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Planar RF Transmission lines 
Jean-Francois Genat. EFI Chicago, June 23d 2009.
-1  Structure


Two text-book structures:

-   Microstrip lines (Fig 1).

 Microstrip lines comprise a conducting strip (width w, thickness t) of conductivity , on a substrate of thickness h, relative permittivity r, relative permeability sub, on top of an infinite grounded electrode. The strips couples to the ground plane. The characteristic impedance depends mainly upon w/h  (See  Appendix A). A calculator can be found at : http://referencedesigner.com/tutorials/si/si_06.php
As an example, with w=1.2mm. h=2mm, t=2m, r = 4.6,   Appendix A yields 
Z0=89.5
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Figure 1. Microstrip line
-  Coplanar lines. (Fig 2)
         Comprises two or three conducting strips on top of a substrate. There is usually no ground plane underneath.
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                                          Figure 2. Coplanar lines
Signal couples to the adjacent(s) grounded strip(s)

The characteristic impedance depends mainly on the ratio w/g and on the relative permittivity.   See a calculator at http://www1.sphere.ne.jp/i-lab/ilab/tool/cpw_e.htm
As an example, the same numbers as above with g=2mm and a 3-strips structure (the pitch p is therefore 3.2mm), we get Z0=107.9for the impedance from the central strip to the adjacent lines.
For a structure such as in Fig 3, the characteristic impedance can be approximated as the impedance of a microstrip line in parallel with a coplanar line (superposition) as 89.5 // 107.9 = 48.9  

[image: image3]
           
                         Figure 3.  Equally spaced lines with ground plane. 
2-   Skin effect at high frequencies.
  At high frequencies, only the coupled surfaces of the conductors have the DC conductivity of the metal. The fields decay exponentially with a space constant, the skin depth , as :
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and the resistance of the strip is increased correspondingly for a given frequency . In addition to the frequency dependence, the skin depth is a function of the conductivity and of the magnetic permeability of the conducting medium.

Nickel has a relative permeability of 100-500 and should be avoided as a thick intermediate layer between the dielectric and conductor, since the current would flow only through the inner surface of it and not at all in the metal layer on top of it. Nickel conductivity is three times less than gold, and skin depth ten times less! Thin layers of Chromium or Titanium can be used instead.
Resistivities, permeabilities, and skin depth at 1 GHz of various conductors are shown in Table 1.

                        Resistivity   Mag. Susceptibility (1-r)     Skin depth (1GHz)   

Copper              17.2e-9           -6.4e-6                                    .66 m

Silver                15.9e-9         -1.95e-5                                    .63 m
Gold                  24.4e-9          -28e-6                                     .79m
Nickel               70e-9           -100 -600                             .13 - .053m
Aluminum         28.2e-9          1.65e-5                                    .84m
Chromium         125e-9            180e-6                                  1.78m
Titanium            420e-9             5e-5                                      3.26m


Table 1.

Example: A trace of silver of  8” length, 1.2mm width, and 2m thickness (three skin depths)  has a resistance at 1 GHz of   4.2against 1.3  for DC
[image: image5.png]11x10

10+

) ~ © © E3

(suosoiw) zH9 | 18 yideq unis

2 2.5 3 3.5

Resistivity (Ohms/m)

15

0.5




                                     Figure 4. Skin depth vs resistivity 
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                                       Figure 5. Skin depth vs frequency 

2- Dielectric losses

Dielectrics are subject to Joule effect, through the imaginary part of the dielectric permittivity = ' + i " that attenuates an incident RF wave after a length l as :
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 As an example, the loss in glass with 
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= 10-2 due to a propagation over 8”
of the traces on glass from the previous example would be  3.2%  at 10 GHz, and could be managed easily.
- Appendix A
·   Microstrip lines (Z0)
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where Z0 is the impedance of free space (377 ) and weff
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·   Coplanar lines (S = strip width  vs  Z0)
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-Appendix B
Specifications derived from the example in section 1.
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Substrate

· Borosilicate Glass. Corning Pyrex 7740

· Thickness h = 2 mm


· Width W = 203.2 mm

· Length L = 203.2 mm

· Relative  Dielectric Constant: 4.6

· Top Surface:      Deposited conducting strips as described below
· Bottom Surface: Ground plane as described below. 

Deposited Conductor

· Strips Layer:    50 Å thickness of Chromium + 1 μm Silver + 1nm Gold
· Ground Layer: 50 Å thickness of Chromium + 2 μm Silver + 100nm Gold
If  2m (3 skin depths in Ag at 1 GHz) cannot be deposited, the thicker, the best.
Delay Line dimensions
· Spacing center to center    p = 3.175mm = 1/8 “
· Gap                      

g  = 2mm

· Trace Width                      w = 1.175mm
· Glass thickness                 h  = 2mm 
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