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Development of High-Speed and High-Accuracy Electromagnetic Simulation
Technology for RF Integrated Circuits

Hirano, Takuichi
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60 GHz

Electromagnetic simulation technology to extract effective material
properties of metal dummy fills and lines is developed. Effective material properties are analyzed
from propagation constant by considering a unit cell of the structure via eigenmode analysis.
Measured and calculated frequency characteristic of reflection coefficient are compared for a 60 GHz

band on-chip dipole antenna. It was confirmed that the calculated value agrees very well with the
measured one when the effective material property of the dummy metal fills were considered. The
proposed technique using effective material property enables high speed and accurate analysis of
dummy metal fills in a CMOS chip.



B X C—19. F—19—1, Z—19.

1. WHERAR Y I DT &

U 2 CMOS Hilf oz X 5 FET &)
VEJB W D FIcfEsT, ~A4 27 a3
Bt RE B OT ¢ X VAR & O—{(REFRE
{ERED LN TS, HEEHIXINETIZ
VA F o7 T o TR LV
FOODOEER I 2L — a3 O3
AT TE T,

T TR SN ERITEFHICH
HF 7 EoRET oy 7 £TREEL, Zh
DT VX TFa s —KBTF o TRIOK
XefEEEL 725, FTo, BUET 7 LSO
7oy 731 F v 7 TEAINLTNVS
N, BTy JBOTA Y L—vary (%
WAL T2 L) BLOEEOFMIIKRX 2
EE 7o TERY, RKEIFORBRITIKD & 2
AWREW,

ZOX D 7RI oH | EEI LG & B
BRREDOEDIC, 1F v 7HRNTORK T 1
v 7 OB EH « @mREEERRA I 2
— Y a VHIROMESINEEN TN D,

 SURALFYITUTS

X1 Fv7HNOEET Ty 7 OT%k

2. WHEOHM
AWFFERRE T, 1 F v 7N TOREKE T 1
v 7 OB Z @« S E IR 5729
DEBER I 2 L—a v Eifofsis B
EiEaE A

CMOS £/ BE EOREN S, 7T
FTOREASE, Fo T OHBDDHERIICH I —
AZEMHIND, Bum ADOEE R ZALE

CK—19 (Jtm)

L7 iuidze by, Zhiid~A 27 e - 2
VIO EG mm)Iclt LT HEMTdH 58,
ZHEEINTWHWDLEEDHRADA— \—a
VB a—HEHWTH E#E ORI IR AT
BETHD, €I T, ¥ I—A¥/ViHEEEZMN
B 7 — BRI E AT HA R U C R MR T
DREERRET D, Tz, T4 VXA
ISBLARE b 2 BAFAET A, ZHbFRERO T
ET—REEERICHET S FIEEZHAND
Z LT, R ETL O KR 2 NG AL 2N T RE
720 HE A MIKIEICHIETE 5, 2%
55 BREFRAT AR O G 2MEZ . AR
ERWEETAVOER L ORKIZ XD R
T 5,

SRR 2K

et 1 Megr ?

S

Eeft » Mef 7

Al
42 X — A% LRIHYE

HI—=RAHN

3. WFFED kL

K= AR E 7 & OB
% — AR E R Tl B 72 D D B R
Ry lalb—varHiilieiidsds, Z0OF
EICITHGEE DB LI B 2ERE 0 18
W OEA € — FgT OB (GIHSCO) %
WA Z ENTE B,

Wiz, BRI 2L —3 3 o TOMEEE
179, WENZ A 2 — A & V% F -l < CTRL
& L8N EOBEITIE, IRETIEICLD
—HREMEEER CRE LT T VL g
L CHEERIT), ZORE, &I — A ZLER
F13E O AR O BT FER O NEE L
T 4= R_XT 4 T FE BIAE) &
HAWNnWsHZ RT3,

HERIERZ W~ A 7 a i (1 GHz~
10 GHz FREE) TOSEW & DRI L —kRkEE
I K 2 AT T OB 20 O FGE 2 1T
9. IthIz. 2 VU PHY (60 GHz &) TOEM &
DT XV | et L7z —RRE I K 5
AT FIE DB I MEDORREEZAT 9,



<G| 3Tk >

@ Y. ONO, T. HIRANO, K. OKADA, .
HIROKAWA, and M. ANDO, “Eigenmode
Analysis of Propagation Constant for
a Microstrip Line with Dummy Fills on
a Si CMOS Substrate,” IEICE Trans.
Electron., Vol. E94-C, No. 6,
pp. 1008-1015, June 2011.

@ T. Hirano, K. Okada, J. Hirokawa, and
M. Ando, “Accuracy Investigation of
De—embedding Techniques Based on

Electromagnetic Simulation for
On-wafer RF Measurements,” InTech
Open Access Book, Numerical

Simulation — From Theory to Industry,
Chapter 11, pp. 233-258, September 19,

2012.
ISBN 978-953-51-0749-1 )
DOT: 10.5772/48431) (b) SHAMAREEE 7 Vv
\ X 4 @EMBROTEETT V& HIEBE
4. WHFERCR 2L

K2 1R TEIICH I —RAF LB LR
JE DEMBE ERAEFRE L, M3DkHic
y B AN RIC R <, x, 2 HAICIT BRI
A A TN D A @ AR O %5t B i $ A R
L. EET/NED ST A —F O LR
BiT o7, K4 (@) IZEET LD S/NRT A—H

1) BALE QO E# B 5V E OB 2T MET 5.
Ntz Y Z AT TSR EE 2R ET 5.

HEET LA, 4 () IZERME EE D S /8 [ @ Woiify 0 WATER f=—y | p&ithd 5. |
N SN — i gt T TR e S I
7 A Z ”fﬁ‘%j\/}f%mjﬁo eV (B @) AT — KRR T B WA IR O, B SR IR 0
5IZR TN CTHEALE VO E A BT & o=+ jo, (QU) PIUEHT— FOBBRMEAELNS,
s S, S S -
%{EZ%@{B%E@%*EH:’; LT*&)‘%)?/ 62 @) @0 B Officst L TR 0, £ O, —f 757 ET 0y kb,
2 ODFET I)VORFHEEL Su D JE S WIFY | MRy &3 E LTy ET,
T \SEEERIL Su DJIBIRFEE <, K B @ CHoE QL. @ b[C V= RO Sy i &5
N N = . 5) @) THLN QL. (DT LT BNATHEE D sy th B & s
HE7R L~ L TO RBAF 72— BB TE 72, fE¥a DREAIIA T LT, —a 777570y b5,
w Of
s a=2P 0 P Pu) (0= 00)
® Yy A T 2,
_ Cu o |
S|02 Dny ({Z; Dy w=0, >
z
B 5 A EREATIC & 2 A6 E 5EtH
y DFNE

X 3 <)@ AR oD ) i G




—e—Real model
-10 1 | —s—Equiv. model
@ -20 1
hE2
@©
S -30 4
':_;1
& -0 1
-50 4
-60 T T T T T T
0 10 20 30 40 50 60 70
Frequency (GHz)
(a) #RME
0
—e—Real model
-30 1 —=—Equiv. model
2
he2
@
g
o
0 10 20 30 40 50 60 70
Frequency (GHz)
(b) fztH
6 X 4 DT NVOMKIHEE Su (R Ez,
Hy)
0
-0.1 4
-0.2
-0.3
@04
S.05
©
206
=07
£
< -0.8
091 |—e—Real model
11 —=—Equiv. model
-1.1 4
-1.2 T T T T T T
0 10 20 30 40 50 60 70
Frequency (GHz)
(a) #RIE
0 — e e
—e—Real model
—a—Equiv. model
> -30
=
Pt
g
o
-60
-90 T T T T T T
0 10 20 30 40 50 60 70
Frequency (GHz)
(b) firAH
X7 [ 4 DFEFLOBBIEE S (Fik: Bz,
Hy)

WIZ, TR OB 2R T 5720
(2. X8 IT/RT X 91T 4 GHz HyHEHEJ5 T8
B9 O&JE S H — TR BRI A
TR LT VOHEEEZER O Z1T -
Too ICHHERER D JE P BRI A X 10 (23R,
FRNIREOMETY » TN KE WD, F
HERBN IS —HKT D LM T,

Rectangular waveguide

/\

Ivll /4
(A
?‘

7/,
6;”

Y
\A/

(1 2020777/
7
/a7
IE/'
(/)4
AT
v' [ TITIA

Dielectric substrates
with square patches

8 FHEIREMCIE A I B (a=58.1
mm, b=29.1 mm)

Oo0o0O0O00000
Dpp 0,00000
ODwOoSo00000
Oo0o0O0O00000

(a) Top view
FR-4 substrate
(g=4.3, tan 5=0.015)

dh

(b) Side view
9 JEMIEJE N F — AL AR AR

Amplitude (dB)

Frequency (GHz)

X 10 X8 DT )LD EMRE o R B

%02 FEBRIZ X YU P (60 GHz 7)) 1238\ T
I AXNVOFENEEREZFE L, HEAE
& RN CEMMBE EEIC L DO HE
e LT, 1Lz 1 ierdtrsyy 7
HAR—=NT T FOWEEE R’ , A KR—
T T FEEICIEN 12 1SRt Lo A
— A BV OFIHEE ERBIETER 1 O K 5 ITHhH
Shiz, I—AZANANLHERE LTH
DT, BEABED SiOAs=4) X v &S
BEH D Re[e,, | PTEIIREL BoTNH I L
DR TE D, X 1312 60GHz A F v ¥
AR =T T F OREHRE D JE R
R, A — A X ILVDEHE R EE
L TWRWEEOMITIZENE T

=N

ol
¥



B, BELEGAIIELS T 5 Z LR
T&T, XA XNEZFOFEFET ML
T B VIR IR IR BRI 233 B 03, AR
BFE CHfESL L 72 ERW BB EHIC L D EHAE IR
S momEICHENTE, EHA B0
RTET,

ERGFLND Z &M

Silicon substrate
£=12, p=10Q cm

(a) Perspective view

Top metal Bott/om metal

—

$~10 pum ~|— SO, (5=4)

320 UM \wel| fayer (Lum-thick, o=105 S/m)
Si substrate (5=12, 0=10 S/m)

(b) Cross-sectional view

1160 GHz #i 4> F v 7 EA R—LT v
Vava

(a) Metal dummy fills

(b) A unit cell

12 ¥I—AZ L LHfIEL

£ 1KI2OFI—AZVOEHEEER (Wn =
05pum, tn=0.5pum, p=0.7 pm, d =1 pm, & = 4)

N Im[e o ! reff
Ek% Re[greff ] - R“;EEM'} Re[ﬂreﬁ ] - Rn;|[:zm":]|
XX 5.98 -0.033 0.96 0.084
yy 5.98 -0.033 0.96 0.084
zz 5.97 -0.031 0.96 0.093

&
V.
o)
-

Amplitude (dB)
' 5

LN
13

4 = —exp.
—&— cal. (w/o metal dummy fills)
== cal. (w/ metal dummy fills)

-20

0 10 20 30 40 50 60 70

Freqgeuncy (GHz)
(a) Amplitude

360
300 -
240 -

[~

o N ©

o o o
! !

Phase (deg)

o
L

- —exp.
—&— cal. (w/o metal dummy fills)
== cal. (w/ metal dummy fills)

&
S
L

LN

N

o
L

LN
[
o

0 10 20 30 40 50 60 70
Fregeuncy (GHz)
(b) Phase
13 60 GHz #iA > F v 7 H A R—)LT v
7T O SFHRER D JE B R

5. Frpdgdkam L5
(WHFEEAE . WFZEoHE M ORI ZE8 12

ERN Y

GEEamsc) GG 611)

@ T. Hirano, “Relationship between Q
factor and complex resonant

frequency: investigations using RLC
series circuit,” IEICE Electronics

Express, %t # A, Vol.14, No.21
pp. 20170941, Nov. 2017.
DOI: 10. 1587/elex. 14. 20170941

@ T. Hirano, N. Li, K. Okada, “Analysis

of Effective Material Properties of
Metal Dummy Fills in a CMOS Chip,”
IEICE Trans. Commun., = 3t A ,
Vol.E100-B, No.b5, pp.793-798, May
2017.

©® FE -, HII KB, L) AR, &7
B OE, “ANERERILREIER AR S
FTTF,T BIEREREESW
EC, BB A, Vol.J99-C, No.S,
pp. 365-372, Aug. 2016. (FBFEFia0)

@ T. Hirano, J. Takada, “Dual-Band
Printed Inverted-F Antenna with a
Nested Structure,” Progress In
Electromagnetics Research Letters,
A, Vol. 61, pp.1-6, 2016.

® T. Hirano, J. Hirokawa and M. Ando,
“Influence of the SMA Connector and
Its Modeling on Electromagnetic
Simulation,” Microwave and Optical
Technology Letters (MOP) , %3t



(42

Vol. 57, No.9, pp.2168-2171, September

2015.

DOI: 10.1002/mop. 29304

KB s, EE m—, L :EK, f

O, “ME~ofmze LAk

f&i’ﬁﬁiﬂ:@fﬁﬁuﬁ/: 2l—vay,
Iﬁ%& Eﬁ'fn %::, 5( C, Euﬂ]ﬁ.

Vol.J97 C, No.12, pp. 535 541, Deec.

2014.

&) (F81F)

R —,  “[RAZ—#] *v hU
— I TFTAPITLD ST A—HXHIE
IZBITOIRIERESIZONT,” EF
15 (s F s, vol. 117,
no. 462, MW2017-185, pp. 55-55, W& IE
SRR, R, 201843 A 1 H.

T. Hirano, N. Li, T. Inoue, H. Yagi,
K. Okada, A. Matsuzawa, “Gain
Measurement of 60 GHz CMOS On—Chip
Dipole Antenna By Proton
Trradiation,” Proc. of International
Symposium on Antennas and Propagation
(ISAP), Session 3E2.3, Phuket,
Thailand, Oct. 30-Nov. 2, 2017.
R —, “WIROEFOE WV EEFEIL
R L2 QIEOFR,” B E®R
%{ni VYA 7 4 j‘ D%Yﬁ%ﬁi%y
C-2-49, HEEPHIR () , 2017 49
H 13 H.

R —, “EﬁﬁéAﬁ/‘ 2l — 300
HRER— MBI 2ERE— FOE
27 B NG TS s
vol. 117, no. 140, MW2017-67,
pp. 207-210, #¥)JApG Lk, AbifE,
2017 H#-7 H 21 H.

EEPE—,  “HERE RICEWZE
REMR Lo IS T eEh oS/
A—2HE,” EFEREEFEY T
A T ¢ Ridlim S, C-2-44, LK
(degiE) , 2016 4F9 A 21 H.
PR — - 2 - [ A - IR R -
ZiE B, “SVEwEACTFyIT T
F ORI HH I — A XL DER)
BB ERORLL, 7 B IEREE TSR
B REHTERSCE, BCS-1-2, JuM K
v oA (FERE) , 2016 4 3 A
17 H.

SRR — < RN RS - KRR B, “2 oT
J HBC 1) 34 IR 0D FE 50 I BT TE H D iR
#r,” EFEHREE TSI RS
vol. 114, no. 433, EST2014-130,
pp. 321-325, 201541 H.

PR — - 2 B - [ R - AnE B -
)EWEK?% BHeh R ORISR 1,
“bGHz #r CMOS A v F v T AL T )L
A UH T B DOBBIEN,” BN
HBEYSEY AT 4 K& %ﬁ i SCEE,
C-15- 9, R () , 2014 £ 9
A 23

(HE Gt 1)

O B () , 4.3 8 AR
%mw%~m%%ﬁ&ma BarEAL L -
0 it D Fi B B 8 51 & s F AT
Wies, 2018 4F 3 H.
ISBN-10: 4861047056

(2 0fh)
R I

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

6. WFIEER
(D) AR RE
E PR

HO LR -

WHIEHE &

(HIRANO, Takuichi)

BRUL « AL BT -

60345361

TR
et

Bh#k



