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Abstract

Elgh resi8tivity .eilimn has been used es a medium for low loss propagdioa of millimeter waves. J.a
addition, associated components and devices cm be constructed directly iu semicomlmtor dielectric waveguldes.
llx! concept is aaalogous to that employed ia integrated optics, except that here the medim is a seiziuenductor
and the aotive elements are obta$ned with semiamductor devices.

mtmduction

At the present time, most microwave inte~ted
ciroults ( IC ) are based on a ticrostrip concept. !&is
works well at Zower microwave frequencies aud is
Possible up to Ku-bat@. However, at hifi$mr frequencies
in the milJ.lmeter wave length region snd into the sub-
WLUmster regions, the losses are prohibitively great-
er. A new concept, using hi@ resistitity silicon,
r$cent)y obtalndble as a ~i-optical dielectric
waveguide, offers premise of’ lower losses for pmK-
gat%on. As ~tlonal factor here is that, since the
“optiml. pipes” are made of silicon, components aud
detiees can be built into the line. In this report
measurements of’ transmission and wavelemgW in silicon
waveguides have been carried out at Ku-band, in order
to vmrl~ theories proposed by hrcatilil and 0oel.1.2
With respect to propagation, substantial Sgreezn%lt
occurs in theory aud ~rirnent. Prellmimxy work has
been started on phase shifters, emplitude modulators,
oscillators, end detectors.

2h tie measurementof’ propagation by means of field
probes, it was found that most of energy was concentra-
ted in the guide material.; losses were low, and propa-
gation ooastsats could be determined by meamr$ments of
wavelength. mr slightly oversized silicon waveguides
aad with wave I.aunohed from the ~. mode h a metal
waveguide to fonz the ~ mde of propagation in the

si2.icon guide, agreement with the theo~ (Ng. 1) was
almost perfect. Ae the cross-sectional area was
reduced to half wavelength dissmsieas or less, a
greater disparity appeared; the experimental propaga-
tion constant in the z direction approaching a consid-
erable decrease over that predicted by sis@.e approx-
imations . However, em here the theories proposed
g~ve good qud..ttative insight tito the behavior of the
wave motion.

me next part of this work was to develop active
devices in tbe semiconductor Mm such 8s electronic
phase shifters, amplitude modulators, generators, and
detectors . me rlmt mum device developed has been
the electronic phase shifter. !&s particular device
is hkpmtaut, since it provides a means of ohamging the
effective wavelength of tie electromagnetic radiation
IZZ the guSde and, hence,. cau provide tuafng, phs@e
shifting, matching, etc. The stecheaism can be ds-
smlbed by a simple experiment. Suppose we have a
brMge providing the capability of measuring aaqil.itude
(attenuation) aud pbse. M one am of’ the bridge we
replace the metal wavegalde with a section of silicon
dielectric waveguide with proper transition pzeces for
low loss. !Ifie bridge is then balaaced to a null, in-
dicating a small loss in the seaiiconduc@r end a
reference t% phase, Next, if a small metal plate is
placed on the top surface of the semiconductor, a
@ase shift can be measured with no loss. !lhis was
interpreted as due to the presence of the metal layer

causimg au ticreaae in ~, the propagation constant in

the longitudinal direction of the dielectric guide,
resulttng in a smaller wavelength along the axle).
03rection. Ibis has been verified by a measurem ent of
wavelength with a carriage mounted probe (Figs. 2 and
3). Next, If the metal sheet is replaced with a
silicon Wer in which are imbedded P-typ and N-type
junctions, the silicon sheet of PIN diodes can be
rendered conductive or non-conductive by forward or
reverse bias, resulting in au electronic means of
ch@@43 the phase of the radiation h the medium.
Two fonzs of such phase shifters are shown ia Pigs. k
and 5, illustrating the process of fboding carriers
along the z axis and across the x axis, res~ctively,
by forward bias of the PIN sections. Nsts of this
type have shown that in slightly oversized Uelectr&c
guide, the theoretical phase shift is 320/cm, the
metal plate experiawmt gave about 32°/ca and the semi-
conductor PIN structure has been demonstrated at about
2f30/om. With smaller cross-section silicon guides,
about 1600/cm should be obtainable with neglible
Insertion 3.0ss end changes In asplitude during the
@ace shiftiag process.

W still another arrasgenent, amplitude modulation
has been demonstrated at 70 @Is. With tie P- and N-
regions placed on the upper end lower side of the
sf.licon guide end with a forward bias driving injected
carriers into the body of the semiconductor, an atten-
uation > 50 dB wcs observed (pig. 6). ~Is femi~ of
devices could be used as a switch or esipl.itude modu-
lator for a zKUimeter wave line. h other experi-
ments, 13@A’iT diodes inserted in the semiconductor line
are ** *fi* 8$ generators and point contact or
Schottky barrier diodes are being tried as detectors.

Conclusion

It is our ~eellng that an entire integrated eystem
can be ccalstrncted in this manner for a receiver end/
or tzanamitter. Tn using this technolo~, low cost
and h!lgh quality cazponents will become available for
general use * millimeter wave electronics.
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FIG. 4. ARRANGMTCE4T KIR WK!TRONIC PEASE SHIFTER.
!EEE STRIPES ON l’9P IHDIOATE AMRRNATING P- AED N-
LKfERS WHI03X WHEWIWMIRD EsL4RED PROVIDE Pm DIODE
FIQODING. TEE FHYSICAL SEPARATION OF THE !CSWSILICON
PmCESISIKS PREVENT EXCFSS CARRIEM FROM FLOODING THE
RASIC WAVB3UIDE STRWIWE.
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FIG. 5. ARRhNf.XWNT lWR ELWTRCRIC PRA8E S31iWER.
FWOD~GDY FREROARR3XRS IS CARRIED OUT BY BIASING
THE PIN DIODRWITE A FIELD DIRECTED ACRWSTHEuPP&R
SURFMmoF TmUPmRAPPmmAGE*
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FIG. 6. CCNSTRUCTN$4OF AN ELWLRWIC MTBJUMUR.
m?WARDBIAsoi4P2KimUCTmE mZtiX4GUIDR CAUSESA
FMW OF IU~ CARWERS WITH DIF!M71!IW B14XKIW TEE
ImmmMmmc PROP-ION.
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