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SUMMARY

® Demand for reduced power consumption and higher efficiency in Al data centers is set to
transform the structure of logic semiconductors. Backside power delivery network (BSPDN)
technology, which places part of the interconnect on the backside of the wafer rather than only
on the front side as in conventional designs, is scheduled for introduction at major foundries
between 2026 and 2027.

® The miniaturization of semiconductor transistors has led to finer interconnect, but improvements
using conventional technologies are approaching their limits. BSPDN is expected to serve as a
breakthrough technology that overcomes the limits of interconnect scaling.

® The introduction of BSPDN adds new processes to the conventional front-end manufacturing flow.
This will create new growth opportunities for related companies in materials, manufacturing
equipment, software etc.

1. WHAT IS BACKSIDE POWER DELIVERY NETWORK (BSPDN) TECHNOLOGY FOR
LOGIC SEMICONDUCTORS?

Logic semiconductors perform computations as the “brain” of electronic devices in Al data centers (DCs),
smartphones, and other electronic equipment. Their sales in 2026 are forecast to grow 10% Y/Y to USD 300
billion.! BSPDN is a key technology poised to capture this growth, and competition in its development is
intensifying.

1-1. ENERGY EFFICIENCY AND HIGH-PERFORMANCE REQUIREMENTS IN Al DCS AND
LOGIC SEMICONDUCTOR CHALLENGES

Massive investment is being directed toward the development and construction of DCs as infrastructure for
generative Al. Logic semiconductors used for computation in these DCs (Figure 1) are required to deliver faster
processing as well as to reduce power consumption. Conventional logic semiconductors have achieved high
performance and low power consumption by miniaturizing semiconductor elements called transistors, which

1 BUSINESS WIRE website: “Al Drives Semiconductor Revenues Past $1 Trillion for the First Time in 2026



https://www.businesswire.com/news/home/20260115968050/en/AI-Drives-Semiconductor-Revenues-Past-%241-Trillion-for-the-First-Time-in-2026
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control the flow of electric current.? A roadmap?® for transistor miniaturization through 2039 has been shared
among semiconductor industry stakeholders.

Figure 1: Overview of semiconductors used to process data in Al data centers and the position of logic semiconductors
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Note 1: A single chiplet may contain multiple types of logic semiconductors or multiple HBM modules.

Note 2: HBM, DRAM, and NAND involve a trade-off between data transfer speed and storage capacity. Higher transfer speeds are required for components closer to logic
semiconductors. In all cases, there is a demand for further increases in data transfer speed and storage capacity, and reduced power consumption.

Note 3: The images show representative state-of-the-art devices as of April 2026. BSPDN is not adopted in Rubin logic semiconductors.

Source: Prepared by MGSSI

Photos are from ISSCC 2026 Forum 1.2: From VLS| through Algorithms: Optimizing the Computing Stack for Agentic Al (NVIDIA, Brucek
Khaliany lecture)

Samsung website https://semiconductor.samsung.com/news-events/tech-blog/introducing-samsungs-socammz2-new-lpddr-memory-module-
empowering-next-generation-ai-infrastructure/

KIOXIA website https://www.kioxia.com/ja-jp/business/news/2025/20250314-1.html

At the same time, the “power lines” that supply power to operate transistors and the “signal lines” that carry
output signals (Figure 2) have been made finer in line with transistor miniaturization. However, power loss and
signal degradation due to the electrical resistance of the metals used to form these circuits can no longer be
ignored. The scope for increasing circuit density through design innovation is also approaching its limits.

Figure 2: Conceptual diagram of power lines and signal lines in advanced logic semiconductors
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Note 1: The arrangement of transistors and intercannect layers reflects conventional logic semiconductors and differs from BSPDN. The thickness of each layer also does not represent
actual dimensions. In some cases, a buried power rail (BPR) is provided between the wafer and the transistor layer to electrically connect the power lines and the transistor layer.

Note 2: Section 2 is a representation of the section indicated by the light green dotted line in Section 1 to illusirate signal lines. It does not accurately represent the actual wiring cross-
section.

Source: Compiled by MGSSI

Example of a transistor (transmission electron microscope image of Gate-All-Around): imec website https://www.imec-int.com/en/articles/outer-
wall-forksheet-bridge-nanosheet-and-cfet-device-architectures-logic-technology

2 For details, see Technologies to Watch in 2021, p. 12: EUV Lithography: Why do Semiconductors Aim for Miniaturization?
3 imec website Figure.1 The imec logic technology roadmap



https://www.mitsui.com/mgssi/ja/report/detail/__icsFiles/afieldfile/2021/01/28/2101report.pdf
https://www.imec-int.com/en/articles/introducing-2d-material-based-devices-logic-scaling-roadmap
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1-2. BACKSIDE POWER DELIVERY NETWORK (BSPDN) TECHNOLOGY TO EXTEND
SCALING LIMITS

BSPDN originated in 2019, when a joint research team from Arm Research (US), imec (Belgium), and the
University of Texas at Austin (US) demonstrated* that forming power rail wiring on the backside of a wafer can
reduce power loss. This approach reduces power loss and signal degradation while also increasing design
flexibility by shortening the wiring for both power rails and signal interconnects, and by forming them on different
surfaces.

BSPDN introduces a new process into the front-end part of semiconductor manufacturing.> Conventionally,
after forming transistors in the Front End of Line (FEOL) process, both power lines and signal lines are formed
in the Back End of Line (BEOL) wiring process. With BSPDN, after forming the signal lines, the wafer is flipped,
and the power lines are formed on the backside (Figure 3).

Figure 3: Conventional interconnect layers and BSPDN interconnect layers
<BSPDN>

Processing at micrometer <Conventional interconnect layers>

formed in mid- to back-
end processes depending
on chip application

Second half of the front-
end process

Both power lines and
signal lines are formed in
the Back End of Line
(BEOL) process. Multiple
layers with different levels
of precision are stacked
to connect nanometer-
scale circuits with
micrometer-scale circuits

(FEOL) process requires
fabrication at nanometer-
scale precision

Source: Prepared by MGSSI
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Transistors are fabricated at an atomic scale on the order of nanometers (nm), corresponding to roughly ten
hydrogen atoms in size.® Both power lines and signal lines ultimately connect to circuits on circuit boards
formed with millimeter-scale line widths. As a result, in FEOL, multilayer interconnect structures are required to
connect wiring formed with line widths of several tens of nanometers to wiring at the micrometer scale’—more
than 1,000 times larger—by gradually stepping up the line width across many layers. Similarly, in the back-end
process, multilayer interconnects are again required to connect micrometer-scale circuits to millimeter-scale
circuits.

4 2019 IEEE International Electron Devices Meeting (IEDM), Buried Power Rails and Back-side Power Grids: Arm CPU Power

Delivery Network Design Beyond 5Snm

SFor an overview of semiconductor manufacturing processes, see “Illustrated Guide to Semiconductor Manufacturing Processes
Detailed Version]” on the SEMI website (in Japanese). Within the front-end process, FEOL refers to the processes from forming the

transistor gate region to forming contact holes, while BEOL refers to the processes for forming transistor electrodes and interconnects.
% The orbital radius of the electron in a hydrogen atom, which consists of one proton and one electron, is approximately 0.1 nm. This
is taken as the size of a single atom.

7 Examples of objects at the micrometer scale include bacteria and PM2.5 (particles with a diameter of 2.5 micrometers or less).



https://ieeexplore.ieee.org/document/8993617
https://ieeexplore.ieee.org/document/8993617
https://www.semijapanwfd.org/know-industry/manufacturing_process/
https://www.semijapanwfd.org/know-industry/manufacturing_process/
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2. CHANGES IN THE VALUE CHAIN RESULTING FROM THE INTRODUCTION OF BSPDN

As described in the previous section, BSPDN adds a new process in which the wafer is flipped and processed.
This section explains the resulting changes in the value chain.
2-1. CHANGES IN THE MANUFACTURING PROCESS RESULTING FROM BSPDN
ADOPTION
The introduction of BSPDN will change all design, manufacturing, and inspection processes from the BEOL

stage onward. Among these, processes with high novelty and technical difficulty are shown in the red box in
Figure 4. Figures 5 and 6 provide more detailed diagrams of these processes.

Figure 4: Conventional manufacturing process and manufacturing process with BSPDN
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Source: Prepared by MGSSI

Figure 5: Detailed example of BSPDN wafer flipping and processing flow

Wafer
Transistor layer

Support wafer

Transistor layer Transistor layer

Transistor layer
| 1 1

Transistor layer
Wafer

Support wafer Support wafer Support wafer Support wafer

Filling TSVs with
conductive metal

Formation of

Support wafer W afer flipping Wafer polishing through-siliconvias
bonding (TSVs)

afer flipping and processing

Note 1: The thickness of each layer does not represent actual dimensions.
Note 2: Only one TSV is shown for simplicity, but in practice, a large number of TSVs are formed across the wafer.

Source: Prepared by MGSSI



Mitsui & Co. Global Strategic Studies Institute Monthly Report April 2026

After forming the transistor layer and signal interconnects on the front surface, the wafer becomes structurally
asymmetric. To prevent warping during subsequent flipping and processing steps, a support wafer is attached
on top of the signal layer. To connect the transistor layer with the power line formed on the backside, it is
necessary to create fine holes (vias) in the wafer. However, the deeper the vias, the more difficult it becomes
to form them with high precision. Therefore, the wafer is polished in advance to make it as thin as possible
before forming the vias. Vias are then created in the wafer, which has been thinned to a thickness of 10
micrometers or less, and metal is formed within them to act as a conductor for electrons.

Figure 6: Detailed example of BSPDN backside power rail formation and connection to circuit boards
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Source: Prepared by MGSSI

In the power line formation process, manufacturing equipment must achieve high positioning accuracy to
connect transistors on the wafer surface to wiring on the backside without misalignment, while wiring materials
must meet stringent performance and quality control requirements to form fine patterns. In addition, foundries
handling the front-end process seek to minimize any increase in manufacturing costs when introducing new
processes. It is therefore important that the technologies involved not only meet the required performance
standards but also contribute to higher wafer throughput and lower energy consumption.

2-2. BSPDN ADOPTION PLANS OF MAJOR LOGIC SEMICONDUCTOR FOUNDRIES

In 2023, Intel (US) announced that it had successfully developed its proprietary BSPDN technology, “PowerVia,”
and demonstrated a working prototype. This technology forms millions of nano TSVs (Through-Silicon Via) with
diameters of 100 nm—500 nm per wafer, creating a structure that connects the power rails formed above and
below the transistors.® The technology was first adopted in Intel’s processors in the Intel Core Ultra Series 3,
officially announced at CES 2026 on January 5, 2026. There are also reports that Intel is expected to be
contracted to produce dies responsible for non-compute functions of NVIDIA's Feynman GPU?, scheduled for

release in 2028.1°

TSMC (Taiwan) has named its BSPDN technology “Super Power Rail” and is expected to adopt it in its A16

8 Intel website, Intel® 18A: See Our Biggest Process Innovation

® This GPU is built using chiplet technology, in which multiple dies are interconnected at high speed. A die is an integrated circuit
formed on a wafer for a specific function. For a detailed explanation of chiplets, see Biz Tech Focus 2025: Chiplets.

10 WCCF TECH, NVIDIA Looks to Intel’s 18 A/14A Process and EMIB Packaging for Next-Gen Feynman Al Chips, Signaling a
Major Foundry Shift Beyond TSMC (released on January 28, 2026)



https://www.intel.co.jp/content/www/jp/ja/foundry/process/18a.html
https://www.mitsui.com/mgssi/ja/report/detail/__icsFiles/afieldfile/2025/02/07/2501btf_ogawa_ishiguro.pdf

process for high-performance computing, with production scheduled to begin in 2026. As NVIDIA has secured
priority access to this technology'!, it is likely to be applied to the compute die of the Feynman GPU. Unlike
PowerVia, this approach directly connects power rails to the backside of the transistors, resulting in a more
compact wiring structure.'?

Samsung Foundry (South Korea) released its roadmap in 2024 and announced that it would apply BSPDN
technology to “SF2Z”, a derivative of its 2 nm process scheduled for mass production in 2027.'> However, as
of the end of 2024, delays in improving yields for the previous-generation process'* are expected to push back
this schedule.

2-3. NOTEWORTHY NEW NEEDS

Figure 7 shows the key technologies newly required for the realization of BSPDN, categorized into materials,
manufacturing equipment, and design tools.

For materials manufacturers, there are new opportunities to enter the market for support wafers and their
bonding, CMP slurry for wafer polishing, nano-TSV formation, and various materials used to form backside
power lines.

Equipment manufacturers have opportunities to expand their business in tools used for support wafer
attachment and detachment, wafer handling, TSV formation, and backside wiring formation.

Semiconductor design tool development is being driven primarily through collaboration between foundries and
major Electronic Design Automation (EDA) vendors'>. There are opportunities for new entrants in areas such
as the development of simulators compatible with EDA tools'® provided by major vendors that further improve
BSPDN design efficiency, and software that facilitates smooth data sharing with back-end and downstream
design processes.

I TECHINASIA, Nvidia gets exclusive access to TSMC’s A16 chip process (released on October 30, 2025)

12 SEMICONDUCTOR ENGINEERING, TSMC Uncorks A16 With Super Power Rail (released on April 25, 2024)

13 Samsung website, Samsung Showcases Al-Era Vision and Latest Foundry Technologies at SFF 2024 (released on June 13, 2024)
14 TECH POWER UP, Samsung Foundry in Trouble, Might Cancel 1.4 nm Node High-Volume Manufacturing (released on March

14, 2025)

15 “Major EDA vendors” refers to three companies: Synopsys (US), Cadence Design Systems (US), and Siemens EDA (Germany).

16 EDA tools are a suite of software used to design large-scale and complex electronic circuits with high speed and quality. The

market for EDA tools for semiconductor front-end processes is dominated by the major EDA vendors. In contrast, back-end and
downstream EDA tools are developed in-house or sold commercially by a wide range of companies for various applications.


https://www.techinasia.com/news/nvidia-exclusive-access-tsmcs-a16-chip-process
https://semiengineering.com/tsmc-uncorks-a16-with-super-power-rail/
https://semiconductor.samsung.com/news-events/news/samsung-showcases-ai-era-vision-and-latest-foundry-technologies-at-sff-2024/
https://www.techpowerup.com/334125/samsung-foundry-in-trouble-might-cancel-1-4-nm-node-high-volume-manufacturing
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Figure 7: Process- and domain-specific needs arising from BSPDN adoption
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* The diameter of TSVsin BSPDN is said to be in the order of several nanometers to several tens of nanometers. Accordingly, EUV photoresists capable of ensuring the precision required to form such vias are expectedto

be used.

** Source: SEMICONDUCTOR ENGINEERING (https://semisngineering. com/whats-next-for-tsvs/)

Note: The needs listed here are those considered to have relatively high likelihood and do not cover all possible needs. Itis important to note that given the current stage of BSPDN development, there remains scope to
propose solutions that have not yet been anticipated, which may in turn eliminate some of the needs listed.

Source: Prepared by MGSSI (illustration created using Copilot)

3. SUMMARY

BSPDN is regarded as a key technology for further advancing the high-speed, high-capacity, and low-power
consumption required by Al data centers. New business opportunities are emerging for many companies
involved in or seeking to enter the semiconductor industry, including those involved with manufacturing
equipment, materials, and design tools.

When assessing business opportunities, companies should ground their analysis in their core technologies and
the manufacturing processes in which they are applied. At the same time, they need to take a broad view of the
semiconductor performance required by foundries and their customers, as well as the overall structure that
enables such performance. On this basis, it is critical to understand what are the assumptions and target states
foundries and their customers have as profound as possible.

That said, the development and manufacturing of advanced semiconductors, led by logic semiconductors, have
not progressed solely under specifications defined by foundries and their customers. Instead, innovation has
continued to evolve as players from other industries and numerous players in the entire semiconductor value
chain envision solutions to the challenges faced by people and society, as well as future possibilities enabled
by semiconductors. This evolution has been driven sometimes through coordination and sometimes through
competition. In recent years, the primary application of logic semiconductors has shifted from smartphones to
Al data centers. In addition to energy consumption as infrastructure, there is growing pressure to address
environmental impacts, including the use of water and hazardous chemicals, although these issues are not
covered in this report.

Therefore, players seeking to capture these new business opportunities will need not only to possess advanced
design and manufacturing capabilities that can meet the stringent quality standards unique to the semiconductor
industry, but also the creativity to propose world-first solutions that achieve both high performance and low
environmental impact.
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