RENESAS Application Note

RH42250x Power Consumption and Dissipation

Usage and Implementation of Internal and External Voltage Regulators

Introduction

The RH4Z250x (RH4Z2501, RH4Z2502) is a line driver/level shifter IC for |O-Link communication, and features
a 5V and 3.3V LDO to supply a sensor circuit with power. External DC-DC converters are required due to the
small package, and power dissipation is limited especially in high-voltage/temperature environments.

This document provides guidelines on how to design an optimal power supply for the RH4Z250x.
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1. Power Supply Architecture and Limitations of the RH4Z250x

Figure 1 shows the RH4Z250x block diagram; objects belonging to the power supply are highlighted in red. The
chip-internal 3.3V and 5V LDO derive power from L+ (24V nominal, 18V to 30V), generated by |0-Link master.

V33 V5 VR
[ ] [ ] [ ]
L
3.
. . ©
Vio 3.3V . 5V e {_
LDO LDO Tl i L+
uvio | | B
Power-On Hv
Reset
Oscillator
c
HS Driver & E
CurrentSens o
TXD —»» ) o (1
| Registers En <3
| —— 3 -<» CQ
»
TXEN —»[] LS Driver & 1
m CurrentSens
Digital Core ]
] En GND/
m L-
owl/ m D-Filter
DIAG “*® [J HV Input A-Filter
Stage
Fuses/
] Trimmdata
RxD Broken chip Temp
check Sens
Figure 1. RH4Z2250x Block Diagram
For functions of the relevant pins, see the following table.
Table 1. Power Supply Pins
Name Type Function
L+ Supply voltage Power supply via |O-Link (24V nominal, 18V to 30V)
VR Analog output 5V LDO regulator output
V5 5V power supply input/output 5V either generated by internal LDO or by external DC-DC regulator
V33 3.3V power supply output/analog | 3.3V from internal LDO. Defines logic level of the pins, for a 5V logic level, connect this
input pin to 5V

The RH4Z250x offers both internal and external options to generate 5V and 3.3V (for information, see sections
2.1, 2.2, and 2.3). Current draw from internal voltage generation is limited by the maximum power dissipation of
the available packages, which offer different thermal conductivity. See Equation 1 for calculating the maximum

power dissipation (Pdis,max) with @ maximum internal junction temperature (Tsmax= 150°C).

T],max - Tambient

Pdis,max -

Equation 1
7

R36AN0034ED0100 Rev.1.00 RENESAS Page 2
Aug 25, 2026



RH4Z250x Power Consumption and Dissipation Application Note

Table 2. Pdis,max Calculations for RH4Z250x

Maximum Power Dissipation P gismax [W]
Package Thermal Conductivity 0, [K/W]
25°C 80°C 100°C
WLCSP 50 25 1.4 1
DFN12 41.5 3 1.7 1.2

For calculations of the generated heat that must be dissipated, see the RH5Z2250x Datasheet. For high-current
applications, only Pca (power generated in the C/Q driver) and the internal LDOs have a major contribution to
the total power dissipation.

The significant total power Pt sig is calculated using the equations in Table 3.

Table 3. Ptot;sig Calculations

Variable Equation Description
Pca Pca = lcagmax * Ron Power loss generated in the C/Q driver.
Pys Pvs = (Vs — 5V) x Iys Power loss generated by the 5V LDO.
Pvss Pvaz = 1.7V % lys3 Power loss generated by the 3.3V LDO.
Plotsig Piotsig = Pca + Pvs + Pyas Sum of the calculated power losses (significant power loss for power dissipation).

2. Implementation of Options for Voltage Generation

2.1 Internal LDOs
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Figure 2. External Circuitry for Using Internal LDOs

Figure 2 demonstrates the simplest solution that only requires passive components and uses the internal LDOs.
Offering the smallest footprint, this method is limited to approximately 50mA output current (3.3V and 5V
combined) by thermal limitations.

For typical use cases, a C/Q load current of 200mA, a C/Q driver on resistance of 1Q, and a supply voltage of
24V are assumed. For a worst-case scenario, the C/Q load current is 400mA with an on-resistance of 2.5Q and
a maximum lO-Link supply voltage of 30V.

Regarding the thermal limits and calculations in Table 2 and Table 3, this results in theoretical maximum LDO
currents in Table 4 (assuming all current is directly drawn from the 5V LDO).

Note that when current is drawn from the 3.3V LDO, thermal situation is worse due to the additional 1.7V voltage
drop from 5V to 3.3V.
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Table 4. Maximum Theoretical 5V LDO Current

Normal Use Case [mA] Worst Case [mA]
Package
25°C 80°C 100°C 25°C 80°C 100°C
WLCSP 129" 71" 502 84’ 40° 243
DFN12 155! 87’ 612 104! 522 328

1. The device can be used throughout the entire specified values.
2. The device runs near the limit; values do not offer a margin.

3. Values are outside of the specified normal circumstances. The device must operate below default specification.

While at room temperature or in normal use cases, the specified 50mA for the 5V/3.3V LDOs are guaranteed;
cases with higher voltage or current require separate considerations. For these cases, outsourcing the voltage
regulating components is highly recommended.

2.2 External Transistor
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Figure 3. Circuitry for Using an External Transistor

If an external NPN transistor is added, the voltage drop across the internal LDO’s power stage is outsourced.
The internal LDO functions as a controller for the final control element, the NPN transistor. The heat must be
dissipated that comes from the base current of the output VR regulated external transistor. Overall efficiency
remains approximately the same. The total power loss can increase when higher currents are drawn than what
the internal LDO could supply.

A diode at the collector is required to protect the circuit from reverse polarity.

Using a Power MOSFET instead of a bipolar transistor lowers the regulator current to almost 0OmA. Methods for
heat dissipation must be implemented because the entire voltage drop occurs in the MOSFET. The following
Renesas Power MOSFETSs are suitable for the RH4Z2250x:

= RJK0853DPB
= RJFO0612JPE
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https://www.renesas.com/us/en/products/power-power-management/discrete-power-devices/power-mosfets/rjk0853dpb-nch-single-power-mosfet-80v-40a-8mohm-lfpak
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2.3

External DC-DC Converter
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Figure 4. Circuitry for Using an External DC-DC Converter

An external switching regulator allows much higher currents and improves efficiency while adding complexity to
the circuit. Note that a protection diode is mandatory. Renesas recommends the RAA211405 and RAA211805

as low power, high efficiency DC-DC converters with an output current of up to 300mA and full 10-Link voltage
coverage (18V to 30V).

Using Equation 1, the device packages allow the maximum power dissipation shown in Table 5.

Table 5. Pdis,max Calculations for DC-DC Converters

Maximum Power Dissipation Pgis max [MW]
Device Thermal Conductivity 6, [K/W]
25°C 80°C 100°C
RAA211405/ 90 1111 500 277
RAA211403
RAA211805/ 85 1176 529 294
RAA211803
The theoretical maximum output current is calculated by Equation 2.
I __ N Paismax Equation 2
out,max 1—7 3%
Table 6. Theoretical Output Current
Maximum Theoretical Output Current loytmax [MA]
Device Average Efficiency n
25°C 80°C 100°C
RAA211405 80% 889" 400" 2222
RAA211805 73% 636" 2862 1592

1. The device can be used throughout the entire specified values.

2. The device runs near the limit; values do not offer a margin. The device must operate below default specification.

The internal 3.3V LDO is guaranteed to supply up to 50mA across the entire operating temperature range (no
thermal limitation by the 5V LDO is provided). If higher currents are required, generate 3.3V from an external
DC-DC converter, but do not connect externally generated 3.3V to pin V33/10.

Note that if the external voltage is less than the internal voltage, the LDO drives as much current as needed to
reach the voltage, potentially overloading or damaging the device. Small deviations are negligible for logic levels.
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https://www.renesas.com/us/en/products/power-power-management/dc-dc-converters/step-down-buck/buck-regulators-integrated-fets/raa211405-40v-300ma-ultra-low-quiescent-current-step-down-regulator-5v-fixed-output
https://www.renesas.com/us/en/products/power-power-management/dc-dc-converters/step-down-buck/buck-regulators-integrated-fets/raa211805-5v-300ma-ultra-low-quiescent-current-dcdc-step-down-regulator
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If the external voltage is guaranteed to be always higher than the internal voltage, the logic level can be safely
adjusted.

To ensure that the calculated limits in Table 5 and Table 6 are implementable, proper design and layout of the
components is crucial. The design guides in the respective datasheets of the components must be applied for
dimensioning and PCB layout. A possible, recommended schematic and PCB layout for the RH4Z250x using an
external DC-DC solution is shown in Figure 5 and Figure 6. Section 2.4 lists the components used in the design.
For more information on thermal design, see RH422501-KIT EMC Compliance Application Note of the
evaluation package.

General design guidelines:

= Use at least a two-layer PCB with 10z copper. Bottom layer should be GND, especially underneath switching
components.

= Place power components on the same side of PCB.

= Place and route power components as short/compact as possible. Avoid large power loops.
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Figure 5. Example Schematic for DC-DC Converter Implementation

View from Top side View from Bottom side

Figure 6. Example Layout for DC-DC Converter Implementation

R36AN0034ED0100 Rev.1.00 RENESAS Page 6
Aug 25, 2026



RH4Z250x Power Consumption and Dissipation Application Note

24 Bill of Materials
Table 7. Bill of Materials for Example Schematic
Designator Description Manufacturer and Part Number Application Comment
40V A, 4uA I DC-D - Renesas
U1 OV, 300mA, 4uA lo DC-DC step Use thermal vias on GND copper for heat dissipation.
down regulator RAA211405
U2 10-Link transceiver with Renesas Use vias on exposed pad and a large copper area on
integrated protection RH4z250x bottom layer for heat dissipation.
4.7uF, 50V, 0805 . Input capacitor for U1. Place as close to U1 as
C1 ) ) Various .
ceramic capacitor possible.
22uF, 16V, 0603 . .
C2 . . Various Output capacitor for U1. Place close to L1.
ceramic capacitor
1uF, 10V, 0603 i . .
c3 M . : Various Output capacitor for U2 (3.3V LDO output). Place
ceramic capacitor close to U2.
100nF, 50V, 0603 . Input capacitor for U2. Place as close to U2 as
C4 . . Various .
ceramic capacitor possible.
1MQ . .
R1 ] . Various Enable signal for U1.
metal film resistor
1kQ . .
R2 . . Various Pull-Up resistor for OWI.
metal film resistor
D1 3A, 60V, SOD-123HE Panjit Reverse polarity protection for U1. Choose diode with
schottky barrier diode SSM3060VHE_R1_00001 low forward voltage.
D2 1A, 60V, SOD-323HE Panijit Rectifier diode for U1. Place close to L1 to keep the
schottky barrier diode MBR1060HEWS_R1_00001 copper area of SW as small as possible.
Wirth Elektronik
L1 10uH, 1.25A, .446mQ DCR Power Inductor for U1. Place as close to U1 as possible.
Coil Inductor 74438335100

3.

Glossary

Term Description
C/Q C/Q line of 10-Link interface. Connection for communication (C) or switching (Q) signal.
DC-DC Direct-Current - Direct Current
10 Input Output
1O-Link Industrial Communication Standard (IEC 61131-9 Single-drop digital communication interface for small
sensors and actuators (SDCI))
LDO Low Drop Out Regulator
MOSFET Metal Oxide Semiconductor Field-Effect Transistor
NPN Negative Positive Negative
OowI One Wire Interface
PCB Printed Circuit Board
VR Voltage Regulator
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4. Related Documents

= RH4Z250x Datasheet
= RAA211403, RAA211405 Datasheet
= RAA211803, RAA211805 Datasheet
= RH4z2501-KIT EMC Compliance

5. Revision History

Revision

Date

Description

1.00

Aug 25, 2026

Initial release.
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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 who are 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 to develop 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 from 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.

(Disclaimer Rev.1.01)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
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