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Abstract

This paper presents an optimized design of a millimeter-wave on-chip dipole antenna using CMOS process. The
serious flaw of the antenna using CMOS process is low radiation efficiency because of high permittivity and
conductivity. To overcome the weakness, we need to widen radiation area in air and optimize distance between an
antenna and a reflector. The radiation efficiency and bandwidth of the designed antenna are respectively 16.5 % and
22.3 % at 80 GHz. Systematic methods are attempt to analyze an effect on the antenna radiation efficiency. To widen
radiation area in air, substrate cut angle and distance between the antenna and chip edge are adjusted. In addition, to
optimize distance between an antenna and reflector, substrate thickness and distance between the antenna and a circuit
ground plane are adjusted.
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(a) Antenna structure and analysis factors
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(b) 2A &=
(b) Cross-sectional view
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Fig. 1. The structure of 80-GHz dipole CMOS on-chip
antenna, analysis factors and cross-sectional vi-
ew of the designed antenna.
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Table 1. Antenna characteristic analysis factor.
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Fig. 2. Schematic of the antenna.
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Table 2. Dimension of antenna(unit: um).
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Fig. 3. Simulated results of S); and antenna radiation
patterns.
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Fig. 5. Efficiency as distance between chip edge and
dipole(d).
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v E ok CMOS -3 tol & Helv AA H43t

dy7t A sk ZolQl 140 umE.th Fobd 71§ 3
2 FAES QL] o]'}\]'% Felotr Hi= &8
| :LZ'}“EY] sl dok 4 }30 um AEE )

j= 8
=
o}c A Sl 7] %Ei WALEHA "ok I3 B
2 9 Aol7t 140 um AEE F7]) 5 AL E 82

sropA A "o

2 & 80 GHz ma]:qaﬁ} -3 tho

>

B S ol
fo £ o rk
ol o o

)
a

_|>~ gz Z

X 8

lo, o
o,

N 2

) = o

b 1o,

M X

tob o3l

i “lu

> e

H1 o ﬂ% iz}

ez
f

o

~N

s

ol

=~
O{N

Ei

>

oL
N
>
o
2
J\"l
(!

N
ro
o
w42 ofx
o
N ll'U

Y

N

[o Ho of off Mo H o oo mu Y E
i
rir
3
=
1o,

o

12
I
:4‘
o o
o top
o, o
mlo
L
Rui:

N
R e S

>

oy
SN
QL

o
D)
&2
rir
2

S Igaiof A3
S|

7Hg38ted 775 um FAZ AA 2 £4E 3

; i
o2
>
A
Ir
(@)
=
O
77}
ol
ol
o
X
rir
o
3
an
oo
=
=
3
(e}
2

b

oo o 32 oo X N oox £ S of W

T o
10

References

[1] J. Laskar, S. Pinel, D. Dawn, S. Sarkar, B. Peru-
mana, and P. Sen, "The next wircless wave is a
millimeter wave", Microwave Journal, vol. 50, no.
8, pp. 22-36, Aug. 2007.

[2] M. F. Chang, V. P. Roychowdhury, L. Zhang, H

599



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 00, no. 0, Jan. 2013.

Shin, and Y. Qian, "RF/Wireless interconnect for in-
ter- and intra-chip communications", Proc. IEEE,
vol. 89, pp. 456-466, Apr. 2001.

[3] J. S. Rieh, S. Kim, "Technology and design con-
siderations for millimeter-wave circuits", Solid-Sta-
te and Integrated-Circuit Technology 2008, 9th IE-
EE Int'l Conference, Beijing, China, pp. 1352-1356,
Oct. 2008.

[4] M. R. N. Ahmadi, S. Safavi-Naeini, and L. Zhu,
"An efficient CMOS on-chip antenna structure for
system in package transceiver applications", [EEE
Radio and Wireless Symp., pp. 487-490, Jan. 2007.

[5] S. S. Hsu, K. C. Wei, C. Y. Hsu, and H. Ru- Ch-

20119 8Y: AEUSE AR}
3 (32D

20113 9L ~&A: ZHAWSL IT
S At

[F ZHAR0H 2% ey A

Al

20109 2¢: YEUSY A7z}
A ulg-etat (FAh

| 20109 39 ~&A): TS A
AR g} AuabE gy

[F ZHAE0H CMOS $14# 7
A

600

uang, "A 60-GHz millimeter-wave CPW-fed Yagi
antenna fabricated by using 0.18 #zm CMOS te-
chnology", IEEE Electron Device Lett., vol. 29, no.
6, pp. 625-627, Jun. 2008.

[6] P. R. Grajek, B. Schoenlinner, and G. M. Rebeiz,
"A 24-GHz high-gain Yagi-Uda antenna array", /E-
EE Trans. Antennas Propag., vol. 52, no. 5, pp. 1257-
1261, May 2004.

[7] E. Brown, C. Parker, and E. Yablonovitch, "Radia-
tion properties of a planar antenna on a photonic-
crystal substrate”, J. Opt. Soc. Amer. B, Opt. Phys.,
vol. 10, pp. 404-410, Feb. 1993.

20059 2¢: Ut A7z}
Aoty (F3Ah

2008 2: gty Hahysha
(F3H42h

20129 2 IS AAAT)E
83 (3 8HatAh

20123 3€ ~EA: v 7]
AR 5}y 83} AL 2y

[+ BHAZO0H HZ7194 of#o] StEY AA

1987 29: = Illinois Institute Te-
chnology 7|83} (F8A}
199213: w]= California Institute Te-
chnology 7|83} (F8dA}
20003 ~&8A): Ny ANA

A Ayt vy
[(F ZHEO0H Heel22 sz A



2002+ 29 TS A7
o3 (F3Ah

20089 2€: ¥HUSy A3yt
I (F8HEAY

201213 8€: 1| Purdue Univ. A A}
383} (Post-doc)

2012 99 ~AAl: A9 AdA DMC

D v B ok CMOS -3 thol & SHelu A =3t

4 5

Ho

2001 29 F2U gty AAAE
T3 (F3AD
20039 2€: = HH
43383 (F3HAAD
20039 3€~2004\3 29: AR
A SA97Y (979
oo 20099 2€: d=Er|ed HH
5413383 (F3haah
39 ~&A: YA DMC A74 AJddTd
[F 2 Z0f] ZevE g 32 44

601



