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Measuring Dielectric Constant of Substrates for Micro-

strip Applications

A. R. GERHARD

Abstract—A new technique for measuring the dielectric constaut of

msmetallized ceramic substrates for microstrip applications is fast,

accurate, and nondestructive. Measurement is made at the actual micro-

wave frequency at which the ceramic will be used. Results are repeatable

to within f 0.1 percent of the dielectric constant relative to a known

standard substrate. A measurement rate of 100/h can easily be achieved.
A circuit is described which is used at 1.4 GHz and measures an area of

approximately l/2-in diameter on 25-roil-thick alumina substrates.

INTRODucTlON

Variations in the dielectric constant of ceramic substrates

intended for use in microwave integrated circuits often fall out-

side the stringent limits required to meet circuit performance

specifications. Typical specifications call for alumina substrates

2&26 roils thick with a dielectric constant of 9.9-10.I. Therefore,

in the interests of economy, it is desirable to measure the di-

electric constant of the ceramic before the generation of a circuit

and the application of devices. Available methods for achieving

such meausrements such as the “two-fluid method” [1] and the

“resonant-substrate method” [2]- [6] are not production

oriented either because of the long time required to make a

measurement or the fact that the method is destructive, prevent-

ing use of the material after the measurement.

TECHNIQUE

The technique described here involves temporarily holding a

conductor pattern against one side of the ceramic being measured

and a ground plane against the opposite side of the ceramic. A

swept microwave signal, with a mean frequency approximately

the same as the frequency at which the final circuit will be used,

is coupled to the resonant line. Reflected signals are observed,

and the resonant frequency (as indicated by a sharp dip in

reflected power) is measured. By comparison with a standard
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substrate, the dielectric constant of the unknown may be easily

obtained by using the following relationships: 1

A& Afres—r =K—
&r f ces

(1)

where

Ac,

‘r

%

f res

K

percent of change in dielectric constant;

percent of change in resonant frequency;

– 2,15 for the fixture shown in Fig. 1 when measuring

alumina substrates having a nominal thickness of 25

roils [7], The K factor is a function c)f linewidth,

substrate thickness, frequency, and the dielectric

materials used in the fixture [8], [9].

Fig. 1 shows typical fixturing that may be used with the

resonant-line technique. The ceramic to be measured is placed

between two films of l-roil polyimide (such as DuPont

KAPTON@). The bottom side of the lower film is completely

metallized with 1 mil of copper. The top side of the upper ‘film

contains a one-half-wavelength circular pattern (Fig. 2), located

near its center, with a conductor coupled to it and extending to

1 Propagation assumed to be in the TEM mode.
@Registered service mark of E. 1. DuPont de Nemours & Co., Wilming-

ton, DE.
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Fig. 4. Typical oscilloscope display of resonance indicated directly as
dielectric constant,

the edge of the film. These patterns also consist of 1 mil of copper.

The fixture is closed and clamped, and 30 lb/in2 of air pressure is

applied directly to the upper and lower conductor patterns push-

ing them against the ceramic under test. Intimate contact is

important since it can be shown that an air gap of only 25 ,uin

between the ceramic and the KAPTON will produce an error of

1 pereent.

A swept-frequency microwave signal is applied to the fixture

as shown in the block diagram of Fig. 3. The center conductor

of the coaxial input line is connected to the upper conductor

pattern at the edge of the film, and its outer conductor is con-

nected to the copper on the lower film. The resulting reflected

signal is detected and displayed as amplitude versus frequency.

Fig. 4 is a typical display. The aforementioned relationship (1)

of resonant frequency to dielectric constant may be used to

calibrate the scope graticule directly in terms of dielectric

constant.

‘Measurements can easily be made at a rate of 100/h with a

repeatability of t 0.1 percent of the dielectric constant relative

to a ~own substrate.

CONCLUSIONS

The speed and simplicity of the resonant-line technique make

it now practical to measure the dielectric constant of each piece

of ceramic intended for critical microwave use before the circuit

and components are applied. Also, since’the area included in the

measurement is less than the size of a dime, many measurements

can be taken across a single substrate to determine its variation

in dielectric constant. The described technique should result in

lower cost microstrip circuits by assuring a compatible substrate

before expending time and material to construct the circuit.

APPENDIX

Dependence on Accuracy of Ceramic Thickness

The technique described actually measures the resonant

frequency of the test pattern with a given pieee of ceramic. This

is a measure of the propagation constant of the ceramic which

depends not only on the dielectric constant of ceramic but also

to a lesser degree its thickness. (Also involved are the polyimide

films which, however, are a constant.)

In the present manufacture of ceramic substrates for microstrip

applications, a thickness of 25 roils + 1 is considered acceptable.

This variation in thickness would produce an error in dielectric-

constant measurement of f 0.18 percent as determined by the

following calculations.

From field analysis for e, x 10, h z 25 roils for 50-f2 line,

where

E,

2

Au,

Ae,

Au,

z

\

relative dielectric constant;

relative propagation velocity;

thickness of substrate;

–0.018; \

0.0008 roil- 1 [7].

Taking a ratio of the previous two relations: (Av,/Ah/Av,/

As,) = (Ae,/Ah) = – (0.0008/0.018) = 0.044-percent change of

E, for a 1-percent change of h since t 1 mil in 25 = A 4 percent;

– 0.044 x 4 = – O.176-pet-cent change of E, for a 4-percent

change of h.

We therefore conclude that small changes in thickness cause

negligible changes in relative propagation velocity.

In the event that ceramic thickness variation is appreciable,

it would therefore be possible to correct the K factor in (1) to

obtain the actual dielectric constant,

Description of Test Pattern

Fig. 2 shows the most practical pattern tested. This pattern

employs a broken circular conductor which resonates at or near

1/2 wavelength of the intended operating frequency for the
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substrates to be measured. In the actual fixture as described, the

mean length of the circular conductor pattern is 1.65 in; and the

resonant frequency is approximately 1.43 GHz. The conductors

are copper, 1 mil in thickness, with the circular conductor 100

roils wide to help achieve the relatively high Q of 220 attained

by this pattern. The other conductor on this pattern serves as a

coupling to the measuring circuit and is tapered to a width of

25 roils to provide a good match to the coaxial line. The area

covered by this circuit permits small subareas of the substrates

to be measured.

Experimental Data

Comparison of dielectric-constant measurements on three

separate alumina substrates by three separate methods appears

in the following table:

T$JO Res~nant Res&ant
Sample Fluid Substrate Line

10.10 10.15 10.20
; 10.21 10.24 10.28
c 10.29 10.30 10.32
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Corrections to “Fundamental- and Harmonic-Frequency

Circuit-Model Analysis of Interdigital Transducers with

Arbitrary Metallization Ratios and Polarity Sequences”

W. R. SMITH AND W. F. PEDLER

The two-fluid method was made at 1 kHz and covered a circular

area 2* in in diameter (4.9 inz). The resorrartt-suhrtrate method

was made at approximately 1.4 GHz and involved a 2 x 2 in2

(4.0 in2). The resonant-line method was also made at approx-

imately 1.4 GHz and covered a circular area of less than 0.7 in

in diameter ( <0.4 in2), Since dielectric constant varies across a

substrate, the differences measured by the three methods may be

due to the averaging of different-sized areas.
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In the above paper,l in the last paragraph on pa~ge 853, sub-

stitute “metallization ratio S./LH” for “metallization ratio L./Sn.”

In the second and third lines on page 856, substitute (– 1)” and

(– 1~+’ for (– 1~ and (– l)m+ ], respectively. In the first para-

graph on page 857, Appendix II should have read Appendix 111.

In (15), the factor (~Li/2) should have read (Li/2), while the

factor (27r/A) should have read (27c2), independent of the aniso-

tropy factor A. On page 864 the footnote should be Iabelled 5.

In Appendix 111, in the equations for yl,, y22, amd yl ~, sub-

stitute Y~ for Z~; in the equations for yl ~ and YZ!3, substitute

YS112 for Y~.

In (8) substitute ]Qil for Qi and also take the absolute value

of the sum on the right-hand side, since the capacitance con-

tribution Ci should always be positive. Finally, with regard to

(13), the significance of the reference waventtmber PO was

ambiguous for double-electro~e transducers and dispersive

transducers. The proper definition in all cases is /?O = ~/Li.
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