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Since the silicon substrate has a low resistivitﬁ (10 Q cm), the radiation
efficiency is about 10% or less. In this research, we investigated a high-efficiency on-chip antenna
using the technology of ion irradiation of hydrogen or helium onto a silicon substrate and through
silicon vias. Radiation efficiencies of 50% and 52% were obtained by simulation in the 60 GHz band
on-chip antenna assuming bonding wire and flip-chip packaging, respectively. In preparation for the

actual chip prototype, we research the simulation technology in packaging technologies and
connection of each circuit in the chip to simulate the electromagnetic field required not only for
the on-chip antenna but also for the evaluation of the digital/analog mixed circuit.



5G (10T; Internet of Things)

VR(Virtual Reality),AR(Augmented Reality)

(10%
)
(TSV)
TSV
1
TSV
TSV
TSV NAND
TSV
CMOS IC
RF 1/0
EMC SI PI
10 Q cm( 10 S/m)
10% Q)]
(He) 1kQ cm
[2118]
[91 1, 2

60
_ 50 ib\‘
]
é 30 4
g 2
§ 10 4 10 Q cm

1 kQicm
0 T T
0.01 0.1 1 10 100

¥ 5 - an 0=0.25
tan 6=0.0025  Conduectivity (S/m) B 2

tan 0=0.025



'
[e¢]

Antennagain (dBi)
&R K6

R
(o]

1
N
o

—

//‘.

—e—cond1
—e—cond2
—a—w/oion

4%

(TSV)
200um

50 100

Distance (mm)

(condl, cond2

150

Port 1

Horn anten
(20 dBiy

On-chip antenna

CMOS chip

200

r

Stage (metal)

[15]
0
[
g
=59
3
kel
%10
S
B ---Bp.
&.15 1 oy
- & -Cd. (er=11.34) AN
é \I
—=— Cd. (e=119) v
-20 T T T T T T T T T
57 58 59 60 61 62 63 64 65 66 67
Freguency (GH2)
60GHz
[16] 4 TSV
1000umx 500um
50%
TSV 5% 10
TSV
[11] 5
52%

Port 2

GSG Probe

3

720um



GSG pad
T~y
52 250 um

15
250 irradiated S
200 um H 112 %3 irradiated Si s
500 um : Top metal
720um 1150 m
1000pm VAT
Via
) Well (0=10° S/m, 1 um-thick)
Sio, J0um Top metal
A = | \
Si b 1um
150 um =12 T yz
0=10 S'm
PEC He-3irradiated S| 0=0.01S/m

Si

ZOOumI gl

Through Hole 110pm PEC

5TSV

6 b5
(11041051 0610711101 [12][13][14]1[17]1[18][20][21][22]
OAM MIMO
[31019]
1. , — —,"
C, Vol.J101-C, No.10, pp.381-388, Oct. 2018. ( ; OpenAccess)
2 ’ I I ’ ’ ’ "
! C, Vol.J101-C, No.9,
pp.344-351, Sep. 2018. ( ; OpenAccess)

3. T. Hirano, "Equivalence Between Orbital Angular Momentum (OAM) and Multiple-Input
Multiple-Output (MIMO) in Uniform Circular Arrays - Investigation by Eigenvalues
-," Microwave and Optical Technology Letters (MOP), Vol.60, No.5, pp-1072-1075,
DOI: 10.1002/mop.31111, May 2018.

4. T. Hirano, "Relationship between Q factor and complex resonant frequency:
investigations using RLC series circuit,” IEICE Electronics Express, Vol.14, No.21,
pp-20170941, Nov. 2017. (Open Access)



5. T. Hirano, N. Li, K. Okada, "Analysis of Effective Material Properties of Metal
Dummy Fills in a CMOS Chip,™ IEICE Trans. Commun., Vol.E100-B, No.5, pp.793-798,
May 2017.

6. T. Hirano, N. Li, K. Okada, T. Inoue, and M. Sogabe, "Electromagnetic Simulation
of CMOS On-Chip Spiral Inductors in 5 GHz band,"™ Proc. of IEEE AP-S International
Symposium, pp-1903-1904, Atlanta, GA, USA, July 12, 2019.

7. T. Hirano, "Electromagnetic simulation modeling of CMOS chip in Millimeter-Wave
Band," IEEE International Symposium on Circuits and Systems (I1SCAS), Session: C6L-
C, Sapporo, Japan, May 26-29, 2019. (invited)

8. T. Hirano, N. Li, T. Inoue, H. Yagi, K. Okada, A. Matsuzawa, "Loss Reduction of
Silicon Substrate by Helium-3 or Proton lon Irradiation for a Millimeter-Wave CMOS
Chip," Proc. of European Advanced Material Congress (EAMC), pp-83-84, Stockholm,
Sweden, August 20-23, 2018. (invited)

9. T. Hirano, N. Li, T. Inoue, H. Yagi, K. Okada, A. Matsuzawa, "Gain Measurement of
60 GHz CMOS On-Chip Dipole Antenna By Proton Irradiation,” Proc. of International
Symposium on Antennas and Propagation (ISAP), Session 3E2.3, Phuket, Thailand, Oct.
30-Nov. 2, 2017.

10. T. Hirano and J. Hirokawa, "Education Materials of Electricity and Magnetism using
MATLAB,"™ The 2017 IEEE International Symposium on Radio-Frequency Integration
Technology (RFIT2017), TH 1B 2, pp.16-18, Seoul, Korea, August 31, 2017. (invited)

11. ,
! , C-2-26,
p-49, , 2020 3 17 .
12. , U Q !
, C-2-49, , 2017 9 13
13. , "loT '
, S9-4, pp-S9(9)-59(11), , 2020 3 13
14. , , ""3-10GHz
' , 1C16-4, pp-593-595, , 2019
9 6 .
15. , H/He
" , vol.119,
no.42, EST2019-5, pp.19-23, , 2019 5 17
16. , ""60GHz CMOS
U , vol.118, no.248, MW2018-87,
pp-105-109, , , 2018 10 19
17. ,
! , vol.118, no.144, EST2018-34, pp.161-
164, , , 2018 7 20 .
18. , 'l 1 S
! , vol.117, no.462, MW2017-185,
pp.55-55, , , 2018 3 1 .
19. , MIMO OAM
U , vol.117, no.291, MWw2017-111, pp.1-4,
, , 2017 11 9 .
20. , U U
, vol.117, no.140, MW2017-67, pp.207-210, ,

21. s 4 CMOS
G , Pp.366-378, ISBN-13: 978-

22. , 4.3
, pp.175-184, ISBN-13: 978-4861047053, 2018 3



J101-C
_ — 2018
C 381-388
DOI
, , , , . J101-C
2018
C 344-351
DOI
Hirano Takuichi 60
Equivalence between orbital angular momentum and multiple-input multiple-output in uniform 2018
circular arrays: Investigation by eigenvalues
Microwave and Optical Technology Letters 1072 1075

DOl
10.1002/mop.31111

T. Hirano, N. Li, K. Okada

Vol .E100-B, No.5

Analysis of Effective Material Properties of Metal Dummy Fills in a CMOS Chip

2017

IEICE Trans. Commun.

793-798

DOl




T. Hirano Vol.14, No.21

Relationship between Q factor and complex resonant frequency: investigations using RLC series 2017

circuit

IEICE Electronics Express 1-5

DOl

10.1587/elex.14.20170941
Vol .100, No.5
2017
342-348

DOl

17 4 7

T. Hirano, N. Li, K. Okada, T. Inoue, and M. Sogabe

Electromagnetic Simulation of CMOS On-Chip Spiral Inductors in 5 GHz band

IEEE AP-S International Symposium

2019

T. Hirano, N. Li, K. Okada, T. Inoue, and M. Sogabe

Electromagnetic Simulation of CMOS On-Chip Spiral Inductors in 5 GHz band

IEEE AP-S International Symposium

2019




T. Hirano

Electromagnetic simulation modeling of CMOS chip in Millimeter-Wave Band

IEEE International Symposium on Circuits and Systems

2019

2020

loT

2020

H/He

2019




T. Hirano, N. Li, T. Inoue, H. Yagi, K. Okada, A. Matsuzawa

Loss Reduction of Silicon Substrate by Helium-3 or Proton lon Irradiation for a Millimeter-Wave CMOS Chip

European Advanced Material Congress

2018

60GHz CMOS

2018

2018

Takuichi Hirano, Ning Li, Takeshi Inoue, Hirochika Yagi, Kenichi Okada, Akira Matsuzawa

Gain Measurement of 60 GHz CMOS On-Chip Dipole Antenna By Proton Irradiation

International Symposium on Antennas and Propagation (I1SAP)

2017




Takuichi Hirano and Jiro Hirokawa

Education Materials of Electricity and Magnetism using MATLAB

The 2017 IEEE International Symposium on Radio-Frequency Integration Technology (RFIT2017)

2017

MIMO OAM

2017

2017

Takuichi Hirano, Takamaro Kikkawa

Antenna Technology for Biomedical Imaging

2017

2017




2017

3-10GHz

2019

2018

2019

554




4.4

2018

563

http://www.takuichi.net/research/

http://www.takuichi.net/em_analysis/




