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Abstract. Requirement for high-density and high-functionality microwave and millimeter-

wave circuits have led to the innovative circuit architectures such as three-dimensional 

multilayer MMICs. The major advantage of the multilayer techniques is that one can employ 

passive and active components based on CPW technology. In this work, MMIC Coplanar 

Waveguide(CPW)components such as Transmission Line (TL) are modeled in their 3D 

layouts. Main characteristics of CPWTL suffered from the probe pads’ parasitic and resonant 

frequency effects have been studied. By understanding the parasitic effects, then the novel de-

embedding technique are developed accurately in order to predict high frequency 

characteristics of the designed MMICs. The novel de-embedding technique has shown to be 

critical in reducing the probe pad parasitic significantly from the model. As results, high 

frequency characteristics of the designed MMICs have been presented with minimumparasitic 

effects of the probe pads. The de-embedding process optimises the determination of main 

characteristics of Compact 3D MMIC CPW transmission lines. 

 

1. Introduction   

Improved characteristics of Monolithic Microwave Integrated Circuit (MMIC) components are highly 

desirable at high frequency. The solution would be to utilize a three-dimensional (3D) Multilayer 

Coplanar Waveguide (CPW) technique. By employing 3D CPW technique that has features such as 

design flexibility and highly integration between passive and active components in MMIC technology, 

optimization of the current and novel components with much improved performance can be realized. 

[1–7].As precise and reliable models are of significant importance in RF/microwave circuit design, 

with the increasing of operation frequency, the influence of probing pads and interconnect parasitic on 

MMIC components performance has become more and more important [8-11].This research concerns 

with the understanding of the parasitic effects i.e. probe pads parasitic occur in the characteristics of 

MMIC components. The parasitic effect of pads had been gradually visible as frequency increases.  

Novel de-embedding technique for high frequency characterization of MMIC components is 

developed and has been proposed in this work to support accurate on-wafer measurements. The effect 

of frequency resonance and its relation with the pads parasitic effect in CPW transmission line are 

analyzed. Then the pads effects are reduced by applying the new simplified de-embedding technique 

to produce more evidence of relation between the pads parasitic with the frequency resonance 

phenomena in the transmission line. Two types of transmission lines, the conventional planar and the 

planar with polyimide (3D) CPW transmission line are modeled and tested. These two common CPW 

http://creativecommons.org/licenses/by/3.0
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transmission lines are chosen to give the fully understanding on the de-embedding technique and the 

phenomena of resonance frequency for particular transmission lines in microwave circuits. 
 

2. COST De-embedding Technique 

In this work, de-embedding technique has been developed from the Cascade Open Short Thru (COST) 

Method [9] with simplified pad parasitic matrices for Microwave On-Wafer Measurement. This 

technique utilizes the open, short and thru dummy structures to de-embed the probe pad parasitic of a 

Device Under Test (DUT). The suggested parasitic model of DUT is shown in figure 1. 

 

    

Figure 1. (a) Top view of M3 PI 1,2 CPW 3D Transmission Line and  

(b) The cross-sectional view of the left probe pad of M3 PI 1,2 CPW Transmission Line. 
 

In the COST Method, the resistive and inductive effects which originated from the probe pads are 

taken into account [9].  The ABCD-matrix representations of the probe pads’ parasitic in Port-1 and 

Port-2 are simplified and defined as  

It should be noted that the Y and Z-parameters of open and short dummies can be converted from 

S-parameters measurements and simulations. In this work, the tested dummy structures to acquire the 

pads parasitic matrices values for open, short and thru conditions are shown in Figure 2. 

 

 
(a)    (b)   (c) 

Figure 2. Dummies test for the new de-embedding technique  

(a) 0.5 mm Open, (b) Short and (c) Thru structures 
 

As the operation frequency becomes higher, the influence of resonance frequency, probe pads and 

interconnect parasitic on transmission line performance become more important for the transmission 

line characterization in the circuits. By understanding the parasitic effects, then the de-embedding 

ttechnique can be developed accurately in order to predict high frequency characteristics of the 

designed MMICs. 
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3. Results and analysis 

In this work, planar CPW transmission line with length 2.4 mm is designed and tested first before the 

de-embedding technique applied to the planar on Polyimide CPW transmission line. Problem will 

occur when the length of the chosen transmission line is greater than λ/2 as the structure suffered a 

resonant effect and the electrical behavior will change after the resonance frequency [8]. This is 

shown in the simulation in figure 3 and 4 before applied de-embedding. To understand more of the 

relation, one should analyze the comparison of characteristic impedance and relative effective 

permittivity data of the planar CPW transmission line before and after applying the simplified COST 

de-embedding process as shown in figures 3 and 4. 

One can see that the half-wavelength resonances’ phenomena (λ/2 effect) prevent or limit the 

determination of characteristic impedance of the transmission line starting at resonant frequency of 24 

GHz as shown in figure 3. It becomes more apparent in terms of its relative effective permittivity 

shown in figure 4. This is due to the length dependencies of the propagation constants. The measured 

and simulated data after the de-embedding process for planar CPW transmission lines are compared 

and shown in figures 3 and 4.  

 

 

Figure 3. Comparison of characteristic 

impedance before and after de-embedding 

process fora planar CPW transmission line. 

 

Figure 4. Comparison of relative effective 

permittivity before and after de-embedding 

process for a planar CPW transmission line. 
 

As the purpose of the de-embedding process is to maximize the determination of characteristic 

impedance and relative effective permittivity of the transmission line, the proposed method has de-

embedded the parasitic effect. By applying the new technique one can understands better and observes 

the influence of the parasitic pads in the measurement and take it into consideration for further 

improvement in designing the microwave circuits. 
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De-embedding process shows that the influence of pads parasitic has been reduced. As a result, 

resonance frequency effect on transmission line has been reduced as well. Thus one can conclude that 

the parasitic pads increase the resonance effect on transmission line. Another important finding from 

this work that the resonance frequency has been shifted from 23.5 GHz to 28.5 GHz and these findings 

are consistence for both measurement and simulation cases. One can states that length and size of the 

pads in the designed transmission line need to be considered carefully in order to reduce the effect of 

resonance frequency that can disturb the determination of line’s characteristics.  

Results in figure 5 and 6 show the characteristic impedance and relative effective permittivity of a 

planar on Polyimide (M3 PI 1,2) CPW (3D) transmission line respectively. Due to the de-embedding 

technique, resonance frequency in the de-embedded simulation and measurement has shifted and only 

occurred at around 38 GHz. Thus one can say that the new technique has yielded the expected 

improvement characteristics. Again, the electrical behavior will change for transmission line with 

length greater than λ/2 [8] as confirmed by data in figure 5. For planar with polyimide, this electrical 

behavior takes place after 38 GHz. 

  

 

Figure 5. Comparison of characteristic 

impedance before and after de-embedding 

process for simulated and measured planar with 

polyimide (3D) CPW transmission line. 

Figure 6. Comparison of relative effective 

permittivity before and after de-embedding 

process for simulated and measured planar with 

polyimide (3D) CPW transmission line. 

 

The novel de-embedding technique has produced the expected improvement by reducing the pads 

effect significantly. As results, the resonance effect also reduced and this finding confirms the 

aforementioned statement about the relation of parasitic pads and the resonance effect. The measured 

data after applying the de-embedding technique have been produced and consistence with the 

simulated one. 

 

4. Conclusions 

It has been confirmed from this work that if one intends to insert transmission line between two 

parts of a circuit without changing the electrical behavior at particular frequency then one should 

choose transmission line with length equal to λ/2. The de-embedding technique is an analytical 

method therefore the purpose of the de-embedding process is to reduce the parasitic effect and to 

maximize the determination of characteristic impedance and relative effective permittivity of the 

Compact 3D CPW MMIC components. The novel de-embedding technique has shown to be critical in 

reducing the probe pad parasitic significantly from the model. As results, high frequency 

characteristics of the designed MMICs have been presented with minimum effects of probe pads’ 

parasitic. 
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