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Abstract: In this paper dispersion characteristics, dielectric and conductor loss of microstrip line on thin film cyclic-olefin 

copolymer dielectric substrate for integrated circuits at sub-terahertz frequency are presented. The static spectral domain 

analysis method is used to compute the conductor thickness dependent line capacitance of microstrip line on thin film dielectric 

substrate. The characteristic impedance and effective relative permittivity of microstrip line are computed using line capacitance. 

The frequency dependent characteristic impedance and effective relative permittivity are calculated using dispersion relation. 

The frequency dependent dielectric loss and conductor loss are computed from the transmission line lumped parameters.     
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I. INTRODUCTION 

There has been a growing interest in diverse arrangements of microstrip line in sub-terahertz and terahertz frequency region. Due to 

highly compact size in microwave integrated circuits (MICs) and monolithic MICs at terahertz frequency, microstrip line grown on 

thin film dielectric substrate are widely used. At sub-terahertz frequency, both the dielectric loss and conductor loss are very high for 

conventional microstrip line structures. Therefore, to decrease the loss and dispersion, the microstrip line are fabricated on thin film 

dielectric substrate with smaller relative permittivity. The thin film microstrip line are miniaturized transmission line and have many 

advantages [1-5]. 

The thin film microstrip line are fabricated on low resistivity semiconductor substrate such as silicon (Si), silicon dioxide (SiO2) or 

gallium-arsenide (GaAs) substrate. The dielectric substrate such as benzo-cyclobutene (BCB), cyclic-olefin copolymer (COC) and 

polyimide materials are used as thin film dielectric substrate. These dielectric materials have relative permittivity of 2.3 to 3.5. The 

thickness of thin film dielectric materials is in the range of 1.5μm to 25μm. The conductor thickness of microstrip line is 0.1μm to 

3μm. Due to miniaturized size, the frequency range of quasi-TEM mode of operation extends up-to terahertz frequency region. This 

provides an extremely wide single mode of operation [1-9]. The conductor loss also increases due to decrease in conductor 

thickness. The thin film microstrip lines have very low or negligible dispersion properties in sub-terahertz and terahertz frequency 

region. Thin film microstrip line can be designed for broader impedance range but they are used for low power systems due to 

reduced size. The thin film microstrip line have high impedance (50 ohm - 140 ohm). The main disadvantage of these lines is high 

impedance. Due to thin film of dielectric substrate and small loss tangent, the dielectric loss is very less compared to conductor loss 

[1]. The loss analysis of microstrip line on thin film substrate is an important parameter because the performance of a component 

and circuits depends on the power dissipation and power handling capability [10, 11].   

This paper presents analysis of microstrip line on thin film dielectric substrate. For this, the static spectral domain analysis method is 

used to compute capacitance per unit length of microstrip line. The static effective relative permittivity and impedance of microstrip 

line are computed from capacitance of the line. The dispersion characteristics i.e., frequency dependent effective relative 

permittivity and impedance are calculated by using Kirschning and Jansen dispersion model. The dielectric loss and conductor loss 

are computed from the equivalent distributed parameters of transmission line. In section-II, formulation of Spectral Domain 

Analysis (SDA) method for microstrip line is discussed. The dispersion formula for microstrip line, formulation to computation the 

resistance and conductance of microstrip line are given in section-III. The calculated numerical results for impedance, effective 

dielectric constant, dielectric loss and conductor loss are discussed in section-IV.  
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II. QUASI-STATIC ANALYSIS OF MICROSTRIP LINE 

The conventional microstrip line consist of strip conductor on conductor backed dielectric substrate. The cross-section view of 

shielded microstrip line is shown in Figure 1. The width of microstrip line and thickness are ‘S’ and ‘t’ respectively. The thickness 

and relative permittivity of dielectric substrate are ‘H’ and ‘εr’ respectively.  

The static spectral domain analysis (SDA) method is used to compute the capacitance per unit length of microstrip line. The 

impedance and effective relative permittivity are computed from the line capacitance. For finite conductor thickness, the Green’s 

function in Fourier domain for microstrip line structure have been modified [12-14]. The finite thickness of microstrip line is 

modeled as two-layer strip conductor. The potential on the microstrip line is equal to the product of modified Green’s function and 

charge distribution present on strip. The unknown constants of assumed charge distribution on upper and lower strip conductor can 

be found from Galerkin’s method [12-14].     

Fig.1 Microstrip Line 

 ቈܩ෨ଵଵ(ߚ௡) (௡ߚ)෨ଶଵܩ(௡ߚ)෨ଵଶܩ (௡ߚ)෨ଶଶܩ
቉ ቈ∑ ௝ܽଵߩ෤௝(ߚ௡)ே௝ୀଵ∑ ௝ܽଶߩ෤௝(ߚ௡)ே௝ୀଵ ቉ = ቈ ෨ܸ௖ଵ(ߚ௡)෨ܸ௖ଶ(ߚ௡)

቉     (1a) 

(௡ߚ)෨ଵଵܩ  =
ଵఉ೙ቈఌ೚ఌೝ௖௢௧௛(ఉ೙ு)ାఌ೚ቂభశ೎೚೟೓(ഁ೙೟)೎೚೟೓(ഁ೙ಳ)೎೚೟೓(ഁ೙೟)శ೎೚೟೓(ഁ೙ಳ)

ቃ቉     (1b)  

(௡ߚ)෨ଶଶܩ =
ଵఉ೙ቈఌ೚௖௢௧௛(ఉ೙஻)ାఌ೚ቂభశഄೝ೎೚೟೓(ഁ೙ಹ)೎೚೟೓(ഁ೙೟)೎೚೟೓(ഁ೙ಹ)శ೎೚೟೓(ഁ೙೟) ቃ቉       (1c) 

(௡ߚ)෨ଵଶܩ  = (௡ߚ)෨ଶଶܩ ቂ ଵ ௦௜௡௛(ఉ೙௧)⁄ఌೝ௖௢௧௛(ఉ೙ு)ା௖௢௧௛(ఉ೙௧)ቃ         (1d) ܩ෨ଶଵ(ߚ௡) = (௡ߚ)෨ଵଵܩ ቂ ଵ ௦௜௡௛(ఉ೙௧)⁄௖௢௧௛(ఉ೙௧)ା௖௢௧௛(ఉ೙஻)
ቃ        (1e) 

 

The following charge distribution is assumed on strip conductor [12]. ߩ௝(ݔ) =
௖௢௦ቂ(௝ିଵ)గೣషಸೄ ቃටଵିቂమ(ೣషಸ)షೄೄ ቃమ ܩ,  ≤ ݔ ≤ ܩ + ܵ      (2) 

The capacitance of microstrip line is calculated from following relation [12-14]- ଵ஼ =
௅ଶఌ೚ொమ∑ ෤௝ଶஶ௡ୀଵߩ (௡ߚ)෨ܩ(௡ߚ)        (3) ܼ௢ =

ଵ௖ඥ஼೏஼ೌ೔ೝ , ߝ௥௘௙௙ =
஼೏஼ೌ೔ೝ       (4) 

(௡ߚ)෨ܩ  = ቈܩ෨ଵଵ(ߚ௡) (௡ߚ)෨ଶଵܩ(௡ߚ)෨ଵଶܩ (௡ߚ)෨ଶଶܩ
቉       
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where ܩ෨(ߚ௡) is Fourier transform of modified Green’s function and ߩఫ෥  is Fourier transform of charge distribution present on 

microstrip line conductor. Q is total charge present on microstrip line. Velocity of light is ‘c’. Cd and Cair are capacitance on 

dielectric substrate and air substrate respectively. 

 

III. DISPERSION, DIELECTRIC LOSS AND CONDUCTOR LOSS COMPUTATION 

Different dispersion models are available to compute frequency dependent effective relative permittivity and impedance. The 

Kirschning and Jansen Dispersion model is used to compute frequency dependent effective relative permittivity of microstrip line 

[11].  

(݂)௥௘௙௙ߝ  = ௥ߝ − ఌೝିఌೝ೐೑೑(଴)ଵା஺(௙)
         (5a) 

(݂)ܣ  = ଶ[(0.1844ܣଵܣ + (ସܣଷܣ ு݂ ]ଵ.ହ଻଺ଷ        (5b) 

ଵܣ  = 0.27488 ቂ0.6315 +
଴.ହଶହ

(ଵା଴.଴ଵହ଻௙ಹ)మቃ ௌு− ቂ0.065683݁݌ݔ ቀ−8.7513
ௌுቁቃ   (5c) ܣଶ = 0.33622[1 − (௥ߝ0.03442−)݌ݔ݁ ]        (5d) 

ଷܣ  = 0.0363 ቂ݁݌ݔ ቀ−4.6
ௌுቁቃ ቈ1.0 − ݌ݔ݁ ൤−ቀ ௙ಹଷ଼.଻ቁସ.ଽ଻൨቉     (5e) 

ସܣ = 1 + 2.751 ቈ1.0 − ݌ݔ݁ ൤−ቀ ఌೝଵହ.ଽଵ଺ቁ଼൨቉       (5f) 

ு݂ = ܪ.݂ = ݂ ݀݁ݖ݈݅ܽ݉ݎ݋݊ ݅ ݕܿ݊݁ݑݍ݁ݎ 1 ,[݉݉.ݖܪܩ] ݊ ≤ ௌு ≤ 100 ܽ݊݀ 1 ≤ ௥ߝ ≤ 100    (5g) 

 ܼ௘௙௙(݂) =
௓೚ටఌೝ೐೑೑(௙)

         (5h) 

The distributed transmission line parameters are used to compute dielectric loss and conductor loss. The dielectric loss is computed 

from distributed conductance (G) and the relation is given by [1].  ߙௗ =
ீ௓೚ଶ          (6a) 

ܩ = ఢߪ ൥ቀௌுቁଵ.଴଼
+ ቈߨ ቆ ଵ௟௢௚ቀఴಹೄ ାଵቁ− ௌ଼ுቇ቉ଵ.଴଼൩ଵ ଵ.଴଼⁄

     (6b) ߪఢ =  (6c)        ߜ݊ܽݐ௥ߝ௢ߝ݂ߨ2

 

Conductor loss is due to finite conductivity of the microstrip line. The conductor loss is computed from the total distributed 

resistance (Rt) and the relation is given by [1]. The total ohmic resistance (Rt) is equal to sum of dc resistance (Rdc) and ac resistance 

(Rac).  

௖ߙ  =
ோ೟ଶ௓೚          (7a) 

௖ߙ  =
ோ೏೎ାோೌ೎ଶ௓೚          (7b) 

The dc and ac resistance of microstrip line is related to conductivity (σ) and cross section dimension of microstrip line by the 

following relation [1].  

 ܴௗ௖ =
ଵఙௌ௧ ,              ܴ௔௖ =

ଵఙఋ(ௌା௧)       (7c) 

skin depth (ߜ) =
ଵඥగ௙ఙఓ೚ఓೝ                    (7d) 
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IV. NUMERICAL RESULT AND DISCUSSION 

In this analysis, the microstrip line is present on the cyclic-olefin copolymer dielectric substrates. The relative permittivity, loss 

tangent and thickness of dielectric substrate are εr = 2.35, tanδ = 5.0×10-4 and H = 10μm, 20μm respectively. The impedance, 

effective relative permittivity, dielectric loss and conductor loss are calculated for different width of microstrip line, S=10μm, 20μm, 

30μm, 40μm and 50μm on different substrate thickness, H = 10μm, 20μm in the frequency range from 100GHz to 300GHz. The 

conductivity of microstrip line conductor is 5.618×107 S/m. Fig. 2(a) and Fig. 2(b) shows the variation of impedance and effective 

relative permittivity with frequency on H=10μm dielectric substrate. The variation of impedance and effective relative permittivity 

with frequency is very small. This shows the dispersion for microstrip line on cyclic-olefin copolymer substrate is negligible for this 

wide range of frequency band. Microstrip line and components can be designed in this large frequency bandwidth. 

Fig. 2(c) and Fig. 2(d) shows the variation of dielectric loss and conductor loss with frequency. The dielectric loss is very small and 

increases with frequency. The dielectric loss is small due to small loss tangent. The conductor loss more than dielectric loss. 

Therefore, major loss in microstrip line is due to conductor loss. The dielectric loss is more for wider microstrip line, but conductor 

loss is more for narrow microstrip line. Fig. 3(a) and Fig. 3(b) shows the dispersion characteristics of microstrip line on H=20μm 

dielectric substrate. The characteristic impedance of microstrip line is 88.1ohm and 117.9ohm for H=10μm and H=20μm 

respectively for S=10μm at 100Ghz. Microstrip line on H=10μm and H=20μm shows the very small dispersion characteristics. The 

impedance changes with strip width and dielectric substrate thickness. 

 
Fig. 2(a) Impedance Zo (ohm), H=10μm, εr=2.35 

 

 
Fig. 2(b) Effective relative permittivity, H=10μm, εr=2.35 
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Fig. 2(c) Dielectric Loss (dB/mm), H=10μm, εr=2.35 

 

 
Fig. 2(d) Conductor Loss (dB/mm), H=10μm, εr=2.35 

 

 
Fig. 3(a) Impedance Zo (ohm), H=20μm, εr=2.35 
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Fig. 3(b) Effective relative permittivity, H=20μm, εr=2.35 

 

 
Fig. 3(c) Dielectric Loss (dB/mm), H=20μm, εr=2.35 

 

 
Fig. 3(d) Conductor Loss (dB/mm), H=20μm, εr=2.35 
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V. CONCLUSION 

In this paper, the dispersion characteristics of microstrip line, dielectric loss and conductor loss on different thin film dielectric 

substrate and strip width are analyzed from 100GHz to 300GHz. The microstrip line on thin film dielectric substrate shows the 

extremely small dispersion. The dielectric losses are also very small compared to conductor loss. Microstrip lines on thin film 

dielectric substrate are used for wide range of frequency due to low dispersion characteristics and losses.  
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