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1. Abstract 

The analysis and design of microwave circuits incorporating passive elements requires 
suitable equivalent circuit models that can be used to properly represent the components in 
CAD programs, including their parasitic effects, in the frequency range of interest. Ideally, 
these models should be as simple as possible and based on basic lumped elements whenever 
possible. We present here the models obtained in our laboratory for several types of small size 
(0102, 0202 and 0302) chip resistors of the type used for bonding in cryogenic microwave 
amplifiers. The resistors were manufactured by SOTA (State of the Art, Inc.) and Compex. 

2. Introduction 

In addition to the inductance of the connecting bonding wires, the small chip resistors used in 
cryogenic amplifiers present some parasitic elements which limit their performance. These 
parasitics depend on the size, layout and dielectric material used. The results of five different 
resistors are presented in this document. They are typical examples of thick and thin film 
types deposited on alumina and fused quartz substrates. The equivalent circuit has been 
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 
resistors are 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) 

 

4. Calibration 

The chip resistor 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 resistors, 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. 

                                                 
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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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 the 0-50 GHz range. The circuit used is presented in figure 1 
and the values of the components for the different resistors are shown in table I. 
 
The equivalent circuit fitted to the Compex resistors was intentionally forced to have the same 
values of the parasitic elements for all the resistances2. This allows using the same CAD 
equivalent circuit, changing only the numerical value of one component, for different 
resistors. During the fitting process it became clear that some of the parasitics have different 
importance depending on the resistor value. For example, L_ser is dominant for low resistor 
values while C has more influence for high values. 
 
The value of the Q of the capacitor was introduced in an unfruitful attempt to obtain a better 
fit at f > 50 GHz. In the final version its value was fixed to 1000 (almost no loss), but it could 
be omitted (Q = ꝏ, lossless capacitor) if desired. 
 
 

CAPQ
C4

Mode=Constant
F=1 GHz
Q=Q
C=C pF

CAPQ
C3

Mode=Constant
F=1 GHz
Q=Q
C=C pF

L
L3

R=
L=L_ser nH

R
R2
R=R Ohm

L
L5

R=
L=L_bond nH

L
L4

R=
L=L_bond nH

L
L2

R=
L=L_in nH

L
L1

R=
L=L_in nH

Term
Term2

Z=50 Ohm
Num=2

Term
Term1

Z=50 Ohm
Num=1

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

chip resistor intrinsic components are enclosed in the rectangle. 
 
 

TABLE I 
Parameters of the equivalent circuit of the resistors measured 

 

R (Ohm) Size (mil) Type L_ser (nH) C (pF) L_in (nH) L_bond (nH) 

10 20x10x10 Compex 
Thin, QZ 

0.24 0.014 0.018 0.115 

50 20x10x10 Compex 
Thin, QZ 0.24 0.014 0.018 0.115 

100 20x10x10 Compex 
Thin, QZ 0.24 0.014 0.018 0.115 

1000 20x10x10 Compex 
Thin, QZ 0.24 0.014 0.018 0.115 

       

50 20x20x10 SOTA 
Thin, AL 0.10 0.048 0.014 0.115 

50 30x20x15 SOTA 
Thick, AL 0.22 0.067 0.037 0.140 

                                                 
2 The S parameters obtained with completely free parasitic elements are almost identical in the 50 GHz 
frequency range.  
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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 

 

COMPEX 0102 10 Ohm (QUARTZ 10 mil) COMPEX 0102 50 Ohm (QUARTZ 10 mil) 

  

COMPEX 0102 100 Ohm (QUARTZ 10 mil) COMPEX 0102 1K Ohm (QUARTZ 10 mil) 

  

SOTA 0202 50 Ohm (ALUMINA 10 mil) SOTA 0302 50 Ohm (ALUMINA 15 mil) 
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7. Bonding wires 

 
TABLE II 

Length and separation of bonding wires  

R 
(Ohm) 

Type 
(Size) 

Long BW 1 
(um) 

Sep BW 1 
(um) 

Long BW 2 
(um) 

Sep BW 2 
(um) 

10 0102 210 60-90 220 50-100 
50 0102 160 30-90 180 60-80 

100 0102 180 40-80 230 50-60 
1000 0102 195 50-70 170 50-60 

      
50 0202 250 50-150 250 50-150 
50 0302 250 50-150 250 50-150 
 
Maximum height of bonding wire over the resistor: 10 um 
Bond wire diameter: 17.5 um 
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8. Model of COMPEX quartz 0102 resistor 10 Ohms 

L_bond calculated from
geometry

VAR
RLC1

L_bond=0.115 {-t} {-o}
L_in=0.018 {t} {o}
Q=1000 {t} {-o}
C=0.014 {t} {o}
L_ser=0.24 {t} {o}
R=10 {t} {-o}

Eqn
Var

S2P
SNP1
File="RES10_QZ_2BW.s2p"

21

Ref

CAPQ
C4

Mode=Constant
F=1 GHz
Q=Q
C=C pF

CAPQ
C3

Mode=Constant
F=1 GHz
Q=Q
C=C pF

L
L3

R=
L=L_ser nH

R
R2
R=R Ohm

VAR
RLC

L_bond=0.137 {t} {o}
L_in=0.0431818 {t} {-o}
Q=19.2779 {t} {o}
C=0.0652799 {t} {o}
L_ser=0.214973 {t} {o}
R=50 {t} {-o}

Eqn
Var

L
L5

R=
L=L_bond nH

L
L4

R=
L=L_bond nH

L
L2

R=
L=L_in nH

L
L1

R=
L=L_in nH

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

MSUB
DUROID

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

MSub

Term
Term2

Z=50 Ohm
Num=2

Term
Term1

Z=50 Ohm
Num=1

 
 

freq (1.000GHz to 50.00GHz)

S
(1

,1
)

S
(3

,3
)

freq (1.000GHz to 50.00GHz)

S
(2

,2
)

S
(4

,4
)

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

freq (1.000GHz to 50.00GHz)

S
(2

,1
)

S
(4

,3
)

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

freq (1.000GHz to 50.00GHz)

S
(1

,2
)

S
(3

,4
)
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9. Model of COMPEX quartz 0102 resistor 50 Ohms 

L_bond calculated from
geometry

VAR
RLC1

L_bond=0.115 {-t} {-o}
L_in=0.018 {t} {o}
Q=1000 {t} {-o}
C=0.014 {t} {o}
L_ser=0.24 {t} {o}
R=50 {t} {-o}

Eqn
Var

S2P
SNP1
File="RES50_QZ_2BW.s2p"

21

Ref

CAPQ
C4

Mode=Constant
F=1 GHz
Q=Q
C=C pF

CAPQ
C3

Mode=Constant
F=1 GHz
Q=Q
C=C pF

L
L3

R=
L=L_ser nH

R
R2
R=R Ohm

VAR
RLC

L_bond=0.137 {t} {o}
L_in=0.0431818 {t} {-o}
Q=19.2779 {t} {o}
C=0.0652799 {t} {o}
L_ser=0.214973 {t} {o}
R=50 {t} {-o}

Eqn
Var

L
L5

R=
L=L_bond nH

L
L4

R=
L=L_bond nH

L
L2

R=
L=L_in nH

L
L1

R=
L=L_in nH

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

MSUB
DUROID

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

MSub

Term
Term2

Z=50 Ohm
Num=2

Term
Term1

Z=50 Ohm
Num=1

 
 

freq (1.000GHz to 50.00GHz)

S
(1

,1
)

S
(3

,3
)

freq (1.000GHz to 50.00GHz)

S
(2

,2
)

S
(4

,4
)

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

freq (1.000GHz to 50.00GHz)

S
(2

,1
)

S
(4

,3
)

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

freq (1.000GHz to 50.00GHz)

S
(1

,2
)

S
(3

,4
)
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10. Model of COMPEX quartz 0102 resistor 100 Ohms 

L_bond calculated from
geometry

S2P
SNP1
File="RES100_QZ_2BW.s2p"

21

Ref

VAR
RLC1

L_bond=0.115 {-t} {-o}
L_in=0.018 {t} {o}
Q=1000 {t} {-o}
C=0.014 {t} {o}
L_ser=0.24 {t} {o}
R=100 {t} {-o}

Eqn
Var

CAPQ
C4

Mode=Constant
F=1 GHz
Q=Q
C=C pF

CAPQ
C3

Mode=Constant
F=1 GHz
Q=Q
C=C pF

L
L3

R=
L=L_ser nH

R
R2
R=R Ohm

VAR
RLC

L_bond=0.137 {t} {o}
L_in=0.0431818 {t} {-o}
Q=19.2779 {t} {o}
C=0.0652799 {t} {o}
L_ser=0.214973 {t} {o}
R=50 {t} {-o}

Eqn
Var

L
L5

R=
L=L_bond nH

L
L4

R=
L=L_bond nH

L
L2

R=
L=L_in nH

L
L1

R=
L=L_in nH

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

MSUB
DUROID

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

MSub

Term
Term2

Z=50 Ohm
Num=2

Term
Term1

Z=50 Ohm
Num=1

 
 

freq (1.000GHz to 50.00GHz)

S
(1

,1
)

S
(3

,3
)

freq (1.000GHz to 50.00GHz)

S
(2

,2
)

S
(4

,4
)

-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5-0.6 0.6

freq (1.000GHz to 50.00GHz)

S
(2

,1
)

S
(4

,3
)

-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5-0.6 0.6

freq (1.000GHz to 50.00GHz)

S
(1

,2
)

S
(3

,4
)
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11. Model of COMPEX quartz 0102 resistor 1K Ohm 

L_bond calculated from
geometry

S2P
SNP1
File="RES1K_QZ_2BW.s2p"

21

Ref

VAR
RLC1

L_bond=0.115 {-t} {-o}
L_in=0.018 {t} {o}
Q=1000 {t} {-o}
C=0.014 {t} {o}
L_ser=0.24 {t} {o}
R=1000 {t} {-o}

Eqn
Var

CAPQ
C4

Mode=Constant
F=1 GHz
Q=Q
C=C pF

CAPQ
C3

Mode=Constant
F=1 GHz
Q=Q
C=C pF

L
L3

R=
L=L_ser nH

R
R2
R=R Ohm

VAR
RLC

L_bond=0.137 {t} {o}
L_in=0.0431818 {t} {-o}
Q=19.2779 {t} {o}
C=0.0652799 {t} {o}
L_ser=0.214973 {t} {o}
R=50 {t} {-o}

Eqn
Var

L
L5

R=
L=L_bond nH

L
L4

R=
L=L_bond nH

L
L2

R=
L=L_in nH

L
L1

R=
L=L_in nH

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

MSUB
DUROID

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

MSub

Term
Term2

Z=50 Ohm
Num=2

Term
Term1

Z=50 Ohm
Num=1

 
 

freq (1.000GHz to 50.00GHz)

S
(1

,1
)

S
(3

,3
)

freq (1.000GHz to 50.00GHz)

S
(2

,2
)

S
(4

,4
)

-0.10 -0.05 0.00 0.05 0.10-0.15 0.15

freq (1.000GHz to 50.00GHz)

S
(2

,1
)

S
(4

,3
)

-0.10 -0.05 0.00 0.05 0.10-0.15 0.15

freq (1.000GHz to 50.00GHz)

S
(1

,2
)

S
(3

,4
)
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12. Models of SOTA alumina 0202 resistor 50 Ohms 

L_bond calculated from
geometry

VAR
RLC1

L_bond=0.115 {-t} {-o}
L_in=0.0139954 {t} {o}
Q=1000 {t} {-o}
C=0.0482075 {t} {o}
L_ser=0.103478 {t} {o}
R=50 {t} {-o}

Eqn
Var

S2P
SNP1
File="RES50_thin_2BW.s2p"

21

Ref

CAPQ
C4

Mode=Constant
F=1 GHz
Q=Q
C=C pF

CAPQ
C3

Mode=Constant
F=1 GHz
Q=Q
C=C pF

L
L3

R=
L=L_ser nH

R
R2
R=R Ohm

VAR
RLC

L_bond=0.137 {t} {o}
L_in=0.0431818 {t} {-o}
Q=19.2779 {t} {o}
C=0.0652799 {t} {o}
L_ser=0.214973 {t} {o}
R=50 {t} {-o}

Eqn
Var

L
L5

R=
L=L_bond nH

L
L4

R=
L=L_bond nH

L
L2

R=
L=L_in nH

L
L1

R=
L=L_in nH

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

MSUB
DUROID

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

MSub

Term
Term2

Z=50 Ohm
Num=2

Term
Term1

Z=50 Ohm
Num=1

 
 

freq (1.000GHz to 50.00GHz)

S
(1

,1
)

S
(3

,3
)

freq (1.000GHz to 50.00GHz)

S
(2

,2
)

S
(4

,4
)

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

freq (1.000GHz to 50.00GHz)

S
(2

,1
)

S
(4

,3
)

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

freq (1.000GHz to 50.00GHz)

S
(1

,2
)

S
(3

,4
)
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13. Models of SOTA alumina 0302 resistor 50 Ohms 

L_bond calculated from
geometry

VAR
RLC1

L_bond=0.14 {-t} {-o}
L_in=0.0372519 {t} {o}
Q=1000 {t} {-o}
C=0.0670739 {t} {o}
L_ser=0.217847 {t} {o}
R=50 {t} {-o}

Eqn
Var

S2P
SNP1
File="RES50_thick_2BW.s2p"

21

Ref

CAPQ
C4

Mode=Constant
F=1 GHz
Q=Q
C=C pF

CAPQ
C3

Mode=Constant
F=1 GHz
Q=Q
C=C pF

L
L3

R=
L=L_ser nH

R
R2
R=R Ohm

VAR
RLC

L_bond=0.137 {t} {o}
L_in=0.0431818 {t} {-o}
Q=19.2779 {t} {o}
C=0.0652799 {t} {o}
L_ser=0.214973 {t} {o}
R=50 {t} {-o}

Eqn
Var

L
L5

R=
L=L_bond nH

L
L4

R=
L=L_bond nH

L
L2

R=
L=L_in nH

L
L1

R=
L=L_in nH

Term
Term3

Z=50 Ohm
Num=3

Term
Term4

Z=50 Ohm
Num=4

MSUB
DUROID

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

MSub

Term
Term2

Z=50 Ohm
Num=2

Term
Term1

Z=50 Ohm
Num=1

 
 

freq (1.000GHz to 50.00GHz)

S
(1

,1
)

S
(3

,3
)

freq (1.000GHz to 50.00GHz)

S
(2

,2
)

S
(4

,4
)

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

freq (1.000GHz to 50.00GHz)

S
(2

,1
)

S
(4

,3
)

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

freq (1.000GHz to 50.00GHz)

S
(1

,2
)

S
(3

,4
)
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14. Models of COMPEX quartz 0102 resistor 1K Ohm (up 
to 50 and 100 GHz) 

1) Up to 50 GHz 
2) Up to 100 GHz  

freq (1.000GHz to 50.00GHz)

S
(1

,1
)

m1

S
(3

,3
)

m2

m1
freq=
S(1,1)=0.879 / -29.187
impedance = Z0 * (0.958 - j3.603)

50.00GHz

m2
freq=
S(3,3)=0.890 / -32.993
impedance = Z0 * (0.695 - j3.240)

50.00GHz

-0.10 -0.05 0.00 0.05 0.10-0.15 0.15

freq (1.000GHz to 50.00GHz)

S
(1

,2
)

m4
S

(3
,4

)

m5

m4
freq=
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15. Effect of changing SOTA 0202 by COMPEX 0102 in 4-
20 GHz ESO amplifier model. 

≈ +2 dB of gain  ≈ -0.4 K of noise 
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16. Conclusions 

The results obtained show that a very simple circuit model for the resistors is a good 
approximation to the measurement up to 50 GHz, but significant differences appear at higher 
frequency (see example in section 14). It was not possible to fit to a simple model which 
could represent the component in the complete 110 GHz range measured. The new Compex 
0102 quartz chip resistors show smaller parasitics than the larger SOTA alumina resistors, as 
can be easily seen by comparison of the S parameters of 50 Ohm resistors. The fact that the 
Compex parts are smaller and built on quartz substrates has a remarkable impact in the 
reduction of the parasitic capacitance. The effect of the parasitics may have an important 
influence in the performance of the amplifiers. As an example, section 15 presents the 
modeled effect of the substitution of all the 0202 SOTA resistors by 0102 Compex parts of 
the same value in a model of a wide-band amplifier (4-20 GHz ESO simple deign). An overall 
increase of 2 dB in gain and a reduction of 0.4 K in noise was observed, although the 
amplifier may need a re-optimization to perform a fair comparison. 
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17. 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) 
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18. Appendix II: Datasheets 
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