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IVR systems using simulations based on virtual processors.

» Methodology: We devised virtual processors equivalent to Nvidia's Blackwell and Rubin
series and compared GPU power delivery network configurations using simulations.

» Comparison of power delivery systems: Lateral power delivery met our design criteria in
the Blackwell-equivalent model but failed to do so in the Rubin-equivalent model, even
with increased capacitance, and we had to relax the conditions. The use of vertical power
delivery and integrated voltage regulator (IVR) systems improved power supply stability,
and the IVR system met our design criteria. These systems use less capacitance on the
output side of the voltage regulator but need more capacitance on the input side.

» Implications for passive parts: Increases in GPU power consumption are changing the
configuration of electronic parts, the required capacitance, and where they are located. In
future, we think embedding capacitors and making inductors smaller will be crucial.

+ Stock picks: We recommend Murata Manufacturing for the comprehensive strengths of its
broad product lineup, and TDK for its lead in thin-film inductors.

See Appendix A-1 for analyst certification, important disclosures and the status of non-US analysts.
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Simulating power supply configurations based on virtual processors

We think the market for Al data center power supplies will present a wide range of investment
opportunities. Power delivery networks (PDNs), which supply electricity to GPUs, are
approaching a turning point in terms of designing the configurations of capacitors and voltage
regulators as the power consumption of GPUs increases. In this report we carry out a
simulation of virtual processors with the same electrical properties as Nvidia's Blackwell and
Rubin products to compare and study PDN configurations for these virtual processors.
Comparing use of vertical power delivery and IVR systems versus lateral power
delivery

We first built lateral power delivery models for both processors and calculated the split in
current demanded by the GPU between voltage regulators and capacitors, as well as PDN
impedance and voltage droop. We then constructed models for the Rubin-equivalent processor
using vertical power delivery, where the voltage regulator is placed below the GPU, and for an
integrated voltage regulator (IVR) system, where voltage regulation is integrated into the
package. We compared these against lateral power delivery in terms of how improved voltage
regulator responsiveness and shorter power delivery pathways affect voltage stability and
capacitor configuration.

Qualitative changes in component configurations depending on power delivery
system

The results of our simulations showed that the lateral power delivery model for our Blackwell-
equivalent processor cleared our design criteria, but the Rubin-equivalent processor, which has
higher power consumption, failed to achieve its target impedance with lateral power delivery,
and we needed to relax our load fluctuation condition. Even after this, the effective capacitance
on the output side was some 60% higher than for the Blackwell-equivalent processor (roughly
32mF). Increasing capacitance on the PCB side had little impact, and the only effective
measure was increasing capacitance within the package, close to the GPU. By contrast, the
improved voltage regulator responsiveness and shorter power delivery pathways in the vertical
power delivery and IVR systems improved voltage stability. The IVR model met our design
criteria, and impedance in the vertical power delivery model only exceeded the tolerable
maximum by around 2%. The shorter power delivery pathways also reduced power distribution
losses caused by resistance. The effective capacitance on the output side of the voltage
regulator fell to around 13mF in vertical power delivery and around 1.8mF in IVR, but more
capacitance was needed on the input side. The higher the voltage of input-side rails, the lower
the capacitance required. This shows that increased GPU power consumption will not just
simply boost capacitor demand in terms of capacitance but have a qualitative impact on part
types, capacitance, and mounting locations. Given the limited mounting area provided by
packages, we think moves to embed capacitors and increase mounting density will be crucial,
alongside inductors to help make voltage regulators smaller.

We recommend Murata Manufacturing for comprehensive capabilities, TDK for
leading position in thin-film inductors

We recommend Murata Manufacturing [6981] and TDK [6762] as companies likely to benefit
from these advances in PDNs. Murata Manufacturing's strength lies in its broad product lineup
that can keep up with changes in power delivery systems, including compact, high-capacitance
MLCCs for lateral power delivery, Integrated Package Solution (iPaS) products for vertical
power delivery, and silicon capacitors for IVR systems. TDK has strengths in thin-film inductors
that we expect to be used in vertical power delivery and IVR systems, and it has also been
working on the development of high temperature-rated MLCCs, which we think will be
increasingly used in PDNs.

See Appendix A-1 for analyst certification, important disclosures and the status of non-US analysts.
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Introduction

Looking for investment opportunities in market for Al data center power supplies

We think the market for Al data center power supplies will present a wide range of
investment opportunities. Power supply to data centers is broadly divided between power
distribution, which refers to getting electricity to the racks, and power delivery networks
(PDNs), which take the electricity supplied to the racks and step the voltage down so that
it can be used by the processors.

Two power supply markets: Power distribution and PDN

Power distribution systems have been shifting to higher voltages to deliver more power
closer to the load and to reduce both current and power losses. PDNs take the high-
voltage power delivered to the rack and step it down to 1.0V or lower close to the GPU,
and are seeing a shift towards shorter low-voltage, high-current wiring sections.

PDN market: Supplying power to GPU using voltage regulators and capacitors

The power required by a GPU is not consistent but varies widely in a short space of time
depending on the operating state of compute units and memory. Different components
are used to deal with these fluctuations in load, with capacitors close to the GPU,
capacitors in package or on the PCB, and voltage regulators supplying power in different
time windows depending on their responsiveness. Capacitors close to the GPU make up
for current shortfalls immediately after a surge in load, and high-capacitance capacitors
and voltage regulators that are more distant take over power supply after that. Generally
speaking, capacitors closer to the GPU provide less energy but can deal with faster
changes in load. By contrast, more distant capacitors and voltage regulators can supply
more energy but it takes longer for them to get the current to the load because of the
resistance of the wires and loop inductance.

Shift in voltage regulators from lateral power delivery to vertical power delivery and
integrated voltage regulators

This means that ensuring stable power supply to GPUs requires an integrated design
approach that factors in voltage regulator responsiveness and capacitor placement not
only to ensure the necessary capacitance in the capacitors but also to get the energy
required to the GPU when it is needed. In particular, increasing fluctuations in GPU power
consumption and load current can make it more difficult for lateral power delivery, the
current mainstream type of PDN, to respond just by raising the number of capacitors and
increasing voltage regulator responsiveness. Notable solutions to this issue are
technologies to shorten the power supply path itself, such as vertical power delivery,
where the voltage regulators are sited directly below the GPU, and integrated voltage
regulator IVR), where voltage regulation happens on-package.

Construction of simulation models using virtual processors

In this report we construct a simulation model for PDNs that can respond to the power
requirements of virtual processors that have the power characteristics of Nvidia's
Blackwell and Rubin products (Blackwell: power consumption of 1,000W and core voltage
of 0.75V, Rubin: power consumption of 2,300W and core voltage of 0.70V). We use these
models to analyze the conditions required in power supply for future high-performance
processors rather than to reproduce the internal circuitry and components used with
actual Nvidia products.

Time window model of capacitor/voltage regulator supply of GPU required current

In our simulation, we look at whether the voltage regulators and capacitors can cope with
the current required by the GPU and whether the system can keep the voltage at the
processor terminals within the tolerable range. Voltage regulators cannot immediately
keep up with rapid changes in GPU load, and capacitors are used to make up for the
interim current shortfalls. Here, we look at capacitor charge swing, defined as the
variance in electrical charge over the charging cycle of the capacitor resulting from the
difference between current demanded by the GPU and current supplied by the voltage
regulator (measured in coulombs), and look at how it affects changes in voltage. We also
look at the energy buffer, defined as the energy that capacitors can supply to the GPU
during periods of change in load to ensure that the voltage remains within its tolerable
range (measured in joules), and see whether it can fully support the GPU requirements.
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We use these evaluations to come up with capacitor requirements (measured in farads)
and mounting configurations that can keep voltage swings within the tolerable range,
factoring in wiring resistance, loop inductance, and voltage regulator responsiveness.

First assumptions are for Blackwell- and Rubin-equivalent lateral power delivery

We first construct a lateral power delivery model for Blackwell- and Rubin-equivalent
processors, and analyze how higher GPU power consumption affects PDN design criteria.
Using a strict load-step condition (Al) with the Rubin-equivalent processor pushes the
impedance of the lateral power delivery model above the upper limit (target impedance)
needed to keep voltage swings within the tolerable range, and resolving this requires
either easing the load-step condition, sharply increasing capacitor count, or increasing
voltage regulator responsiveness. Having identified these design constraints, we compare
voltage stability and the required energy buffer in models that assume vertical power
delivery or integrated voltage regulators.

Potential impact of using vertical power delivery or integrated voltage regulators

We use this information to analyze potential changes to the energy buffer needed
between the input and output sides of the voltage regulator from the shift in power supply
design to vertical power delivery or IVR, thereby providing insight into how this will affect
future capacitance requirements, capacitor mounting location, and product mix, as well as
demand for related parts and materials.

1. Al data center power supply configuration
and GPU power delivery

Al data center power supply configuration

Al accelerators consist of multiple compute units running in parallel, which means PDNs
have to both supply of large currents at low voltage and respond to sudden changes in
load. Understanding the mechanisms that can support these power requirements can give
us an insight into how power supplies for Al data centers are configured.

Power distribution: Supplying 480V AC to server racks

Al data centers take the medium-voltage (MV) alternating current (AC) provided by
electric power companies and use transformers to step it down to 400V or 480V. From
here, the power is supplied to the rack enclosures via automatic transfer switches (ATSs),
uninterruptible power supplies (UPSs), and power distribution units (PDUs).

Rack enclosure: Stepping down from 480V AC to less than 1V

Within the rack enclosure, power supply units (PSUs) on power shelves are used to
convert this current to nominal 48V DC (50-54V in real terms), which is then distributed to
the server units via busbars. In the server units, this is then stepped down to intermediate
voltage using DC-DC converters such as intermediate bus converters (IBCs) as needed,
and the final voltage regulators then step this down to the GPU's core voltage of 1V or
less (Figure 1). Voltage regulators adjust the supplied current by monitoring the output
voltage and ensuring that the voltage remains within a given range (however, they cannot
immediately respond to sudden changes in load, and capacitors have to be used to
provide current shortfalls).

Fig. 1: Al data center power supply configuration
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48V DC power supply buses are current mainstream for rack enclosures

Conventional servers frequently use PSUs within the server unit to convert 200V AC to
12V DC. In 48V power supply systems, the conversion to DC is centralized in the power
shelf at the rack level, and then distributed to the server units using a common 48V-class
busbar. A higher voltage allows the same power to be delivered at a lower current,
thereby reducing the power distribution losses in the busbar and connectors. 48V buses
are connected to battery backup units (BBUs) to ensure ongoing power supply over a
certain period of time even if the AC input is lost.

We analyze power supply from PDN voltage regulators through to GPU

In this report we define power distribution as everything from MV input through to just
before 48V DC conversion in the PSU (the AC input side) and the power distribution
network (PDN) as everything from the 48V DC output of the PSU through to the Al
accelerator. The PDN includes the 48V bus, IBCs, which are installed as needed, and
final-stage voltage regulators, capactors, and wiring.

Here, the main targets of analysis in our simulation are the final-stage voltage regulators,
the capacitors on the input and output sides of this, and the wiring, while upstream, one-
time voltage conversion parts, such as the power shelf and the 48V bus, fall outside the
scope of our analysis. We estimate voltage regulator output current and capacitor
charging/discharging current over time in response to changes in GPU load and use this
to evaluate energy allocation and voltage changes for different time windows. Based on
this, we identify the roles of the voltage regulators and capacitors in each different power
supply method and also use determine the required capacitance of capacitors on both the
input and output sides via simulation.

Electrical energy characteristics required by GPUs

GPUs achieve their high compute performance by operating multiple compute units and
on-chip memory in parallel. Large-scale Al GPUs operate these circuits at high activity
rates, which means they require the supply of average current of several thousand amps
at low voltages.

Moreover, the compute units and memory repeatedly switch between active and idle
states depending on what processing they are doing, resulting in a load current that is not
constant. The current increases sharply when multiple circuits start calculations or data
transfer at the same time, and then falls when the processing is complete. As these
changes occur at intervals measured in nanoseconds, GPU PDNs require the ability to
both supply power continuously at with a high average current and to respond to sudden
changes in step-load (large Al).

Electrical energy supply to GPU

The voltage regulator constantly supplies electrical current to the GPU and adjusts the
output according to changes in load. However, the control circuitry has a response time,
and it cannot change the current flowing through the output inductor of the voltage
regulator instantly. Because of this, capacitors placed close to the GPU are used to
supply the missing current immediately following a sharp increase in load, while in the
interim the voltage regulator increases the supply current and then takes over the load.
When the load declines, the capacitors absorb the spare current (in a charge cycle) to
curb any increase in voltage.

Role of inductors and capacitors in PDNs

Capacitors help reduce voltage fluctuations by absorbing or releasing the load, while
inductors prevent sharp fluctuations in current flow. Step-down voltage regulators smooth
out the current using inductors, but their characteristics limit the take-off of current when
the load rises sharply. Capacitors can make up the shortfall until the voltage regulator
output can catch up with the load.

Target impedance set during power supply design stage

Designing a GPU power supply requires maintaining supply voltage within a tolerable
range even if the load current varies. Here, impedance (measured in ohms) is the quantity
that expresses how much the voltage fluctuates in response to changes in current, and
voltage fluctuation is determined as change in current multiplied by impedance. The target
impedance is defined as the tolerable fluctuation in voltage divided by the maximum
fluctuation in load current, and the basis of the design is to keep the impedance of the 3
PDN as a whole below this level. The greater the fluctuations in load current, the lower
the impedance required to keep voltage within the same range. There are two ways to
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reduce impedance. The first is to increase capacitance, but because the capacitors
themselves and the connecting wiring have inductance, there is no reduction in
impedance even if capacitance (versus rapid changes in current) is increased in the high
frequency domain, meaning limited impact. The other is to reduce inductance of the
pathways carrying power (so-called loop inductance).

Reducing voltage below base value can cause GPU instability

If the impedance of the PDN exceeds the target level, it can cause a decline in voltage
(known as voltage droop) beyond acceptable limits when the load increases sharply. An
excessive decline in voltage could destabilize the operation of the GPU, causing lower
compute performance, calculation errors, or operational halts, which makes keeping
voltage droop and PDN impedance within the tolerable range across the relevant
frequency bands a crucial part of PDN design.

Diagram of loop inductance in lateral power delivery

Figure 2 shows a diagram of the current loops and capacitor placement in GPU power
supplies that use lateral power delivery. When the GPU load increases, current is
supplied to the GPU not only from voltage regulators but also from capacitors on the
board and located close to the GPU. Here, the current flows on the supply side from the
capacitors to the GPU and then back to the capacitors via the ground side. In other
words, the current forms a closed loop with an outward path and a return path. Loop
inductance is then defined as the total inductance of all the wiring, vias, power supplies,
ground planes, and other parts of the loop. The greater the loop inductance, the longer it
takes for current to rise, causing bigger voltage swings at the GPU terminal.

Fig. 2: Current loop in GPU PDN using lateral power delivery voltage regulators

Top-side low-ESL MLCC
)

VRM / power stage 2=
|_|J_|__ T GIGUNa TgTurm

Discrete inductor T
Power
Board Bulk MLCC T T T T 3PU package
Stage | [ GPU package

) PCEB + power/ground planes
Main VRM Power Delivery Loop l

Board Decoupling MLCC

Source: Nomura

Capacitor placement needs to match time window

The closer a capacitor is to the GPU, the shorter the current path, and, generally
speaking, the lower the inductance is likely to be. By contrast, the current path from
voltage regulators and capacitors placed at some distance away on the PCB is longer,
which means a greater impact from wiring resistance and loop inductance. This means
that capacitors not only have to have the right amount of energy stored but have to be
placed in a location where they can deliver that energy to the GPU when required. It is
particularly important in Al GPUs to ensure short outward and return paths by placing
capacitors within the package or on the board backside directly below the GPU.

Capacitor and voltage regulator placement by time window

Figure 3 shows where capacitors and voltage regulators are positioned in GPU PDNs and
the main time windows where they are used. Current is primarily supplied by on-die
capacitance in the first 10ns or so immediately after a surge in load, and then by MIM and
silicon capacitors within the package or MLCCs (DSCs and LSCs) in the following 10—
100ns. Over the next few microseconds, the MLCCs located directly beneath the GPU
make up for the shortfall until the supply current from the voltage regulators can catch up
with the load, at which point the voltage regulators take over current supply for the
subsequent time windows. These time windows are not clearly separated, and multiple
capacitors and voltage regulators are used simultaneously to supply current. The time
windows per component shown in Figure 3 are based on the results of the simulation in
the following chapter, and should not be viewed as generalizations as they are likely to
change depending on power supply design conditions.
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Fig. 3: Time windows and locations for capacitors and voltage regulators (Current contributions based on simulation results)
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Continuous supply of load current from PCB below GPU for short loop

2. PDN simulation model

Examining constraints in PDN design for Rubin-equivalent virtual processor

In this chapter we build a PDN simulation model for virtual processors with the same
electrical characteristics as Nvidia's Blackwell and Rubin processors, and use this to
analyze the impact of higher power consumption and changes in power delivery system
on power supply performance and capacitor configuration. First, we compare lateral
power delivery models for both processors and examine the design constraints from
increased power consumption in the Rubin-equivalent processor. We then analyze the
changes in power supply performance and capacitor configuration from moving to vertical
power delivery and IVR systems.

We set basic 50% load-step condition in simulation

Simulations use a so-called step-load condition, which represents changes in current
required over a short period of time, to replicate changes in GPU load. The step-load
condition shows the extent of short-term changes in current demanded by the GPU (Al).
In our model, we use a step-load condition of 50%, which is defined as a variation in
current equivalent to 50% of peak current. The bigger the variation, the more current has
to be provided by capacitors until the voltage regulators can catch up with the load, and
the lower the target impedance required by the PDN. Figures 17 and 18 show at the end
of this report show detailed design criteria. The simulation process is as follows.

Generating GPU current demand waveform

The first step is to create the GPU current demand waveform. We defined the average
load current using specs from disclosure materials, such as the GPU's power
consumption, and made assumptions for core voltage, load variation magnitude, rise time,
and duration. From these criteria, we generated a time-domain load current waveform and
input it into the simulation as the conditions that the voltage regulators and PDN must
follow.
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Calculating voltage regulator and capacitor response in time domain

Second, we calculated the response of the voltage regulators and capacitors to the GPU
current demand waveform in the time domain. Voltage regulator output current cannot
keep up with immediate changes in GPU current demand because of factors such as the
response time of control circuits and inductance. Because of this, capacitors are used to
make up for the shortfall in current in the immediate wake of a rise in load, and the need
for using these capacitors declines at voltage regulator output current catches up.
Meanwhile, surplus current when the load declines is used to charge the capacitors. We
calculated not only this division of current between voltage regulators and capacitors but
also the energy supplied by the capacitors on the voltage regulator input side when the
load changes.

Calculating energy held by capacitors by time window

Third, we calculated the energy stored by the capacitors for each time window. We
calculated the difference between GPU power demand voltage regulator power supply as
capacitor charge swing (change in energy). In this report we call the energy stored
temporarily in a capacitor to cope with these variations and to be supplied as required the
energy buffer. We then calculated the effective capacitance required to secure the
necessary energy buffer within the tolerable voltage range.

Estimating voltage stability using impedance and voltage droop

Fourth, we examined voltage stability by calculating PDN impedance and voltage droop.
Our design criteria ensure that PDN impedance meets the set upper limit and that
processor terminal voltage variations stay within the acceptable range, based on wiring
resistance from the voltage regulators and capacitors to the processor, loop inductance,
and voltage changes from capacitor discharge. Because the power supply path from
capacitor to processor differs by mounting position, irrespective of capacitance, there will
be differences in current that can be supplied in a short space of time and in voltage
droop too. In view of this, we assessed capacitors not only in terms of capacitance but
also referencing changes power delivery pathway resistance and inductance depending
on mounting location.

Finding capacitor configuration that meets requirements

Fifth, we looked for capacitor configurations that would meet both electrical requirements
and mounting criteria. We examined configurations that could ensure the required
effective capacitance by varying the type, size, and number of capacitors while
considering constrains such as the decline in capacitance caused by DC bias and
mounting area. We then adjusted for voltage regulator responsiveness and power supply
pathways to find configurations that meet our criteria for PDN impedance and voltage
droop. In this way we obtained PDN configurations that can supply the required energy to
the processor at the right time.

Comparison of Blackwell and Rubin simulation models

We used the simulation model described here to first compare the current split between
voltage regulators and capacitors and voltage stability in lateral power delivery systems
for Blackwell- and Rubin-equivalent virtual processors. In both simulations we applied a
step-load condition of 50% (a 50% increase over the reference GPU current demand) and
investigated how this increase in power demand affects PDN design criteria.

GPU demand current, voltage regulator output current, capacitor charge/discharge

Figure 4 shows current demand, voltage regulator output current, capacitor
charge/discharge current, and cumulative charge over time for the Blackwell-equivalent
model.
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Fig. 4: Power demand, voltage regulator output, and capacitor charge/discharge in
Blackwell-equivalent model
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Capacitors used to fill in for instantaneous changes in current that voltage
regulators cannot cope with

When GPU current demand rises sharply, output current from the voltage regulator
cannot keep up, and capacitor discharge is used to make up for the shortfall. After that,
the need to use these capacitors declines as supply current from the voltage regulator
increases. By contrast, when the current demand declines, the supply current from the
voltage regulator exceeds the load for a time, and this surplus current is used to charge
the capacitors. The result of this repeated charge and discharge cycle is that the
cumulative charge of the capacitor varies within a specified range.

Blackwell-equivalent model clears criteria

In our Blackwell-equivalent model, the combination of voltage regulators and capacitors
ensures that PDN impedance and voltage droop remain within the set tolerable range
even under the 50% load-step condition.

Rubin-equivalent model requires stricter impedance criteria when power increases

By contrast, our Rubin-equivalent model sees a rise in average load current when GPU
power consumption increases, resulting in a greater current variability under the same
50% load-step condition. This means an increase in current that has to be made up for
with capacitors and lower target impedance to ensure that voltage variability remains
within the acceptable range. Figure 5 shows PDN impedance and design-based upper
tolerable limits for both models.
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Fig. 5: Comparison of lateral power delivery in Blackwell- and Rubin-equivalent models: PDN impedance (Z) and tolerable
maximum (50% step-load condition)

Item Blackwell-equivalent Rubin-equivalent
Step-load condition 50% 50%
Target impedance 0.119 0.036
Tolerable maximum impedance (mQ) 0.178 0.054
Minimum Z peak identified through optimization (mQ) 0.178 0.092
Combined Droop(mV) 19.3 - (note 4)
Output-side effective capacitance (mF) 20.0 - (note 4)
. . Incompatible
Verdict Compatible (assuming fixed configuration in package)
Upper limit overshoot (%) None (matches upper limit) Around 70%

Note: (1) The tolerable maximum impedance is set at 1.5x the target impedance. (2) Output-side effective capacitance is the capacitance of the capacitors on the output side of
the voltage regulator designed to maintain the energy buffer needed to cope with fluctuations in load within the tolerable voltage range. (3) The Rubin-equivalent model has
greater fluctuation under the base step-load condition of 50% than the Blackwell-equivalent model because of increased power demand, resulting in a fall in target impedance to
about one-third of Blackwell. (4) The values for the Rubin-equivalent processor are the result of investigations based on 300 capacitors in the package (majority 0603). Under
these conditions, the 50% step-load condition cannot be met with increases in capacitance below the GPU or on the output side of the voltage regulator alone. The step-load
condition was met by increasing the capacitor count in the package to 525 at 1608 size (Z peak of 0.0541mQ, output-side effective capacitance of 37.3mF, combined droop of
15.4mV). However, this would require a roughly 6.8-fold increase in mounting area within the package, and we did not investigate the feasibility of this. (5) In this report, we
assume a set configuration within the package and use a lateral power delivery configuration for the Rubin-equivalent processor with the step-load condition relaxed to 30%.

Note that this is not the same condition as for the Blackwell-equivalent processor.
Source: Nomura

Load-step condition not met in Rubin-equivalent model

Our simulation showed that the design criteria was met in our Blackwell-equivalent model,
as noted earlier. By contrast, the PDN impedance in the Rubin-equivalent model
exceeded its tolerable maximum. This means that retaining the lateral power delivery
configuration to deal with rising power consumption in the Rubin-equivalent model would
make it difficult to respond to a strict step-load condition (50%) without major
improvements in capacitor capacitance and positioning, voltage regulation
responsiveness, and power delivery pathways.

Examining impact of easing load-step condition

In view of this, we looked at the impact of easing the load-step condition in lateral power
delivery for the Rubin-equivalent model. Figure 6 shows the results of changing the load-
step condition to 50%, 35%, and 30%.

Fig. 6: Comparison of step-load conditions for lateral power delivery in Rubin-equivalent model

Step-load condition

35% 30% (adopted)

Target impedance 0.036 0.052 0.060
Tolerable maximum impedance (mQ) 0.054 0.077 0.090
Minimum Z peak identified through optimization (mQ) 0.092 0.090 0.090
Combined Droop (mV) - (note 4) - (note 4) 18.1
Output-side effective capacitance (mF) - (note 4) - (note 4) 315

Verdict Incompatible (note 4) Incompatible (note 4) Compatible
Upper limit overshoot (%) Around 70% Around 16% -0.6% (below maximum)

Note: (1) The tolerable maximum impedance is set at 1.5x the target impedance. (2) Output-side effective capacitance is the capacitance of the capacitors on the output side of
the voltage regulator designed to maintain the energy buffer needed to cope with fluctuations in load within the tolerable voltage range. (3) The minimum Z Peak shows the
minimum vale found through optimization processes for the 50% and 35% step-load conditions, and the value in the adopted configuration for the 30% step-load condition. (4)
The incompatible findings for 50% and 35% assume a fixed configuration in the package of 300 capacitors (majority 0603). Increasing the package size and capacitor count
would result in criteria being met even with lateral power delivery. The criteria are met at the 35% step-load condition with a configuration of 300 1608 capacitors (Z peak of
0.0706mQ, effective capacitance of 35.3mF, combined droop of 17.0mV) and at the 50% step-load condition with a configuration of 525 1608 capacitors (0.0541mQ, 37.3mF,
15.4mV). However, these would require roughly 3.9-fold and 6.8-fold increases in mounting area within the package respectively, and we did not investigate the feasibility of

these configurations.
Source: Nomura

Reducing step-load condition to 30% finally results in clearance

The 50% step-load criteria results in impedance exceeding its upper bound substantially,
and even reducing this to 35% does not allow it to meet the design criteria. However,
easing it to 30% keeps impedance below its acceptable maximum, resulting in a
successful outcome for the lateral power delivery model. However, this means little
leeway versus the upper bound, and still represents stringent design criteria.
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Using 30% in Rubin-equivalent lateral PDN model

In view of this, below we use a configuration that meets the 30% load-step condition as
the model for lateral power delivery for the Rubin-equivalent processor. This 30% figure
does not represent the actual load fluctuation characteristics of Nvidia's Rubin processors
but is a simulation condition needed to fulfill the PDN model design requirements we set.

Barriers to improving performance in lateral power delivery

As our model shows, continuing to use lateral power delivery to meet the power
consumption requirements of the Rubin-equivalent processor requires easing the step-
load condition or improving performance of the PDN through a combination of greatly
increasing the number of capacitors and increasing the responsiveness of voltage
regulators. That said, increasing the number of capacitors is constrained by mounting
surface area, and even if voltage regulator responsiveness is improved, performance will
still be affected by the resistance of the supply pathways to the GPU and loop inductance.

We next look at impact of using vertical power delivery and IVR systems

In this next section, we look at using vertical power delivery and IVR systems, which
reduce the length of the supply pathways from the voltage regulators to the GPU, and
examine voltage stability and capacitor energy sharing under a 50% step-load condition
for the Rubin-equivalent model.

Simulation using vertical power delivery and IVR systems

Under the Rubin-equivalent lateral power delivery model, we have to greatly increase
capacitor numbers or improve voltage regulator responsiveness to cope with stringent
step-load conditions. Here, we carried out simulations for vertical power delivery, where
the voltage regulator is positioned below the GPU, resulting in a shorter, vertical electrical
pathway than under the lateral configuration, where the pathway flows laterally across the
board surface, and IVR, where the pathway is shortened by integrating voltage regulation
inside the GPU package. Figure 7 shows diagrams of both systems.

Fig. 7: Schematic of lateral power delivery, vertical power delivery, and IVR systems

Lateral Power Delivery Vertical Power Delivery Integrated Voltage Regulator

l Die [Die[Die.

vV L

Traditional 2026 - 2027 -

Source: Nomura, based on TDK data

Comparing power supply performance of different configurations

First, we applied a 50% step-load condition to the Rubin-equivalent processor and
compared the impact of the different power delivery configurations on PDN impedance
and voltage droop (Figure 8).
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Fig. 8: PDN performance and output-side effective capacitance by power delivery system in Rubin-equivalent model (50%
step-load condition)

Lateral power delivery Vertical power delivery
Step-load condition 50% 50% 50%
Tolerable maximum impedance (mQ) 0.0542 0.0542 0.0542
Minimum Z peak identified through optimization (mQ) 0.092 0.0552 0.0449
Combined droop (mV, target 35.0) - (note 1) 14.81 14.41
Output-side effective capacitance (mF) - (note 1) 13.1 1.77
Verdict Incompatible (note 1) Conditionally compatible Compatible
Overshoot versus maximum roughly +70% (undershoot) Around 2% -17% (leeway)

Note: (1) Figures for lateral power delivery assume a fixed capacitor configuration within the package (minimum Z peak of 0.092mQ). Increasing the capacitor count within the
package to 525 of 1608 size fulfills the 50% step-load condition (Z peak of 0.0541mQ, effective output-side capacitance of 37.3mF), but would require a roughly 6.80-fold
increase in mounting area within the package. The vertical power delivery and IVR systems bring the voltage regulator closer to the GPU, which solves the constraints without
increasing capacitor count within the package. (2) Vertical power delivery meets the criteria with conditions, with an overshoot versus the tolerable maximum impedance of
roughly 2%, while IVR meets the criteria, coming in some 17% below the maximum. (3) IVR meets the criteria thanks to its shorter power delivery pathway, which reduces loop
inductance and wiring resistance, allowing the voltage regulator to operate stably at a higher bandwidth.

Source: Nomura

Sharp improvement in power supply performance

Whereas lateral power delivery resulted in impedance greatly exceeding its upper bound
at the 50% step-load condition, the overshoot with vertical power delivery was reduced to
only around 2%, and the use of IVR resulted in the design criteria being met. Vertical
power deliver showed a major improvement in power supply performance versus lateral
power delivery, even if it did not strictly meet the upper bound.

Shortening pathway from voltage regulator to GPU is key

These results show that the importance of shortening the electrical pathway from the
voltage regulator to the GPU and increasing the responsiveness of the voltage regulator
to get the required current to the processor quickly as a means of coping with sharp
fluctuations in load. Note that in the current model, we use a 30% step-load condition to
meet the criteria with lateral power delivery but use a 50% condition for vertical power
delivery and IVR. Accordingly, readers should remember that the comparisons between
models below use different step-load conditions.

Current sharing between voltage regulators and capacitors

Next, we looked at current sharing between voltage regulators and capacitors to get an
insight into the differences in power supply performance for these different configurations.
Figures 9-11 show GPU current demand, voltage regulator output current, capacitor
charge/discharge current, and cumulative charge over time for all models.
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Fig. 9: Capacitor charge/discharge and voltage regulator output in response to charge
request in Rubin-equivalent model (lateral power delivery)
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Fig. 10: Capacitor charge/discharge and voltage regulator output in response to charge
request in Rubin-equivalent model (vertical power delivery)
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Fig. 11: Capacitor charge/discharge and voltage regulator output in response to charge
request in Rubin-equivalent model (IVR)
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Improvement in responsiveness to changes in voltage regulator load

In lateral power delivery, supply from the voltage regulator cannot keep up immediately
following a sharp rise in current demanded by the GPU, and capacitors are used to fill this
gap. By contrast, vertical power delivery and IVR offer improved current supply capacity in
response to changes in load through a shorter electrical pathway and improvements in
voltage regulator responsiveness. Whereas some capacitor discharge is still required in
vertical power delivery (Figure 10), there is even less burden on capacitors with the use of
IVR (Figure 11), and faster changes in voltage regulator output current in response to
changes in current demand.

Changes in role of voltage regulators and capacitors with different supply methods

In this way, changing the power delivery system changes the temporary current and
energy requirements of capacitors. This shows that advances in power delivery systems
are not just helping to curb GPU voltage droop but are also changing the role of voltage
regulators and capacitors themselves. Figure 12 shows a comparison of voltage droop by
time window for the different power delivery systems. It shows combined droops of
18.1mV for lateral power delivery but 14.8mV for vertical power delivery and 14.41mV for
IVR. Vertical power delivery and IVR have smaller droop than lateral power delivery
across all time windows, making them more stable in terms of voltage fluctuations. IVR
shows particularly lower droop in the fast window than vertical power delivery.
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Fig. 12: Comparison of voltage droop by time window in Rubin-equivalent model
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Note: (1) Fast, medium, and slow show the results of simulations of changes in current load for each of the time windows. (2) The combined figure
shows the results for the load waveform for 0—10ps and does not necessarily tally with the total of the voltage droop figures by time window. (3) Note
that we used a 30% step-load condition for lateral power delivery and a 50% step-load condition for vertical power delivery and IVR.

Source: Nomura

:{,nlgrovements in medium and slow time windows with vertical power delivery and
Figure 13 shows the energy buffers of the capacitors on the output side of the voltage
regulators in each of the power delivery systems by time window. The energy that has to
be delivered by capacitors is affected not only by the size of the change in GPU load but
also by how fast the voltage regulator can supply the required current. Shortening the
electrical pathway or increasing the responsiveness of the voltage regulator to changes in
load reduces the amount of time that capacitors are needed to fill the current shortfall gap,
thereby reducing the required energy buffer. Our simulations show substantial reductions
(improvements) in required energy buffers in the medium and slow time windows with
vertical power delivery and IVR than with lateral power delivery. Moreover, IVR offers a
greater improvement than vertical power delivery.
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Fig. 13: Energy buffer by time window in Rubin-equivalent model
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Note: (1) The energy buffer is calculated as the energy that can be delivered from the capacitors on the output side of the voltage regulator
within the tolerable voltage ranges for each time window, calculated from their effective capacitance, and does not include the input side of the
voltage regulator. (3) Note that we used a 30% step-load condition for lateral power delivery and a 50% step-load condition for vertical power
delivery and IVR.

Source: Nomura

Input-side energy buffers crucial for vertical power delivery and IVR

The energy buffers shown here are on the output side of the voltage regulator, and do not
include contributions from input-side capacitors, which supply power to the voltage
regulator in vertical power delivery and IVR systems. In vertical power delivery and IVR
systems, input-side capacitors also support supply of energy to the GPU via the voltage
regulator, which means that even if the required energy buffer on the output side declines,
capacitor demand for the PDN overall will not necessarily decline by the same degree.
Figure 14 shows energy buffer values that include both the voltage regulator input and
output sides.
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Fig. 14: Energy buffers on the input and output side of the voltage regulator in the Rubin-
equivalent model
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Note: (1) The energy buffers in Figure 14 are calculated as the energy that can be delivered from the capacitors located on different
voltage rails, based on their effective capacitance, and are thus based on different criteria from the energy buffers by time window
shown in Figure 13. (2) We assume input-side voltages of 6.75V for vertical power delivery and1.8V for IVR. We use 0.7V for the
output side of the voltage regulator for all architectures. (3) Note that we used a 30% step-load condition for lateral power delivery and
a 50% step-load condition for vertical power delivery and IVR. We use 0.7V for the output side of the voltage regulator for all
architectures.

Source: Nomura

Greater need for higher voltage-rated components on input side than output side

These changes in power delivery design are causing the placement of capacitors used to
store energy on the electrical circuit to move from low-voltage rails on the voltage
regulator output side to higher voltage rails on the input side. The effective capacitance
required will vary depending on the voltage rail used and the tolerable voltage range,
even if capacitors are storing the same amount of energy, and generally speaking, the
greater the voltage, the smaller the required effective capacitance of a capacitor. Because
the prices of capacitors with the same capacitance rises as their voltage resistance
increases, the decline in effective capacitance because of the shift to higher voltages
does not necessarily imply a decline in value added for capacitors.

Vertical power delivery and IVR systems require less capacitance on output side,
new capacitance on input side

When thinking about the changes in capacitor demand depending on power delivery type,
we need to consider not only the reductions in capacitance on the output side but also the
new capacitance needed on the input side.

Considering physical capacitor positioning and configuration

Figure 15 shows physical capacitor configurations on the output and input sides by power
delivery system. It shows that different systems are likely to have very different
requirements not only for total capacitance but also for capacitor positioning.
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Fig. 15: Comparison of physical capacitor configurations (grouped by mounting location, includes input side)

(Reference 1): Vertical power (Reference 2): Vertical power
Lateral power delivery Vertical power delivery IVR delivery delivery
Placement Main time 300kHz voltage regulator 200kHz voltage regulator
window bandwidth bandwidth
Rated Effective Rated Effective Rated Effective Rated Effective Rated Effective
i (mF) i (mF) i i (mF) i i mF; i (mF) i i if (mF;
Output side
In package (MIM, MLCC, silicon cap) Fast 8.6 33 9.1 3.5 25 1.8 16.8 6.2 246 9.1
MLCCs on PCB backside beneath GPU Medium 67.3 24.2 8.0 29 - - 4.0 1.4 2.0 0.7
Voltage regulator output side (MLCCs, Medium-Slow 114 4.0 16.6 6.8 - - 224 80 39.7 14.3
polymer electrolytic capacitors)
Output side total 87.1 315 33.6 131 25 1.8 43.1 16.7 66.4 24.1
Input side
MLCCs on PCB backside beneath GPU - - - 1.6 0.6 15 5 1.6 0.6 1.6 0.6
Main time window - - - 0.2 0.2 6 3 0.2 0.2 0.2 0.2
Input side total - - 1.8 0.8 20.8 8.1 1.8 0.8 1.8 0.8

Note: (1) Rated capacitance is catalog-based capacitance per capacitor multiplied by the number of capacitors. (2) Rated capacity per capacitor: 0603 = 10uF, 1005 = 47pF,
1608 = 100uF, 2012 = 100uF, MIM = Blackwell 100puF/Rubin 300uF, voltage regulator output polymer = 470pF. (3) Effective capacitance is rated capacitance adjusted by
derating factors, mF figures shown in the text are effective capacitance unless otherwise stated. The coefficients are 0.36x for MLCCs, 0.8x for voltage regulator output polymer
capacitors, and 1.0x for MIM capacitors. (4) Vertical power delivery and IVR systems use a two-stage voltage regulator configuration, and because capacitors are also needed
on the input rail (6.75V for vertical power deliver, 1.8V for IVR) of the final-stage voltage regulator, the input side is shown separately. (5) In IVR, the voltage regulator is placed in
close proximity to the GPU package, which means there is no independent bank of MLCCs on the PCB backside below the GPU, peripheral MLCCs, or voltage regulator output
polymer capacitors (output side). (6) VR output side refers to capacitors connected to the output of the final stage voltage regulator, and their distribution is determined by where
the voltage regulator is placed. They are near on the PCB near the GPU in lateral power delivery but on the backside of the PCB below the GPU in vertical power delivery,
because the voltage regulator is also placed there, and are mainly used for the medium time window. (7) For reference, we lowered the voltage regulator control bandwidth used
in our vertical power delivery from the estimated 400kHz to 300kHz and 200kHz and looked for minimum output-side effective capacitance configurations that would meet the
50% step-load condition. Because using the adopted configuration while lowering the bandwidth causes Z peak to exceed the maximum, we increased capacitance within the
package (still 300 capacitors, but 1608 instead of 0603) and on the output side of the voltage regulator and reduced it below the GPU. 300kHz: Z peak of 0.0538mQ, combined
droop of 15.1mV, output-side effective capacitance of 15.7mF. 200kHz: Z peak of 0.0541mQ, combined droop of 15.3mV, output-side effective capacitance of 24.1mF (roughly
1.8x).

Source: Nomura

Sharp increase in MLCCs below GPU in Rubin-equivalent lateral power delivery

On the output side, using lateral power delivery for the Rubin-equivalent system results in
a sharp increase in the capacitance below the GPU. This reflects the need to have
capacitance closer to the GPU to make up for the slow responsiveness of the voltage
regulator.

Decline in capacitance in vertical power delivery depends on how far voltage
regulator bandwidth can be increased

In vertical power supply, the voltage regulator is placed below the GPU, which reduces
the effective capacitance of the MLCCs below the GPU from roughly 24mF in lateral
power delivery to around 3mF. Meanwhile, capacitance on the output side of the voltage
regulator increases from around 4mF to around 7mF because these capacitors, which are
located adjacent to the voltage regulator, take over in frequency bands that the voltage
regulator cannot respond to. This means that total capacitance on the output side is
reduced from roughly 32mF to around 13mF, but the reduction is not uniform. That said,
this 13mF figure is for a voltage regulator control bandwidth of 400kHz (estimated). The
smaller the bandwidth, the more capacitance is needed as the frequency that the voltage
regulator cannot cope with increases. Figure 15 shows capacitance requirements for
lower bandwidths for reference. The effective capacitance on the output side is around
16mF at 300kHz and around 24mF at 200kHz, with increases in capacitance in the
package and on the output side of the voltage regulator. This shows that the reduction in
capacitance in vertical power delivery will depend on the extent to which voltage regulator
bandwidth can be increased.

IVR needs less capacitance but involves higher demand in new areas such as
package-embedded capacitors

In IVR systems, the output-side capacitors are contained within the package, which
means no under-GPU or peripheral capacitors. We have seen moves to use high value-
added products such as silicon capacitors for package-embedded applications in IVR,
and accordingly look to an increase in value-added unrelated to capacitance
requirements.

Higher capacitance requirements on input-side voltage rail than on output side
makes it difficult to carry out simple comparison of parts

Moreover, having fewer capacitors on the output side does not mean a decline for the
PDN overall. Vertical power delivery and IVR systems require new capacitors on the input
side of the voltage regulator, and these are used to supply some of the energy needed
during load fluctuations. Energy buffers are dictated not only by effective capacitance but
also by the voltage rails being used and the tolerable voltage range, and because of this,
a simple sum of the effective capacitance on the output and input sides will not provide
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any insight into the differences in capacitor requirements for the different power delivery
systems.

Further developments in power delivery systems likely to change component types
and mounting locations

As power delivery systems change, we are likely to see changes in the distribution of
capacitors between the output and input sides and in the types of components needed
and where they are located, rather than just a simple decline in capacitor demand.

3. Considerations and investment
recommendations: Advances in PDNs and
impact on passive parts industry

(1) Thoughts on simulation models
Increasing performance of GPUs and constraints on lateral power delivery design

As Al processor performance increases, their PDNs require not only the supply of large
amounts of current in a stable fashion but also the ability to cope with sudden changes in
load. As power consumption increases, the same step-load percentage will cause a
bigger variation in current, which means a lower target impedance is needed to keep
voltage within its tolerable range.

Review of simulation results

Our simulations showed that the use of lateral power delivery for the Blackwell-equivalent
processor met the 50% step-load condition but using lateral power delivery for the Rubin-
equivalent processor resulted in impedance exceeding its upper bound under the same
condition. Design criteria were met with the Rubin-equivalent processor by easing the
step-load condition to 30%, but this reduced leeway versus the tolerable maximum.

Difficult to cope with rising GPU power consumption with lateral power delivery

These results suggest that as processor power consumption increases, it will get harder
to cope with sharp fluctuations in load with conventional lateral power delivery. Increasing
capacitor count on the PCB side has little impact, with the only effective measure being
increasing capacitance within the package close to the GPU, but there is limited mounting
space within the package. Moreover, even if voltage regulator responsiveness is
improved, performance will still be affected by the resistance of the supply pathways to
the GPU and loop inductance. Wiring resistance can have an impact on power losses as
well as voltage stability. Accordingly, we think future PDNs will require increased
performance in the capacitors and voltage regulators themselves, and integrated design,
including the power delivery system, will also be crucial.

Shift to vertical power delivery and IVR systems and role of power supply
components

Vertical power delivery and IVR are technologies that shorten the power supply pathway
by bringing the voltage regulator closer to the GPU than in lateral power delivery systems.
In our Rubin-equivalent model, impedance exceeded its tolerable upper bound by only
around 2% in vertical power delivery at a step-load condition of 50%, and design criteria
were met with IVR.

Brining voltage regulator closer to the processor

Shortening the power supply pathway makes it easy to deliver current from the voltage
regulator to the GPU quickly, and reduces the need to use output-side capacitors to make
up for current shortfalls when the load changes. In other words, we think PDN
development is shifting from increasing the number of capacitors to make up for the slow
responsiveness of voltage regulators towards improving current supply itself by
positioning the voltage regulator closer to the processor under load.

Shortening power delivery pathway also reduces power losses

Shorter power delivery pathways also help to improve power efficiency as well as
responsiveness. The wiring from the voltage regulator output to the GPU has resistance,
and losses increase in proportion to the square of the current. In our model, power
consumption approaches 2,250W, which means power distribution losses from the
voltage regulator output to the GPU of around 260W with lateral power delivery, around
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50W with vertical power delivery, and around 20W with IVR (Figure 16). Our calculations
show that roughly 20% of the power output of the voltage regulator is lost in the wiring in
lateral power delivery. Increasing power consumption to 4,000W would increase losses in
lateral power delivery to around 820W. The more GPU power consumption increases, the
more effective bringing the voltage regulator closer to the GPU becomes.

Fig. 16: Comparison of power delivery efficiency (from voltage regulator output to
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Note: (1) Loss ratio = wiring losses + power reaching the die. Losses are proportional to the square of TDP (because
current is proportional to TDP and losses are R x [2). Accordingly, the loss ratio increases more or less proportionately with
TDP. (2) Current is calculated by multiplying the Vcore rail current (TDP x 0.65 + 0.7V) by a factor ranging from the idle rate
of 0.65 through to peak of around 0.73. A TDP of 2,300W gives idle of 1,388A and peak of 1,554A. (3) Pathway R: lateral
power delivery 110uQ, vertical power delivery 10uQ, IVR 2uQ. Packaging to die is common across all three systems (10uQ
x 2, parallel). VR phase DCR: lateral/vertical 0.4mQ + 40 phases, IVR 0.1mQ + 40 phases. All figures are model
assumptions. (4) Models: Rubin lateral power delivery v57, vertical power delivery v43, IVR v46 (26 Sep 2026). Time
periods for load waveform set at 35 us/load clearance 25 ps in all three systems. Yellow lines indicate key points (1,000W,
2,250W, 4,000W).

Source: Nomura

Making components smaller, more efficient, and heat-resistant is key

However, bringing the voltage regulator closer to the GPU reduces the space where large
currents are handled, which means power converter circuits have to be smaller, more
efficient, and heat-resistant. Going forward, we think the challenge will be achieving the
electrical advantages of shorter power supply pathways and high-density voltage
regulator mounting.

Increasing importance of inductors in reducing size and increasing performance of
voltage regulators

We think inductors and other magnetic components will be increasingly important in
making voltage regulators smaller while also increasing their tolerance to large currents
and high-speed transient response.

Making inductors smaller and more performant crucial to making voltage
regulators smaller

While reducing inductance results in faster current rise time, it also causes increases in
ripple current and losses. Other problems that need addressing include not only dealing
with magnetic saturation as the current increases but also curbing winding losses, core
losses, and heat generation in a restricted mounting space. The magnetic coupling
technology used in the trans-inductor voltage regulators (TVLRs) we assume in all our
Rubin-equivalent models is one solution for improving voltage regulator transient
response.

Need for small/low profile, low-loss, high heat-dissipation products

Accordingly, when it comes to voltage regulators that use inductors, magnetic
components that combine high current handling capabilities, low losses, low profiles, and
thermal performance are a key element in increasing mounting density in the PDN. In our
view, advances in power delivery systems will bring about changes not only for capacitors
put also in the performance requirements for the inductors used in voltage regulators.
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Quantitative and qualitative changes in capacitor demand

These changes in power delivery system are also changing the role that capacitors play.
Lateral power delivery systems require substantial capacitance from output-side
capacitors below the GPU or in peripheral locations on the PCB to deal with the slow
responsiveness of the voltage regulator. By contrast, vertical power delivery and IVR
systems have shorter power supply pathways on the output side, which changes the
capacitance needed and mounting locations. Vertical power delivery moves the
capacitors connected to the output side of the voltage regulator to below the GPU, in
tandem with the voltage regulator. Understanding capacitor demand for the different
power delivery systems will need to take account not just of total capacitance and total
capacitor count but also looking at demand on the input and output sides and by mounting
location.

We forecast growth in demand for compact, high-capacitance MLCCs for lateral
power delivery, package-embedded capacitors for vertical power delivery and IVR
In terms of component characteristics, we think compact, high-capacitance MLCCs with
low ESL are key for lateral power delivery as it requires high-density mounting of large
amounts of capacitance directly below the GPU. By contrast, vertical power delivery and
IVR systems need components with the right capacitance and voltage ratings for the
input-side high-voltage rails and low-inductance capacitors that can be placed inside or in
proximity to the package. We also think it will be important to distinguish products such as
MIM and silicon capacitors in terms matching the mounting location.

Component heat resistance and long-term reliability likely to be crucial too

Moreover, selecting components for configurations that place the voltage regulator close
to the GPU require consideration not only of electrical characteristics but also heat
resistance and long-term reliability. Capacitors will have to maintain the necessary
effective capacitance and ESR characteristics at expected operating temperatures (105°
C-rated at present, 125°C-rated in future), and also cope with the heat associated with
ripple current too. The actual temperature of the components depends on the heat
generated by the GPU and voltage regulator, the cooling system, and mounting location,
which means that evaluating thermal requirements will have to be based on the thermal
design of the system.

Advances in power supply architecture design are changing component demand

This shows that capacitor demand will not necessarily increase uniformly in line with GPU
power consumption. Changes to PDN architectures are changing not only the required
effective capacitance but also requirements in terms of the types of products, rated
voltage, mounting location, and heat resistance. When considering the impact on the
capacitor market, we will need not only to factor in rises or declines in the number of parts
used but also changes in the demand mix.

(2) Positioning of simulation results
Simulations of virtual processors and not specific products

The simulations in this report are of virtual processors with the same electrical
characteristics as Blackwell and Rubin processors and are not meant to reproduce the
actual internal circuitry or components used in Nvidia products.

Differences in capacitor and component count not dictated by differences in power
delivery alone

Moreover, our simulations used different load criteria for the Rubin-equivalent processor,
with a 30% step-load condition for lateral power delivery and a 50% condition for vertical
power delivery and IVR. Our model also gave a conditional result for vertical power
delivery, in that impedance was slightly higher than its acceptable upper bound.
Moreover, the results for our vertical power delivery model assume a control bandwidth of
400kHz (estimated), and a bandwidth of 300kHz would require effective capacitance on
the output side of around 16mF, or around 24mF at 200kHz (Figure 15). Accordingly, the
differences in capacitance and capacitor count between the different models is not simply
the result of changing the power delivery system.

We did not carry out thermal design, will have to look at the details going forward

In addition, the analysis presented in this report was primarily on the electrical
performance and physical capacitor configurations, and we did not make any quantitative
evaluation of component temperatures or lifespans. We will need to scrutinize the details
about thermal design and mounting constraints in future. Our estimates for power
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distribution losses only looked at the losses from resistance between voltage regulator
output and GPU, and did not include conversion losses in the voltage regulator itself or
losses from the wiring on the input side of the voltage regulator. Current also flows
through the rails on the input side in vertical power delivery (at 6.75V) and IVR (at 1.8V),
and the actual differences may be smaller than our calculations. Our 110uQ figure for
wiring resistance in lateral power delivery is an assumption.

Analysis provided as one possible scenario

We present this analysis as one scenario for thinking about the constraints placed on the
PDN from increasing GPU power consumption and the changes in the roles of capacitors
and voltage regulators in new power delivery systems.

(3) Stock recommendations

Murata Manufacturing: Strengths in overall capacitor capabilities and module
development

Murata Manufacturing's strength lies in its comprehensive capabilities in developing
multiple types of MLCC targeting a wide range of application markets as well as its broad
product and technology base, spanning silicon capacitors, inductors, and technologies to
embed passive parts into substrates.

This includes its Integrated Package Solution (iPaS), where capacitors and inductors are
embedded into the substrate, offering a means of reducing space requirements and
improving electrical characteristics. Its capacitor-embedded substrates shorten electrical
pathways and reduce inductance by incorporating high-capacitance capacitors and
current-carrying through-holes directly into the substrate. Its inductor-embedded
substrates are designed to reduce the profile of power supply modules and increase
mounting density by embedding planar coil arrays into the substrate. The company has so
far developed these as separate products, but it is aiming to develop substrates
embedded with both capacitors and inductors in the future.

The company has also been developing voltage regulator modules for vertical power
delivery, which feature iPaS capacitor-embedded substrates, and we expect these to go
into mass production from 2027 onwards for use as output-side capacitors. The models in
this report require effective capacitance of around 7mF on the output side of the voltage
regulator in vertical power delivery, and we view iPaS capacitor-embedded substrates as
a technology to replace these capacitors with embedded capacitors. While increased use
of iPaS will reduce demand for surface mounted MLCCs in volume terms, Murata
Manufacturing will likely be focusing on value-added per unit through the supply of these
voltage regulator modules.

In configurations that place the voltage regulator close to the GPU, it is not simply a
question of having substantial capacitance, but the power supply circuitry has to be
squeezed into a limited space in order to achieve shorter electrical pathways. Having the
technologies to embed both capacitors and inductors into substrates is a strength not just
for improving the performance of standalone components but also in terms of design,
including for power supply modules and electrical pathways.

Meanwhile, thin-film, low-inductance silicon capacitors are crucial in configurations such
as IVR that concentrate capacitors inside or close to the package. Murata Manufacturing
offers high-density silicon capacitors that use semiconductor manufacturing processes,
and are notable for their capacitance stability versus temperature and voltage, their low
profile, and fine-grained mounting compatibility. These products are a good match for
dealing with rapid load fluctuations in limited spaces close to the GPU. Looking ahead, we
see potential for iPaS substrates embedded with both capacitors and inductors to find use
as package substrates for IVR.

Murata Manufacturing has technologies for all areas of PDNs, including compact, large-
capacitance MLCCs that are key in lateral power delivery, iPaS for vertical power delivery,
silicon capacitors that are playing an increasingly important role in IVR, and inductors that
help make voltage regulators smaller. We think having a broad range of products and
technologies that can cope with changes in the parts and mounting technologies needed,
however power delivery systems develop, is a major strength for the company.
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TDK is strong in thin-film inductors and high-voltage parts

TDK excels in high-voltage, high-temperature, high-reliability passive parts for industrial
machinery and automotive applications. While it is more competitive in high-voltage
passive parts for the power distribution side of data centers (MLCCs, aluminum
electrolytic capacitors, film capacitors, varistors etc), we expect its products to find use in
PDNs going forward too.

IVR uses technologies to increase the current response to changes in load through the
magnetic binding of inductors of multiple phases, and requires these inductors to be
mounted in the package substrate. TDK has developed thin-film inductors using the
manufacturing processes it has built up in HDD magnetic heads to create products that
have lower losses while being small and low profile. We expect them to find use in IVR
systems from 2027 onwards. IVR systems have to handle large currents in a limited
mounting space and have high-speed transient response, and TDK's thin-film inductors
are ideal for these thanks to their low profile, low losses, and low direct current resistance
(DCR).

We think thin-film inductors will find use in voltage regulator modules for vertical power
delivery and not just in IVR. Voltage regulators in vertical power delivery have greater
current per phase than IVR systems, which means the inductors need to be resistant to
magnetic saturation even at high currents. TDK's thin-film inductors use its proprietary
magnetic materials with high saturation flux density, and are suited to these kinds of high
currents. In addition, their low losses at high frequencies makes it easier to increase
voltage regulator switching frequency, helping to improve voltage regulator
responsiveness in vertical power delivery. The simulations in this report show that
lowering the control frequency of the voltage regulator in vertical power delivery increases
the effective capacitance needed on the output side from around 13mF to around 24mF.
The high-frequency characteristics of inductors thus also effect required capacitance via
voltage regulator responsiveness.

TDK has also been working to develop compact, high-capacitance MLCCs with good
capacitance stability versus temperature and voltage using the foundational technologies
it has built up in automotive products. Vertical power delivery and IVR systems place the
voltage regulator close to the GPU, which increases the exposure of components to high
temperatures, and we accordingly expect growing demand for products with high
reliability even under high temperatures. TDK signed a memorandum of understanding
with Taiyo Yuden [6976] about joint development of MLCCs and inductors at the end of
September 2026, and we think this will be a positive for the development of high
temperature-rated MLCCs at both companies. TDK is strong in high-voltage, high-
reliability products, while Taiyo Yuden's strengths lie in its high density stacking
technologies that can create over 1,000 layers and its technologies for mass production of
fine-grained barium titanate using solid-phase synthesis. We think combining the two
companies' technologies will enable stable mass production of compact, high-capacitance
products with high temperature ratings at an early juncture.

We think TDK will see growth not only in high-voltage passive parts for data centers but
also for new products such as thin-film inductors developed for next-generation PDNs.
Successful collaboration with Taiyo Yuden or with Nippon Chemical Industrial [4092], with
which TDK has set up a JV, could increase its competitiveness in high-temperature rated
MLCCs for next-generation PDNs.

(4) Others
Initiatives at Taiyo Yuden and Kyocera

Taiyo Yuden has strengths in reducing the size of its MCOIL stacked metal inductors, and
we expect them to be used in power supply modules in vertical power delivery systems.
Its metal inductors feature a material technology in which a nanoscale, highly crystaline
oxide layer is grown on iron-based magnetic particles, thereby ensuring electrical
insulation while also achieving high-density magnetic bonding. This material has high
magnetic permeability and is highly competitive in the ultra-compact domain. Kyocera
[6971] has technologies for fixing terminals on the top and bottom sides of MLCCs using
conductive vias, and can manufacture MLCCs suited to being embedded in packages and
circuit board modules that include MLCCs. It also has industry-leading capabilities in
compact, high-capacitance MLCCs. We forecast growth in sales for data center
applications.
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Fig. 17: Appendix A: Design criteria and step-load conditions

Criteria used to gauge PDN success/failure and step-load conditions used in simulations

. Rubin-equivalent (common to Lateral, VPD and
Item Blackwell-equivalent IVR)

Design criteria (policy A of 2026-09-26)
(Allowed droop - static IR drop) / (step fraction x
peak current)

Maximum impedance that keeps the voltage deviation
within the allowance for the load step

Targetimpedance Z_target Same as left

Baseline is 5%. 4% is also evaluated when margin allows
(record only)
Relaxed to 2.5%, then 3% if not met (all models pass at 2%
here)

Combined allowed droop 37.5mV (5% of VDD) 35.0mV (5% of VDD)

Fast allowed droop 14.8 mV (2% - 0.2 mV guard) 13.8mV (2% - 0.2 mV guard)

Z-peak limit (1 kHz - 1 MHz)

Control gain

1.5xZ_target=0.178 mQ
Kp = 1/Z_target, Ki = Kpx6x10*
Load conditions (assumptions; not specifications of actual NVIDIA products)

1.5xZ_target

Same as left

Conditional pass: within +3% of the limit

Rubin-equivalent power is an estimate from public

Power / core voltage 1000W / 0.75V 2300W /0.70V ) )
information
Core rail share f 0.60 f 0.65
Peak current 588.4A 1,554.4 A
Static IR drop 2.6mV 6.94 mV
| 4
Lateral at 50% and 35% fails at the physical limit (Fi 6
Load step fraction (adopted) 50% Lateral 30% / VPD 50% / IVR 50% eraiatsbran a':nz 7)” ysical limit (Figures
Load step current 294.2A Lateral 466.3 A (30%) / VPD and IVR 777.2 A (50%)
Load waveform rise 10 ns 75ns Edge time
Load period / duty 1.0ps/0.35 0.8 s/ 0.40 Idle fraction 0.65
Load ion by ti ind Fast
oad excursion by time window (Fast/ 7.5% / 5% / 5% Same as left Medium rise 1 ps, Slow 10 ps

Medium / Slow)

Clock ramping

Time windows evaluated

Enabled (rate parameter Medium 0.01/us, Slow

0.0025/ps)

Fast (up to 150 ns) / Medium (up to 1 ps) / Slow

{up to 10 us) / Combined (0-10 ps actual | oad)

Same as left

Enabled (Medium 0.005/us, Slow 0.002/ps)

Downward rate is 2x

Worst value over the three GPU-under L corners is

adopted

Source: Nomura

Fig. 18: Appendix B: Conditions by model (voltage regulator, power supply pathway, control)

Item Blackwell-equivalent

Rubin Lateral Rubin VPD (vertical power delivery) Rubin IVR (integrated VR)
Delivery path
VR-to-package path L/ R 20 pH /110 p0 20 pH / 110 p0 10 pH /10 pQ 2pH/2p0
DSC access L/ R 0.67pH /50 0.67pH/5u0 0.67 pH /5 pu0 0.67 pH / 1.05 p0
LSC accessL/R 3.20pH /50 3.20pH /50 3.20 pH /5 p0 3.20pH /50

GPU-under access L (3 corners)

6.40/ 10.76 / 32.60 pH (as is)

3.20/5.38 / 16.30 pH (x0.5)

3.20 /5.38 / 16.30 pH (x0.5)

None (no GPU-under bank on the
output side)

Die-side local L/ R/ Cdie 4.0pH /10 uQ / 40 uF 2.46 pH / 10 p) / 80 pF 2.46 pH / 10 p0) / 80 pF 2.46 pH /10 p0) / 80 pF
VR

VR control bandwidth 100 kHz 150 kHz 400 kHz (inferred) 3 MHz

Kp / Ki 8,430 A/V / Kpxbed 16,620 A/V / Kpx6ed 27,700 A/V { Kpx6ed 27,700 A/V [ Kpxbed
Phases / L per phase / R per phase 30 phases / 100 nH / 0.4 mQ 40 phases / 100 nH / 0.4 mQ 40 phases / 100 nH / 0.4 mQ 40 phases / 10 nH / 0.1 mQ
TLVR magnetic coupling Disabled Enabled (k =0.55, tums ratio 1, Enabled (same as left) Enabled (same as left)

VR input voltage

Current slew-rate cap / maximum

12V (ideal source)

compensation L 20 nH)

12V (ideal source)

6.75 V (with input-side capacitors)

1.8 V (with input-side capacitors)

current 600 Afus / 1,500 A 1,000 A/jis / 2,800 A 1,000 Afps / 2,800 A 4,000 A/ps / 2,800 A

Inner control time constant 0.1ps 0.1pus 0.1ps 0.02 pus

Boost (transient boost control) OFF QFF OFF OFF

Simulation time 60 us 40 ps. 35 us 40 ps

Judgement

Judgement of the adopted

uce P PASS PASS (30%) CONDITIONAL (+2.0%) PASS (input droop 33.9 mV <=35mV)

configuration

Note: (1) Blackwell uses original physical conditions (100kHz bandwidth, no change to L below GPU). We assume a realistic scenario for Rubin lateral and vertical power
delivery (L below GPU x 0.5, higher bandwidth). (2) Bandwidth of 400kHz for vertical power delivery is an estimate and not a disclosed figure. 3MHz for IVR is lower than the
disclosed figure of over 10MHz. (3) Input sides for vertical power delivery and IVR are divided into RLC circuits according to voltage regulator input voltage (tolerable fluctuations
of 75mV for vertical power delivery, 35mV for IVR). (4) Averaged model (40-phase decomposition for IVR has been shown to be the same as the aggregated model).

Source: Nomura
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Valuation Methodology We use DCF analysis based on earnings forecasts for the next three fiscal years to calculate our
target price of ¥4,500. We assume a cost of equity capital of 5.0% and terminal growth of 0%. We use corporate value of
¥200.0bn (27/3, after-tax present value of ¥115.0bn included in corporate value) for its 30% stake in a cell joint venture that
manufactures medium-capacity batteries.

Risks that may impede the achievement of the target price Factors that could keep the share price from approaching our
target price include a stalling in the economy, inventory adjustments at customers, and rapid strengthening of the yen versus the
US dollar. Further delays in structural reforms for businesses suffering from low earnings, such as magnets, could undermine
confidence in management and result in higher capital costs. Li-ion batteries make heavy use of cobalt, and a rise in cobalt
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prices could cause margins to fall temporarily, but the company has signed agreements with customers that revise prices on a
quarterly basis to reflect metal prices, and we thus see negligible impact.
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2,000
1,000
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Valuation Methodology We use DCF analysis based on earnings forecasts for the next three fiscal years to calculate our
target price of ¥9,000. We assume a cost of equity capital of 4.0% and terminal growth of 0%.

Risks that may impede the achievement of the target price Factors that could cause the share price to come in well below
our target price include Among risks that could cause the share price to fall substantially short of our target price, a further
macroeconomic slowdown in more economically developed countries could trigger inventory downsizing for MLCCs and other
commodity parts. Chinese companies have started to enter the low-end RF communications parts market. If industry
realignment were to take place as a result of companies in more economically developed countries making moves to retain
customers in technology and high-end markets, and Murata Manufacturing were not part of this, we think it could be exposed to
even fiercer competition than it is now.
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report indicates that the individual is employed by PT Verdhana Sekuritas Indonesia ('Verdhana') to provide research assistance to NIHK under
a research partnership agreement and neither Verdhana nor such individual is licensed outside of Indonesia.
THIS MATERIAL IS: (1) FOR YOUR PRIVATE INFORMATION, AND WE ARE NOT SOLICITING ANY ACTION BASED UPON IT; (Il) NOT TO
BE CONSTRUED AS AN OFFER TO SELL OR A SOLICITATION OF AN OFFER TO BUY ANY SECURITIES IN ANY JURISDICTION WHERE
SUCH OFFER OR SOLICITATION WOULD BE ILLEGAL; AND (lll) OTHER THAN DISCLOSURES RELATING TO THE NOMURA GROUP,
BASED UPON INFORMATION FROM SOURCES THAT WE CONSIDER RELIABLE, BUT HAS NOT BEEN INDEPENDENTLY VERIFIED BY
NOMURA GROUP.
Other than disclosures relating to the Nomura Group, the Nomura Group does not warrant, represent or undertake, express or implied, that the
document is fair, accurate, complete, correct, reliable or fit for any particular purpose or merchantable, and to the maximum extent permissible
by law and/or regulation, does not accept liability (in negligence or otherwise, and in whole or in part) for any act (or decision not to act) resulting
from use of this document and related data. To the maximum extent permissible by law and/or regulation, all warranties and other assurances
by the Nomura Group are hereby excluded and the Nomura Group shall have no liability (in negligence or otherwise, and in whole or in part) for
any loss howsoever arising from the use, misuse, or distribution of this material or the information contained in this material or otherwise arising
in connection therewith.
Opinions or estimates expressed are current opinions as of the original publication date appearing on this material and the information, including
the opinions and estimates contained herein, are subject to change without notice. The Nomura Group, however, expressly disclaims any
obligation, and therefore is under no duty, to update or revise this document. Any comments or statements made herein are those of the
author(s) and may differ from views held by other parties within Nomura Group. Clients should consider whether any advice or recommendation
in this report is suitable for their particular circumstances and, if appropriate, seek professional advice, including tax advice. The Nomura Group
does not provide tax advice.
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Investors should consider this document as only a single factor in making their investment decision and, as such, the report should not be
viewed as identifying or suggesting all risks, direct or indirect, that may be associated with any investment decision. Nomura Group produces a
number of different types of research product including, among others, fundamental analysis and quantitative analysis; recommendations
contained in one type of research product may differ from recommendations contained in other types of research product, whether as a result of
differing time horizons, methodologies or otherwise. The Nomura Group publishes research product in a number of different ways including the
posting of product on the Nomura Group portals and/or distribution directly to clients. Different groups of clients may receive different products
and services from the research department depending on their individual requirements.
Figures presented herein may refer to past performance or simulations based on past performance which are not reliable indicators of future or
likely performance. Where the information contains an expectation, projection or indication of future performance and business prospects, such
forecasts may not be a reliable indicator of future or likely performance. Moreover, simulations are based on models and simplifying
assumptions which may oversimplify and not reflect the future distribution of returns. Any figure, strategy or index created and published for
illustrative purposes within this document is not intended for “use” as a “benchmark” as defined by the European Benchmark Regulation.
Certain securities are subject to fluctuations in exchange rates that could have an adverse effect on the value or price of, or income derived
from, the investment.
With respect to Fixed Income Research: Recommendations fall into two categories: tactical, which typically last up to three months; or strategic,
which typically last from 6-12 months. However, trade recommendations may be reviewed at any time as circumstances change. ‘Stop loss’
levels for trades are also provided; which, if hit, closes the trade recommendation automatically. Prices and yields shown in recommendations
are taken at the time of submission for publication and are based on either indicative Bloomberg, LSEG or Nomura prices and yields at that
time. The prices and yields shown are not necessarily those at which the trade recommendation can be implemented.
The securities described herein may not have been registered under the US Securities Act of 1933 (the ‘1933 Act’), and, in such case, may not
be offered or sold in the US or to US persons unless they have been registered under the 1933 Act, or except in compliance with an exemption
from the registration requirements of the 1933 Act. Unless governing law permits otherwise, any transaction should be executed via a Nomura
entity in your home jurisdiction.
This document has been approved for distribution in the UK as investment research by Nliplc. Niplc is authorised by the Prudential Regulation
Authority and regulated by the Financial Conduct Authority and the Prudential Regulation Authority. NlIplc is a member of the London Stock
Exchange. This document does not constitute a personal recommendation within the meaning of applicable regulations in the UK, or take into
account the particular investment objectives, financial situations, or needs of individual investors. This document is intended only for investors
who are 'eligible counterparties' or 'professional clients' for the purposes of applicable regulations in the UK, and may not, therefore, be
redistributed to persons who are 'retail clients' for such purposes.
This document has been approved for distribution in the European Economic Area as investment research by Nomura Financial Products
Europe GmbH (“NFPE”). NFPE is a company organized as a limited liability company under German law registered in the Commercial Register
of the Court of Frankfurt/Main under HRB 110223. NFPE is authorized and regulated by the German Federal Financial Supervisory Authority
(BaFin).
This document has been approved by NIHK, which is regulated by the Hong Kong Securities and Futures Commission, for distribution in Hong
Kong by NIHK. This document is intended only for investors who are 'professional investors' for the purposes of applicable regulations in Hong
Kong and may not, therefore, be redistributed to persons who are not 'professional investors' for such purposes.
This document has been approved for distribution in Australia by NAL, which is authorized and regulated in Australia by the ASIC.
This document has also been approved for distribution in Malaysia by NSM.
In Singapore, this document has been distributed by NSL, an exempt financial adviser as defined under the Financial Advisers Act (Chapter
110), among other things, and regulated by the Monetary Authority of Singapore. NSL may distribute this document produced by its foreign
affiliates pursuant to an arrangement under Regulation 32C of the Financial Advisers Regulations. This document is intended for accredited,
expert or institutional investors as defined by the Securities and Futures Act (Chapter 289). Where the recipient of this document is not an
accredited, expert or institutional investor, NSL accepts legal responsibility for the contents of this document in respect of such recipient only to
the extent required by law. Recipients of this document in Singapore should contact NSL in respect of matters arising from, or in connection
with, this document. THIS DOCUMENT IS INTENDED FOR GENERAL CIRCULATION. IT DOES NOT TAKE INTO ACCOUNT THE SPECIFIC
INVESTMENT OBJECTIVES, FINANCIAL SITUATION OR PARTICULAR NEEDS OF ANY PARTICULAR PERSON. RECIPIENTS SHOULD
TAKE INTO ACCOUNT THEIR SPECIFIC INVESTMENT OBJECTIVES, FINANCIAL SITUATION OR PARTICULAR NEEDS BEFORE
MAKING A COMMITMENT TO PURCHASE ANY SECURITIES, INCLUDING SEEKING ADVICE FROM AN INDEPENDENT FINANCIAL
ADVISER REGARDING THE SUITABILITY OF THE INVESTMENT, UNDER A SEPARATE ENGAGEMENT, AS THE RECIPIENT DEEMS FIT.
Unless prohibited by the provisions of Regulation S of the 1933 Act, this material is distributed in the US, by NSI, a US-registered broker-dealer,
which accepts responsibility for its contents in accordance with the provisions of Rule 15a-6, under the US Securities Exchange Act of 1934.
The entity that prepared this document permits its separately operated affiliates within the Nomura Group to make copies of such documents
available to their clients.
This document has not been approved for distribution to persons other than ‘Authorised Persons’, ‘Exempt Persons’ or ‘Institutions’ (as defined
by the Capital Markets Authority) in the Kingdom of Saudi Arabia (‘Saudi Arabia’) or a 'Market Counterparty’ or a 'Professional Client' (as defined
by the Dubai Financial Services Authority) in the United Arab Emirates (‘{UAE’) or a ‘Market Counterparty’ or a ‘Business Customer’ (as defined
by the Qatar Financial Centre Regulatory Authority) in the State of Qatar (‘Qatar’) by Nomura Saudi Arabia, Nlplc or any other member of the
Nomura Group, as the case may be. Neither this document nor any copy thereof may be taken or transmitted or distributed, directly or indirectly,
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For report with reference of TAIWAN public companies or authored by Taiwan based research analyst:
THIS DOCUMENT IS SOLELY FOR REFERENCE ONLY. You should independently evaluate the investment risks and are solely responsible
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for your investment decisions. NO PORTION OF THE REPORT MAY BE REPRODUCED OR QUOTED BY THE PRESS OR ANY OTHER
PERSON WITHOUT WRITTEN AUTHORIZATION FROM NOMURA GROUP. Pursuant to Operational Regulations Governing Securities Firms
Recommending Trades in Securities to Customers and/or other applicable laws or regulations in Taiwan, you are prohibited to provide the
reports to others (including but not limited to related parties, affiliated companies and any other third parties) or engage in any activities in
connection with the reports which may involve conflicts of interests. INFORMATION ON SECURITIES / INSTRUMENTS NOT EXECUTABLE
BY NOMURA INTERNATIONAL (HONG KONG) LTD., TAIPEI BRANCH IS FOR INFORMATIONAL PURPOSES ONLY AND IS NOT BE
CONSTRUED AS A RECOMMENDATION OR A SOLICITATION TO TRADE IN SUCH SECURITIES / INSTRUMENTS.

This material may not be distributed in Indonesia or passed on within the territory of the Republic of Indonesia or to persons who are Indonesian
citizens (wherever they are domiciled or located) or entities of or residents in Indonesia in a manner which constitutes a public offering under the
laws of the Republic of Indonesia. The securities mentioned in this document may not be offered or sold in Indonesia or to persons who are
citizens of Indonesia (wherever they are domiciled or located) or entities of or residents in Indonesia in a manner which constitutes a public
offering under the laws of the Republic of Indonesia.

An individual name printed next to NOI on the front page of a research report indicates that this document is a translation of a research report
issued by NOI in the PRC. In all other cases, this document is prepared by Nomura Group or its subsidiary or affiliate (collectively, “Offshore
Issuers”) that is not licensed in the PRC to provide securities research. This research report is not approved or intended to be circulated in the
PRC. The A-share related analysis (if any) is not produced for any persons located or incorporated in the PRC. The recipients should not rely on
any information contained in this research report in making investment decisions and Offshore Issuers take no responsibility in this regard.

NO PART OF THIS MATERIAL MAY BE (1) COPIED, PHOTOCOPIED, REPRODUCED OR DUPLICATED IN ANY FORM, BY ANY MEANS;
OR (Il) REDISSEMINATED, REPUBLISHED OR REDISTRIBUTED WITHOUT THE PRIOR WRITTEN CONSENT OF A MEMBER OF THE
NOMURA GROUP. If this document has been distributed by electronic transmission, such as e-mail, then such transmission cannot be
guaranteed to be secure or error-free as information could be intercepted, corrupted, lost, destroyed, arrive late or incomplete, or contain
viruses. The sender therefore does not accept liability (in negligence or otherwise, and in whole or in part) for any errors or omissions in the
contents of this document, which may arise as a result of electronic transmission. If verification is required, please request a hard-copy version.

Disclaimers required in Japan

Credit ratings in the text that are marked with an asterisk (*) are issued by a rating agency not registered under Japan’s Financial Instruments
and Exchange Act (“Unregistered Ratings”). For details on Unregistered Ratings, please contact the Research Production Operation Dept. of
Nomura Securities Co., Ltd.

Investors in the financial products offered by Nomura Securities may incur fees and commissions specific to those products (for example,
transactions involving Japanese equities are subject to a sales commission (all figures on a tax-inclusive basis) of up to 1.43% of the transaction
amount or a commission of ¥2,860 for transactions of ¥200,000 or less, while transactions involving investment trusts are subject to various
fees, such as commissions at the time of purchase and asset management fees, such as commissions at the time of purchase and asset
management fees (trust fees), specific to each investment trust).

In addition, all products carry the risk of losses owing to price fluctuations or other factors. Fees and risks vary by product. Please thoroughly
read the written materials provided, such as documents delivered before making a contract, listed securities documents, or prospectuses.
Transactions involving Japanese equities (including Japanese REITs, Japanese ETFs, and Japanese ETNs, Japanese Infrastructure Funds)
are subject to a sales commission of up to 1.43% (tax included) of the transaction amount (or a commission of ¥2,860 (tax included) for
transactions of ¥200,000 or less). When Japanese equities are purchased via OTC transactions (including offerings), only the purchase price
shall be paid, with no sales commission charged. However, Nomura Securities may charge a separate fee for OTC transactions, as agreed with
the customer. Japanese equities carry the risk of losses owing to price fluctuations. Japanese REITs carry the risk of losses owing to
fluctuations in price and/or earnings of underlying real estate. Japanese ETFs and ETNs carry the risk of losses owing to fluctuations in the
underlying indexes or other benchmarks. Japanese Infrastructure Funds carry out the risk of losses owing to fluctuations in price and/or
earnings of underlying infrastructures.

Transactions involving foreign equities are subject to a domestic sales commission of up to 1.045% (tax included) of the transaction amount
(which equals the local transaction amount plus local fees and taxes in the case of a purchase or the local transaction amount minus local fees
and taxes in the case of a sale) (for transaction amounts of ¥750,000 and below, maximum domestic sales commission is ¥7,810 (tax
included)). Local fees and taxes in foreign financial instruments markets vary by country/territory. When foreign equities are purchased via OTC
transactions (including offerings), only the purchase price shall be paid, with no sales commission charged. However, Nomura Securities may
charge a separate fee for OTC transactions, as agreed with the customer. Foreign equities carry the risk of losses owing to factors such as price
fluctuations and foreign exchange rate fluctuations.

Margin transactions are subject to a sales commission of up to 1.43% (tax included) of the transaction amount (or a commission of ¥2,860 (tax
included) for transactions of ¥200,000 or less), as well as management fees and rights handling fees. In addition, long margin transactions are
subject to interest on the purchase amount, while short margin transactions are subject to fees for the lending of the shares borrowed. A margin
equal to at least 30% of the transaction amount (at least 33% for online transactions) and at least ¥300,000 is required. With margin
transactions, an amount up to roughly 3.3x the margin (roughly 3x for online transactions) may be traded. Margin transactions therefore carry
the risk of losses in excess of the margin owing to share price fluctuations. For details, please thoroughly read the written materials provided,
such as listed securities documents or documents delivered before making a contract.

Transactions involving convertible bonds are subject to a sales commission of up to 1.10% (tax included) of the transaction amount (or a
commission of ¥4,400 (tax included) if this would be less than ¥4,400). When convertible bonds are purchased via OTC transactions (including
offerings), only the purchase price shall be paid, with no sales commission charged. However, Nomura Securities may charge a separate fee for
OTC transactions, as agreed with the customer. Convertible bonds carry the risk of losses owing to factors such as interest rate fluctuations and
price fluctuations in the underlying stock. In addition, convertible bonds denominated in foreign currencies also carry the risk of losses owing to
factors such as foreign exchange rate fluctuations.
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When bonds are purchased via public offerings, secondary distributions, or other OTC transactions with Nomura Securities, only the purchase
price shall be paid, with no sales commission charged. Bonds carry the risk of losses, as prices fluctuate in line with changes in market interest
rates. Bond prices may also fall below the invested principal as a result of such factors as changes in the management and financial
circumstances of the issuer, or changes in third-party valuations of the bond in question. In addition, foreign currency-denominated bonds also
carry the risk of losses owing to factors such as foreign exchange rate fluctuations.

When Japanese government bonds (JGBs) for individual investors are purchased via public offerings, only the purchase price shall be paid, with
no sales commission charged. As a rule, JGBs for individual investors may not be sold in the first 12 months after issuance. When JGBs for
individual investors are sold before maturity, an amount calculated via the following formula will be subtracted from the par value of the bond
plus accrued interest: (1) for 10-year variable rate bonds, an amount equal to the two preceding coupon payments (before tax) x 0.79685 will be
used, (2) for 5-year and 3-year fixed rate bonds, an amount equal to the two preceding coupon payments (before tax) x 0.79685 will be used.
When inflation-indexed JGBs are purchased via public offerings, secondary distributions (uridashi deals), or other OTC transactions with
Nomura Securities, only the purchase price shall be paid, with no sales commission charged. Inflation-indexed JGBs carry the risk of losses, as
prices fluctuate in line with changes in market interest rates and fluctuations in the nationwide consumer price index. The notional principal of
inflation-indexed JGBs changes in line with the rate of change in nationwide CPI inflation from the time of its issuance. The amount of the
coupon payment is calculated by multiplying the coupon rate by the notional principal at the time of payment. The maturity value is the amount
of the notional principal when the issue becomes due. For JI17 and subsequent issues, the maturity value shall not undercut the face amount.
Purchases of investment trusts (and sales of some investment trusts) are subject to a purchase or sales fee of up to 5.5% (tax included) of the
transaction amount. Also, a direct cost that may be incurred when selling investment trusts is a fee of up to 2.0% of the unit price at the time of
redemption. Indirect costs that may be incurred during the course of holding investment trusts include, for domestic investment trusts, an asset
management fee (trust fee) of up to 5.5% (tax included/annualized basis) of the net assets in trust, as well as fees based on investment
performance. Other indirect costs may also be incurred. For foreign investment trusts, indirect fees may be incurred during the course of holding
such as investment company compensation.

Investment trusts invest mainly in securities such as Japanese and foreign equities and bonds, whose prices fluctuate. Investment trust unit
prices fluctuate owing to price fluctuations in the underlying assets and to foreign exchange rate fluctuations. As such, investment trusts carry
the risk of losses. Fees and risks vary by investment trust. Maximum applicable fees are subject to change; please thoroughly read the written
materials provided, such as prospectuses or documents delivered before making a contract.

In interest rate swap transactions and USD/JPY basis swap transactions (“interest rate swap transactions, etc.”), only the agreed transaction
payments shall be made on the settlement dates. Some interest rate swap transactions, etc. may require pledging of margin collateral. In some
of these cases, transaction payments may exceed the amount of collateral. There shall be no advance notification of required collateral value or
collateral ratios as they vary depending on the transaction. Interest rate swap transactions, etc. carry the risk of losses owing to fluctuations in
market prices in the interest rate, currency and other markets, as well as reference indices. Losses incurred as such may exceed the value of
margin collateral, in which case margin calls may be triggered. In the event that both parties agree to enter a replacement (or termination)
transaction, the interest rates received (paid) under the new arrangement may differ from those in the original arrangement, even if terms other
than the interest rates are identical to those in the original transaction. Risks vary by transaction. Please thoroughly read the written materials
provided, such as documents delivered before making a contract and disclosure statements.

In OTC transactions of credit default swaps (CDS), no sales commission will be charged. When entering into CDS transactions, the protection
buyer will be required to pledge or entrust an agreed amount of margin collateral. In some of these cases, the transaction payments may exceed
the amount of margin collateral. There shall be no advance notification of required collateral value or collateral ratios as they vary depending on
the financial position of the protection buyer. CDS transactions carry the risk of losses owing to changes in the credit position of some or all of
the referenced entities, and/or fluctuations of the interest rate market. The amount the protection buyer receives in the event that the CDS is
triggered by a credit event may undercut the total amount of premiums that he/she has paid in the course of the transaction. Similarly, the
amount the protection seller pays in the event of a credit event may exceed the total amount of premiums that he/she has received in the
transaction. All other conditions being equal, the amount of premiums that the protection buyer pays and that received by the protection seller
shall differ. In principle, CDS transactions will be limited to financial instruments business operators and qualified institutional investors.
Transfers of equities to another securities company via the Japan Securities Depository Center are subject to a transfer fee of up to ¥11,000
(tax included) per issue transferred depending on volume. No account fee will be charged for marketable securities or monies deposited.

Nomura Securities Co., Ltd.

Financial instruments firm registered with the Kanto Local Finance Bureau (registration No. 142)
Member associations: Japan Securities Dealers Association; Investment Management Association of Japan; The Financial Futures Association
of Japan; Type Il Financial Instruments Firms Association; and Japan Security Token Offering Association.

The Nomura Group manages conflicts with respect to the production of research through its compliance policies and procedures (including, but
not limited to, Conflicts of Interest, Chinese Wall and Confidentiality policies) as well as through the maintenance of Chinese Walls and
employee training.

Additional information regarding the methodologies or models used in the production of any investment recommendations contained
within this document is available upon request by contacting the Research Analysts of Nomura listed on the front page. Disclosures
information is available upon request and disclosure information is available at the Nomura Disclosure web page:

http://go.nomuranow.com/research/m/Disclosures
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