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A Study for Optimum Design and Fabrication of Microscale Solenoid
RF Chip Inductors

FouE -8 K B
(Eui-Jung Yun - Young-Chang Jung)

Abstract - In this study, microscale, high-performance, solenoid-type RF chip inductors were investigated. The size of
the RF chip inductors fabricated in this work was 1.0x0.5x0.5mr'. 96% Al:O; and I-type were used as the material and
shape of the core, respectively. The copper (Cu) wire with 6 tums was employed as the coils. The diameter (40;m) and
position (middle) of the coil and the length (0.35mm) of solenoid were determined by a high-frequency structure simulator

(HFSS) to maximize the performance of the inductors.

High frequency characteristics of the inductance (L) and

quality—factor (Q) of developed inductors were measured using an RF Impedance/Material Analyzer (HP4291B with
HP16193A test fixture). The inductors developed have inductances of 10.8nH and quality factors of 25.2 to 50 over the
frequency ranges of 250Mk to 1@k, and show results comparable to those measured for the inductors prepared by
CoilCraft™. The simulated data predicted the high—frequency data of the L and Q of the inductors developed well.
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Table 1 Simulation results of variations of the frequency
characteristics on the core material for RF chip

inductors
Core L(nH) Q SRF
Materials @250MHz @250MHz | (GHz)
AlLO3 98% 8.62 38.9 6.11
AlO3 9%6% 857 376 6.05
AlO3 92% 8.43 145 6.01
AIN 861 14.0 6.17
Diamond 855 23.7 6.38
Sapphire 8.60 395 6.01
BeO 857 23.7 6.31
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Fig. 1 Various structures of the core for simulation: (a)
C-type, (b) H-type, and (c) I-type
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Fig. 2 Simulation results of the Q-f characteristic with
various core structures
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Fig. 3 Simulation results of the L-f characteristic with
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Fig. 4 Simulation results of the Q-f characteristic with
various coil positions
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Fig. 5 Simulation results of the L-f characteristic with
various coil diameters
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various coil diameters
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various solenoid lengths
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various solenoid lengths
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Table 2 Summary of simulation results of the frequency
characteristics for microscale RF chip inductors

L(nH) Q
Parameters (at, 250M) | (at 250Mg) | SRF (@)
Left 11.3 296 485
Coil )
Positi Middle 11.2 29.8 5.60
os1tions
Right 112 297 5.12
35m 11.3 29.6 551
Coil
Diameters 40m 11.2 29.8 5.60
45um 109 29.8 5.61
0.35mm 11.2 298 5.60
Solenoid
Lengths 0.40mm 10.7 29.7 585
0.45am 104 26.3 5.66
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Fig. 9 The fabricated RF chip inductors (N=6) :
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developed
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Table 3 Summary of measurement results of the frequency
characteristics for fabricated RF chip inductors

Turns | L(nH) Q SRF
Variables
(N) |@250MHz| @250MHz| (GHz)
Simulation 11.2 29.8 5.60
CoilCraft 6 10.7 28.8 3.60
Sample 10.8 25.2 1.8<
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Table 4 The measured values of equivalent circuit
parameters for the fabricated RF chip inductors

L C
[nH] (fF]

Developed Inductor | 10.796 243.72 36.357

Sample R ImQ]

CoilCraft Inductor | 10.813 201.26 42.086
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