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1. Abstract 

Near-ideal inductors are components difficult to implement in practical microwave circuits. 
One possibility which is often used in MMICs is the spiral planar inductor. This type of 
component is convenient since it can be efficiently integrated and is quite repeatable. In the 
case of the MIC type circuits the situation is different, since the size requirements are often 
too demanding for the standard micostrip etching techniques in soft substrates, making 
impractical its use. However there are some commercially available spiral chip inductors 
offered by some manufactures which can be easily used in MICs if connected to the circuit 
using standard bonding wires. The frequency range in which these inductors can be used 
depends on many factors, but seldom reaches over 20 GHz, even for the lower inductance and 
smaller size values. This report presents simple equivalent circuits for some of these inductors 
obtained by fitting to the S parameters measured with a coplanar probe station. These simple 
models can be used to represent the components in CAD programs, including their parasitic 
effects in a limited frequency range. The inductors analyzed were manufactured by Piconics 
and ATP. 

2. Introduction 

This report analyzes some types of commercial spiral inductors which can be used in 
microwave circuits. They were initially considered as an option for the bias circuits of 
cryogenic wideband amplifiers. In principle spiral inductors could be adequate for covering 
the inductance range not easily attainable with simple bonding wires (>1 nH). They are far 
from ideal components and can show multiple self resonances which severely limit the 
frequency range for which they can be used. The simple equivalent circuit used in this report 
(figure 1) can only represent the first resonance and should be used with extreme caution at 
high frequency. However this is generally acceptable, since the spiral inductors are, in 
general, not useful beyond their self resonance. These components are available in different 
sizes (height) and with different substrates (alumina, quartz). For our work the height of 
10 mils was the most convenient, since it matches that of other passive components in the 
circuit. It was found that inductors on quartz substrates were more ideal and showed higher 
resonant frequencies. The parasitics depend on the size, layout and dielectric material used. 
The results obtained with eight different types are presented in this document. The values of 
the equivalent circuit components were obtained by comparison with the experimental 
measurements of the S parameters in a configuration that mimics the typical assembly method 
used in the amplifiers. The chip inductors were mounted on a copper plate and connected with 
short bonding wires to coplanar to microstrip transitions (figure 2) on both sides. The 
measurements were carried out in the 0.250-110 GHz frequency range at ambient temperature 
using a coplanar probe station.  

3. Equipment 

 Probe station mod. MPS 150 (Cascade Microtech) 
 Coplanar probes mod. ACP 110-A-GSG-125 (Cascade Microtech) 
 Vector network analyzer mod. PNA-X 5247 (Keysight) 
 Millimeter wave controller mod. N5261A (Keysight) 
 Millimeter wave heads mod. N5250CX10 (Keysight) 
 Transitions from coplanar to microstrip mod. ProbePoint 0503 (Jmicro) 
 Coplanar calibration substrate (ISS) mod. 104-783A (Cascade Microtech) 
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4. Calibration 

The chip inductor measurements were obtained using a standard LRRM calibration performed 
with the Cascade Microtech ISS calibration substrate (Impedance Standard Substrate, figure 
3) using WinCal software. With the standards used this calibration performs reasonably well 
in all the 250 MHz-110 GHz range sampled. It was verified with an open (probes in air) and 
with a long matched coplanar line (~27ps) in the ISS substrate. The ISS was used in 
combination with an absorbing ISS holder (SN 116-334) as recommended by Cascade. 
 
The standard LRMM method yields a calibration referenced to the end of the coplanar probes. 
As the objective was to measure the inductors, the reference plane had to be shifted to the end 
of the coplanar-microstrip transitions. This was performed with a built-in feature of the PNA-
X which allows de-embedding circuits characterized by their S-parameter files. Appendix I 
contain some information of the models used to generate the S-parameter files of the 
transitions. Additional information can be found in a previous Technical Report1. 

5. Equivalent circuit results 

The measurements were performed in the complete 250 MHz-110 GHz frequency range 
accessible to the measurement equipment. However, a good fit with a simple equivalent 
circuit could only be obtained in a much smaller range. The circuit used is presented in 
figure 1 and the values of the components for the different inductors are shown in table I. The 
fit is valid only for frequencies below the limit shown the table (different for each inductor). 
More details on the results and a comparison of the models and measurements are presented 
in sections 7 to 14. 
 
In the case of the Piconics components, we also checked the possibility of using the ADS 
internal spiral inductor model and a 2.5D EM simulation with ADS Momentum. It was found 
that neither of the two obtained a perfect fit and additional components had to be included to 
improve the results. In general, these more complex models can predict the existence of more 
than one resonance, but the results do not coincide exactly with the measurements (see 
sections 7 to 11). 
 
 

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Figure 1:  Equivalent circuit used for the inductors, including external bonding wires. 

                                                 
1 J.D. Gallego, C. Diez González, I. López, I. Malo, “Effect of Source Bonding Wires in HEMT devices”, CDT 
Technical Report 2016-18.  http://icts-yebes.oan.es/reports/doc/IT-CDT-2016-18.pdf 
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TABLE I 
Parameters of the equivalent circuit of the spiral inductors measured 

 
 

      Equivalent Circuit Elements   

Manufacturer 
Data Sheet 
Value (nH) 

Material 
Size 
(mil) 

Height 
(mil) 

Num. 
 of turns 

Lbond 
(nH) 

Cgnd 
(pF) 

Lser 
(nH) 

Rser 
(Ohm) 

Cpar 
(pF) 

Fmax 
(GHz) 

P/N 

PICONICS 6.9 Alumina 20x20 15 4.5 0.38 0.045 6.1 3.0 0.024 20 SP4P5-20-ACW 
PICONICS 12 Alumina 20x20 10 6.5 0.30 0.055 10.8 3.1 0.013 12 SP6P5-20-ABW 
PICONICS 2.1 Quartz 20x20 10 2.0 0.17 0.125 2.3 0.2 0.000 20 SP2P0-20-QBW 
PICONICS 6.9 Quartz 20x20 10 4.5 0.19 0.117 6.3 4.3 0.010 20 SP4P5-20-QBW 
PICONICS 12 Quartz 20x20 10 6.5 0.22 0.117 9.6 5.0 0.009 20 SP6P5-20-QBW 
PICONICS 2.1 Quartz 20x20 15 2.0 0.34 0.019 1.74 0.3 0.010 35 SP2P5-20-QCW 
PICONICS 6.9 Quartz 20x20 15 4.5 0.36 0.023 6.2 4.1 0.012 20 SP4P5-20-QCW 
PICONICS 12.0 Quartz 20x20 15 6.5 0.26 0.030 10.5 5.0 0.012 20 SP6P5-20-QCW 

ATP 2.2 Quartz 22x22 10 2.5 0.19 0.021 1.4 0.6 0.007 40 ATP-I-010-Q-022 
ATP 3.5 Quartz 22x22 10 3.0 0.20 0.025 2.5 0.3 0.007 30 ATP-I-010-Q-350 
ATP 3.9 Quartz 22x22 10 3.5 0.18 0.027 2.6 1.0 0.008 25 ATP-I-010-Q-390 
ATP 7.3 Quartz 25x25 10 4.0 0.19 0.037 5.0 1.4 0.009 20 ATP-I-010-Q-730 
ATP 12 Quartz 30x30 10 4.5 0.20 0.048 7.8 1.8 0.008 15 ATP-I-010-Q-120 
ATP 28 Quartz 32x32 10 7.5 0.25 0.063 17.0 2.6 0.003 10 ATP-I-010-Q-282 
ATP 87.7 Quartz 46x46 10 10.5 0.25 0.101 47.0 6.0 0.055 2 ATP-I-010-Q-877 

US uW 2.0 Quartz 27x27 20 2.0 0.13 0.021 1.73 0.8 0.000 35 LX2500Q20-L02-02 
US uW 4.0 Quartz 27x27 20 3.0 0.30 0.016 1.94 0.3 0.006 30 LX2500Q20-L03-04 
US uW 7.0 Quartz 27x27 20 3.6 0.48 0.018 2.48 0.6 0.010 30 LX2500Q20-L03.6-07 
US uW 14.0 Quartz 27x27 20 5.0 0.50 0.024 5.59 5 0.012 20 LX2500Q20-L05-14 
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Figure 2:  Drawing of Jmicro coplanar to microstrip transition used for the measurements.  
 
 
 
 

 
 
 
Figure 3: Calibration substrate used for LRRM calibration on the coplanar reference plane 

in the 0.250-110 GHz frequency range. 
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6. Photos 

 

 

Piconics 6.9 nH 4.5 T 20x20x15 mil alumina Piconics 12 nH 6.5 T 20x20x10 mil alumina 

  

 

Piconics 2.1 nH 2.0 T  20x20x10 mil quartz Piconics 6.9 nH 4.5 turns 20x20x10 mil quartz 

  

 

Piconics 12 nH 6.5 T 20x20x10 mil quartz Piconics 2.1 nH 2.0 T  20x20x15 mil quartz 

  

 

Piconics 6.9 nH 4.5 T 20x20x15 mil quartz Piconics 12 nH 6.5 T 20x20x15 mil quartz 
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ATP 2.2 nH 2.5 T 22x22x10 mil quartz ATP 3.5 nH 3 T 22x22x10 mil quartz 

  

 

ATP 3.9 nH 3.5 T 22x22x10 mil quartz ATP 7.3 nH 4 T 25x25x10 mil quartz 

  

 

ATP 12 nH 4.5 T 30x30x10 mil quartz ATP 28 nH 7.5 T 22x22x10 mil quartz 

  

 

ATP 87.7 nH 10.5 T 46x46x10 mil quartz US uW 2.0 nH 2 T 27x27x20 mil quartz 
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US uW 4.0 nH 3 T 27x27x20 mil quartz US uW 7.0 nH 3.6 T 27x27x20 mil quartz 

  

 

US uW 14.0 nH 5 T 27x27x20 mil quartz  
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7. Piconics alumina inductor 6.9 nH 4.5 turns 20x20x15 
mil chip  

 
 
 

 
 

 
PICONICS model SP4P5-20-ACW 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.15 mm  
Inductor body: W=0.508 mm; L= 0.508 mm; h=0.381 mm 
Bond wire 1:  dia: 17 um; horizontal distance: 0.500 mm 
Bond wire 2:  dia: 17 um; horizontal distance: 0.350 mm; sep: ~0.040 mm 
Reference planes at the end of Jmicro substrate 
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SIMPLE L-C MODEL  
 
 
Good up to ≈20 GHz 
Does not predict resonance in S21 at ≈ 24 GHz 
 
 
 
 
 

FITTED in 0.25-20 GHz
PLOTTED in 0.25-30 GHz
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Inductor: 
Lser=6.1 nH 
Rser=3.0 Ohm 
 
Input-output capacitor: 
Cpar=0.024 pF 
 
Capacitors to GND: 
Cgnd=0.045 pF 
 
Bond wires: 
Lbond=0.38 nH 
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ADS INTERNAL MODEL  
 
 
Good up to ≈20 GHz 
A capacitor from input to output is needed to model S21 adequately 
(Probably due to coupling of input-output bond wires) 
 
 

FITTED in 0.25-20 GHz
PLOTTED in 0.25-30 GHz
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Input-output capacitor: 
Cpar=0.034 pF 
 
Bond wires: 
Lbond=0.50 nH 
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MOMENTUM MODEL  
 
Good up to ≈20 GHz 
A capacitor from input to output is needed to model S21 adequately 
(Probably due to coupling of input-output bond wires) 
 
 

FITTED in 0.25-20 GHz
PLOTTED in 0.25-30 GHz
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Input-output capacitor: 
Cpar=0.016 pF 
 
Bond wires: 
Lbond=0.29 nH 
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8. Piconics alumina inductor 12 nH 6.5 turns 20x20x10 
mil chip  

 
 

 
 
 

 
 

 
PICONICS model SP6P5-20-ABW 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.15 mm  
Inductor body: W=0.508 mm; L= 0.508 mm; h=0.254 mm 
Bond wire 1:  dia: 17 um; horizontal distance: 0.500 mm 
Bond wire 2:  dia: 17 um; horizontal distance: 0.350 mm; sep: ~0.040 mm 
Reference planes at the end of Jmicro substrate 
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SIMPLE L-C MODEL  
 
 
Good up to ≈12 GHz 
 
 
 
 
 

FITTED in 0.25-12 GHz
PLOTTED in 0.25-30 GHz

VAR
CAP

Rser=3.09099 {t} {o}
Lser=10.7923 {t} {o}

Eqn
Var

VAR
VAR1

Cpar=0.0128085 {t} {o}
Cgnd=0.0557212 {t} {o}

Eqn
Var

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

MSUB
ALUM10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=10 mil

MSub

VAR
LINE

Wline=0.28 {-t} {-o}
Lline=0.645 {-t} {-o}
Lbond=0.3 {t} {-o}

Eqn
Var

S2P
SNP1
File="piconics_6p5t _12p_10 mil_alum.s2p"

21

Ref

MLIN
TL4

L=Lline mm
W=Wline mm
Subst="DUROID"

MLIN
TL3

L=Lline mm
W=Wline mm
Subst="DUROID"

VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Inductor: 
Lser=10.8 nH 
Rser=3.1 Ohm 
 
Input-output capacitor: 
Cpar=0.013 pF 
 
Capacitors to GND: 
Cgnd=0.055 pF 
 
Bond wires: 
Lbond=0.30 nH 
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ADS INTERNAL MODEL  
 
 
Good up to ≈16 GHz 
A capacitor from input to output is needed to model S21 adequately 
(Probably due to coupling of input-output bond wires) 
 
 

FITTED in 0.25-16 GHz
PLOTTED in 0.25-30 GHz

VAR
LINE
Lbond=0.3 {t} {-o}

Eqn
Var VAR

VAR1
Cpar=0.036 {t} {o}

Eqn
Var

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

VAR
CAP

Rser=3.31155 {t} {o}
Lser=13.1718 {t} {o}

Eqn
Var

MSIND
L4

S=0.45 mil {-t}
W=0.45 mil {-t}
Ri=2.5 mil {-t}
N=6.5 {-t}
Subst="ALUM10"

C
C2
C=Cpar pF

MSUB
ALUM10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=10 mil

MSub

S2P
SNP1
File="piconics_6p5t _12p_10 mil_alum.s2p"

21

Ref

MLIN
TL4

L=Lline mm
W=Wline mm
Subst="DUROID"

MLIN
TL3

L=Lline mm
W=Wline mm
Subst="DUROID"

VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Input-output capacitor: 
Cpar=0.036 pF 
 
Bond wires: 
Lbond=0.30 nH 
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MOMENTUM MODEL  
 
Good up to ≈20 GHz 
A capacitor from input to output is needed to model S21 adequately 
(Probably due to coupling of input-output bond wires) 
 
 

FITTED in 0.25-20 GHz
PLOTTED in 0.25-30 GHz

VAR
LINE
Lbond=0.248812 {t} {o}

Eqn
Var VAR

VAR1
Cpar=0.0134451 {t} {o}

Eqn
Var

VAR
CAP

Rser=3.31155 {t} {o}
Lser=13.1718 {t} {o}

Eqn
Var

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

piconics_12p_10mil_alum_mom
piconics_12p_10mil_alum_mom_1
ModelType=MW

L4

C
C2
C=Cpar pF

MSUB
ALUM10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=10 mil

MSub

S2P
SNP1
File="piconics_6p5t _12p_10 mil_alum.s2p"

21

Ref

MLIN
TL4

L=Lline mm
W=Wline mm
Subst="DUROID"

MLIN
TL3

L=Lline mm
W=Wline mm
Subst="DUROID"

VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
Input-output capacitor: 
Cpar=0.013 pF 
 
Bond wires: 
Lbond=0.25 nH 
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9. Piconics quartz inductor 6.9 nH 4.5 turns 20x20x10 mil 
chip 

 
 
 

 
 

 
PICONICS model SP4P5-20-QBW 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.13 mm  
Inductor body: W=0.508 mm; L= 0.508 mm; h=0.254 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.440 mm; 

sep: ~40-60 um; height over chip: ~60 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.300 mm; 

sep: ~35 um; height over chip: ~20 um 
Reference planes at the end of Jmicro substrate 
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SIMPLE L-C MODEL  
 
 
Good up to ≈30 GHz 
Relatively good prediction 
 
 
 
 
 

FITTED in 0.25-20 GHz
PLOTTED in 0.25-30 GHz

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

VAR
CAP

Rser=4.31598 {t} {o}
Lser=6.3136 {t} {o}

Eqn
Var

VAR
VAR1

Cpar=0.00976014 {t} {o}
Cgnd=0.116909 {t} {o}

Eqn
VarVAR

LINE

Wline=0.28 {-t} {-o}
Lline=0.645 {-t} {-o}
Lbond=0.185754 {t} {o}

Eqn
Var

S2P
SNP1
File="piconics_4p5t _6p9_10 mil_quartz.s2p"

21

Ref

MSUB
ALUM15

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=15 mil

MSub
VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Inductor: 
Lser=6.3 nH 
Rser=4.3 Ohm 
 
Input-output capacitor: 
Cpar=0.010 pF 
 
Capacitors to GND: 
Cgnd=0.117 pF 
 
Bond wires: 
Lbond=0.19 nH 
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ADS INTERNAL MODEL  
 
 
Good up to ≈20 GHz 
Capacitosr from input to output and to GND are needed to model S parameters adequately 
 

FITTED in 0.25-20 GHz
PLOTTED in 0.25-30 GHz

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

VAR
VAR1

Cpar=0.0147923 {t} {o}
Cgnd=0.0924104 {t} {o}

Eqn
VarVAR

LINE

Wline=0.28 {-t} {-o}
Lline=0.645 {-t} {-o}
Lbond=0.246988 {t} {o}

Eqn
Var

VAR
CAP

Rser=4.31598 {t} {o}
Lser=6.3136 {t} {o}

Eqn
Var

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF MSIND

L4

S=0.5 mil {-t}
W=0.5 mil {-t}
Ri=3.2 mil {-t}
N=4.5 {-t}
Subst="QUARTZ10"

C
C2
C=Cpar pF

S2P
SNP1
File="piconics_4p5t _6p9_10 mil_quartz.s2p"

21

Ref

MSUB
ALUM15

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=15 mil

MSub
VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Input-output capacitor: 
Cpar=0.015 pF 
 
Capacitors to GND: 
Cgnd=0.092 pF 
 
Bond wires: 
Lbond=0.25 nH 
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MOMENTUM MODEL  
 
Good up to ≈20 GHz 
Capacitors from input to output is needed to model S21 adequately 
(Probably due to coupling of input-output bond wires) 
 
 

FITTED in 0.25-20 GHz
PLOTTED in 0.25-30 GHz

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

VAR
VAR1

Cpar=0.00739611 {t} {o}
Cgnd=0.0964237 {t} {o}

Eqn
VarVAR

LINE

Wline=0.28 {-t} {-o}
Lline=0.645 {-t} {-o}
Lbond=0.167335 {t} {o}

Eqn
Var

VAR
CAP

Rser=4.31598 {t} {o}
Lser=6.3136 {t} {o}

Eqn
Var

piconics_6p9_10mil_quartz_mom
piconics_6p9_10mil_quartz_mom_1
ModelType=MW

L4

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

S2P
SNP1
File="piconics_4p5t _6p9_10 mil_quartz.s2p"

21

Ref

MSUB
ALUM15

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=15 mil

MSub
VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
Input-output capacitor: 
Cpar=0.007 pF 
 
Capacitors to GND: 
Cgnd=0.096 pF 
 
Bond wires: 
Lbond=0.17 nH 
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10. Piconics quartz inductor 12 nH 6.5 turns 20x20x10 mil 
chip  

 
 

 
 

 
 

 
PICONICS model SP6P5-20-QBW 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.12 mm  
Inductor body: W=0.508 mm; L= 0.508 mm; h=0.254 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.450 mm; 

sep: ~40-60 um; height over chip: ~70 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.280 mm; 

sep: ~35 um; height over chip: ~20 um 
Reference planes at the end of Jmicro substrate 
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SIMPLE L-C MODEL  
 
 
Good up to ≈20 GHz 
 
 
 
 
 

FITTED in 0.25-20 GHz
PLOTTED in 0.25-30 GHz

VAR
VAR1

Cpar=0.00929956 {t} {o}
Cgnd=0.117714 {t} {o}

Eqn
Var

VAR
CAP

Rser=4.99994 {t} {o}
Lser=9.63906 {t} {o}

Eqn
Var

VAR
LINE

Wline=0.28 {-t} {-o}
Lline=0.645 {-t} {-o}
Lbond=0.220977 {t} {o}

Eqn
Var

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

S2P
SNP1
File="piconics_6p5t _12p_10 mil_quartz.s2p"

21

Ref

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

MSUB
ALUM10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=10 mil

MSub
VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var Term

Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
 
Inductor: 
Lser=9.6 nH 
Rser=5.0 Ohm 
 
Input-output capacitor: 
Cpar=0.009 pF 
 
Capacitors to GND: 
Cgnd=0.117 pF 
 
Bond wires: 
Lbond=0.22 nH 
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ADS INTERNAL MODEL  
 
 
Good up to ≈20 GHz 
Capacitors from input to output and to GND are needed to model S parameters adequately. 
 
 

FITTED in 0.25-20 GHz
PLOTTED in 0.25-30 GHz

VAR
LINE

Wline=0.28 {-t} {-o}
Lline=0.645 {-t} {-o}
Lbond=0.25 {t} {o}

Eqn
Var VAR

VAR1

Cpar=0.0161517 {t} {o}
Cgnd=0.0888546 {t} {o}

Eqn
Var

MSIND
L4

S=0.45 mil {-t}
W=0.45 mil {-t}
Ri=2.5 mil {-t}
N=6.5 {-t}
Subst="QUARTZ10"

VAR
CAP

Rser=4.9988 {t} {o}
Lser=10.6063 {t} {o}

Eqn
Var

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

S2P
SNP1
File="piconics_6p5t _12p_10 mil_quartz.s2p"

21

Ref

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

C
C2
C=Cpar pF

MSUB
ALUM10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=10 mil

MSub
VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var Term

Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Input-output capacitor: 
Cpar=0.016 pF 
 
Capacitors to GND: 
Cgnd=0.088 pF 
 
Bond wires: 
Lbond=0.25 nH 
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MOMENTUM MODEL  
 
Good up to ≈20 GHz 
Capacitors from input to output and to GND are needed to model S parameters adequately. 
 
 

FITTED in 0.25-20 GHz
PLOTTED in 0.25-30 GHz

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

piconics_12p_10mil_quartz_mom
piconics_12p_10mil_quartz_mom_1
ModelType=MW

L4

C
C2
C=Cpar pF

VAR
LINE

Wline=0.28 {-t} {-o}
Lline=0.645 {-t} {-o}
Lbond=0.25 {t} {o}

Eqn
Var VAR

VAR1

Cpar=0.00678828 {t} {o}
Cgnd=0.0837636 {t} {o}

Eqn
Var

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

VAR
CAP

Rser=4.9988 {t} {o}
Lser=10.6063 {t} {o}

Eqn
Var

S2P
SNP1
File="piconics_6p5t _12p_10 mil_quartz.s2p"

21

Ref

MSUB
ALUM10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=10 mil

MSub
VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var Term

Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
Input-output capacitor: 
Cpar=0.007 pF 
 
Capacitors to GND: 
Cgnd=0.084 pF 
 
Bond wires: 
Lbond=0.25 nH 
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11. Piconics quartz inductor 2.1 nH 2.0 turns2 20x20x10 
mil chip 

 
 

 
 

 
PICONICS model SP4P5-20-QBW 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.13 mm  
Inductor body: W=0.508 mm; L= 0.508 mm; h=0.254 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.420 mm; 

sep: ~50-70 um; height over chip: ~60 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.280 mm; 

sep: ~35 um; height over chip: ~20 um 
Reference planes at the end of Jmicro substrate 
 
 

                                                 
2 Datasheet claims 2.5 turns 
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SIMPLE L-C MODEL  
 
 
Good up to ≈20 GHz 
Relatively good prediction 
 
 
 
 
 

FITTED in 0.25-20 GHz
PLOTTED in 0.25-30 GHz

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

L
L3

R=Rser Ohm
L=Lser nH

VAR
CAP

Rser=0.194765 {t} {o}
Lser=2.28258 {t} {o}

Eqn
Var

VAR
VAR1

Cpar=2.68611e-008 {t} {o}
Cgnd=0.124937 {t} {o}

Eqn
VarVAR

LINE

Wline=0.28 {-t} {-o}
Lline=0.645 {-t} {-o}
Lbond=0.165326 {t} {o}

Eqn
Var

S2P
SNP1
File="piconics_2p5t _2p1_10 mil_quartz.s2p"

21

Ref

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

MSUB
ALUM15

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=15 mil

MSub
VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Inductor: 
Lser=2.3 nH 
Rser=0.2 Ohm 
 
Input-output capacitor: 
Cpar=0 pF 
 
Capacitors to GND: 
Cgnd=0.125 pF 
 
Bond wires: 
Lbond=0.17 nH 
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ADS INTERNAL MODEL  
 
 
Good up to ≈30 GHz 
Capacitors from input to output and to GND are needed to model S parameters adequately. 
 
 

FITTED in 0.25-30 GHz
PLOTTED in 0.25-30 GHz

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

MSIND
L4

S=1 mil {-t}
W=1 mil {-t}
Ri=4.5 mil {-t}
N=2 {-t}
Subst="QUARTZ10"

C
C2
C=Cpar pF

VAR
VAR1

Cpar=0.00456997 {t} {o}
Cgnd=0.118345 {t} {o}

Eqn
VarVAR

LINE

Wline=0.28 {-t} {-o}
Lline=0.645 {-t} {-o}
Lbond=0.126959 {t} {o}

Eqn
Var

VAR
CAP

Rser=0.194765 {t} {o}
Lser=2.28258 {t} {o}

Eqn
Var

S2P
SNP1
File="piconics_2p5t _2p1_10 mil_quartz.s2p"

21

Ref

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

MSUB
ALUM15

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=15 mil

MSub
VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Input-output capacitor: 
Cpar=0.005 pF 
 
Capacitors to GND: 
Cgnd=0.118 pF 
 
Bond wires: 
Lbond=0.127 nH 
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MOMENTUM MODEL  
 
Good up to ≈20 GHz 
Capacitors from input to output and to GND are needed to model S parameters adequately. 
 
 

FITTED in 0.25-20 GHz
PLOTTED in 0.25-30 GHz

VAR
VAR1

Cpar=0.000472298 {t} {o}
Cgnd=0.110227 {t} {o}

Eqn
VarVAR

LINE

Wline=0.28 {-t} {-o}
Lline=0.645 {-t} {-o}
Lbond=0.122947 {t} {o}

Eqn
Var

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

VAR
CAP

Rser=0.194765 {t} {o}
Lser=2.28258 {t} {o}

Eqn
Var

piconics_2p1_10mil_quartz_mom
piconics_2p1_10mil_quartz_mom_1
ModelType=MW

L4

C
C2
C=Cpar pF

S2P
SNP1
File="piconics_2p5t _2p1_10 mil_quartz.s2p"

21

Ref

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

MSUB
ALUM15

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=15 mil

MSub
VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
Input-output capacitor: 
Cpar=0.0004 pF 
 
Capacitors to GND: 
Cgnd=0.110 pF 
 
Bond wires: 
Lbond=0.123 nH 
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12. Piconics quartz inductor 6.9 nH 4.5 turns 20x20x15 mil 
chip 

 
 
 

 
 

 
PICONICS model SP4P5-20-QCW 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.13 mm  
Inductor body: W=0.508 mm; L= 0.508 mm; h=0.381 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.370 mm; 

sep: - ; height over chip: ~70 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.260 mm; 

sep: ~30 um; height over chip: ~10/80 um 
Reference planes at the end of Jmicro substrate 
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SIMPLE L-C MODEL  
 
 
Good up to ≈30 GHz 
Relatively good prediction 
 
 
 
 
 

FITTED in 0.25-20 GHz

PLOTTED in 0.25-30 GHz

VAR
CAP

Rser=4.08272 {t} {o}
Lser=6.11809 {t} {o}

Eqn
Var

VAR
VAR1

Cpar=0.0124222 {t} {o}
Cgnd=0.0237007 {t} {o}

Eqn
VarVAR

LINE

Wline=0.28 {-t} {-o}
Lline=0.645 {-t} {-o}
Lbond=0.364536 {t} {o}

Eqn
Var

S2P
SNP1
File="piconics_4p5t _6p9_15 mil_quartz.s2p"

21

Ref

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

MSUB
ALUM15

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=15 mil

MSub
VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Inductor: 
Lser=6.2 nH 
Rser=4.1 Ohm 
 
Input-output capacitor: 
Cpar=0.012 pF 
 
Capacitors to GND: 
Cgnd=0.023 pF 
 
Bond wires: 
Lbond=0.36 nH 



YebeS  
Observatorio de Yebes 
Apartado 148, 19080 Guadalajara, SPAIN 

Equivalent Circuits of Some Commercial Spiral 
Chip Inductors at Microwave Frequencies 

 

Rev. C IT-CDT 2020-17 Page 48 of 99 

 

freq (250.0MHz to 30.00GHz)

S
m

e
a

s(
1

,1
)

S
m

o
d

e
l(

1,
1

)

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8-1.0 1.0

freq (250.0MHz to 30.00GHz)

S
m

e
a

s(
1,

2
)

S
m

o
d

e
l(

1,
2

)

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8-1.0 1.0

freq (250.0MHz to 30.00GHz)

S
m

o
d

e
l(

2
,1

)
S

m
e

a
s(

2
,1

)

freq (250.0MHz to 30.00GHz)

S
m

o
d

e
l(

2
,2

)
S

m
e

a
s(

2
,2

)

DDS_File_Name

piconics_6p9_15mil_qu...

5 10 15 20 250 30

-15

-10

-5

-20

0

freq, GHz

dB
(S

m
ea

s(
1,

1)
)

dB
(S

m
od

el
(1

,1
))

5 10 15 20 250 30

-40

-20

-60

0

freq, GHz

dB
(S

m
ea

s(
1,

2)
)

dB
(S

m
od

el
(1

,2
))

5 10 15 20 250 30

-15

-10

-5

-20

0

freq, GHz

dB
(S

m
ea

s(
2,

2)
)

dB
(S

m
od

el
(2

,2
))

5 10 15 20 250 30

-40

-20

-60

0

freq, GHz

dB
(S

m
ea

s(
2,

1)
)

dB
(S

m
od

el
(2

,1
))

 
 



YebeS  
Observatorio de Yebes 
Apartado 148, 19080 Guadalajara, SPAIN 

Equivalent Circuits of Some Commercial Spiral 
Chip Inductors at Microwave Frequencies 

 

Rev. C IT-CDT 2020-17 Page 49 of 99 

 

13. Piconics quartz inductor 12 nH 6.5 turns 20x20x15 mil 
chip  

 
 

 
 

 
 

 
PICONICS model SP6P5-20-QCW 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.12 mm  
Inductor body: W=0.508 mm; L= 0.508 mm; h=0.381 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.480 mm; 

sep: - ; height over chip: ~80 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.320 mm; 

sep: ~20 um; height over chip: ~50/90 um 
Reference planes at the end of Jmicro substrate 
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SIMPLE L-C MODEL  
 
 
Good up to ≈20 GHz 
 
 
 
 
 

FITTED in 0.25-20 GHz
PLOTTED in 0.25-30 GHz

VAR
LINE

Wline=0.28 {-t} {-o}
Ll ine=0.645 {-t} {-o}
Lbond=0.259416 {t} {o}

Eqn
Var VAR

VAR1

Cpar=0.0118119 {t} {o}
Cgnd=0.0298635 {t} {o}

Eqn
Var

VAR
CAP

Rser=5 {t} {o}
Lser=10.4908 {t} {o}

Eqn
Var

S2P
SNP1
File="piconics_6p5t _12p_15 mil_quartz.s2p"

21

Ref

L
L3

R=Rser Ohm
L=Lser nH

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

C
C2
C=Cpar pF

MSUB
ALUM10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=10 mil

MSub
VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
 
Inductor: 
Lser=10.5 nH 
Rser=5.0 Ohm 
 
Input-output capacitor: 
Cpar=0.012 pF 
 
Capacitors to GND: 
Cgnd=0.030 pF 
 
Bond wires: 
Lbond=0.26 nH 
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14. Piconics quartz inductor 2.1 nH 2.0 turns3 20x20x15 
mil chip 

 
 

 
 

 
PICONICS model SP4P5-20-QCW 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.13 mm  
Inductor body: W=0.508 mm; L= 0.508 mm; h=0.381 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.350 mm; 

sep: - ; height over chip: ~40 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.350 mm; 

sep: ~30-50 um; height over chip: ~60 um 
Reference planes at the end of Jmicro substrate 
 
 

                                                 
3 Datasheet claims 2.5 turns 
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SIMPLE L-C MODEL  
 
 
Good up to ≈35 GHz 
Relatively good prediction 
 
 
 
 
 

PLOTTED in 0.25-50 GHz

FITTED in 0.25-40 GHz

VAR
LINE

Wline=0.28 {-t} {-o}
Lline=0.645 {-t} {-o}
Lbond=0.34166 {t} {o}

Eqn
Var VAR

VAR1

Cpar=0.0101808 {t} {o}
Cgnd=0.0189316 {t} {o}

Eqn
Var

VAR
CAP

Rser=0.327127 {t} {o}
Lser=1.73829 {t} {o}

Eqn
Var

S2P
SNP1
File="piconics_2p5t _2p1_15 mil_quartz.s2p"

21

Ref

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

MSUB
ALUM15

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=15 mil

MSub
VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Inductor: 
Lser=1.74 nH 
Rser=0.3 Ohm 
 
Input-output capacitor: 
Cpar=0.010 pF 
 
Capacitors to GND: 
Cgnd=0.019 pF 
 
Bond wires: 
Lbond=0.34 nH 
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15. ATP quartz inductor 2.2 nH 2.5 turns 22x22x10 mil chip 

 
 
 

 
 

 
ATP-I-010-Q-022 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.11 mm  
Inductor body: W=0.559 mm; L= 0.559 mm; h=0.254 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.520 mm; 

sep: ~55 um; height over chip: ~30 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.350 mm; 

sep: ~50 um; height over chip: ~20 um 
Reference planes at the end of Jmicro substrate 
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SIMPLE L-C MODEL  
 
 
Good up to ≈40 GHz 
Parallel resonance ≈ 46 GHz 
Relatively good prediction 
 
 
 
 
 

FITTED in 0.25-45 GHz
PLOTTED in 0.25-50 GHz

VAR
LINE
Lbond=0.187703 {t} {o}

Eqn
Var

VAR
IND

Rser=0.567975 {t} {o}
Lser=1.44625 {t} {o}

Eqn
Var

VAR
VAR1

Cpar=0.00742198 {t} {o}
Cgnd=0.0212621 {t} {o}

Eqn
Var

S2P
SNP1
File="atp_2p5t _2p2_10 mil_quartz.s2p"

21

Ref

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Inductor: 
Lser=1.4 nH 
Rser=0.6 Ohm 
 
Input-output capacitor: 
Cpar=0.007 pF 
 
Capacitors to GND: 
Cgnd=0.021 pF 
 
Bond wires: 
Lbond=0.19 nH 
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16. ATP quartz inductor 3.5 nH 3 turns 22x22x10 mil chip 

 
 
 

 
 

 
ATP-I-010-Q-350 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.11 mm  
Inductor body: W=0.559 mm; L= 0.559 mm; h=0.254 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.500 mm; 

sep: ~40-50 um; height over chip: ~70 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.360 mm; 

sep: ~40-60 um; height over chip: ~20 um 
Reference planes at the end of Jmicro substrate 
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SIMPLE L-C MODEL  
 
 
Good up to ≈30 GHz 
Parallel resonance ≈ 45 GHz 
Relatively good prediction 
 
 
 
 
 

PLOTTED in 0.25-40 GHz
FITTED in 0.25-40 GHz

VAR
LINE
Lbond=0.208221 {t} {o}

Eqn
Var

VAR
IND

Rser=0.317816 {t} {o}
Lser=2.51197 {t} {o}

Eqn
Var

VAR
VAR1

Cpar=0.00694487 {t} {o}
Cgnd=0.024637 {t} {o}

Eqn
Var

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

S2P
SNP1
File="atp_3t_3p5_10_mil_quartz.s2p"

21

Ref

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Inductor: 
Lser=2.5 nH 
Rser=0.3 Ohm 
 
Input-output capacitor: 
Cpar=0.007 pF 
 
Capacitors to GND: 
Cgnd=0.025 pF 
 
Bond wires: 
Lbond=0.20 nH 
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17. ATP quartz inductor 3.9 nH 3.5 turns 22x22x10 mil chip 

 
 
 

 
 

 
ATP-I-010-Q-390 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.11 mm  
Inductor body: W=0.559 mm; L= 0.559 mm; h=0.254 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.500 mm; 

sep: ~50 um; height over chip: ~30 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.350 mm; 

sep: ~70 um; height over chip: ~20 um 
Reference planes at the end of Jmicro substrate 
 
 



YebeS  
Observatorio de Yebes 
Apartado 148, 19080 Guadalajara, SPAIN 

Equivalent Circuits of Some Commercial Spiral 
Chip Inductors at Microwave Frequencies 

 

Rev. C IT-CDT 2020-17 Page 62 of 99 

 

SIMPLE L-C MODEL  
 
 
Good up to ≈25 GHz 
Parallel resonance ≈ 35 GHz 
Relatively good prediction 
 
 
 
 
 

PLOTTED in 0.25-40 GHz
FITTED in 0.25-30 GHz

VAR
LINE
Lbond=0.180151 {t} {o}

Eqn
Var

VAR
IND

Rser=1.08545 {t} {o}
Lser=2.60315 {t} {o}

Eqn
Var

VAR
VAR1

Cpar=0.00798232 {t} {o}
Cgnd=0.0273779 {t} {o}

Eqn
Var

S2P
SNP1
File="atp_3p5t _3p9_10 mil_quartz.s2p"

21

Ref

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Inductor: 
Lser=2.6 nH 
Rser=1 Ohm 
 
Input-output capacitor: 
Cpar=0.008 pF 
 
Capacitors to GND: 
Cgnd=0.027 pF 
 
Bond wires: 
Lbond=0.18 nH 
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18. ATP quartz inductor 7.3 nH 4 turns 25x25x10 mil chip 

 
 
 

 
 

 
ATP-I-010-Q-730 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.11 mm  
Inductor body: W=0.635 mm; L= 0.635 mm; h=0.254 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.540 mm; 

sep: ~40 um; height over chip: ~30 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.350 mm; 

sep: ~60 um; height over chip: ~20 um 
Reference planes at the end of Jmicro substrate 
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SIMPLE L-C MODEL  
 
 
Good up to ≈20 GHz 
Parallel resonance ≈ 25 GHz 
Relatively good prediction 
 
 
 
 
 

PLOTTED in 0.25-30 GHz
FITTED in 0.25-20 GHz

VAR
VAR1

Cpar=0.00891199 {t} {o}
Cgnd=0.0372832 {t} {o}

Eqn
VarVAR

LINE
Lbond=0.18817 {t} {o}

Eqn
Var

VAR
IND

Rser=1.37583 {t} {o}
Lser=5.01317 {t} {o}

Eqn
Var

S2P
SNP1
File="atp_4t _7p3_10 mil_quartz.s2p"

21

Ref

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Inductor: 
Lser=5.0 nH 
Rser=1.4 Ohm 
 
Input-output capacitor: 
Cpar=0.009 pF 
 
Capacitors to GND: 
Cgnd=0.037 pF 
 
Bond wires: 
Lbond=0.19 nH 
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19. ATP quartz inductor 12 nH 4.5 turns 30x30x10 mil chip 

 
 
 

 
 

 
ATP-I-010-Q-120 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.11 mm  
Inductor body: W=0.762 mm; L= 0.762 mm; h=0.254 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.530 mm; 

sep: ~60 um; height over chip: ~35 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.430 mm; 

sep: ~100 um; height over chip: ~20 um 
Reference planes at the end of Jmicro substrate 
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SIMPLE L-C MODEL  
 
 
Good up to ≈15 GHz 
Parallel resonance ≈ 18 GHz 
Relatively good prediction 
 
 
 
 
 

FITTED in 0.25-16 GHz
PLOTTED in 0.25-30 GHz

VAR
IND

Rser=1.78195 {t} {o}
Lser=7.80231 {t} {o}

Eqn
Var

VAR
VAR1

Cpar=0.00802149 {t} {o}
Cgnd=0.0483273 {t} {o}

Eqn
VarVAR

LINE
Lbond=0.203285 {t} {o}

Eqn
Var

S2P
SNP1
File="atp_4p5t _12_10 mil_quartz.s2p"

21

Ref

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Inductor: 
Lser=7.8 nH 
Rser=1.8 Ohm 
 
Input-output capacitor: 
Cpar=0.008 pF 
 
Capacitors to GND: 
Cgnd=0.048 pF 
 
Bond wires: 
Lbond=0.20 nH 
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20. ATP quartz inductor 28.2 nH 7.5 turns 32x32x10 mil 
chip 

 
 

 
 

 
 

 
ATP-I-010-Q-282 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.12 mm  
Inductor body: W=0.508 mm; L= 0.813 mm; h=0.813 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.610 mm; 

sep: ~30-100 um; height over chip: ~90 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.420 mm; 

sep: ~40-60 um; height over chip: ~20 um 
Reference planes at the end of Jmicro substrate 
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SIMPLE L-C MODEL  
 
 
Good up to ≈10 GHz 
Parallel resonance ≈ 14 GHz 
 
 
 
 
 

PLOTTED in 0.25-20 GHz
FITTED in 0.25-10 GHz

S2P
SNP1
File="atp_7p5t_28p2_10_mil_quartz.s2p"

21

Ref

VAR
VAR1

Cpar=0.00281558 {t} {o}
Cgnd=0.0631776 {t} {o}

Eqn
VarVAR

LINE
Lbond=0.25 {t} {o}

Eqn
Var

VAR
IND

Rser=2.61626 {t} {o}
Lser=16.9917 {t} {o}

Eqn
Var

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
 
Inductor: 
Lser=17.0 nH 
Rser=2.6 Ohm 
 
Input-output capacitor: 
Cpar=0.003 pF 
 
Capacitors to GND: 
Cgnd=0.063 pF 
 
Bond wires: 
Lbond=0.25 nH 
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21. ATP quartz inductor 87.7 nH 10.5 turns 46x46x10 mil 
chip 

 
 
 

 
 

 
ATP-I-010-Q-877 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.13 mm  
Inductor body: W=1.168 mm; L= 1.168 mm; h=0.254 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.800 mm; 

sep: ~30-80 um; height over chip: ~130 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.600 mm; 

sep: ~40-50 um; height over chip: ~50 um 
Reference planes at the end of Jmicro substrate 
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SIMPLE L-C MODEL  
 
 
Good up to ≈2 GHz 
Parallel resonance ≈ 6.2 GHz 
 
 
 
 
 

PLOTTED in 0.25-10 GHz
FITTED in 0.25-4 GHz

VAR
VAR1

Cpar=0.055 {t} {o}
Cgnd=0.101248 {t} {o}

Eqn
Var

VAR
IND

Rser=6.01912 {t} {o}
Lser=47.0094 {t} {o}

Eqn
Var

VAR
LINE
Lbond=0.25 {t} {o}

Eqn
Var

S2P
SNP1
File="atp_10p5t_87p7_10_mil_quartz.s2p"

21

Ref

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Inductor: 
Lser=47.0 nH 
Rser=6.0 Ohm 
 
Input-output capacitor: 
Cpar=0.055 pF 
 
Capacitors to GND: 
Cgnd=0.101 pF 
 
Bond wires: 
Lbond=0.25 nH 
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22. US uW quartz inductor 2 nH 2 turns 27x27x20 mil chip 

 
 
 

 
 

 
LX2500Q20-L02-02 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.13 mm  
Inductor body: W=0.686 mm; L= 0.686 mm; h=0.508 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.560 mm; 

sep: - ; height over chip: ~200 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.450 mm; 

sep: ~30-50 um; height over chip: ~20 um 
Reference planes at the end of Jmicro substrate 
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SIMPLE L-C MODEL  
 
 
Good up to ≈35 GHz 
 
 
 
 

PLOTTED in 0.25-50 GHz
FITTED in 0.25-40 GHz

VAR
LINE

Wline=0.28 {-t} {-o}
Lline=0.645 {-t} {-o}
Lbond=0.130333 {t} {o}

Eqn
Var VAR

VAR1

Cpar=1.07536e-006 {t} {o}
Cgnd=0.0210834 {t} {o}

Eqn
Var

VAR
CAP

Rser=0.856978 {t} {o}
Lser=1.73482 {t} {o}

Eqn
Var

S2P
SNP1
File="USuW_2t _2p_20 mil_quartz.s2p"

21

Ref

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

MSUB
ALUM15

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=15 mil

MSub
VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Inductor: 
Lser=1.73 nH 
Rser=0.8 Ohm 
 
Input-output capacitor: 
Cpar=0.000 pF 
 
Capacitors to GND: 
Cgnd=0.021 pF 
 
Bond wires: 
Lbond=0.13 nH 
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23. US uW quartz inductor 4 nH 3 turns 27x27x20 mil chip 

 
 
 

 
 

 
LX2500Q20-L03-04 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.13 mm  
Inductor body: W=0.686 mm; L= 0.686 mm; h=0.508 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.460 mm; 

sep: - ; height over chip: ~140 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.370 mm; 

sep: ~20-40 um; height over chip: ~10 um 
Reference planes at the end of Jmicro substrate 
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SIMPLE L-C MODEL  
 
 
Good up to ≈30 GHz 
 
 
 
 

PLOTTED in 0.25-50 GHz
FITTED in 0.25-40 GHz

VAR
VAR1

Cpar=0.00686076 {t} {o}
Cgnd=0.0167686 {t} {o}

Eqn
VarVAR

LINE

Wline=0.28 {-t} {-o}
Lline=0.645 {-t} {-o}
Lbond=0.307329 {t} {o}

Eqn
Var

VAR
CAP

Rser=0.296205 {t} {o}
Lser=1.94202 {t} {o}

Eqn
Var

S2P
SNP1
File="USuW_3t _4p_20 mil_quartz.s2p"

21

Ref

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

MSUB
ALUM15

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=15 mil

MSub
VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Inductor: 
Lser=1.94 nH 
Rser=0.3 Ohm 
 
Input-output capacitor: 
Cpar=0.006 pF 
 
Capacitors to GND: 
Cgnd=0.016 pF 
 
Bond wires: 
Lbond=0.30 nH 
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24. US uW quartz inductor 7 nH 3.6 turns 27x27x20 mil chip 

 
 
 

 
 

 
LX2500Q20-L03.6-07 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.13 mm  
Inductor body: W=0.686 mm; L= 0.686 mm; h=0.508 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.520 mm; 

sep: - ; height over chip: ~140 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.350 mm; 

sep: ~20 um; height over chip: ~30-40 um 
Reference planes at the end of Jmicro substrate 
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SIMPLE L-C MODEL  
 
 
Good up to ≈30 GHz 
 
 
 
 

PLOTTED in 0.25-50 GHz
FITTED in 0.25-40 GHz

VAR
VAR1

Cpar=0.00955928 {t} {o}
Cgnd=0.0182076 {t} {o}

Eqn
VarVAR

LINE

Wline=0.28 {-t} {-o}
Lline=0.645 {-t} {-o}
Lbond=0.479635 {t} {o}

Eqn
Var

VAR
CAP

Rser=0.585498 {t} {o}
Lser=2.48122 {t} {o}

Eqn
Var

S2P
SNP1
File="USuW_3p6t _7p_20 mil_quartz.s2p"

21

Ref

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

MSUB
ALUM15

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=15 mil

MSub
VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Inductor: 
Lser=2.48 nH 
Rser=0.6 Ohm 
 
Input-output capacitor: 
Cpar=0.010 pF 
 
Capacitors to GND: 
Cgnd=0.018 pF 
 
Bond wires: 
Lbond=0.48 nH 
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25. US uW quartz inductor 14 nH 5 turns 27x27x20 mil chip 

 
 
 

 
 

 
LX2500Q20-L05-14 
 
Measured with Jmicro transitions (5 mil) 
Gaps to substrate: ~0.13 mm  
Inductor body: W=0.686 mm; L= 0.686 mm; h=0.508 mm 
Bond wire 1: dia: 17 um; horizontal distance: 0.560 mm; 

sep: - ; height over chip: ~230 um 
Bond wire 2: dia: 17 um; horizontal distance: 0.300 mm; 

sep: ~20-30 um; height over chip: ~20 um 
Reference planes at the end of Jmicro substrate 
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SIMPLE L-C MODEL  
 
 
Good up to ≈20 GHz 
 
 
 
 

FITTED in 0.25-20 GHz
PLOTTED in 0.25-30 GHz

VAR
CAP

Rser=4.99944 {t} {o}
Lser=5.59234 {t} {o}

Eqn
Var

VAR
VAR1

Cpar=0.0118166 {t} {o}
Cgnd=0.0243552 {t} {o}

Eqn
VarVAR

LINE

Wline=0.28 {-t} {-o}
Lline=0.645 {-t} {-o}
Lbond=0.499815 {t} {o}

Eqn
Var

S2P
SNP1
File="USuW_5t _14p_20 mil_quartz.s2p"

21

Ref

L
L3

R=Rser Ohm
L=Lser nH

C
C2
C=Cpar pF

C
C4
C=Cgnd pF

C
C3
C=Cgnd pF

MSUB
QUARTZ10

TanD=0.0001
T=6 um
Cond=4.1e7
Er=3.8
H=10 mil

MSub

MSUB
ALUM15

TanD=0.0001
T=6 um
Cond=4.1e7
Er=10
H=15 mil

MSub
VAR
VAR2

Lind=5.62728 {o}
Zind=559.111 {o}

Eqn
Var

MSUB
DUROID

TanD=0.0012
T=0.0255 mm
Cond=4.1e7
Er=2.94
H=0.127 mm

MSub

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

L
L1

R=
L=Lbond nH

L
L2

R=
L=Lbond nH

Term
Term1

Z=50 Ohm
Num=1

Term
Term2

Z=50 Ohm
Num=2

 
 
Inductor: 
Lser=5.59 nH 
Rser=5 Ohm 
 
Input-output capacitor: 
Cpar=0.012 pF 
 
Capacitors to GND: 
Cgnd=0.024 pF 
 
Bond wires: 
Lbond=0.50 nH 
 
 



YebeS  
Observatorio de Yebes 
Apartado 148, 19080 Guadalajara, SPAIN 

Equivalent Circuits of Some Commercial Spiral 
Chip Inductors at Microwave Frequencies 

 

Rev. C IT-CDT 2020-17 Page 88 of 99 

 

freq (250.0MHz to 30.00GHz)

S
m

e
a

s(
1

,1
)

S
m

o
d

el
(1

,1
)

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8-1.0 1.0

freq (250.0MHz to 30.00GHz)

S
m

e
a

s(
1

,2
)

S
m

o
d

el
(1

,2
)

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8-1.0 1.0

freq (250.0MHz to 30.00GHz)

S
m

o
d

el
(2

,1
)

S
m

e
a

s(
2

,1
)

freq (250.0MHz to 30.00GHz)

S
m

o
d

el
(2

,2
)

S
m

e
a

s(
2

,2
)

DDS_File_Name

USuW_5t_14nH_20_mil...

 

5 10 15 20 250 30

-15

-10

-5

-20

0

freq, GHz

dB
(S

m
ea

s(
1,

1)
)

dB
(S

m
od

el
(1

,1
))

5 10 15 20 250 30

-50

-40

-30

-20

-10

-60

0

freq, GHz

dB
(S

m
ea

s(
1,

2)
)

dB
(S

m
od

el
(1

,2
))

5 10 15 20 250 30

-15

-10

-5

-20

0

freq, GHz

dB
(S

m
ea

s(
2,

2)
)

dB
(S

m
od

el
(2

,2
))

5 10 15 20 250 30

-50

-40

-30

-20

-10

-60

0

freq, GHz

dB
(S

m
ea

s(
2,

1)
)

dB
(S

m
od

el
(2

,1
))

 
 



YebeS  
Observatorio de Yebes 
Apartado 148, 19080 Guadalajara, SPAIN 

Equivalent Circuits of Some Commercial Spiral 
Chip Inductors at Microwave Frequencies 

 

Rev. C IT-CDT 2020-17 Page 89 of 99 

 

 

26. Appendix I 

Model used for de-embedding J-micro coplanar to microstrip transitions. 
 
(Half of the model is used to generate S2P files used for de-embedding) 
 

Jmicro thru
(with problems)
measured PNA-X

Frequencies set f or
well behav ed time domain

AMPLITUDE AND PHASE CORRECTION

S2P_Eqn
S2P2

Z[2]=
Z[1]=
S[2,2]=
S[2,1]=
S[1,2]=polar(sqrt(CALC),1*Pcor/2)
S[1,1]=

S2P_Eqn
S2P1

Z[2]=
Z[1]=
S[2,2]=
S[2,1]=
S[1,2]=polar(sqrt(CALC),1*Pcor/2)
S[1,1]=

Term
Term4

Z=50 Ohm
Num=4

TLINP
TL3

Sigma=0
TanM=0
Mur=1
TanD=0.0001
F=1 GHz
A=att
K=1.001
L=len mm
Z=51 Ohm

C
C2
C=Cpad pF

Term
Term1

Z=50 Ohm
Num=1

VAR
Term1

att=0 {t}
len=1.45 {t}
Cpad=0.004 {t}

Eqn
VarS_Param

SP1

Step=0.274314214 GHz
Stop=109.999999814 GHz
Start=(0.274314214/2) GHz

S-PARAMETERS

C
C1
C=Cpad pF

S2P
SNP1
File="Thru_Jmicro_cal_ISS_cascade_2.s2p"

21

Ref

TLINP
TL2

Sigma=0
TanM=0
Mur=1
TanD=0.0001
F=1 GHz
A=att
K=1.001
L=len mm
Z=51 Ohm

Term
Term3

Z=50 Ohm
Num=3

Term
Term2

Z=50 Ohm
Num=2
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27. Appendix II: Datasheets 
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US 
MICROWAVES 

Advanced Microwave Components 

  
HIGH Q FACTOR SPIRAL CHIP INDUCTORS 
LX2500Q20-L02-02nH 

  
  

 
FEATURES 

 

APPLICATIONS 
 

SPIRAL CHIP INDUCTOR 
 

Spiral chip inductors are available in 3 different die 
dimensions: 
- For 1 turn to 21 turns series the die size is 
0.050"x0.050"x0.020". 
- For 1 turn to 12 turns the die size is 
0.030"x0.030"x0.020". 
- For 1 turn to 8 turns the die size is 
0.025"x0.025"x0.020". 
Spiral chip inductors are manufactured on quartz (SiO2), 
20 mils thick, for lowest capacitance and highest SRF and 
PRF. The LX2500Q20-L02-02nH spiral chip inductors are 
manufactured on quartz (SiO2), 20 mils thick. 

 

These devices can be used over the full military 
temperature range -55°C to +125°C. Quality and 
workmanship is per MIL-S-883. Devices are 100% 
tested, visual inspected and packaged in waffle packs. 
 
Spiral Chip Inductors Lab kits are available from stock: L-
Kit 

 

 

 
PRODUCT DESCRIPTION AND SHORT APPLICATION NOTE 

The LX2500Q20-L02-02nH Series of spiral chip inductors are designed to be used in chip and wire hybrid circuits as RF choke in power supplies and microwave 
circuit resonant elements. When used as chokes, a modest Q is desirable while in oscillators Q has to be as high as possible. U.S. Microwaves advanced thin film 
technologies allow for an important reduction of the DCR max, which translates into an increased Q. For spirals with w+s=25µm, Q values between 25 and 30 
are obtained which represent a better compromise between the two applications. For lowest capacitance and higher self resonance, the LX2500Q20-L02-02nH 
spiral chip inductors are manufactured on 20 mil thick quartz (SiO2) substrates. Application notes AN 102, AN 112 and AN 113 are describing assembly methods 
for best performance.
Manufactured with 99.9% pure gold, the spiral inductor chip does not need any protection and can operate even in hostile environments.
Designed and manufactured by US Microwaves in 1990 for military and industrial applications, the spiral chip inductors now can find their place in optoelectronic 
and wireless consumer products as well. 
 

TECHNOLOGY DESCRIPTION: SEMICONDUCTOR-THIN FILM MANUFACTURING 
All thin film microwave products are manufactured using advanced semiconductors and thin film technologies including 
ultra-stable and self passivating Tantalum Nitride resistors, gold interconnect metallization and reliable MNOS capacitors 
to achieve excellent uniformity, performance and reliability. Thin film technology is the preferred solution for all 
applications that require low noise, long term stability and excellent performance at very high frequencies. US 
Microwaves employs proprietary thin film technologies for deposition of a wide range of resistive films with sheet 
resistance films from 1/sq to 10,000/sq. All US Microwaves products are available in die form and are ideal for high 
reliability hybrid and multi chip module applications. All US Microwaves products are manufactured using GOLDCHIP 
TECHNOLOGY™ a trade mark of Semiconix Corporation. 
 

ELECTRICAL CHARACTERISTICS 
PARAMETER VALUE UNITS 

Number of turns 2   
Inductance 2 nH 
Inductance Tolerance: Absolute, +25°C ±20.0 % 
DC Resistance typ. 0.4  
Current Rating: Max. @ + 70°C typ. 100 mA 
Quality Factor Q @ 100MHz typ. 26.1   
Series Self Resonance SRF typ. 78 GHz 
Parallell Self Resonance PRF typ. 39.5 GHz 
Operating Temperature Range - 55 to + 125 °C 
Storage Temperature Range -55 to +125 °C 
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GENERAL DIE INFORMATION 

Substrate Thickness 
(mils) 

Die size 
(mils) Bonding pads Backside metal 

SiO2 - 
Quartz 20±1 25x25±3 min 4x4 mils, 3µm thick, 99.99% 

electroplated gold with a TiW barrier 
Backside of the die is NOT metallized. Standard 
TiW/Au  or custom metallization is available for special 
orders. 

All US Microwaves products are available in die form. Typical delivery for die products is 2-3 weeks ARO. For Custom 
designs, delivery is 3-4 weeks ARO. Certain items may be available from stock. Inventory is periodically updated. All 
devices for chip and wire applications are 100% tested, visual inspected and shipped in waffle packs (WP). For high 
volume automated assembly, MIS chip capacitors are supplied as 4" wafers 100% tested, inked and diced on expanded 
film frame (FF). 
 

DIE LAYOUT - MECHANICAL SPECIFICATIONS 
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US 
MICROWAVES 

Advanced Microwave Components 

  
HIGH Q FACTOR SPIRAL CHIP INDUCTORS 
LX2500Q20-L03-04nH 

  
  

 
FEATURES 

 

APPLICATIONS 
 

SPIRAL CHIP INDUCTOR 
 

Spiral chip inductors are available in 3 different die 
dimensions: 
- For 1 turn to 21 turns series the die size is 
0.050"x0.050"x0.020". 
- For 1 turn to 12 turns the die size is 
0.030"x0.030"x0.020". 
- For 1 turn to 8 turns the die size is 
0.025"x0.025"x0.020". 
Spiral chip inductors are manufactured on quartz (SiO2), 
20 mils thick, for lowest capacitance and highest SRF and 
PRF. The LX2500Q20-L03-04nH spiral chip inductors are 
manufactured on quartz (SiO2), 20 mils thick. 

 

These devices can be used over the full military 
temperature range -55°C to +125°C. Quality and 
workmanship is per MIL-S-883. Devices are 100% 
tested, visual inspected and packaged in waffle packs. 
 
Spiral Chip Inductors Lab kits are available from stock: L-
Kit 

 

 

 
PRODUCT DESCRIPTION AND SHORT APPLICATION NOTE 

The LX2500Q20-L03-04nH Series of spiral chip inductors are designed to be used in chip and wire hybrid circuits as RF choke in power supplies and microwave 
circuit resonant elements. When used as chokes, a modest Q is desirable while in oscillators Q has to be as high as possible. U.S. Microwaves advanced thin film 
technologies allow for an important reduction of the DCR max, which translates into an increased Q. For spirals with w+s=25µm, Q values between 25 and 30 
are obtained which represent a better compromise between the two applications. For lowest capacitance and higher self resonance, the LX2500Q20-L03-04nH 
spiral chip inductors are manufactured on 20 mil thick quartz (SiO2) substrates. Application notes AN 102, AN 112 and AN 113 are describing assembly methods 
for best performance.
Manufactured with 99.9% pure gold, the spiral inductor chip does not need any protection and can operate even in hostile environments.
Designed and manufactured by US Microwaves in 1990 for military and industrial applications, the spiral chip inductors now can find their place in optoelectronic 
and wireless consumer products as well. 
 

ELECTRICAL CHARACTERISTICS 
PARAMETER VALUE UNITS 

Number of turns 3   
Inductance 4 nH 
Inductance Tolerance: Absolute, +25°C ±20.0 % 
DC Resistance typ. 0.7  
Current Rating: Max. @ + 70°C typ. 100 mA 
Quality Factor Q @ 100MHz typ. 26.7   
Series Self Resonance SRF typ. 63 GHz 
Parallell Self Resonance PRF typ. 32.9 GHz 
Operating Temperature Range - 55 to + 125 °C 
Storage Temperature Range -55 to +125 °C 
 

DIE LAYOUT - MECHANICAL SPECIFICATIONS 
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US 
MICROWAVES 

Advanced Microwave Components 

  
HIGH Q FACTOR SPIRAL CHIP INDUCTORS 
LX2500Q20-L05-14nH 

  
  

 
FEATURES 

 

APPLICATIONS 
 

SPIRAL CHIP INDUCTOR 
 

Spiral chip inductors are available in 3 different die 
dimensions: 
- For 1 turn to 21 turns series the die size is 
0.050"x0.050"x0.020". 
- For 1 turn to 12 turns the die size is 
0.030"x0.030"x0.020". 
- For 1 turn to 8 turns the die size is 
0.025"x0.025"x0.020". 
Spiral chip inductors are manufactured on quartz (SiO2), 
20 mils thick, for lowest capacitance and highest SRF and 
PRF. The LX2500Q20-L05-14nH spiral chip inductors are 
manufactured on quartz (SiO2), 20 mils thick. 

 

These devices can be used over the full military 
temperature range -55°C to +125°C. Quality and 
workmanship is per MIL-S-883. Devices are 100% 
tested, visual inspected and packaged in waffle packs. 
 
Spiral Chip Inductors Lab kits are available from stock: L-
Kit 

 

 

 
PRODUCT DESCRIPTION AND SHORT APPLICATION NOTE 

The LX2500Q20-L05-14nH Series of spiral chip inductors are designed to be used in chip and wire hybrid circuits as RF choke in power supplies and microwave 
circuit resonant elements. When used as chokes, a modest Q is desirable while in oscillators Q has to be as high as possible. U.S. Microwaves advanced thin film 
technologies allow for an important reduction of the DCR max, which translates into an increased Q. For spirals with w+s=25µm, Q values between 25 and 30 
are obtained which represent a better compromise between the two applications. For lowest capacitance and higher self resonance, the LX2500Q20-L05-14nH 
spiral chip inductors are manufactured on 20 mil thick quartz (SiO2) substrates. Application notes AN 102, AN 112 and AN 113 are describing assembly methods 
for best performance.
Manufactured with 99.9% pure gold, the spiral inductor chip does not need any protection and can operate even in hostile environments.
Designed and manufactured by US Microwaves in 1990 for military and industrial applications, the spiral chip inductors now can find their place in optoelectronic 
and wireless consumer products as well. 
 

ELECTRICAL CHARACTERISTICS 
PARAMETER VALUE UNITS 

Number of turns 5   
Inductance 14 nH 
Inductance Tolerance: Absolute, +25°C ±20.0 % 
DC Resistance typ. 1.7  
Current Rating: Max. @ + 70°C typ. 100 mA 
Quality Factor Q @ 100MHz typ. 27.9   
Series Self Resonance SRF typ. 33 GHz 
Parallell Self Resonance PRF typ. 19.7 GHz 
Operating Temperature Range - 55 to + 125 °C 
Storage Temperature Range -55 to +125 °C 
 

DIE LAYOUT - MECHANICAL SPECIFICATIONS 
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US 
MICROWAVES 

Advanced Microwave Components 

  
HIGH Q FACTOR SPIRAL CHIP INDUCTORS 
LX2500Q20NH-L3.6T-7nH 

  
  

 
FEATURES 

 

APPLICATIONS 
 

SPIRAL CHIP INDUCTOR 
 

Spiral chip inductors are available in 3 different die 
dimensions: 
- For 1 turn to 21 turns series the die size is 
0.050"x0.050"x0.020". 
- For 1 turn to 12 turns the die size is 
0.030"x0.030"x0.020". 
- For 1 turn to 8 turns the die size is 
0.025"x0.025"x0.020". 
Spiral chip inductors are manufactured on quartz (SiO2), 
20 mils thick, for lowest capacitance and highest SRF and 
PRF. The LX2500Q20NH-L3.6T-7nH spiral chip inductors 
are manufactured on quartz (SiO2), 20 mils thick. 

 

These devices can be used over the full military 
temperature range -55°C to +125°C. Quality and 
workmanship is per MIL-S-883. Devices are 100% 
tested, visual inspected and packaged in waffle packs. 
 
Spiral Chip Inductors Lab kits are available from stock: L-
Kit 

 

 

 
PRODUCT DESCRIPTION AND SHORT APPLICATION NOTE 

The LX2500Q20NH-L3.6T-7nH Series of spiral chip inductors are designed to be used in chip and wire hybrid circuits as RF choke in power supplies and 
microwave circuit resonant elements. When used as chokes, a modest Q is desirable while in oscillators Q has to be as high as possible. U.S. Microwaves 
advanced thin film technologies allow for an important reduction of the DCR max, which translates into an increased Q. For spirals with w+s=25µm, Q values 
between 25 and 30 are obtained which represent a better compromise between the two applications. For lowest capacitance and higher self resonance, the 
LX2500Q20NH-L3.6T-7nH spiral chip inductors are manufactured on 20 mil thick quartz (SiO2) substrates. Application notes AN 102, AN 112 and AN 113 are 
describing assembly methods for best performance.
Manufactured with 99.9% pure gold, the spiral inductor chip does not need any protection and can operate even in hostile environments.
Designed and manufactured by US Microwaves in 1990 for military and industrial applications, the spiral chip inductors now can find their place in optoelectronic 
and wireless consumer products as well. 
 

ELECTRICAL CHARACTERISTICS 
PARAMETER VALUE UNITS 

Number of turns 3.6   
Inductance 7 nH 
Inductance Tolerance: Absolute, +25°C ±20.0 % 
DC Resistance typ. 1.4  
Current Rating: Max. @ + 70°C typ. 100 mA 
Quality Factor Q @ 100MHz typ. >25   
Series Self Resonance SRF typ. 24.4 GHz 
Parallell Self Resonance PRF typ. 15.6 GHz 
Operating Temperature Range - 55 to + 125 °C 
Storage Temperature Range -55 to +125 °C 
 

DIE LAYOUT - MECHANICAL SPECIFICATIONS 

 

  
 


