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Professor Takamaro Kikkawa, team leader, Research Institute for Nanodevice and Bio Systems,
Hiroshima University, Japan and his group together with Mr. Jun-ichi Somei, sub-leader, Sharp Corporation,
Japan and his group developed a measurement system of complex permittivity distribution for breast cancer
detection. Professor Morihito Okada, Research Institute for Radiation Biology and Medicine, Hiroshima
University, Japan and his group confirmed the detectability of malignant breast tumors in the clinical test.

The 65 nm technology silicon complementary-metal-oxide-semiconductor (CMOS) integrated circuits
for breast cancer detection were developed such as switching matrix (single-pole eight throw), transmitter
and receiver (Gaussian monocycle pulse (GMP) pulse width 100-200 ps) and equivalent time sampling
(100G sample/sec) as well as antenna arrays (4x4=16). The target performances of all developed modules
were achieved. These modules were implemented in the systems such as Prototype-I (450mm x 300mm x
121mm), which is a proof of concept and manual operation, Prototype- II (95mm x 225mm x 285mm),
which is fabricated with high-performance FPGA and enables automatic measurement by a software, and
Prototype-III, which makes possible high precision, automatic and short-time measurement. Fig.1 shows
photographs of Prototype-I and Prototype-II. A portable system of Prototype-III with the size of 188mm

x177mm x 191mm and the weight of 2kg was realized.
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Fig. 1. Pro\tdtypes for breast cancer detection. )
(a) Prototype-L (b) Prototype-IL. cancer phantom in a breast phantom.

Examination for breast cancer detection was performed by the use of a Prototype-III. Fig. 2 shows a
confocal image of a breast cancer phantom (bacon) in a breast phantom (silicone). It is confirmed that a
cancer phantom target with the size of Smm was detected in the homogeneous medium. It is also confirmed
that a malignant tumor tissue could be detected in an inhomogeneous breast tissue including the normal

gland tissues in a total mastectomy sample at Hiroshima University Hospital.



L RFEDOINH~DFEE

(1) =58 - HEREF BT omx—% (EWNEE 2 . EESES 12 1)
1. T. Sugitani, S. Kubota, A. Toya, X. Xiao, T. Kikkawa, “A Compact 4 4 Planar UWB Antenna Array for 3-D

2.

10.

11.

12.

13.

14.

Breast Cancer Detection”, Antennas and Wireless Propagation Letters, IEEE, 12, 2013, 733 — 736.

T. Sugitani, S. Kubota, A. Toya, X. Xiao, T. Kikkawa, “Three-dimensional confocal imaging for breast cancer
detection using CMOS Gaussian monocycle pulse transmitter and 4 x 4 ultra wideband antenna array with
impedance matching layer,” Japanese Journal of Applied Physics 53 (2014) 04EL03 (9 pages).

L. Xua, X. Xiao, T. Kikkawa, “Ultra-wide band microwave image reconstruction for early breast cancer detection
by norm constrained capon beamforming,” Mathematical and Computer Modelling 58 (2013) 403—408.

L. Xu, X. Xiao, and_T. Kikkawa, “Improved beamforming algorithm for imaging reconstruction for early breast
cancer detectionby UWB,” Journal of Circuits, Systems and Computers, 22, 10, 2013, 1340027 [11 pages].

S. Kubota, A. Toya, T. Sugitani, T. Kikkawa, “5-Gb/s and 10-GHz Center-frequency Gaussian monocycle pulse
transmission using 65-nm logic CMOS with on-chip dipole antenna and high-k interposer," IEEE Trans. Comp.
Package and Manufact. Technol., vol. 4, 2014, pp.1193-1200.

T. Sugitani, S. Kubota, A. Toya, X. Xiao, T. Kikkawa, “Three-dimensional confocal imaging for breast cancer
detection using CMOS Gaussian monocycle pulse transmitter and 4 x 4 ultra-wideband antenna array with
impedance matching layer,” Japanese Journal of Applied Physics 53 (2014) 04ELO03 (9 pages)

T. Sugitani, S. Kubota, S. Kuroki, K. Sogo, K. Arihiro, M. Okada,T. Kadoya, M. Hide, M. Oda, and T. Kikkawa,
“Complex permittivities of breast tumor tissues obtained from tumor surgeries,” Applied Physics Letters 104,
2014, 253702-1-5.

Q. Li, X. Xiao, L. Wang, H. Song, H. Kono, P. Liu, H. Lu, and T. Kikkawa, “Direct Extraction of Tumor
Response Based on Ensemble Empirical Mode Decomposition for Image Reconstruction of Early Breast
Cancer Detection by UWB,” IEEE Transactions on Biomedical Circuits and Systems, 9, 5, 2015, 710 — 724.

H. Song, H. Kono, Y. Seo, A. Azhari, J. Somei, E. Suematsu, Y. Watarai, T. Ota, H. Watanabe, Y. Hiramatsu, A.
Toya, X. Xiao and T. Kikkawa, “A Radar-Based Breast Cancer Detection System Using CMOS Integrated
Circuits,” IEEE Access, 3, 2015, 2111 —2121.

D. Zhao, Y. Wang, H. Wu, T. Kikkawa, “I (Re)2-WiNoC: Exploring scalable wireless on-chip micronetworks for
heterogeneous embedded many-core SoCs,” Digital Communications and Networks, 1, 1, 2015, 45-56.
VR —, SN, TR BB, 2R NARNERRZIMTH 7 o 7 %G D 72 O B K OB D
RETV T “Electromagnetic Modeling of Skin and Fat for Design of Body Diagnostic Antennas,” 5
TEHIm(E 25 3GE C VolJ98-C, 12,2015, 456-458.

B —, Jll/\F“ JRJNZRE, ZERE ., < N4 f“ﬁ“%ﬁﬂiﬁ 3w F7 27 ), “Wideband
pentagonal patch antenna for body diagnosis™#1-F HE{E F=im a8 C - VolJ99-C, 8, 2015, 365-372.

L. Wang, X. Xiao, T. Kikkawa, “MRI-aided tissues interface characterization: An accurate signal propagation
time calculation method for UWB breast tumor imaging, Applied Surface Science, 388, 2016, 24-34.

X. Xiao, H. Qi, X. Sui, T. Kikkawa,”Evaluation and criterion determination of the low-k thin film adhesion by
the surface acoustic waves with cohesive zone model,” Applied Surface Science, 399, 2017, 599-607.




(2) %2 VURVYLEICRBITDHE - RAX —FEK

1. T. Kikkawa, T. Sugitani, “Planar UWB antenna array for breast cancer detection”, Published in: 2013 7th
European Conference on Antennas and Propagation (EuCAP), Date of Conference, 8-12 April 2013,
Conference Location : Gothenburg, Page(s):339 - 343 (5d) (E4h)

2. T. Sugitani, S. Kubota, M. Hafiz, A. Toya, T. Kikkawa, “A breast cancer detection system using 198 ps Gaussian
monocycle pulse CMOS transmitter and UWB antenna array”, Published in:, Proceedings of 2013 URSI
International Symposium on Electromagnetic Theory (EMTS), 20-24 May, 2013, Conference
Location :Hiroshima, Japan , Page(s):372 — 375 (188) ([EM)

3. T. Sugitani, S. Kubota, X. Xiao and T. Kikkawa, "Improvement of Spatial Resolution of Breast Cancer
Detection Using 4x4 UWB Antenna Array with Impedance Matching Layer", Proc. of 2013 International
Conference on Solid State Devices and Materials, G-1-2, Fukuoka, September 24-27, 2013 (H88) (EW)

4. K. Hashimoto, T.Sugitani, S. Kubota and T.Kikkawa,"On-Chip Folded Dipole Antennas for Inter-Chip UWB
Signal Transmission " Proc. of 2013 International Conference on Solid State Devices and Materials, PS-2-9,
Fukuoka, September 24-27, 2013 ([188) ([EN)

5. A. Azhari, K. Sogo, M. Wang, A. Toya and T. Kikkawa, “A 0-27 GHz -30 dB Isolation Tx/Rx Single Pole
Double Throw (SPDT) Switch for Gaussian Monocycle Pulse Transmission ”, Ext. Abstract of the 2013
International Conference on Solid State Devices and Materials (SSDM 2013), pp. 882-883, Fukuoka, Japan,
Sept. 24-27,2013.  (118A) (HWN)

6. K.Sogo, A.Toya, _T.Kikkawa,”A ring-VCO-based sub-sampling PLL. CMOS circuit with 0.73 ps jitter and
20.4 mW power consumption, ”” Design Automation Conference (ASP-DAC), 2013 18th Asia and South Pacific,
2013, Pages: 101 —102. (HEH) (EWN)

7. 1. E. Lager, A. T. de Hoop, T. Kikkawa, “Model pulses in the TD design of UWB wireless signal transfer
systems," in 2014 8th European Conference on Antennas and Propagation (EuCAP), April 6-11, 2014, The
Hargue, The Netherlands, Page(s) 3703-3707. (H8H) (E4h)

8. T. Sugitani, S. Kubota, X. Xiao, H. Kono, T. Kikkawa, “Resolution of confocal imaging using 4x4 planar
antenna array," in 2014 8th European Conference on Antennas and Propagation (EuCAP), April 6-11, 2014,
The Hargue, The Netherlands, , Page(s) 2072-2075.  (18H) ([#E4h)

9. T. Sugitani, K. Hashimoto, Y. Seo, H. Kono and T. Kikkawa,”Time Domain Reflectometry Using IR-UWB
CMOS Integrated Circuits for Breast Cancer Detection,” Proc. 2014 IEEE International Conference on Ultra-
wideband, 1-3 Sept. 2014, Paris, France, S11.2 ([58) (E4)

10. A. Azhari, S. Takumi, S. Kenta, T. Kikkawa, and X. Xiao, “A 17 GHz Bandwidth 1.2 mW CMOS Switching
Matrix for UWB Breast Cancer Imaging,” Proc. IEEE Biomedical Circuits and Systems Conference, 22-24 Oct.
2014, Lausanne, Switzerland. (F8H) ([E4h)

11. Y. Seo, K. Sogo, A. Toya, T. Sugitani, A. Azhari, T. Kikkawa, X. Xiao, “CMOS Equivalent Time Sampling of
Gaussian Monocycle Pulse for Confocal Imaging,” Proc. IEEE Biomedical Circuits and Systems Conference,
22-24 Oct. 2014, Lausanne, Switzerland. (F188) ([E4})

12. Q. Li, X. Xiao, H. Song, L. Wang, and T. Kikkawa, “Tumor Response Extraction Based on Ensemble Empirical
Mode Decomposition for Early Breast Cancer Detection by UWB,” Proc. IEEE Biomedical Circuits and
Systems Conference, 22-24 Oct. 2014, Lausanne, Switzerland. ([88) ([E4})

13. H. Song, X. Xiao, L. Wang, Q. Li and T. Kikkawa, “Finite-difference time-domain modeling of early breast
cancer detection with UWB antenna array,” Proc. International Conference on Solid-State and Integrated-Circuit
Technology, ICSICT2014, Oct. 28-31, 2014, Guilin, China, pp.1329-1331. (18H) ([E4h)

14. A. Azhari, S. Takumi, S. Kenta and T. Kikkawa, A CMOS 65 nm DC-17 GHz single pole eight throw switch for
8 GHz radar impulse communication, 2014 Asia-Pacific Microwave Conference (APMC), 4-7 Nov. 2014, Sendai,
Japan, Page(s):1345 — 1347.  (188H) (EWN)

15. T. Kikkawa, A. Toya and X. Xiao, “CMOS Equivalent time sampling circuit for breast cancer detection,” Proc.
International Conference on Solid-State and Integrated-Circuit Technology, ICSICT2014, Oct. 28-31, 2014,
Guilin, China, pp.909-912. (H¥H) (E4})

16. H. Kono, T. Sugitani, X. Xiao, K. Aritome, R. Miyake, and T. Kikkawa, “Confocal Imaging of Breast Tumor
Phantom Using 3-D-Printed Breast Phantom,” 2015 IEEE International Symposium on Antennas and
Propagation & USNC/URSI National Radio Science Meeting, 19-24 July 2015, , Vancouver, BC, Canada,
Page(s):530 — 531. (M §A) ([E4h)

17. H. Song, X. Xiao, Z. Wang, T. Kikkawa, “UWB microwave breast cancer detection with MRI-derived 3-D
realistic numerical breast model,” 2015 IEEE International Symposium on Antennas and Propagation &
USNC/URSI National Radio Science Meeting, 19-24 July 2015, Page(s):544 - 545 , Vancouver, BC.  (I18H)

()



18.

19.

20.

21.

22.

23.

24.

25.

T. Sugitani, K. Arihiro, T. Kikkawa, “Comparative study on dielectric constants and conductivities of invasive
ductal carcinoma tissues,” 2015 37th Annual International Conference of the IEEE Engineering in Medicine and
Biology Society (EMBC) 2015 Pages: 4387 - 4390, 25-29Aug, 2015, Milano, Italy, DOLI:
10.1109/EMBC.2015.7319367 (H8H) ([E4h)

T. Kikkawa, A. Azhari, K. Hashimoto, Y. Seo, H. Kohno, M. Wang, X. Xiao, A. Toya, Y. Masui, J. Somei,
E. Suematsu, Y. Watarai, H. Watanabe, T. Ohta, “Digital confocal imaging of breast cancer using UWB-CMOS
integrated circuits,” 2015 9th European Conference on Antennas and Propagation (EuCAP),12-17 April, Lisbon,
Poltugal 2015 Pages: 1 —4 ([188) ([E4h)

H. Song, H. Kohno, X. Xiao and T. Kikkawa, “Propagation of Gaussian Monocycle Pulses in Breast Phantoms
with Slot Antenna Arrays,” Proc. 10th European Concerence on Antennas and Propagation, p.129, Davos,
Switzerland, 10-15 April, 2016, (H88) ([E)

T. Kikkawa, “A radar-based breast cancer detection system using CMOS integrated circuits,” in Proc. Ireland-
Japan Biomaterials & Tissue Engineering Meeting Galway, Ireland June 22-23,2016. (F88) (E4b)

H. Song, Y. Seo, H. Sato, T. Uruma, and T. Kikkawa,” Breast cancer imaging with a dome antenna array using a
radar-based Ultra-wideband CMOS detection system,” in Extended Abstract International Solid-State Devices
and Materials, H-4-03, Tsukuba, Japan, Sept. 26-29, 2016. (F18H) (EMN)

H. Song, H. Kono, Y. Seo, A. Azhari, X. Xiao, and T. Kikkawa, “Confocal imaging by turning antennas with
CMOS integrated circuits for breast cancer detection,” in Proc. International Symposium on Antenna and
Propagation, Okinawa, Japan, Oct. 24-28,2016. ([158) (EMN)

H. Song, S. Kubota, X. Xiao and T. Kikkawa,” Design of UWB Antennas for Breast Cancer Detection,” in
Proc. International Conference on Electromagnetics in Advanced Applications (ICEAA), No. 140, p.321, Session
38, Sept. 22, 2016, Cairns, Australia. (15H) (E4})

H. Song, H. Sato, X. Xiao, T. Kikkawa, "A Portable Breast Cancer Imaging System with Cross-shaped Dome
Antenna Array," Proc. EuCAP, p. 3486, Paris, France, 19-24 March, 2017.  ([188) ([#4})

(3) TERE DR - Hftrrfahtts) (S92 B0 e

1. FEKRKEZ2HWEADRALOBREHSZE A0 EMmER S, FJ)IAE . http//shochou-
kaigi.org/interview/interview 34/ . 2017/04/19. EWN

(4) FFFFHRR

HIFEZE 5« FFE 2014-216491
5« %7l 2015-063703
a5« HFlE 2015-213406
HEZ 7 FFFE 2015-251026
HIFEZE 5 FFlE 2016-107783
5« H7lE 2016-174770
A5« H7lE 2016-184410



