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As a result of both a larger number of microwave functmm performed by Semiconductor devices

and a larger number of functmns required in modern systems, it has become highly desirable from

both the system and the device standpoint, to fabricate multlple microwave semiconductor devices

on a common substrate. The use of multlple devices m a single package has system and reliability

advantages, but there m also offered tbe pos$lblllty of improved performance of the microwave com-

ponents. This results from the eluninatlon of packaging of each individual element and the abillty to

PI ace the package interface m a mor-e advantageous position m the Clrcult.

To effect such an Improvement an efflclent means of microwave interconnection must be avadable.

Tbe inter conne ctlons must have not only low dmsipatme losses through the microwave region, but be

capable of providing the Impedances necessary for transform atmns by the varmus microwave func-

tions and for cmcult re sonatmg elements. The range of Impedance commonly re qume d IS of the or-

der of 20 to 80 ohms.

To be compatible with semiconductor mate rlals and proce ssmg the choice of dielectric materml

was llmlted to fdm dielectrics, possibly S102. or the use of the semiconductor materml Itself as a

d>electrlc. For the range of Impedances reqtnred, the thicker dlelectrlc, available through the use

of the semiconductor materd, offered a more practical approach for microwave mterconnectlon m

nmnolxth.c systems. The suitabdtty of semiconductor mate rm.ls as tie diele ctrm of m,crostrlp

transmls sion lme was the sub]ect of tbu? mve stlgation.

As salmon m the materxal most widely used m microwave devzces, the primary mvestlgatlons were

based upon this material. Slices of p-type sillcon of various reslstw,ties were polmhed to 0.010 +

0.0005 mch thcknese, leaving an optical quality surface su,table for evaporation and proce ssmg. One

side of each slice was completely metallized to serve as a ground plane and on the opposite side, the

lines of various widths from 1 mil to 12 mfk were produced. Roth .lummuzn and silwe. =... US. CJ

as the conductors. The length of line used for insertion loss and charactemstic Impedance deter.

minatmn was 0.625 inch. The measured msertmn loss of the 50 ohm transnmssmn hne as a functmn

of sfllcon reslstwlty IS shown m Figure 1. Reslstlvltles used were m the order of 100 n -cm,

300$2 -cm and 1300$1 -cm. The range and accuracy of reslstnnty measurements m reflected by the

length of the rectangle repreeentmg the measured pmnts, and the range and accuracy of the mserticm

loss measurements are represented by the height of the rectangles. The resmtnuty and dielectric

constant of sfiicon has recently been shown to be pract~cally unchanged at microwave frequencies

from DC measurements (References 1 and 2). Based upon th~s assumption and approximations for

the msertwn loss of m~crostrip lme presented by Assadour,an and Rlmai (Reference 3), the lme loss

as a function of re S,stnnty was calculated. Thm M presented as tbe sohd curve also shown m Figure 1.

The fact that the expemmentally determined points have less inaertlon loss than was pred,cte d may he

attmbuted to the approximate character of the formulae relating to microstrlp transmmsion.
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Figure 1. Line Loss versus D~electric Resmt~v~ty

The msertlon loss as a functmn of hne thickness was also determmed. Silicon slmes of res~st~v~ty

in the 1400 to 1600 fl -cm range were prepared w~th alummum conductors as previously described.

Conductor thicknesses from 25 to 400 nllcromches were tested, and the insertion loss as a functmn

of lme thlckfiess IS presented m Fqgure 2.

The character~st~c impedance as a fvnctmnof lme width was determined on lines having low loss.

The range of Impedance obtainable w~th reasonable line-width is from approximately 30 to 80 ohms

corresponding to lme w~dths fmm 1 to 15 m~ls as shown m F~gure 3. F~fty ohm unpedrmce occm.e

at a convement 6.5 nml lme width. The characterustlc Impedance from Assadourmn and Rimai is

shown as the dash line. Agamtlus IS anapproxlmate solutmn and M valld only mthe reg~onof lme

width much greater than dielectric thic.ness.
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Figure 2. L,ne Loss “ersus Conductor Thmkness
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Figure 3. Impedance of Microstrip Lines on Silicon Dielectric

Semi. instdating gallitnn arsenide (resistivity greater than 108 ~-cm) was evaluated as a microstrip

dielectric material in a manner similar to that described for silicon. Measured losses were slightly

lower than that observed for silicon and, in fact, approached very closely the losses inherent in the

conductor. For both the semi-instiating gallium arsenide and silicon of resistivity greater than

1000 f2-cm, the loss is sufficiently low to perform efficient interconnection of devices on a common

substrate. Under many circumstances it should even be possible to fabricate devices such as couplers

and hybrids where extremely high “Q” is not required.
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