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0. Abstract

As the demand for Al servers continues to grow, traditional power systems are facing critical
limitations. In conventional architecture, rising GPU power consumption leads to higher current
flowing through the power cables, resulting in greater transmission losses and heat generation.
To address this issue, supply voltages must be raised, thereby reducing the current flowing
through the wiring. One architecture gaining significant traction is the 800VDC distribution
system.

Pioneered by NVIDIA, this approach not only enhances efficiency and power density, but also
reduces copper cabling requirements, contributing to both performance optimization and
environmental sustainability.

ROHM provides a comprehensive portfolio of power devices optimized for the power delivery
block of the 800VDC architecture. In this system, the traditional centralized PSU is restructured:

+ The ACDC conversion stage is relocated to a side-rack power source, where efficiency
optimization is critical

» The DCDC stage remains within the IT rack, where maximizing power density is essential to
free usable board area

Based on internal analysis, the optimal configuration is achieved by using SiC (Silicon
Carbide) devices in the Power Source stage and GaN (Gallium Nitride) devices in the IT Rack.

This white paper presents estimated losses and board size calculations for each block and
concludes with an overview of ROHM’s SiC and GaN devices, including examples of their
adoption in real-world applications.
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1. Introduction

1-1) Market Trends

The exponential growth of Al hardware is placing unprecedented demands on data center power
infrastructure. As rack-level power consumption climbs from tens and hundreds of kilowatts to the
megawatt scale, the traditional 48VDC distribution architecture is reaching both its physical and
economic limits. To overcome these challenges, the industry is shifting toward higher voltage DC
distribution systems, with 800VDC architecture emerging as a leading solution.

This next-generation approach is designed for future megawatt-scale ‘Al factories,” fundamentally
restructuring data center power systems to deliver higher efficiency while dramatically reducing
copper usage. In doing so, 800VDC represents a bold reimagining of Al infrastructure, one that
enables maximum efficiency, sustainability, and scalability.

® Limitations of Existing Architectures

Rapid advancements in Al hardware are dramatically increasing both power consumption and
density within data centers. In just a few years, the power requirements of Al accelerators have
surged from 100W to over 1000W, pushing rack-level demands from 20-30kW to more than
100kW, with projections reaching up to 500 kW in the near future. Under these conditions,
conventional power supply methods are approaching their physical and operational limits.

® Increasing Power Demand in Al Server Applications

The rapid rise in power consumption of high-performance Al servers—particularly GPUs—is
driving a fundamental rethinking of data center power delivery. Traditional multi-stage conversion
systems incur substantial energy losses, making efficient power delivery increasingly challenging.
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Figure 1. Global Power Consumption Outlook for Al Servers

® Reducing Conversion Stages to Improve Efficiency
Higher voltage DC distribution offers a transformative solution. By minimizing the number of
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conversion steps, 800VDC increases overall system efficiency, reduces component count, and
lowers operational risk.

® Integrating Renewable Energy Sources

Meeting the energy requirements of next-generation data centers also demands greater use of
renewable sources such as solar and wind. An 800VDC grid provides an ideal framework for
integrating renewables directly into the distribution system, simultaneously enhancing
sustainability and improving power delivery efficiency.
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Figure 2. Share of Renewable Energy

® High-Density Al Server Racks

Rather than simply increasing the number of server racks, modern data centers are trending
toward densification—adding more CPUs, GPUs, and functional boards within each rack. This
approach significantly increases the computing power per rack, maximizing performance within
limited physical space.

All of these applications rely on SiC and GaN power semiconductors.

2. The Need for 800VDC Architecture

2-1) Limitations of Legacy Architectures

Traditional low-voltage distribution systems (e.g., 48V or 12V) are increasingly unable to meet
the demands of Al and High-Performance Computing (HPC) workloads. As rack power
requirements scale beyond 100kW, several critical issues emerge:

- Excessive Power Loss: Delivering high power at low voltage requires extremely large
currents, resulting in severe resistive losses (Ploss=I°R). This leads to wasted energy and
increased heat generation.
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Physical Constraints: High current necessitates the use of thick, heavy copper cables.
These cables take up valuable rack space, restrict airflow, and significantly increase both
material and infrastructure costs.

Scalability Limits: Conventional architectures have reached their physical and practical
limits in supporting the extreme power densities of modern Al server racks, which
frequently exceed 100 kW.

2-2) Evolution of Sidecar Racks and Power Supply Units (PSUs)

To overcome these limitations, the data center industry is transitioning to a more efficient power
delivery model. One key innovation is the sidecar rack configuration, which offers several
advantages.

Improved Rack Density: By relocating the ACDC conversion units (PSUs) from the main
server rack to a dedicated sidecar rack, valuable space is freed for IT equipment and
advanced cooling systems.

Increased Efficiency and Simplicity: The sidecar model delivers power at a higher
voltage (such as 800V DC), reducing current requirements and simplifying power
distribution while enhancing efficiency.

2-3) Benefits of the 800VDC Architecture
The 800VDC architecture represents a revolutionary design tailored for next-generation Al
infrastructure. Key benefits include:

EcoSiC™, EcoGaN™, EcoMOS™ and EcolGBT™ are trademarks or registered trademarks of ROHM Co., Ltd.

Maximum Efficiency: By converting 13.8kV AC grid power directly to 800VDC at the data
center entrance, intermediate conversion stages are eliminated, increasing overall power
efficiency by up to 5%".

Reduced Copper Usage: Doubling the voltage halves the current required to deliver the
same amount of power. This enables the use of thinner cables and reduces copper usage
by up to 45% ', lowering cost while reducing cable weight and volume, improving cooling
efficiency.

Support for Extreme Power Density: The 800VDC system is engineered to safely and
efficiently handle even the most demanding Al workloads, which can exceed 1MW per rack.

*1: Source: https://developer.nvidia.com/blog/nvidia-800-v-hvdc-architecture-will-power-the-next-generation-of-ai-
factories/
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3. Recommended Topologies for 800VDC Systems

3-1) Power Device Selection

ROHM offers both SiC and GaN devices, which are essential for achieving high efficiency and
power density in 800VDC architectures. The distinct characteristics of each device type are
illustrated in Figure 3. As shown, EcoSiC™, which leverages EcoMOS™ technology, excels in
high-power applications, while EcoGaN™ delivers superior high-frequency switching
performance.
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Figure 3. Eco Family Application Range

SiC devices are inherently suited to high-power applications due to their low resistance and high
current delivery in discrete form. This makes EcoSiC™ the preferred choice for server systems
requiring robust power delivery.

In contrast, EcoGaN™ offers significant advantages in high-frequency applications. The HEMT
structure of GaN devices achieves dramatically lower gate charge (Qg) and output charge (Qoss)
compared to SiC. This enables faster switching with lower losses while also allowing the
miniaturization of peripheral components, boosting overall system power density.

3-2) 800VDC System Overview

In 800VDC architecture, the ACDC conversion stage is relocated from the server rack to a
dedicated Power Source rack (Figure 4). This shift enables more efficient topologies to be
deployed compared to conventional systems.

6
EcoSiC™, EcoGaN™, EcoMOS™ and EcolGBT™ are trademarks or registered trademarks of ROHM Co., Ltd.




800VDC Architecture Solutions for Al Servers [ROHM White Paper]

L SO

Phase 1 PWR_POS s - .
AC Input Phase2 ! 800V : |E§1;Eecd s4/12v [ ale l GPU
Phase 3 | PWR_RTN | i !

Sidecar
Long Duration Medium Duration
Energy Storage ¥ 500y safe B Energy Storage 800V Safe Busway Es:ggy D;Jtroag;r;

Safety Breakers Safety Breaker

Safety Breaker

- SST - Batteries (Li) - Super « HVDC Breaker - 800->54
- Battery CHCIES  Electrolytic - 800->12
Menagement + New battery caps + HSC - GaN,SiC
chemistries . HVDC
(NiZn, Na, etc) Connectors « CtrlIC
« HVDC Cables

Figure 4. 800VDC Architecture Block Diagram

SiC-Based 800VDC Architecture

SiC power devices have gained widespread adoption in industrial and automotive markets due to
their superior performance as wide-bandgap solutions. For Al server systems requiring both
higher power and efficiency, SiC is particularly well-suited for 800VDC systems due to its 1200V
high-voltage capabilities. ROHM provides a complete range of power solutions, including
advanced discrete packages and modules, designed to maximize power density.

The following sections outline optimal solutions for the Power Source (ACDC) and IT Rack (DCDC
block) topologies.

ACDC DCDC
3phase 400V~ 800V 8soov 800V
[ l 50V~
T —_|
Vienna PFC T 3 phase LLC
—|- 3 phase LLC ——
ov L

Figure 5. 800VDC Architecture Power Tree
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Figure 6. 800VDC Block Diagram

3-3) Power Source / Side Power Rack Design

Existing ACDC converters typically target the 20kW to 33kW range, with output power levels
expected to scale even higher. For 800VDC systems, ROHM recommends an optimal ACDC
topology that combines a Vienna Rectifier PFC with a three-phase isolated LLC converter (Fig.
7).
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Figure 7. Circuit Diagram of Vienna Rectifier PFC and Three-Phase Isolated LLC Converter

The Power Source consists of a Vienna rectifier that converts three-phase 400VAC to 800VAC,
followed by an LLC converter for galvanically isolated 800VDC output. High efficiency is
paramount for this stage.

Operating in a three-level configuration, the rectifier applies only half the voltage to switching
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devices compared to a conventional two-level PWM rectifier (B6). This reduces switching losses
and enables the use of lower-Ron, lower-voltage components for improved efficiency. Additionally,
the three-level operation produces smaller voltage changes across the inductor, leading to lower
ripple current and reduced noise.

The diodes used in Vienna rectifiers require 1200V rating and excellent recovery characteristics,
making SiC SBDs the ideal choice. Unlike Si FRDs, SiC SBDs are unipolar and do not accumulate
minority carriers, eliminating recovery loss (Figure 8).
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Figure 8. Reverse Recovery Current Waveforms of Si FRDs and SiC SBDs

For the bidirectional switches, back-to-back devices rated at 650V or higher are typically used.
This configuration doubles the conduction resistance, making low on-resistance, fast-switching
characteristics essential. ROHM’'s 750V-rated SiC MOSFETs meet these requirements,
combining industry-leading low Ron with high-speed switching performance, optimizing
performance in hard-switching environments. (see Fig. 22 Recommended Parts List)

ROHM also offers a DOT-247 package that integrates two SiC MOSFETs in a common-source
configuration. The optimized design reduces parasitic inductance, enabling high-speed switching
while contributing to miniaturization by requiring fewer components than conventional discrete
implementations. (see Fig. 24)

Simulation results for the conversion efficiency and power loss in the Vienna rectifier are shown
in Fig. 9. Note that simulations account for power device losses but exclude peripheral
components such as reactors and capacitors. PLECS® was used for all simulation calculations.
This methodology applies to all subsequent simulation analyses. The results demonstrate a
conversion efficiency exceeding 99% at up to 50kW. Fig. 10 provides a detailed breakdown of
power losses for SiC MOSFETs (conduction + switching losses) and SiC SBDs (conduction loss)
at 33kW output power.
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Figure 9. Simulation Results of Efficiency and Power Losses vs Output Power in a Vienna Rectifier
PFC
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Figure 10. Breakdown of Power Losses for the Vienna rectifier PFC in a Power Rack (Pout=33kW)

The three-phase LLC converter utilizes resonant operation to minimize switching losses during
MOSFET turn-ON, enabling high-efficiency power conversion. ROHM recommends 1200V-rated
SiC MOSFETs for both the primary and secondary sides.

Although ZVS operation eliminates turn-ON losses, the primary-side devices undergo hard
switching at turn-OFF. Therefore, fast-switching SiC MOSFETs are ideal to maximize efficiency.

Fig. 11 illustrates the simulation results for conversion efficiency and power losses of the three-
phase LLC converter under defined operating conditions. To prioritize efficiency, the transformer's
excitation inductance was intentionally set high, making further efficiency improvements
challenging. The design achieves approximately 99.5% efficiency at 33kW. Fig. 12 breaks down
power losses for the primary-side SiC MOSFETs (turn-OFF and conduction losses) and
secondary-side SiC MOSFETs (conduction loss) at 33kW output. Turn-OFF losses account for
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approximately 60% of total circuit losses, underscoring their significant impact on LLC converter
efficiency.

It should be noted that the large excitation inductance setting used in this simulation requires
careful consideration. While this approach reduces conduction and turn-off losses in the primary-
side MOSFETSs, it also degrades load response and line regulation performance. Accordingly,
designers must assess whether this trade-off is acceptable within the context of the overall system
requirements before finalizing the LLC converter design.
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Figure 11. Simulation Results of Efficiency and Power Loss vs Output Power of a Three-phase LLC

Converter in a Power Rack
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Figure 12. Breakdown of Power Losses in Simulation Results for a Three-phase LLC Converter
in a Power Rack (Pout=33kW)

ROHM is currently developing 5" Gen SiC MOSFETs that reduce normalized ON resistance by
approx. 30% vs 4™ Gen devices. This enables low-loss operation under the demanding high-
temperature, heavy-load environments of Al servers. What's more, the expanded negative gate
voltage bias rating (Vgsn) supports operation down to -5V (with a Vgsn DC rating of -7V), further
reducing loss through faster turn-OFF operation. Simulation results (Fig. 13) show that at 33kW
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and 100°C, 5" Gen MOSFETSs reduce total losses (conduction + switching) by ~33% compared
to 4" Gen devices, contributing to improved overall efficiency.
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Figure 13. Comparison of Power Losses in 4t Gen and 5" Gen MOSFETs in a Three-Phase LLC
Converter (Ta=100°C)

3-4) IT Rack Configuration

To step down from the 800VDC bus voltage distributed to server racks into downstream supply
voltages, an isolated DCDC converter block is required. Because this block is implemented inside
the rack, improving power density - defined as the output power per unit volume - is a critical

design metric. ROHM recommends a three-phase LLC converter topology (Fig. 14) for achieving
the necessary power density.
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Figure 14. Circuit Diagram of a Three-Phase Isolated LLC Converter
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ROHM recommends 1200V SiC MOSFETSs for the primary-side circuit of LLC converters. Their

low switching losses support higher switching frequencies, making it possible to reduce passive
component size and increase overall power density.

For the secondary-side synchronous rectification, ROHM suggests Si MOSFETs rated at 80V or
higher to ensure efficient voltage conversion and reliable operation. Fig. 15 illustrates the
conversion efficiency and power loss of the three-phase LLC converter (excluding losses from

reactors, etc.), while Fig. 16 breaks down the power losses, focusing solely on those from power
devices.
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Figure 15. Simulation Results of Efficiency and Power Loss vs Output Power of a Three-phase LLC

Converter in an IT Rack
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Figure 16. Breakdown of Power Losses in a Three-Phase LLC Converter in an IT Rack
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The relationship between conversion efficiency and switching frequency at 10kW output is
illustrated in Fig. 17.
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Figure 17. Simulation Results of Efficiency and Power Loss vs Switching Frequency of

a Three-phase LLC Converter in an IT Rack

At switching frequencies of 125kHz or below, efficiency exceeds 99%. While higher frequencies
allow for the miniaturization of passive components such as capacitors and transformers,
efficiency declines as frequency rises. Thus, simply increasing the switching frequency does not
guarantee higher power density.

By contrast, SiC devices operating at 100kHz enable a high-frequency single-stage power
conversion architecture. To validate this, a design study was conducted for a 20kW IT rack using
a three-phase LLC topology with three parallel modules. Transformer dimensions were calculated
accordingly, resulting in the following rack specifications:

Dimensions: 40mm x 91mm x 700mm
Power Density: 7.8 W/cc (129 W/in?)

This configuration demonstrates the potential of SiC-based high-frequency designs to deliver
compact, high-density power conversion suitable for next-generation Al server infrastructure.
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Figure 18. Board Size Estimation for IT Rack Using SiC
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As a forward-looking solution, ROHM proposes a Cascade Three-phase LLC topology (Fig. 19)
utilizing GaN devices on the primary side. Leveraging GaN technology allows for higher
frequencies, which in turn enables the miniaturization of the transformer and surrounding

components.

The cascade structure also halves the current flowing through the primary side and transformer,
further improving efficiency. ROHM’s recommends the GNP2025TD 650VGaN HEMT for this

application.

i

C v

N e
]

Figure 19. Circuit Diagram of Cascade Three-Phase Isolated LLC Converter Using 650V GaN HEMTs

Simulation results (Fig. 20) show that GaN-based converters maintain 99% efficiency up to
500kHz, offering a pathway to even higher power densities.

99.8

99.6

99.4
. Simulation conditions:
% 99.2 SCT4018KR and GNP2025TD
)
2z Vin=800VDC
S 990
L Vout=50VDC

588 GaN

: Pout=10kW
SiC HEMT
986 MOSFET
98.4
0 200 400 600 800 1000 1200

Switching Frequency [kHz]

Figure 20. Simulation Comparison of Efficiency vs Switching Frequency of SiC MOSFETs and
GaN HEMTs in a Three-phase LLC Converter for IT Rack Applications
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A 20kW IT Rack using GaN HEMTs was also evaluated, yielding the following results:

Dimensions: 40mm x 55mm x 605mm
Power Density: 15 W/cc (246 W/in3)

This configuration highlights the advantages of GaN in achieving ultra-compact, high-density
power delivery, making it ideal for future Al server deployments.

FConnector

I—AL-E( 80Vv)

Figure 21. Estimated Board Dimensions for IT Rack Using GaN
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3-5) Recommended Components
The following table summarizes the recommended part numbers for both the ACDC and DCDC
stages described in the previous sections.

Power Rack ACDC

SiC SBD 1200V SCS340KK TO-247 2L
Vienna Rectifier
105A 13mohm SCT4013DR
PFC SiC MOS 750V TO-247 AL
T2A 20mohm SCT4020DR
130A 11mohm SCT4011KR* / SCT4011KRG* TO-247 4L / TO-247 HC 4L
LLC Primary SiC MOS 1200V 158A 11mohm SCT4011KQ* Q-DPAK
81A 18mohm SCT4018KR / SCT4018KRG* TO0-247 4L / TO-247 HC 4L
81A 18mohm SCT4018KR / SCT4018KRG*
LLC Secondary SiC MOS 1200V TO-247 4L / TO-247 HC AL
57A 27mohm SCT4027KR* / SCT4027KRG*
IT Rack DCDC
Topology Device Voltage Ip/ I Rps(on) typ (25°C) Part number PKG
130A 11mohm SCT4011KR* / SCT4011KRG* TO-247 4L / TO-247 HC 4L
SiC MOS 1200V 158A 11mohm SCT4011KQ* Q-DPAK
LLC Primary 81A 18mohm SCT4018KR / SCT4018KRG* TO0-247 4L / T0O-247 HC 4L
59.7A 25mohm GNP2025TD TOLL-8N
GaN 650V
- 18~50mohm GNP30XXTD* TOLL-8N
80V 295A 1.43mohm RS7N200CH* DFN5060-8S
450A 0.86mohm RJ2N17BCH* TOLL
200A 2.6mohm RS7P200CH* DFN5060-8S
LLC Secondary Si MOS
100V 370A 1.35mohm RJ2P17BCH* TOLL
200A 4.0mohm RS7P200BM(WideSOA) DFN5060-8S
290A 2.2mohm RJ2P17BBM(WideSOA)* TOLL

Figure 22. Recommend SiC Discrete Products for Power and IT Rack Circuits

(*Under development)
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3-6) SiC Power Modules

While previous sections focused on solutions using discrete packages, the increasing power
demands of Al servers are driving the need for integrated module-based solutions that can
simplify design and improve thermal performance.

For the DCDC stage, ROHM recommends the DOT-247 (2-in-1) package in combination with the
HSDIP20 (4-in-1/6-in-1) module (Fig. 24). While for the ACDC stage, the DOT-247 package,
which integrates two or four TO-247 devices into a single package, is the optimal choice. It can
be deployed in the bidirectional switches of Vienna Rectifier PFCs or in the front-end or back-end
stages of three-phase LLC converters. Using the DOT-247 for the main switch in the ACDC
section reduces component count to just 12 parts (compared to 24 to 30 with discrete TO-247s).
In addition, the DOT-247’s screwless mounting structure enhances heat dissipation compared to
conventional products.

For the primary side of the three-phase LLC converter in the DCDC section, a surface-mount type
DIP module is recommended. The 6-in-1 configuration consolidates all primary-side MOSFETs
into 0 a single module, enabling greater miniaturization.

The HSDIP20 further simplifies implementation with built-in isolation, a low-profile design, and
top-side heat dissipation, making it ideal for high-density IT rack mounting. ROHM is developing
even smaller surface-mount modules with superior heat dissipation to meet evolving Al
infrastructure needs. ROHM proposes modules tailored to customer needs besides the following
packages.
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Figure 23. Recommend SiC Module Products for Power and IT Rack Circuits
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Power Rack ACDC

Vienna Rectifier ) DOT-247-7L
SiC MOS 750V 96A 13mohm SCz4013DTB*
PFC Common source
76A 6mohm SCZ4006KTA
LLC Primary 149A 9mohm SCZ4009KTA* DOT-247-7L
SiC MOS 1200V .
LLC Secondary 106A 11mohm SCT4011KTA 2inl
76A 18mohm SCT4018KTA*
IT Rack DCDC
Topology Device Voltage Ip/ If Rps(on) typ (25°C) Part number PKG
. . HSDIP20
LLC Primary SiC MOS 1200V 70A 18mohm BST70T2P4K01 6in1
in

Figure 24. SiC Module Product List for Power and IT Rack Circuits (*Under development)

DOT-247

ROHM Launches 2-in-1 SiC Molded Module “DOT-247"
HSDIP20

ROHM Develops New High Power Density SiC Power Modules

4. Advantages of ROHM’s 800VDC Solutions
Al server technology is advancing at an unprecedented pace. With each new generation of CPUs
and GPUs, rack-level power consumption continues to rise sharply, driving demand for solutions
that deliver both high efficiency and power density. To meet these requirements, SiC and GaN
wide bandgap devices are becoming indispensable.

NVIDIA's next-generation architecture illustrates this trend clearly: GPU products are being
developed and released annually on shorter development cycles. To keep pace with this rapid
evolution, ROHM is committed to the timely introduction of optimized devices and packages.
Beyond its 5th Gen SiC MOSFETs, ROHM is already progressing on 6" and 7" Gen devices,
ensuring a steady pipeline of competitive, high-performance solutions.

As previously announced, we have accelerated our product release timeline ahead of the original
schedule and remain committed to delivering competitive solutions that keep pace with the rapidly
evolving Al infrastructure market.

Beyond discretes, ROHM is leveraging decades of accumulated LS| expertise to develop SiP
(System in Package) solutions that integrate GaN devices and gate drivers. Such integration is
essential for maximizing the performance of high-speed switching devices operating at high
frequencies. This approach is essential for delivering the efficiency and power density that modern
Al servers demand.

Through these innovations ROHM is uniquely positioned to facilitate the adoption of high-voltage
DC systems, a market segment projected for substantial future growth.
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SiC MOSFET Development Roadmap
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Figure 25. ROHM SiC MOSFET Development Roadmap

® Adoption Examples
(1) COSEL : HFA/HCA Series

ROHM’s EcoSiC™ Technology has been Adopted in COSEL's HFA/HCA Series of 3.5kW Qutput AC-DC Power
Supply Units

December ath, 2024

ROHM has announced the adoption of its EcoSiC™ products, including SiC MOSFETs
and SiC Schottky barrier diodes (SBDs) in the HFA/HCA series of 3.5kW output AC-DC
power supply units for 3-phase applications from COSEL, a leading power supply
manufacturer in Japan. Incorporating ROHM SiC MOSFETs and SiC SBDs into the
forced air-cooled HFA series and conduction-cooled HCA series achieves up to 94%

ROMM

HFA series

efficiency. The HCA series has been mass produced since 2023, while the HFA series ‘
began mass production in 2024, m

Many industrial applications that handle high power in the industrial sector, including
MRI machines and CO, lasers, require 3-phase power supplies that differ from the @COSfC %3 HCA series
single-phase power supplies used in households. COSEL's AC-DC power supply units - ]

equipped with ROHM'’s EcoSiC™ technology that excels in high-temperature, high-

frequency, high-voltage environments - are compatible with 3-phase power supplies from 200VAC to 480VAC, contributing to
improved power supply efficiency across a wide range of industrial equipment worldwide.

ROHM’s EcoSiC™ Technology has been Adopted in COSEL’'s HFA/HCA Series of 3.5kW Output
AC-DC Power Supply Units | ROHM Semiconductor - ROHM Co., Ltd.

*(All information in this article is current as of September 2025.)

20
ROHIM
EcoSiC™, EcoGaN™, EcoMOS™ and EcolGBT™ are trademarks or registered trademarks of ROHM Co., Ltd. sew(c)onnucm



https://www.rohm.com/news-detail?news-title=2024-12-04_news_cosel&defaultGroupId=false
https://www.rohm.com/news-detail?news-title=2024-12-04_news_cosel&defaultGroupId=false

800VDC Architecture Solutions for Al Servers [ROHM White Paper]

(2) Murata Power Solutions : Data Center PSUs

SiC SBDs from ROHM chosen by Murata Power Solutions for Data Center PSUs

March 7™, 2023

ROHM has announced that Murata Power Solutions is using its high performance
silicon carbide (SiC) Schottky Barrier Diodes (SBD) to increase performance and
reduce the size of Power Supply Units (PSUs) for data center applications. ROHM’s
SiC SBDs, SCS308AH feature high surge resistance and short recovery time,
enabling high-speed switching.

™

Murata’s D1U front end AC-DC power supply series include many active units such
as the D1U54P-W-2000-12-HB3C and D1U54P-W-1200-12-HC4PC, highly-
efficient power-factor-corrected front-end power supplies that provide 12V main
and 12V/3.3V standby output. Multiple units can share current and operate in
parallel. The power supplies support hot-plugging and are protected from fault
conditions such as over-temperature, over-current and over-voltage. What's more, ‘
the low profile 1U package make them ideal for delivering reliable, efficient power

to servers, workstations, storage systems and other 12V distributed power

systems while minimizing the number of required power modules.

SiC SBDs from ROHM chosen by Murata Power Solutions for Data Center PSUs | ROHM
Semiconductor - ROHM Co., Ltd.

*(All information in this article is current as of September 2025.)

4-2) EcoGaN™ Technology

ROHM offers the EcoGaN™ series, a lineup of GaN devices optimized for 800VDC systems. As
GaN is a relatively new technology, questions often arise regarding its practical implementation.
ROHM addresses these challenges through the development of proprietary LSI technologies that
maximize the performance of GaN devices. Building on this innovation, ROHM has successfully
delivered a wide range of products that have earned strong market recognition and positive
industry reception.
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Technology that Maximizes Device Performance

(1) High-Frequency Control Technology with GaN
Evaluation conditions: Vin=48V, Vout=0.6V, Fsw=3MHz, pulse width=5ns (PCIM Asia)

Experimental Results of the prototype pcim
Switching operation ASIA
Schematic of prototype board prototype board The specification of the board
1 Input voltage 48V
Output voltage 0.6V
Output load S5A
Switching frequency 3MHz
Inductor 110nH
Output Capacitor 400uF
High side Switch (51) | GNE1040TB(150V/40m)
Low side Switch (52) | GNE1040TB(150V/40m)
Controller BD3JZ0OTL
Switching waveform Switching waveform(zoom)
: 200ns/div | 10ns/div
7v/d ¢ 5ns

Trzns

Switching operation at 3MHz with input voltage (Vin) of 48V and output voltage
(Vout) of 0.6V with ultra-short pulse (at Ton around 5ns) was confirmed.

8/20/2025 14

Figure 26. Evaluation results(waveform)

(2) Gate Drive Stabilization Technology for GaN at High-Frequency Drive

Paper]

Safety Design
(Optimal drive)

BD2311NVX-C

[l Gate Voltage Waveform Comparison (Gate Resistor : 00)

ROHM’s New Product

General Gate Driver IC BD2311NVX-LB
Vio g |8V (EcoGaNT providesahigh gate breakdownvoltage) | | _ _ _ _ __ ROHM EcoGaN™ breakdownvoltage
= £3 = Reduced 0.6V,
I~ QN "~~~ "~~~ ========9 ==~~~ ~x 3 Reducedapprox. 0. -1
R St i ", St__u———————  EEEEmE O Sl ShL] CLILSUAAS o
A Laser 2 s “— 5V drive \ 4= 5V drive
Diode =
g
s Overshootsuppressed
Gall n
HEMT ©
R o

Time [Sns/div] Time [5ns/div]

Compatible with general GaN HEMTs
Combining with ROHM’s EcoGaN™ (8V gate breakdown voltage) provides double the reliability

EcoGah™ is atrademark of registred tradsmark of ROHM Co., Lid

EcoSiC™, EcoGaN™, EcoMOS™ and EcolGBT™ are trademarks or registered trademarks of ROHM Co., Ltd.

ROHM's optimal gate drive method enables safety design

Figure 27. Evaluation results(waveform)
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® Adoption Examples

(1) Murata Power Solutions: Al server

Dr. Joe Liu, Technical Fellow, Murata Power Solutions

“We are pleased to have successfully designed Al server power supply units featuring higher efficiency and power density by
incorporating ROHM'’s GaN HEMTs. The high-speed switching capability, low parasitic capacitance, and zero reverse recovery
characteristics of GaN HEMTs help minimize switching losses. This allows for higher operating frequencies in switching converters,
reducing the size of magnetic components. ROHM’'s GaN HEMTs deliver competitive performance and exceptional reliability,
yielding excellent results in the development of Murata Power Solutions’ 5.5kW AI server power supply units. Going forward, we
will continue our collaboration with ROHM, a leader in power semiconductors, to improve the efficiency of power supplies and
address the social issue of increasing power demand.”

ROHM’s EcoGaN™ has been Adopted for Al Server Power Supplies by Murata Power Solutions
| ROHM Semiconductor - ROHM Co., Ltd.

*(All information in this article is current as of September 2025.)
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(2) Delta: Innergie

Jason Chen, General Manager,
Innergie, a brand of Delta

The development of GaN power devices is a major focus in the global electronics industry, and therefore, we have deepened our
collaboration with ROHM over the past several years. Moreover, in 2022, we initiated a strategic partnership to jointly develop next-
generation power semiconductors for power supply systems. This partnership has delivered ROHM’s advanced 650V GaN
(GNP1150TCA-Z) devices, which are now supporting Innergie’s new products. The C4 Duo is the first model from Innergie’s One for
All Series adapters to use ROHM's GaN devices, and we expect more models to adopt this state-of-the-art technology. We bhelieve
that, by strengthening our collaboration with ROHM, we will be able to provide customers adapters featuring higher power
efficiency and capability, but with much smaller product size.

ROHM's EcoGaN™ has been adopted in the 45W Output USB-C Charger C4 Duo from Innergie,
a brand of Delta | ROHM Semiconductor - ROHM Co., Ltd.

*(All information in this article is current as of September 2025.)
(3) Delta: SiP

GaN devices are attracting a great deal of attention in the industries as a device that greatly contributes to the miniaturization and
energy saving of equipment.

The ROHM's new products have realized high speed and safe gate drive by using ROHM's original analog technology. These
products will further promote the use of GaN power devices, which are expected to grow.

EcoGaN™ Power Stage IC Overview Advantages of EcoGaN™ Power Stage ICs
BM3G0xxMUV-LB Blgé'.[i)( Diagram g Power Stage IC Delivers Low Loss Achieves Greater Miniaturization
=
T ™ 650V GaN HEMT Loss Comparison Si MOSFET +
Dedicated Gate 650V Cooling Fin
Gate Driver Clamper GaN Ay M Switching Loss EcoGaN™
| HEMT . = \‘ M Conduction Loss Power
~d LI Stage Ic

\

-

99, smaller
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High-Speed e =
IN[ 1+ Wide Voltage Driver = 1l Additional Functions
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0

1 Package

Additional Functions J
(+ Peripheral Components)
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Si MOSFET EcoGaN™ "
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EMI Thermal Protection i
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easy mounting
of .GaN/HEMITs
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Analog || Power

Technology’ Technology
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ROHM’s New EcoGaN™ Power Stage ICs Contribute to Smaller Size and Lower Loss | ROHM
Semiconductor - ROHM Co., Ltd.

*(All information in this article is current as of September 2025.)
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(4) Mazda: Joint Development of Automotive Components

Since 2022, Mazda and ROHM have been advancing the joint development of inverters using silicon carbide (SiC) power
semiconductors under a collaborative framework for the development and production of electric drive units. Now, they have also
embarked on the development of automotive components using GaN power semiconductors, aiming to create innovative
automotive components for next-generation electric vehicles.

GaN is attracting attention as a next-generation material for power semiconductors. Compared to conventional silicon (Si) power
semiconductors, GaN can reduce power conversion losses and contribute to the miniaturization of components through high-
frequency operation.

Both companies will collaborate to transform these strengths into a package that considers the entire vehicle, and into solutions
that innovate in weight reduction and design. Mazda and ROHM aim to materialize the concept and unveil a demonstration model
within FY2025, with practical implementation targeted for FY2027.

“As the shift towards electrification accelerates in pursuit of carbon neutrality, we are delighted to collaborate with ROHM, which
aims to create a sustainable mobility society with its outstanding semiconductor technology and advanced system solution
capabilities, in the development and production of automotive components for electric vehicles” said Ichiro Hirose, Director, Senior
Managing Executive Officer and CTO of Mazda. “We are excited to work together to create a new value chain that directly connects
semiconductor devices and cars. Through collaboration with partners who share our vision, Mazda will continue to deliver products
filled with the 'joy of driving' that allows customers to truly enjoy driving, even in electric vehicles.”

Mazda and ROHM Begin Joint Development of Automotive Components Using Next-Generation
Semiconductors | ROHM Semiconductor - ROHM Co., Ltd.

*(All information in this article is current as of September 2025.)
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5. Appendix

A-1) DC Link Capacitor Selection Guidelines

In mission-critical systems such as Al servers, continuous operation must be maintained even
during power disturbances or grid failures. To achieve this, backup mechanisms are implemented
at multiple levels, as illustrated in Fig. A1-1.

» CBU (Capacitor Backup Unit): Provides power until the BBU boots (utilizing high-capacitance
capacitors)

* BBU (Battery Backup Unit): Maintains supply until the motor generator is started (sealed lead-
acid batteries)

* Motor Generator: Ensures sustained operation during prolonged power outages

== Normal Operation
ﬁ Buckup Operation

Grid

Motor ﬁ\;> Front
Generator End DC/DC E:> POL E:> Load

SIiE

Figure A1-1. General Power Supply System in a Server

Under normal conditions, each backup unit remains on standby and only activates when a power
failure occurs. A key design consideration is the required power delivery and duration of backup.
Longer backup times demand proportionally higher stored energy, which influences the choice of
backup method and components. Historically, server power systems have operated at voltages
shown in Fig.A-2, allowing for well-optimized power supply designs.

AC
DC DC less than
200V-400V 400V 12V~48V DC5V

Grid [I)> Fézzt == >| pcic = >| poL = >| Load

Figure A1-2. Voltages in Server Power Systems

With the dramatic rise in power requirements for Al servers, however, continuing to rely on the
existing architecture would result in excessive current levels and substantial power losses. To
address this, the industry is moving toward higher-voltage architectures that reduce current while
significantly improving efficiency.
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One major challenge in such architectures is DC link capacitor selection. While traditional systems
operating at up to 400VDC had no difficulty sourcing suitable capacitors, higher-voltage designs
face limitations. Fig.A1-3 illustrates how capacitance varies with rated voltage across different
capacitor types. To maximize backup capability, capacitors with the highest possible capacitance
should be chosen. Aluminum electrolytic capacitors offer the highest capacitance per voltage
rating, but are limited to 700V due to material constraints.
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Figure A1-3. Capacitance vs Rated Voltage for Various Capacitor Types

For systems operating above 700V, capacitor options are restricted to film capacitors or MLCCs.
However, these alternatives provide drastically lower capacitance, by factors ranging from
1/00~1/10000 compared to aluminum electrolytics. This inevitably leads to increased component
counts, higher costs, and larger board area along with greater mounting complexity.

At present no definitive solution to this limitation exists. Nevertheless, since the stored charge
(and thus energy) scales with the square of the applied voltage, operating downstream power
supplies over a wider, higher-voltage input range can extend backup duration. This strategy helps
reduce the total number of capacitors required, minimizing both board area and cost.

Therefore, when defining power supply operating specifications, it is necessary to consider not
only semiconductor device selection but also the careful choice of passive components.
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A-2) Simulation Support

To streamline circuit design, ROHM provides pre-configured simulation circuits for Vienna PFC
and LLC converter topologies. These resources enable efficient device selection and parameter
optimization, significantly reducing design time and effort.

« LTspice® Circuit Libraries
ROHM offers downloadable circuit libraries compatible with the LTspice® simulation platform that

allow users to modify devices, parameters, and circuits.

Vienna PFC

[Doc.] Vienna PFEC Circuit Information
[Lib.] Vienna PFC LTspice® Circuit

Figure A2-1. Vienna PFC Circuit

LLC Converter

fu Bk
W

[Doc.] LLC Converter Circuit Information
[Lib.] LLC Converter LTspice® Circuit

Figure A2-2. LLC Converter Circuit
Additional LTspice® circuit libraries are available here.

Beyond LTspice®, ROHM supports multiple simulation platforms to address diverse design
needs:

« PLECS® Circuits — Simplifies the evaluation of circuit loss

* SPICE Models (L3) — Enables high-speed, high-accuracy simulation

+ ROHM Solution Simulator — A free web-based simulation tool accessible without software
installation

*LTspice® is a registered trademark of Analog Devices, Inc.

*PLECS® is a registered trademark of Plexim GmbH.
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