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ABSTRACT

Integrated passive device (IPD) technology has emerged with the need for 5G. In order to integrate and miniaturize

capacitors inside IPD, various studies are actively performed using high-k materials and trench structures. In this

paper, an EM(Electromagnetic) simulation study was performed by applying an oxide dielectric to the capacitors

having a various trench type structures. Commercially available materials HfO2, Al2O3, and Ta20Os are applied to non,

circle, trefoil, and quatrefoil type trench structures to confirm changes in each material or structure. As a result, the

bigger the capacitor area and the higher dielectric constant of the oxide dielectric, the insertion loss tended to

decrease.
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Table 1. Oxide Dielectric Properties

Relative Dielectric
. e Band Gap
Material | Permittivity | Loss tangent V)
e
(@98 Ghz) | (@9.8 Ghz)
HfO2 25 0.006 ~5.8
AlLOs 9 0.001 ~8.8
Tax0s 22 0.006 ~53
m: W Silicen (60um)

m— 0, (3nm)
TiN (Bottom Matal 300nm]
W 10, A0, Ta;0 (1onm)
TiN [Bottom Metal 300nm)

atum Type-Nen

Fig. 1. Non-Type Structure.

B Silicon (60um)
— si0; (30nm)
TiN (Bottom Metal 300nm)
W 16O, A0, Ta,0; (10nm)
TIN (Bottom Metal 300nm)

Trench Type-Circle

W Silicon (60um)
m— SiO, (30nm)
TiN (Bottom Metal 300nm)
B HfO, Al,0;, Ta;Os (10nm)
TiN (Bottom Metal 300nm)
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Type-Trefoil

Fig. 3. Trefoil-Type Structure.
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TiN (Bottom Metal 300nm)
B 4O, ALLO,, Ta,0; (10nm)
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Fig. 4. Quatrefoil-Type Structure.
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Table 2. Capacitance Datas (A: Calculated, B: Simulated)

Dielectric HfO2 ALOs TaxOs
[nF] [nF] [nF]
Structure A B A B A B
Non 448 (392 1.61 | 1.11| 3.94 | 244
Circle 5 45 18 | 1.3 | 44 | 39
Trefoil 526 |47 19 | 14| 46 |4.17
Quatrefoil 5.5 5 2 1.5 | 48 |4.25
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Fig. 7. Insertion Loss of Ta2Os.
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Table 3. Insertion Loss(S21) [dB] at 32 GHz
Oxide
Dielectric| HfO; ALO3 TaxOs
[dB] | [dB] | [dB]
Structure
Non-Type -1.771 -1.841 -1.810
Circle-Type -1.762 -1.774 -1.771
Trefoil-Type -1.758 -1.768 -1.765
Quatrefoil-Type -1.738 -1.749 -1.747
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