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Abstract
We have developed a new mammography system “AMULET Innovality” in which high image quality is achieved by a
newly developed TFT panel with hexagonal close pattern structure. AMULET Innovality comes with dual tomosynthesis
mammography modes for increased usability, to meet the various needs of different users. This report reviews the features of
AMULET Innovality.

1. Introduction

In recent years, new technologies, such as digital breast
tomosynthesis (DBT), have been introduced into the ﬁeld
of medical diagnosis and their use has been increasing at
actual clinical sites.
Tomosynthesis is a technology to generate a tomographic image from multiple images taken so it can be
utilized in diagnosis (Fig. 1). In addition to the creation
of images at a high resolution, which has already been
achieved in conventional mammography, tomosynthesis
requires imaging at a lower radiation dose because examinees need to undergo mammography several times
to make one tomographic image. To respond to those requirements, FUJIFILM developed a panel to achieve high

image resolution and low radiation exposure for our new
product, AMULET Innovality (Fig. 2).
AMULET Innovality provides two tomosynthesis
mammography modes that are selectable depending on
the purpose; imaging technology to achieve, with the lowradiation W anode, the same high-level of resolution as
is possible with the Mo anode; and the intelligent auto
exposure control function (i-AEC) to optimize the quality
of images of the mammary gland region, regardless of the
condition of the subjects such as having implants. The system was thus developed based on the consideration of its
usability for patients, doctors and technicians.
This paper describes the main features of AMULET
Innovality.
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Fig. 1 Tomosynthesis Mammography.
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Fig. 2 AMULET Innovality.
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2. Main Features

2.1 HCP-structured TFT panel that achieves high
resolution and low radiation exposure
We developed a panel that achieves high resolution and low
radiation exposure by making design improvements to conventional TFTs.
The conventional design of TFTs incorporates spaces between
neighboring picture elements (i.e., pixels) for the laying of signal wires and address wires. However, because those gaps do not
have electrodes, the electrical field intensity is naturally weak
there, which reduces the collection efficiency of signal charge
generated from X-rays.
We then focused on the fact that, at the corners of square pixels
constituting conventional TFTs, the electrical field is greatly disturbed and thus the collection efficiency of signal charge decreases significantly. Therefore, we introduced the hexagonal close
pattern (HCP) structure into TFTs. With no sharp angles, hexagonal pixels can be arranged leaving no gaps, which suppresses the
disturbance of the electrical field intensity at their corners. Consequently, we succeeded in increasing the sensitivity by about 20%
compared with conventional TFTs using square pixels.
Fig. 3 illustrates the difference between the HCP structure of
AMULET Innovality and the conventional structure consisting
of square pixels and Fig. 4 shows their electrical field intensity
dependent on the structural difference.
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Fig. 3 Pixel form of HCP structure (left) and square pixels (right).

2.2 Two purpose-specific tomosynthesis mammography modes
In tomosynthesis, several breast images are taken from different angles to generate, via reconstruction, a tomographic image of the inside of the breast and the wider the imaging angle,
the higher the depth resolution of the image becomes. Having
directed our attention to that characteristic, we incorporated two
different tomosynthesis mammography modes, i.e., ST mode and

Fig. 5 Conceptual diagram of difference in reconstructed images
due to different exposure modes.

In general, images taken with the Mo anode represent stronger
contrast than with the W anode, which allows physicians to make
diagnoses more easily.
X-rays generated from the Mo anode have a low energy distribution; therefore, they are easily absorbed in the breast. That
enables high-contrast imaging. However, it also means that, with
the Mo anode, the radiation dose is definitely larger than with the
W anode.
We therefore addressed the difference in energy distribution
between the two types of anodes and analyzed their radiation
quality physically. As a result, we came to develop a radiation
quality-correcting technology to create the same high quality of
images with the low-radiation W anode as is possible with the Mo
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2.3 Radiation quality correction that achieves the
same quality of images with the W anode as with
the Mo anode
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ST mode achieves imaging as quickly as just four seconds by
narrowing the imaging angle. Also, the mode allows setting a low
dose of radiation with auto exposure control (AEC), benefiting
from the improvement of sensitivity gained via the introduction
of the HCP structure. Quick and low-radiation tomosynthesis
mammography is possible in this mode.
HR mode provides high depth resolution by widening the imaging angle. That enables observation focusing on the region of
interest.
Fig. 5 presents conceptual diagrams for ST mode and HR
mode, indicating the imaging angles and depth resolutions of
their reconstructed images, respectively.
Providing those two distinctive modes allows users to make
purpose-specific selection.
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Fig. 4 Distribution of electric field intensity on A, B and C surface in Fig. 3.

8

Development of Digital Mammography System “AMULET Innovality” for Examining Breast Cancer

anode: Image-based Spectrum Conversion (ISC).
Fig. 6 presents images taken, respectively, with the Mo anode
(left) and with the W anode incorporating ISC (right). The images
are of the same quality, while the radiation dose with the W anode
was reduced by about 14% compared with the Mo anode.

Fig. 7 shows the results of the identification of the mammary
gland region with i-AEC for multiple patients in different breast
states. Regardless of the difference in condition, the region was
localized precisely.
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Fig. 7 Calculation result of mammary gland region in i-AEC.
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Fig. 6 Comparison of images exposed with Mo anode and with
W anode & image processing.

2.4 i-AEC that achieves more precise radiation dose
We improved the conventional AEC function and incorporated
that intelligent version, i-AEC, into AMULET Innovality.
The conventional AEC uses multiple sensors to detect X-rays
that have passed through the subject. It calculates the required
dose based on the sensor that received the smallest quantity of Xrays through the subject during pre-irradiation, that is, the sensor
for the region where the glandular density is considered to be the
highest. On the other hand, i-AEC detects the mammary gland
region based on the morphological characteristics recognized
within the images taken during pre-irradiation. The latter method
has realized radiation dose control that optimizes the quality of
images of the mammary gland region, regardless of the state of
the breast, such as being fatty, with the scattered mammary gland
and having implants.
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3. Conclusion
This paper describes the main features of AMULET Innovality.
AMULET Innovality is not a mere mammography system
incorporating a tomosynthesis function. It is the system of high
total performance, excellent in both image quality and equipment
usability. We expect that the system will contribute to the further
development of diagnosis using mammography.

Trademarks
• “AMULET Innovality” is a registered trademark of FUJIFILM
Corporation.
• Any other company names, systems and product names referred to in this paper are generally respective trade names or
registered trademarks of other companies.
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