 100% and lowest V1. For the power MOSFET, conduction loss is:

V

ouT

°x R

x (loyr) DS(ON)

Vin (9.4)

Where Rps(on) is the on-resistance of the power MOSFET at full power operation temperature, which is typically 1.5 to
2 times of that at 25°C. For the rectifier diode, conduction loss is:

ouT )

V-V
VN x | xV

X lour X Ve
\Y,

VIN (9.5)

Where V¢ is the forward voltage drop of the rectifier diode, which is around 500mV for typical power Schottky.

It is worth noting that with lower Rpson) @and Vg, the power devices typically also come with a bigger parasitic
capacitance, which will slow down LX node swing. Too high of a parasitic capacitance will cause the high-side driver
to malfunction. It is necessary to make sure that at lowest dimming, the LX node is still able to swing to negative V¢
during inductor discharge. Otherwise, the high-side bootstrap circuit cannot be sustained by V¢ and the high-side
driver will lose power.

In addition to thermal considerations, the breakdown voltages are also critical. Both the power MOSFET and rectifier
breakdown voltage should be the maximum input voltage of the application plus some margin. For the power
MOSFET, make sure that Vgt < 3V as the lowest high-side driver turn-on voltage can be as low as 3.5V.
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10 Physical Dimensions
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Figure 10.1 : 10-Lead SOIC Package Outline Drawing

11 Ordering Information

Part Number Options Package Description

iw380-40 Vyn startup = 43V, ADJ hysteresis = 0.2% for PWM signal, 0.5% for analog signal SOIC-10 Tape & Reel’

Note 1. Tape and reel packing quantity is 2,500/reel. Minimum packing quantity is 2,500.
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (“RENESAS”) PROVIDES TECHNICAL SPECIFICATIONS AND
RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE DESIGNS), APPLICATION

OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” AND WITH ALL FAULTS,
AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES
OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

These resources are intended for developers skilled in the art designing with Renesas products. You are solely responsible for (1) selecting
the appropriate products for your application, (2) designing, validating, and testing your application, and (3) ensuring your application meets
applicable standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Renesas
grants you permission to use these resources only for development of an application that uses Renesas products. Other reproduction or
use of these resources is strictly prohibited. No license is granted to any other Renesas intellectual property or to any third party intellectual
property. Renesas disclaims responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages,
costs, losses, or liabilities arising out of your use of these resources. Renesas’ products are provided only subject to Renesas’ Terms

and Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise alters any
applicable warranties or warranty disclaimers for these products.

© 2022 Renesas Electronics Corporation. All rights reserved.

RoHS Compliance

Dialog Semiconductor’s suppliers certify that its products are in compliance with the requirements of Directive 2011/65/EU of the European
Parliament on the restriction of the use of certain hazardous substances in electrical and electronic equipment. RoHS certificates from our
suppliers are available on request.

(Rev.1.0 Mar 2020)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu
Koto-ku, Tokyo 135-0061, Japan
WWww.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.
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For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/
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