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[Abstract]

This paper has designed, fabricated, and analyzed the passive devices realized using low temperature co-fired ceramic (LTCC)
multi layer substrates by dividing into the shrinkage process and the non-shrinkage process. Using two types of ceramic materials
with dielectric constant 7 or 40, we have fabricated the same shape of various elements in 2 different processes and compared
the characteristics. For the substrate of dielctric constant 40, compared with the shrinkage process which has 17% shrink in the
X and Y directions with 36% shrink in the Z direction, the non-shrinkage process has 43% shrink in the Z direction without
shrink in the X and Y directions, so high dimensional accuracy and surface flatness can be obtained. The inductances and
capacitances of the fabricated elements are estimated from measurement using empirical analysis equations of parameters and
implemented as a design library. Depending on the substrate and the process, the inductance and capacitance depending on the

turn number of winding and unit area have been measured, and empirical polynomials are proposed to predict element values.
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Table 1. Comparison of shrinkage ratio between the
shrinkage process and the non-shrinkage process.

H|

.| simula- measure- shrinkage
sheet process axis . .
tion ment ratio
X 9.6 7.925 17.44%
shirinkage Y 10 8.220 17.80%
RNE Z 1.8 1.138 36.81%
-40 X 9.6 9.466 1.39%
non- Y 10 9.846 1.54%
shrinkage = DT
Z 1.8 1.020 43.33%
X 9.6 8.353 12.99%
shirinkage Y 10 8.564 14.36%
V4 1.96 1.338 31.769
L7SH 6%
X 9.6 9.547 0.55%
non- Y 10 9.947 0.53%
shirinkage = .
Z 1.96 1.178 39.92%
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Fig. 1. Structure of 1 turn inductor.
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3.2 mm
g 2. M 1 eleEel 3225 37| Y 7+
Fig. 2. Inductor configuration of 1 turn in 3225 size.
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36um

el

1.7 mm

) 28 Y-Z Plane
< > v
8 3. M= 1 QleE{el 3225 37| W Y-z HH 7M
Fig. 3. Y-Z plane configuration of 1 turn inductor in 3225
size.

38 4. HM=1, 2, 4, 6 2IHE 3225 37| L 3xt 74
Fig. 4. 3D configuration of 1, 2, 4 and 6 turns inductor in
3225 size.

Turn 1 : 402um

Turn 2 : 448um

8 6. M= 8, 10, 12, 14 2I5E] 3225 37| W 34t 74
Fig. 6. 3D configuration of 8, 10, 12 and 14 turns inductor
in 3225 size.

Turn 10 : 1046um
Turn 14 : 1322um

Turn 8 : 954um
Turn 12 : 1184um

Y-Z Plane

a3 7. M= 8, 10, 12, 14 Q=g 3225 37| Y-z HHTd
Fig. 7. Y-Z plane configuration of 8, 10, 12 and 14 turns
inductor in 3225 size.
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Table 2. Estimated inductance by turn number.

Turn 4 : 586um Turn 6 : 816um

Y-Z Plane

8 5. AM=S 1, 2, 4, 6 21HE{ 3225 37| f Y-z HH 7M
Fig. 5. Y-Z plane configuration of 1, 2, 4 and 6 turns
inductor in 3225 size.
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Turn number ( nI—IIiladtusc (;?)n;:HZ) W (um) | Size (um)
1 1.22
2 2.68
4 7.44
6 13.26
3 1975 100 600*600
10 26.68
12 33.6
14 40.67
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Fig. 8. Fabricated Inductor sheet.
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Table 3. Notation of each process used in this research.

permittivity shrinkage process non-shrinkage process
40 RNE40 RNE40(N)
7 L7SH LT7SH(N)
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Fig. 9. Measured values of inductance with the sheet of

dielectric constant 40 for shrinkage or non-
shrinkage process and polynomial curve fitting with
the number of turns.

175

FUSLUE o| =S4t 2lo|=2B2] T

LTCC 57| &e

FAE 40 752 19 e A Nefl w23k
g ‘Oiﬂﬂ daron] 12 A4S A 13} 22 A A8

L(F5%) =4.7804 + 1.8432* N Q)
+0.0952* N?
L(53) =5.9796 +1.8523* N )
+0.2373* N?

S F1E 72 AlEh A EE A5l JIYEE Al<ts)
o FEFAY FE5TA v JYHAE S5t 1Y
107} Zro] Balgdsto] Alqbalg Aol ubA A 73Sl o]
o QIgE X g 22 vsa| o 2 A B uE] 15l on 11 AT}
= 233491 AT

L(¥<7%) =5.7003+2.1834* N 3)

+0.1697* N?
L(5%) =6.9969 +1.5749* N (4)
+0.0846* N?

AU~ SHZE F-380 we) ABggoz &5 gk
I A A 1 1137 2o o] 2 AlFo] 3
A0 2 2 AXGR] Zg- g’ 9] ghe] A

757 m L7SH

70 ® L7SH . ) )
651 — iﬁ:i:ﬁﬂ::: E.: o::e:ica:(N)
60_ Model | Polynomial

N
a5 [mm e e o

s o5 W N

£ 35

-

30
25 -
20 -
15 4
10
5_
(I] é ‘It (IS g 1I0 1I2 1I4 1IG
turns
a8 10. 88 7 LTCCel =538 ¢ % = 389
Ativol e SlSlEA B3z 2 CreN A Bl

Fig. 10. Measured values of inductance with the sheet of
dielectric constant 7 for shrinkage or non-
shrinkage process and polynomial curve fitting with
the number of turns.
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Fig. 11. Inductance of each process with increasing the
number of winding turns.
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Fig. 12. Capacitor structure in 600*600um?.
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Fig. 13. 3D configuration of a capacitor in 3216 size.
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T8 14. 1742] HuAIES| 3216 37| W Y-Z HHTA
Fig. 14. Y-Z plane configuration of a capacitor in 3216
size.

v

T8 15. 167H2] FHuAIES| M2t} 3216 37| L -
Fig. 15. 3D configuration of 16 capacitors in 3216 size.

B B B A
600 um
1.7 mm
* 36um
D
900 um
Y-Z Plane
< 32 mm >
T8 16. 167H2] FHuAIE| M212) 3216 37| L Y-Z
Yo7y
Fig. 16. Y-Z plane configuration of 16 capacitors in 3216
size.
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Table 4. Simulated capacitance with the number of layers.

Layer %:gi;léa;ll;; Size (um)
1 4.13
2 7.26
4 13.37
6 20.49
3 2713 600*600
10 33.89
12 40.56
14 47.46
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Fig. 17. Fabricated capacitors sheet.
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Fig. 18. Measurement value of capacitance with dielectric
constant 40 and polynomial curve fitting according
to the number of unit area in shrinkage or non-
shrinkage process.
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Table 5. Electrical specification of LPF.

Pass band DC—-2.2GHz
Atten <30dB @ 2.8GHz - 13GHz
Insertion loss +/- 1dB
Type Chebyshev
Order 9

[} [
L0309k LEI0526506
120 ReleT20m

3 19. 8AE LPF 32%
Fig. 19. Circuit of the designed LPF.

3000

J8 20. A= LPF AlE2o|Md A1}
Fig. 20. Simulation result of the designed LPF.

T 3m)

C
0 15

T8 21. &AIE LPFe| 3225 size W 74
Fig. 21. 3D configuration of the designed LPF in 3225
size.

www.koni.or.kr



J. Adv. Navig. Technol. 23(2): 172-178, Apr. 2019

nm. @ 2

= =

QI

RS

B E=RolME LTCC U 713l AR 7he st 54t
AGEl o} AhAI eto]Bele] 55 flsto] vt 7]
Jolobe-& X siSinh & 734 409] 5+ S7 Ak &
AE AR, FHSAI FrE T om AFste] F 47)
A 7352 AdAskaL AlFFeFle AlAE 2xke] SA kel A wjA
Aol st A2 B4 WA 2)S ©]8-51¢] Polynomial curve
fitting ©. & ThFRE LTCC 224k2] IR 5L ATA R AE o
St ol & Fall S gkl A ¢ds] Al FsA B FEh
Aol g ane] S sPgate] AT F QI dholHe
21E TEsigl o A gl B el S o] 83l 92k LPF(A 9
SIS AAlgte] L 84S AAER T

JEH ] A as 2 A Y (@) xR
AlArstl o, vk BFo] 7hsehe S ehe =y Bl Zuto]
g Fe7A gholBefe] 755 gjehs Zlo] sk 56§
FapEAlA AFTFS S S 1 T 248 ke
gk etolnely] FHoR S &5 RF 24 9 2E
AIREe AA NS 5 s Aolth

o
v

References

[1] W. Blood, F. Ling, T. Myers and M. Petras, “Library
development process for embedded capacitors in LTCC,” in
IEEE 9th Topical Meeting on Electrical Performance of

X st 2jf (Hak-Rae Cho)

1999 29l: AIChEhm x| 2 2Etn} (ZEA}
2000 3¥ 2000 12€: of|o|AE|I=2X| ChE|
20014 12 720024 2¢: o|=f0|= O|A}
20024 2¢ " oA @OIHEE CHEO|AL

T 4 8 (Kyung Heon Koo)

1981 1 A2t atm MRSt} (S,
5| 3

=
198740~ &7 : 1% 3
19984 ~ &7 : BFR LS| 0|4, A3 AU,

https://doi.org/10.12673/jant.2019.23.2.172

o S
HEHIEOF: RF 312 U REAMA, RAMSA Al A

Electronic Packaging (Cat. No.00TH8524), Scottsdale: AZ,
pp. 147-150, 2000.

[2] A. Sutono, A. Pham, J. Laskar and W. Smith, “RF/
microwave characterization of multilayer ceramic-based
MCM technology,” [EEE Transactions
Packaging, Vol. 22, No. 3, pp. 326-331, Aug. 1999.

[3] K. Chen and S. Chung, “A novel compact balanced- to-

on Advanced

unbalanced low-temperature co-fired ceramic bandpass filter
with three coupled lines configuration,” /EEE Transactions
on Microwave Theory and Techniques, Vol. 56, No. 7, pp.
1714-1720, July 2008.

[4] J. Sieiro, J. M. Lopez-Villegas, J. A. Osorio, T. Carrasco,
M. N. Vidal and S. Ahyoune, “Synthesis of compact planar
inductors in LTCC technology,” in 2012 International
Conference on Synthesis, Modeling, Analysis and Simulation
Methods and Applications to Circuit Design (SMACD),
Seville: Spain, pp. 45-4, 2012.

[5] M. Nicék, B. Psota, P. Kosina, J. Stary and J. Sandera, “Zero
shrink LTCC 3D structure interconnections,” in 2012 35th
International Spring Seminar on Electronics Technology,
Bad Aussee : Austria, 2012, pp. 128-132.

[6] K. Tokita, Y. Hashimoto, K. Fujiwara, A. Suzuki, Y. Ishida
and H. Yamaoka, “Development of zero-shrinkage-LTCC
substrate for millimeter-wave applications,” in 2018
Asia-Pacific Microwave Conference (APMC), Kyoto: Japan,
pp. 1274-127, 2018.

19834 : M2 st MAS St} (2

1999 ~ 20004 : UC San Diego BH2 &AL

1z
z

178



