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Abstract - In this study, we investigated the characteristic impedance and bandwidth of CPW3DCS (coplanar waveguide employing
periodic 3D coupling structures), and examined its potential or the development of a marine radio communication FISoC (fillly-integrated
system on chip) semiconductor device. To extract bandwidth and characteristic impedance of the CPW3DC, we induced a
measurement-based equation reflecting measured insertion loss, and compared the measured results of the propagation constant B and
characteristic impedance with the measured ones. According to the results of the comparison, the calculated results show a good
agreement with the measured ones. Concretely, the propagation constant § and characteristic impedance exhibited an maximum error
of 3.9% and 6.4%, respectively. According to the results of this study, in a range of LT = 30 ~ 150 um for the length of periodic structures,
the CPW3DC exhibited a passband characteristic of 121 GHz, and a very small dependency of characteristic impedance on frequency. We
could realize a low impedance transmission line with a characteristic impedance lower than 20 2 by using CPW3DCS with a line width
of 20 um, which was highly reduced, compared with a 3mm line width of conventional transmission line with the same impedance. The
characteristic impedance was easily adjusted by changing LT The above results indicate that the CPW3DC can be usefilly used for the
development of a wireless communication FISoC (filly-integrated system on chip) semiconductor device. This is the first report of a study
on the bandwidth of the CPW3DC.

Key words - radio communication, SoC (system on chip) semiconductor device, periodic 3D coupling structures. coplanar waveguide,
bandwidth, characteristic impedance
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A Hol= [0T (Internet of Thing) 7|8k 92 = U8
o]t (Yun et al., 2010; Kaushal et al., 2016). IoT 7]%*+
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Fig. 8 (a) Frequency characteristic of cos(/&) of CWP3DCS
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= 60 um)
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Fig 10 & graph

Table 2 Calculated pass - and stopband of the CWP3DCS

structure

Lr Ist passband Ist stopband | 2nd passband

(um) (GHz) (GHz) (GHz)

30 .];55392797 297 ~ 1431 'lfg’;v " 1:]92
of <205 *1431 ~ 1460

60 -BWS= 205 *205 ~ 1431 BW = 29

90 .;)5:6156'; S | 1655 ~ 1431 'lf;;/; 1;‘95 0
of < 136.6 *1431 ~ 1444

120 -BW§= 136.6 +136.6 ~ 1431 BW = 13
of < 1212 *1431 ~ 1441

150 -BW§= 1212 +121.2 ~ 1431 BW = 10

1 1 1

o= evie onLG 2 JL(C+C,+C)

18)°A L, Ci= 747} Fig. 2(b)9] 57F3] 2ol A Ko
] 29} &3 s, G 4 Q= FdHTH

7] Aol o % gl kel o] Cgkol A tie} %

(18)

rr
oft ox X

o

1

O

A9 AFTFEE e 2zay dzol o gelE 2 9y
AT

ate AT 52 SUFeA €k Fig. 2(@)dA & 5 e
upsh ol Lyge] AAUFE T ~E B Zo|7h gopAn
28T GRS dasl 5, 4 IREPE Lol 4ads
5 Catel atael oa ABFAE (o] FABS S 5 Ak
TFAHSE Ly =30 umsl Z-F CWP3DCS+ 297 GHzS] o

o Z-g 7hzlt) Table 3& CWP3DCS A =T7x9] &% Gatol

W@ L&Y nelFul, 2714 729 o] Ligke] 7
Y52 §F Caol FE AL ¢ 5 9

Table 3 Measured periodic shunt capacitance of the

CWP3DCS
Lr Cum) 30 60 90 120 150
C, (pF/mm) | 1810 | 2919 | 4431 | 6463 | 8176

AEHAZ2A ALgo] 7Hedhs & & AN 42X RFE
& 12&37] Y E 121.2 GHzol A &) &4
5 ag ol gt vt dEARE 100 GHzol 3 7b
A B3] A= AL 4dd] oH: AFelt) L o] f= B
o)Al ZA4 probest WHEA o] 4 PAD Atol9] HEF
1 WAste] AEMR £4 FE oY
7] WEell, 2AFgle] M
AL 48] ofry. webA,
ZA Rt FEM (Finite Element
A A 5 Ut R 9% &
ARG & 5L o] &3T (Wu et al, 2019). ¥ =FolMe
CWP3DCS A &F-%9] 57132 RE A3S S5t i

& ol&ate] A7) Fak el o] £4de uFESIHh Fig.

M

118 &ARRS 183 5713 2ot} 100 GHz ©]4¢] F3t
oA EARRS wesly] ¢4 Fig. 2(b)e 5713 29
AdAg) ot WEAY RS F7138EA2H, Fig. 2(b)ollA ¥
dx dZ49 G, G G5 VNS ARAE GE 583l on 2
@l o Aojdrt AEAHAEI} SA=A7} obd BE Ay

4

Wege #38 g% /HIE, RE #38 g% 7HE 29
W] ofs) waeh: £l m AFARERE 447
A a0l Rol tlal A A

A o] FAHF RN
ow Ashd thEat 2k A wEAe] 9 &
A7F ot B R AFHAZZRE HA7EA 9] v opet F A F{7t

il

q
EAB o] & wrdstr] gk Ade] Rt AFHARe] A
o7} R A AFAR AdEd S thge] Ho= xd
HAH(Yun, 2018; Pozar, 1990).
(le”*=1) (19

Sy, =10logle™*!|*[e~"|* = 10l0g| e~ !|*

2 (1994 a= €4S YE = attenuation constant ©]™,
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Table 4 Characteristic impedance ZB of CWP3DCS
measured and obtained from Eq. (23)

30 60 90 120 150

Ly Cum)

Zp (Q),
Eq. (25)

Zp (Q),

Measured

19.1 13.3 10.7 8.8 7.7

13.0 10.3 8.6 74

18.4

2.3 3.7 2.3 3.9

Error (%) 3.7

Fig. 12& &4 < ﬁ]‘:d/\Oﬂ 3+ measurement-based

equation®! 2] (25)ZF-¥ FE3F CWP3DCS9 EAYJT W~
Aol F7)2 Fxo] o] Lo Wdlel] uE Fula oE
g AR TR A Hi= vk} o] Fr)H e 4

o] Lyt e7HdaE EAAIHdATt fasted, ol Lot
S7HETE &7 Cgkol AA7] wEolm ole g SAE
Table 3o A|A =] qiet =, F714 <] HHEAPA A=Y &
9 Aol &7 C}%}S A 2= F3dHH, 54 d¥das
el Aol QIY¥ X ghs &% FOE U ol FEE F
3t o] = & (Pozar, 1990), Fig. 2(h)¢] S7}3 =29 4 =%
B AudaE o Hog HdHES 4 5 Ak
L L
ZB_\/;Z_”CﬁCZJrQ (26)
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Characteristic impedance (€2)

10 20 30 40
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0 0
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12 The dependency of characteristic impedance of
CWP3DCS on frequency

Fig.
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