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W R B o (¥ 3C) : The aim of this study is to develop cost-effective and
high-performance printed circuits at millimeter to terahertz frequency spectrums, being
attracted much attentions due to exhaustion of frequency resources. To realize such
printed circuit, we proposed the bilaterally metal-loaded printed transmission line and
the new types of filter, antenna, and oscillator have been successfully designed and
fabricated by using the low—cost FR-4 substrate at 60 GHz frequency bands.

BATIRE A
(BHAHAL : 1)
(RSN RSN & gt

2010 4FJE 2, 500, 000 750, 000 3, 250, 000
2011 4F 500, 000 150, 000 650, 000
2012 4E 500, 000 150, 000 650, 000

FRE

FRE
e F 3,500, 000 1, 050, 000 4, 550, 000

R A =
B o5 - i E

VAT L, TS A - R

F—U—R:~A7mi - IV T T~ - BREEISERE - 7'V o Mk

1. WFEBRAES IO 5

~A 70 AR TR T L — T
BICREFEESNDEFET Y o MaiEfRgiIC
EOBEMDR IR, BEMEOR I 728D
T UTFHHCEH SN DN, EERN S
AT DHICONTrEBREDEHE L TLE D,
Z OEREEHOMBE R, BERKOE S &
LTI CcE 2 X2 IcEbnnb T
HHMN, ' TR L O E R T,
K FEARRER I E B TR SN D Z &

26 BRI AE O Bl O QDAL IXibE S
HNT, ZoRBEEEKE. EVbirY
W T T~V WHNCRIT DT v Muikii
BEPERE] EDRRIKIC 72 > T D,

Z ORI RIK & LChE, B -
HEL BTV v MR 2R T 25
AR OFBERBERPENT D 0, 7
U v NERE T O BIRE T DBy BB
ZHINDMN, T, KTV > MebirEg
SRR TR FAR CIE. SR &2 B IR IR iz



EWEEETAE 1T 5720, KLIRT &
INCEENR DN HTE B L S0, D 7= H 88
I D FE LI 1L R BN RO BT SR D
BN TEL 20 MR E L TakE
KBEEINT 5 Z LR RSN EKR), =
O ENTE I 512 CHHE T2 Y |
Rz VI« T T~V B WL TIE, 8
JEEE I O WL T O EER(ENEER)NS
LU AREEERIIFE LI KT S L RSN
Do
—J7. 7V MeERREE ORI BT
HRREHE, FEUFRMEIIC Tl < BT,
MBS ART  MCT D (B@EK), B3
UWIEHFER D TEARIC AL A & D1 D (NTT),
MEMS Hifia WD (R T R) i ED TR
NIRENTWBN, W OBFZEHE & 8h5E
HEOENEEBRYHICEAT 27 e —F
NI ENTWRNWZOIZ, ANEH Mm%k
WEOHFEIFESN TWRWIRTH D,

REERE EEERE
WmE —
FEREIR
1 FHEMRENRICARE SN=TE T OB DA
DHEME
2. WEOBEK

ABFFED BI, JERECR 23 885%E LT
LWES ZTOBRBPHFFSNTWA I VIKEE
WG HE . TV &R ORREICE O A
B DML BLRIE N T T~V e B
HIZBWT, ROV v MEEFREE 2
THEIMEERENMEE S, LrbZoX
9 7 v JE I FE A R R A 15 F B K
SRERTH D RO &KL 2 EL
7=, R CTIREL S D BT 7Y v MB
ERBERIN T2 El2h D,

3. WD ik

AW TR 7 U > bR & F2H 4
B2, H BRI O EICEEBNN SR D
HODERE G T HEEEE AR L, —f6
& U 2\ FB AR HAR 8 i L DR 2 7
L7z b U7 L— MR (BLF 1 1 4 e 2 7y
FU 7 L— MRE&. BIT T4 > LFER) O
1 & BRI AR T, BEAREENICE
5 EBRIR DA RGN, LT DR %
BHTDHZENHLMNIRo T,

o HLEKEEOBTASAAND L. 5F
BARDE S LIC X DEEE KO
MEMZ 52 ENTE S,

o JEWE D EFITHEWVGEEER I
THMEIANCH DM, T OEPREHEETIX
T DB ZITICL <, BEEEELEN
BN SNn5,

o FFHHBICEHHEL T, HTAZRFV
FER(FR-4)ROH T =/ — VIR A2 E D
i CTIEAAS Tdb 523, FFBIEREIE 2
U IR T A FR A R 2 R LT
B VT Mad R O %
PEDRFERCE, AR L L CTIRMiREI Y
T A ADFRME K D FTEEED &
%,

o JEPHIREDZAIZ L0 FHEERIEHR D
JEAFIEALT D03, Z OB TIX
TGS AR DY TR IR B AR D AR 4y
T 5D Z &b ARERREE EEDN IR E
BALDOFBEEZIFIZ W,

o [ERZOEREMEE CHERINTY
7o, [EIEREE O RN S RAET HAE
E— NG, WEBHEICE T R — /LA
BT Z TR TEDLZ &
LT,

FEATEAR

€« TR
€- BR
2 AR N Y T L— MR

4. HWFFERRH
LEWEeRER Y L — M REE
W, LT O RE T2,

o ARHFFEEBALET DRI, T 2 KM%
FR-4 FAR DOFE TS, LT FR-4 FEARIZ
KA ST SRE D, Fi K OB D FER)
MEREL 2GHz 75 60GHz % & L #iH
WCOTEVREEICHE Lz, ZORER, =
NETHMENTZZ ENE)N- - H
D GG HEAEHRIL, FEUEAE & Hh~T 90% LA
EHTEZ LB LT L,

Wifafe

~——— 30% for balk ¢

Um
—

10 50 100
Frequency [GHz]

3 i, EifioDIhEERONE M

=
o

[N
T

| 7% for balk &

o
-

Effective Conductivity (x107) [s/m] °

o  FR-4 FEMCHERL L 7= 30GHz i 48



Red
[
Log
1o
dB

BERT R Y 7L — MRERREE ORREE T
. HERMICIREL, TOT—HF %&b b
(A EIE 7 4 L Z R LR R, T
ANEK 1B U T &, 2N FE TEALER
Mo TR T U v MR 7 « V2 B3,
AR CTldd 2 23D THEZR I U ik
¥PED FR-4 2 AW T HHEBLTE S
ZEHRERELT,

¥ |
Calculated
.......... Measured
0

o

=

—-10t

5

g

S -20r

-30,¢ 30 35

Frequency [GHz]

X4 BITTAT74VH

FR-4 JLHCRERRL L 72 60GHz 5 I i 42 &
i b Y T L— MeESREEBIT 71 V)
PR E T2 RET D200 KRR
ElTo T, BARMIZIZ v XA A — K
BHEIEL- IV ERIERERIEL, @
7oA AR HES H3-105dBc/Hz  (100kHz
A 7%y R) EWV O ERHERT AR IRER N
WT&E,

59.4453973000 GHz
-41.9 dBm

» RBW 300Hz
» SPAN 200kHz
> Phase Noise
-104.523dBc/Hz @ 100kHz
» Power 11.31dBm
(1R —A—3TRURE)

X5 60GHz Hr3siRas DR

7 7B LTI FR-4 bl T/VEL oD
— WK R R RRE L. RIS OF]
BEHBULUERER, FETLE LT
FR-4 FEARIIHHRFEDIR T 2B 2 &
IF7e <, BRI TE 5 2 & Zffid

L7z,
1 | [[i=s00ma] '
N YO
) !
: >
v g 107
Y
5 2 20
\ s
R £
< -30
o

-180 90 0 90 180
Azimuth Angle [deg]
— Calculated ----- Measured

X6 60GHz iy — Wikt 5 O Ryt

o FLEIOHWHFEFTT7T=z—ART LA
HERR L. BT — A ERARER T
VTt RERLE,

N
=3

i
o

AAAAAAA

=)

AN
o

Realized Gain [dB]

i)
o

L Vi
0% 90 60 30 0 30 60 90 120
Azimuth Angle [deg]

K17 60GHz #i7 = — A KT LA DE—LZE
AFFE

o BIT A iEZRIZTHN, Y
MR & [EE T A EERERE 2L H
WL BARERE DR TE D H =78
Ey RS A R L. 35GHz H#y CHl 7
VA BEERE LI 2 A, FRARKL 1
~20B LA FC, A7 U T AKED Bl 73
B I V7 s V2 2 FEBTHZ &
MWTXT, ZOMETIE, FR4 R LY
IRMMHAL DS HIFF CE D 2 D, ARBFSE
DRI D AT 7 AT T2,

0 TS S
-0+
. . o
Tri-plate Line S 0}
Resonators &
8 .30}
o
N
40+
- 505 0 3
g Frequency[GHZ]
fesss — Calculated - - - Measured

X8 Hii-7pE s DIRE & ORI T 4
IV H DIt H

5. EARAMILE
(FFEfREH . DFTRSy 4 L S ITE 41
ESN)

eskims) Gr21h)

1. Yasuyoshi Okita, Futoshi Kuroki, and Yuki
Kawahara,  “Choke-Supported  Tri-plate
Transmission Line Filter for Loss Reduce



1.

(FRFER)

Technique”, IEEJ Transactions on Electronics,
Information and Systems, Vol.133, No.5
pp.957-961 (May, 2013)

Tomonori Morita and Futoshi Kuroki, “Verti-
cal Strip Transmission Line Primary Radiator
Using FR-4 Substrate at 60GHz”, IEEJ
Transactions on Electronics, Information and
Systems, Vol.133, No.5, pp.962-965 (May,
2013)

(Gt4 61F)
—WEREN . AR BAKE], “FATF
HRNZESRT 60GHz i@ m v FILRER D
B Q OHIE”. B IFHEETER
AKRE, C-2-109 (2013 4 3 J I L)
REEA, BAKE], “EEA LY v
MRS G5 % V2 60GHZ #7 LA 7
LT FORR, ETHREE SR
4. C-2-49 (2013 4F 3 A I k)
fhEERE, BAKE], BRI
60GHz #7' m— 7" T2
WA KL, C-2-48 (2013 4F 3 H I EL)
Futoshi Kuroki and Tomonori Morita, “Ver-
tical Strip Transmission Line Primary Radi-
ator Etched on FR-4 Substrate at 60 GHz”,
Electronic Proceedings of USNC-URSI Na-
tional Radio Science Meeting B7-8 (January
2013 in Boulder, USA)
Futoshi Kuroki and Tomohiro Tanaka,
“Consideration on Principle of Operation of
Self-injection Locked NRD Guide Gunn
Oscillator Using Equivalent Circuit Model”,
Electronic Proceedings of USNC-URSI Na-
tional Radio Science Meeting D1-3 (Janu-
ary 2013 in Boulder, USA)
BORKHE], MHERE, “60GHz 5 HE [EL{F
B 7 v —7 O E B REE
Fa~A 7 aEbiEs. pp.8l-84 (2012
12 A 1A
Yasuyoshi Okita, Futoshi Kuroki, and Yuki
Kawahara, “Design on Fish-bone Shaped
Tri-plate Transmission Line Filter at Milli-
meter Wave Lengths”, Proceedings of the
41th European Microwave Conference,
pp.388-391 (November 2012 in Amsterdam,
Netherlands)
AREE AL, BAKF, 2RI TRTK
WHICHE L7z 60GHZ 5L > Aff &

— T TR D =L EERE.

BAHEREETS~ A 7 s,
pp.55-58 (2012 4F- 9 A | L-fmh)

MHERE. BAKE], JIFEHRS, “1 BEF
a— 27BN HRS 30GHZ HAEE k
U7 L— MR 4 V2 ORE, E
HFEHREBEBETFE~YA 7 B ERE.
pp.33-36 (2012 49 A | L-fmh)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

—WEEA . HRER, BAKA., “@R
7 RHESRZ V2 60GHZ 5 R
HCEARS NRD A R FIRERD
RO FHE" B ERBETR~
A 7 aEFgES. pp.l-4 (2012 4F 9 A
bt )

R HERE, BAKE], NI, “30GHz
HAEHN) L — MRE 7 L2 D
Fa — 7 FEOBF”. B IEHREET
DYHP AT K2, CS-2-9 (201249
AL E )

FREE R, BAKF], “2RILNTRT K
FH85CHTE L= 60GHz 5L v Xff R —
YT T FORG, B ERIEEYS
VWA =T 4 KRE, C-2-68 (2012 4 9
AL E )

JE g, BAKNH], “FR-4 HEfZ v
72 BIT 74 BT HER - HIRE—
R OHEEFHE, EFIFREBETS Y ¥
AT 4 RE, C-2-2-31 (2012 49 A
& 1)

Yasuyoshi Okita, Futoshi Kuroki, and Yuki
Kawahara, “A High Q Technique Using
Fishbone-Shaped Tri-Plate Resonator and
Its Applications at Millimeter Wave Fre-
quencies”, Electronic Proceedings of Thai-
land-Japan MicroWave 2012, 4 pages,
(August, 2012 in Bangkok, Thailand)
Tomonori Morita and Futoshi Kuroki, “Re-
flection and Radiation Characteristics of
Vertical Strip Transmission Line Primary
Radiator Using FR-4 Substrate at 60GHz”,
Electronic Proceedings of Thailand-Japan
MicroWave 2012, 4 pages, (August, 2012 in
Bangkok, Thailand)

HEEE BKKHE], “FR-4 KA W
72 BIT 74 BT AEAET— KL
BIRE— RO I Y WS ERE", B
WOl(E R~ A 7 aiiFsts. pp.37-40
(2012 4£ 6 H | I )
HFEEE, BAKE, I VHEMFICBT
% FR-4 Fo i 7 ) O s R O JIE”
HIERBETFRIRA RS, C-2-63
(2012 4 3 H . [l
BREAR, BAKE., “FR-4 HfzHwv
72 60GHz #yHEE A F U v 7R 1 Wk
FEF O - B, B EEE
FEKA RS, C-2-50 (2012 453 A [
)
MHERE. BAKXE., JIEMRLON R
YEFT). “30GHz gk 7 1 v & o
ARIE”, BrEHREBERFEFEESRAEKRES.
C-2-42 (2012 4= 3 H . [1L)
FEEE, BAKHE, “I VEHICBT
% FR-4 Fr OFFEREORIE”, B 11E



21.

22.

23.

24,

25.

26.

217.

28.

29.

WBETE~A 7 2 EiFs%Es. pp.5-8
(2011 412 H. 1)

AREE R, BAKE, “FR-4 Ftiz
7= 60GHz %ﬁﬁx N Uy TR 1R
HamORir, BETEHRBETS~ A7
o EFAES pp.1-4 (2011 4F 12 A L 1hik)
Futoshi Kuroki, “Anew-learning Micro-
wave Guided Theory and Basic Circuit De-
sign for Young Engineers in Industrial Bat-
tlefields -Using the Smith-chart and
S-matrix Efficiently-”, Proceedings of Tuto-
rial Lecture in Microwave Workshops &
Exhibition (MWE2011), pp.42-58 (No-
vember, 2011 in Yokohama, Japan)
Yasuyoshi Okita and Futoshi Kuroki,
“Study on Low-loss and Low-cost
Band-pass Filters at Millimeter Wave-
lengths”, Proceedings of International Stu-
dent Conference 2011 in Dalian (Promoting
Project for International Relationship of

eight Colleges-of-Technology in
Chugoku-area), C5 , (November, 2011 in
Dalian, China)

Shingo Inoue and Futoshi Kuroki, “Study
on Evaluation of Cost-effective Dielectric
Substrate at Millimeter-wave Frequencies”,
Proceedings of International Student Con-
ference 2011 in Dalian (Promoting Project
for International Relationship of eight Col-
leges-of-Technology in Chugoku-area), C3,
(November, 2011 in Dalian, China)
Tomonori Morita and Futoshi Kuroki, “Ver-
tical Strip Transmission Line Primary Radi-
ator with Tapered Reflection Plate for Pen-
cil-beam Antennas at 60GHz”, Proceedings
of 2011 Korea-Japan Microwave Confer-
ence, p.262-265 (November, 2011 in Fuku-
oka, Japan)
Yasuyoshi Okita and Futoshi Kuroki, “De-
sign on Fishbone Shaped Tri-plate Trans-
mission Line Filter at Millimeter Wave
Length”, Proceedings of 2011 Korea-Japan
Microwave Conference, p.118-121 (No-
vember, 2011 in Fukuoka, Japan)
MR, BAKE., “I VA AaETE
)7 L— b%i@‘ﬁwM?@m . &
FHRBRBETFE~A 7 n BT,
pp.41-44 (2011 = 10 H . HUR)
@E/hiﬁ #J:JEJI:EI:E\ iﬁj(:“\ “6OGHZ
BT D FR-4 FobR DFf FERFIE DR,
JFEJZ 23 R (5F 62 7)) A - A
o [E S E A jt/\iéﬂ 3-11
(2011 /210 H . JR )
Yasuyoshi Okita and Futoshi Kuroki, “Fab-
rication of Band-pass Filter Made by Only
Metal Strip at 30GHz”, Proceedings of
Thailand-Japan MicroWave 2011, pp.74-77,
(August, 2011 in Bangkok, Thailand)

30.

31.

32.

33.

34.

35.

36.

37.

38.

HHEERE. BANA., “EHBERIE B
& L7z 30GHz #fii iz b U 7 L— b F
W7 s ETEREEYR~ A7
2 AFgESs . pp.9-12 (201146 A . ZiA
L)

Futoshi Kuroki and Hiroyuki Kawagashira,
“Cost Effective Printed Filter Using BIT
Line at Millimeter-wave Frequencies (In-
vited Paper)”, Proceeding of 2011 Chi-

na-Japan Microwave Conference,
pp.378-381 (April 2011 in Hangzhou, Chi-
na)

Tomonori Morita and Futoshi Kuroki, “Im-
provement on Reflection Performance of
Primary Radiator Using Wertical Strip
Transmission Line at 60GHz”, Proceeding
of 2011 China-Japan Microwave Confer-
ence, pp.193-196 (April 2011 in Hangzhou,
China)
Futoshi Kuroki, “Consideration on Milli-
meter-wave Technologies. — Why Don’t You
Perceive the Severe Realities? -, Work-
shop Digest of “Latest Technologies Are
Changing the Framework of Microwave
Industries” in 2011 China-Japan Microwave
Conference, pp.60-70 (April 2011 in Hang-
zhou, China)
ARBER, TATOR, BANE, “60GHz
HEEEA Y y7°ﬁ'~?ﬂﬂ 1 Wi #s o
S - B RRE EE s E ””\"A‘/\
2. C-2-56 (201143 A, Hm)
BAKHE], HEERE. JIEABAE, “@mk
B— R&BJE L7z 60GHz 4 ] fi & 4
fif bV 7 L— MRk oG, EF
HHiBE TSR a ke, C2-66 (2011
3 A HN)
JIEELSE, #A6T. BAKE], “FR-4 K&
WH T A7 7 A3 PTFE Ktk & H iz
30GH? # BIT 74 27 4 V2 O#ER
", BT RIBE AR A KR, C-2-01
(2011 3 H L HR)
Hiroyuki Kawagashira, Yusuke Omote, and
Futoshi Kuroki, “Study on Suppression of
Unwanted Emission at Asymmetrical BIT
Line Structure”, Proceedings of Internation-
al Student Conference 2011 in Okayama
(Promoting Project for International Rela-
tionship of eight Colleges-of-Technology in
Chugoku-area), A-9, (January, 2011 in
Okayama, Japan)
Shimpei Takeda, Ko-ichi Ohue, and Futoshi
Kuroki, “Study on Numerical Calculation of
Q-factors in Microwave Oscillators”, Pro-
ceedings of International Student Confer-
ence 2011 in Okayama (Promoting Project
for International Relationship of eight Col-
leges-of-Technology in Chugoku-area), A-9,



39.

40.

41.

42.

43.

44,

45,

46.

6.

(January, 2011 in Okayama, Japan)

Futoshi Kuroki, “Special Lecture of Con-
sideration on Millimeter-wave Technologies
—Why don’t you get hold of the basic con-
cepts and perceive the reality”, Proceedings
of Tutorial Lecture in Asia Pacific Micro-
wave Conference, pp.29-38 (December,
2010 in Yokohama, Japan)

S. Takeda, K. Ohue, F. Kuroki, and T. Ohira,
“A Consideration on Numerical Calculation
of Q-factors in Oscillation Circuit Based on
Formulation of S Parameters”, Proceedings
of Asia Pacific Microwave Conference,
pp.508-511 (December, 2010 in Yokohama,
Japan)

H. Kawagashira, Y. Omote, and F._Kuroki,
“Study on Construction of Cost-effective
Printed Circuits at Millimeter-wave Fre-
quencies”, Proceedings of Asia Pacific Mi-
crowave Conference, pp.1490-1493 (De-
cember, 2010 in Yokohama, Japan)
JNEAsLE, R, BAKFE], “FR-4 K&
WZ W= 30GHz & BIT A 7 4 /L
Z ORIE, BT HREGEFS YA T
T4 K%, C-2-45 (2010 4E 9 H ., KK)
—WEEEAN - BARKH], “EUTFEETY
v NI T v 2 O— iR, &
THRBEFRE Y FTA T 4 KA,
C-2-44 (2010 49 H |, KBk)

R, BAKHE., KRFEF, A Iy
Z o ZATHN R OBEATINC K D 2 fiF-%F
FIREE Q 7 7 7 # OFUERE”, &1
WHIB(EE 2 Y oA =7 ¢ K&, C27
(2010 4 9 H . KPx)

—WEREN . BAKHE., “SVEHFETY
N ARSI 7 4 V2 ORERRIEIZEE T2
Z5, BrHEWRBETS~A 7 v KA
724> pp.65-68 (2010 4E 9 H . H i)
JNEHBLSE, Ferhidr, BANF], “FR-4 K
WaRWZ I VI BIT 91427 41
27 BERBETE~A 7 n TR
£, pp.61-64 (2010 4 9 H . HT)

(DIFFEREHR

BEAR X%  (FUTOSHI KUROKI)
BTSSR - EREHR L0
iz

M5+ 30195581




