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Market Trend and Development Background

In recent years, the growing sophistication of smartphones and other devices is increasing the
need for compact, low-profile capacitors that support high-density mounting. Silicon capacitors in
particular using thin-film semiconductor technology can provide higher capacitances in thinner
form factors than existing multilayer ceramic capacitors (MLCCs). What’s more, advantages such
as superior temperature characteristics and resistance to capacitance changes (even in high
temperature environments) are expected to drive demand in the future. In response, ROHM
developed the BTD1RVFL of compact, high performance silicon capacitors that leverage original
semiconductor processing technology cultivated over many years. (Photo 1)
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Photo 1. BTD1RVFL Silicon Capacitor (comparison with 0.5mm mechanical pencil lead)

Silicon Capacitors
Capacitors are devices that store electric charge in an insulating material called a dielectric
sandwiched between electrodes. Silicon capacitors use silicon oxide or nitride as the dielectric.

(Fig. 1)
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Figure 1. Capacitor Structure

The capacitance is proportional to the surface area of the electrode/dielectric. Silicon dielectrics,
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which are easy to process and form into thick layers, allow for an increase in the surface area of
the dielectric per unit substrate area by forming trench structures within the device. This makes it
possible to achieve both greater miniaturization and increased capacitance. Other advantages
over MLCCs include superior high-frequency and temperature characteristics.

Features of ROHM'’s First Silicon Capacitors (BTD1RVFL)

ROHM'’s newest capacitors, which have achieved the industry’s smallest size for surface-mount
mass produced products, are offered in the 01005-size (0.016inch x 0.008inch) / 0402-size
(0.4mm X 0.2mm) (ROHM May 22, 2024 study). Mounting area is reduced by approximately
55% compared to the general 0201-size (0.024inch x 0.012inch) / 0603-size (0.6mm X
0.3mm). (Fig. 2)
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Figure 2. Comparison of Package Size and Mounting Strength

RASMID™ (ROHM Advanced Smart Micro Device) is ROHM’s proprietary microfabrication
technology that enables processing at the submicron level to form the exterior. This eliminates
chipping at the edges of the package, improving dimensional tolerance to within £10um - 50%
smaller than standard products. Reducing variations in product size makes it possible to narrow
the distance between components when mounting on the substrate.

Improved package dimensional accuracy has also succeeded in designing the edge of the
backside electrode (which serves as the bonding surface with the substrate) closer to the device
periphery. This translates to a total area of the backside electrode of approximately 0.032mm?,
which accounts for approx. 40% of the device’s bottom area, resulting in a mounting strength of
around 2.6N (about 8% higher than that of general-purpose 0201-size / 0603-size products).

In addition, a TVS diode is built in for high ESD resistance that not only contributes to reducing
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the number of circuit design processes, such as for surge countermeasures, but also eliminates
the need for an external TVS diode.

The synergistic effects of high-density mounting resulting from device miniaturization and high
dimensional precision, along with the integrated TVS diode, allow designers to reduce board
space for communication and other circuits. (Fig. 3)
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Figure 3. Comparison of Mounting Area in a Communication Circuit

Mass production of two silicon capacitors, the BTD1RVFL102 with 1,000pF capacitance and the
BTD1RVFL471 with 470pF capacitance, began in August 2023 at a monthly rate of 500,000 units.
In the future, ROHM plans on expanding the lineup to seven models by developing five more
products in different capacitances.

Future Developments

The products are offered in a compact, low-profile package suitable for smartphones and
wearable devices where the housing and internal components are becoming smaller and thinner.
They also contribute to decreasing the size of applications such as small IoT devices and optical
transceivers when used as a decoupling capacitor.

And as increased demand is anticipated for compact, low-profile components in high-frequency
applications like smartphones and wearables driven by the ongoing advancement and enhanced
functionality communication standards, ROHM is actively developing high-frequency models with
the goal of shipping samples by September 2024. ROHM pursues specifications compatible with
ultra-thin devices (i.e. smart cards, RFID tags) as well as ultra-high-speed, large capacity
transmission equipment such as optical transceivers, with hopes to expand the application scope
beyond decoupling capacitors to include use in high-frequency circuits.

At the same time, with trends such as the continuing electrification of vehicles, expanding wireless
3
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communication coverage in maritime and aviation areas, and the increase in data centers, ROHM
plans on developing products that leverage the high reliability characteristic of silicon capacitors
to meet the growing demands in the automotive and industrial equipment sectors. However, the
requirements for automotive and industrial equipment applications differ greatly than those for
consumer devices not only in terms of reliability, but also withstand voltage, capacitance, size,
and structure, prompting ROHM to develop a product lineup that support these diverse needs.

(Fig. 4)
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Figure 4. Future Development Roadmap

Conclusion
To create a sustainable society and enrich people’s lives at the same time, it is necessary to
improve the performance of conventional devices backed by the advancement of communications
while introducing new services and applications that have never existed before. One high-
performance device expected to support this is the silicon capacitor that combines high
capacitance and excellent temperature characteristics in a compact, low-profile form factor. Going
forward, in addition to the evolution of applications through the development of high-performance
devices, ROHM will continue to work to expand the silicon capacitor market.

*RASMID™ is a trademark or registered trademark of ROHM Co., Ltd.

ROHIM

SEMICONDUCTOR




The information contained in this document is intended to introduce ROHM Group (hereafter referred to as ROHM) products. When using ROHM products, please verify the latest specifications or datasheets before R2043A
use.ROHM does not warrant that the information contained herein is error-free. ROHM shall not be in any way responsible or liable for any damages, expenses, or losses incurred by you or third parties resulting
from errors contained in this document. The information and data described in this document, including typical application circuits, are examples only and are not intended to guarantee to be free from infringement of
third parties intellectual property or other rights. ROHM does not grant any license, express or implied, to implement, use, or exploit any intellectual property or other rights owned or controlled by ROHM or any third
parties with respect to the information and data contained herein. When exporting ROHM products or technologies described in this document to other countries, you must abide by the procedures and provisions
stipulated in all applicable export laws and regulations, such as the Foreign Exchange and Foreign Trade Act and the US Export Administration Regulations, and follow the necessary procedures in accordance RO H m
with these provisions. No part of this document may be reprinted or reproduced in any form by any means without the prior written consent of ROHM. The information contained in this document is current as of SEMICONDUCTOR
June 2024 and is subject to change without notice.
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