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In addition to not defining co-primary, the Commission has

not established any interference criteria to protect co-primary

users. As a practical matter, it will be impossible to impose an

obligation on new users to negotiate with existing users or

prevent interference to their operations until satisfactory

interference criteria are developed. Further, it will be

impossible to develop interference criteria without first knowing

what technologies will be placed in the band, and yet by

definition "emerging technologies" are at present unknown.

At a minimum, utilities and other existing 2 GHz private

microwave users must be assured interference protection equal to

or better than the level of protection now prOVided under

Telecommunications Industry Association (TIA) Standard iDE.

Otherwise, the reliability of utility communications would be

degraded which would detrimentally impact overall utility

service.

In view of the uncertainties over (1) the services and

technologies that might use these bands; (2) the interference

potential of these technologies; and (3) the ability of new

technologies to share with existing fixed microwave systems, UTC

reiterates that the "spectrum reserve" concept cannot be

implemented as proposed. Nevertheless, if the Commission deems

it necessary to "earmark" a band for use by new technologies, UTC

urges the Commission to announce in this docket that any "new
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technology" systems authorized in that band will be licensed only

on a conditional secondary basis during the initial license

term. ll/ That is, during the first 5 years a new technology

licensee is authorized to use spectrum from the spectrum reserve,

it must afford full and unconditional interference protection to

existing facilities licensed on a primary basis. If, at the end

of the initial license term (assumed to be at least 5 years),

there are no unresolved interference problems, the new technology

licensee could request co-primary status.

Under the approach suggested by UTe, existing primary users

of the spectrum would be assured that they could terminate

interference on a moment's notice, and that disputes would not

develop over the burden of proof requirements between co-primary

licensees. Since many new technology proponents have expressed

optimism that their systems will not interfere with fixed

microwave systems, conditional secondary licensing should not

affect the development of new systems, and in fact, could help to

ensure that the spectrum is being used carefully and efficiently.

Further, the secondary status would not be permanent, but it

would have be in place long enough to assure that a fully-

developed new technology system will not interfere with an

13/ UTe assumes license terms for any new services will be
at least 5 years.
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existing fixed microwave system. 74
/ After successful operation

on a non-interference basis, the new technology license could be

upgraded to co-primary status.

C. Co-Primary Status Must Be Indefinite For All Users

As part of its transition plan, the Commission states that

it recognizes the special economic and operational considerations

involved in relocating state and local government agencies and

therefore is proposing to exempt these entities' 2 GHz microwave

operations from the mandatory transition period and instead will

allow them to remain in the band on a co-primary basis

indefinitely.

There is absolutely no technical basis for distinguishing

between state and local government 2 GHz users and other users of

the band. In fact, many 2 GHz systems are jointly owned,

operated and relied upon by state and local governments and

private sector utilities. Moreover, if, as the Commission

proposes, all relocation costs are to be borne by the new

technology users, then economic factors cannot be a "special

consideration" for state and local government agencies.

74/ Under several of the new technology proposals, the
interference potential of a new service could not be fully
understood until full deploYment of the new technology equipment
due to the cumulative nature of the interference.
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Co-primary status must be on an indefinite basis for all 2

GHz microwave users. 7S1 It is unreasonable to expect all non-

government licensees to accept secondary status, with no

possibility of reimbursement, after an arbitrary time period of

ten or fifteen years, or through a five-year phased-in approach.

The Commission's proposed transition period is little more than a

hollow gesture. The plan would put existing licensees in a

position where they would have to relocate within a certain

period of time or lose any ability to obtain reimbursement, and

yet, during the initial five, ten or fifteen year transition

period there may not be any new technology licensees in the

existing user's operating territory to pay such relocation costs.

Moreover, many new technology systems may not be implemented

until after the initial transition period lapses,761 which

guarantees that these new technology licensees could force any

existing user to relocate without paying any compensation for the

forced relocation.

Furthermore, under the Commission's plan, existing licensees

in rural areas are ostensibly protected, since the new

nl In any event, the Commission must clarify that
indefinite co-primary status extends to all state and local
government entities including public power utilities, and not
just "public safety" agencies.

761 See time projections for establishment PCN service and
other forms of PCS contained in written testimony of Arthur D.
Little submitted as part of the FCC's December 5, 1991, En Bane
hearing on PCS, GEN Docket No. 90-314.
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technologies are only expected to develop initially in urban

areas. However, it is doubtful whether microwave equipment

manufacturer will continue to build equipment and replacement

parts for a service that only exists on a secondary basis. The

12 GHz band is a clear example of this situation. 12 GHz

microwave operations were allowed to remain in the band on a

secondary basis until displaced by a Direct Broadcast Satellite

(DBS) system. Thus far there is no DBS service and yet 12 GHz

microwave operations are virtually non-existent because the

microwave equipment manufacturers stopped making equipment for

the band. In addition, the FCC has no basis for concluding that

new technologies will only develop in the urban areas, since, as

noted above, the new technologies and services which may occupy

this band have yet to be identified.

UTC is also opposed to the Commission's phased

implementation approach that would allocate portions of the 2 GHz

band in specific phases. Like the mandatory transition plan this

approach will also relegate existing users to secondary status

arbitrarily.

For all of these reasons, the Commission must modify its

proposal to extend indefinite co-primary status to all 2 GHz

microwave users.
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D. Free Market Negotiations

All reasonable relocation costs for existing users of the 2

GHz band must be provided by the new technology licensees.

Otherwise, the costs would be borne in large part by taxpayers

and utility ratepayers.

UTC supports the concept of allowing voluntary negotiations

between licensed 2 GHz microwave users and new technology service

providers concerning reimbursement of relocation costs. However,

as described above, a crucial element regarding the equities of

such an arrangement is that all 2 GHz microwave users must be

licensed indefinitely on a co-primary basis. In addition to

ensuring that relocation costs will be borne by the new

technology proponents, indefinite co-primary status would be

necessary to enforce contracts entered into regarding continued

microwave operations in the band after a certain time period.

UTC understands that the primary reason for the Commission's

proposed time limitation on the co-primary status of non­

government 2 GHz microwave operations is the concern that

existing users will hold the spectrum "hostage" in order to seek

windfall profits. As a practical matter it must be pointed out

that the majority of the existing 2 GHz licensees use their

microwave operations as a tool rather than for direct commercial

gain and therefore have little incentive to make a profit from
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them. In the case of utilities, for example, there would be no

"windfall" because any monies received by a utility in connection

with its relocation expenses would be applied above-the-line as

"contributions in aid of construction," and would only benefit

the utility's ratepayers, not its stockholders. TII However, to

the extent that there is concern over the feasibility of relying

entirely on voluntary negotiations, UTC proposes that the

Commission provide for an involuntary negotiation program, to

commence fifteen years from the adoption of a specific allocation

to an emerging technology. The program could be similar to the

MMDS/ITFS relocation plan adopted in GEN. Docket No. 90-54. At a

minimum such a plan should provide:

1. A new user may request involuntary modification of an
existing user's license to specify operation on
different frequencies;

2. The new user is responsible for all relocation costs,
and must set up an escrow account or buy a performance
bond to guarantee relocation costs;

3. The proposed system must provide equal or better
reliability than the existing system;

4. The existing user has an opportunity to oppose the
relocation proposal; and

5. If the new facilities prove to be unsatisfactory in
practice, the user must be relocated back to its
original facilities at the new user's expense.

771 In the case of municipally-owned utilities or rural
electric cooperatives, the same would hold true because the
ratepayers are, in essence the utilities' owners.
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Under this proposal, voluntary negotiations would be

utilized during the initial fifteen year licensing period of the

new service and the involuntary plan would only be utilized in

the rare situation where market forces could not work out an

accommodation. Further, by delaying the effectiveness of this

program until 15 years after licensing, it will ensure that the

Commission is not inundated by requests to arbitrate involuntary

negotiations.

As noted above, UTC proposes that new microwave systems

should continue to be authorized in the 2 GHz band on a primary

basis. However, to allay any concern that such systems would be

installed merely to force a buy-out by new technology proponents,

UTC proposes that those systems would be immediately subject to

the above-described involuntary relocation procedures, and would

in no instance be allowed to accept financial compensation in

excess of reasonable compensation for a relocation to comparable

communications facilities.

As a final matter, UTC is adamantly opposed to the

introduction of emerging technologies in the 2 GHz band on a Part

15 unlicensed basis or any other basis where the existing users

would be unable to identify the source of interference or to

secure reimbursement for relocation costs. As stated earlier,

the correct level of interference protection afforded to private

microwave systems cannot be compromised. Unlicensed use is
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incapable of providing this protection. If marketplace

mechanisms are to be used to relocate existing users, then means

must be available for readily identifying potential or actual

interference sources and for holding those entities responsible

for correcting interference or relocating licensed microwave

systems. Unlicensed radio services would be incompatible with

this type of market-based relocation plan, and must not be

authorized in the 2 GHz band.

IV. Use of Emerging Technology Bands

In its NPRM, the Commission indicates that it proposes to

commence separate rulemakings in order to determine the specific

services that should be allocated spectrum from the spectrum

reserve. In carrying out these various proceedings, UTC urges

the Commission to be guided by a requirement that all proposed

new systems must conclusively demonstrate the ability to operate

without degrading existing systems in the band.

V. Conclusion

The spectrum reserve concept is a misguided effort to clear

the 2 GHz band for unknown, future technologies. This process

does not permit the requisite balancing of competing public

interest factors, and does not satisfy the APA's requirements for

reasoned rulemaking.
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The NPRM, and the OET Study, are result-driven, and do not

represent objective cost/benefit analyses of reallocating

spectrum for new services. Under an objective analysis, the FCC

would have targeted other bands where the impact on existing

users would be far less, and where the impact on the American

economy and core American business would be less substantial.

Despite the Commission's denials, the spectrum reserve

concept is a band-clearing concept. There is nothing to

distinguish this proposal from its clearing of the 12 GHz band

for DBS, a service which, in 10 years, has yet to develop.

Unlike the clearing of the 12 GHz band, however, the Commission

has made no proposals for adequately accommodating displaced

users in other frequency bands. Aside from offering a "blanket

waiver" of legal eligibility, the Commission has not even

undertaken a review of the usefulness of other bands as presently

configured, nor proposed any changes in the proposed replacement

bands.

Since the "new technologies" that might be allocated from

the spectrum reserve have not yet been identified, it is

impossible for existing users to accept the notion of "co­

primary" status. The Commission has not defined how co-primary

status would be interpreted as between disparate services sharing

a band, nor what interference or sharing criteria would be

established for these new, unknown services. UTC therefore
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recommends that if new services are permitted to share a band,

the new service licensees should be authorized only on a

secondary, non-interference basis during at least the initial 5­

year license term. Further, all existing service users should be

permitted to remain in the band on a primary basis indefinitely,

and should be permitted to continue licensing new systems on a

primary basis.

Marketplace negotiations should be permitted if new

technology licensees find it necessary to relocate existing

users. However, because marketplace negotiations would not be

feasible in the context of unlicensed facilities, such "Part 15"­

type services should not be allocated for use in a spectrum

reserve.

WHEREFORE, THE PREMISES CONSIDERED, the Utilities

Telecommunications Council respectfully urges the Commission to

terminate this proceeding, or, in the alternative, to issue a

Further Notice of Proposed Rulemaking which makes specific

proposals on which interested parties will have a meaningful
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opportunity to comment with respect to the issues surrounding a

reallocation of spectrum for new technologies.

Respectfully submitted,
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ways to the subscribers. The trend'
of Shrinking handsets and more re­
liable connections has spurred the
proliferation ofservices such as cel­
lular telephones, paging networks
and mobile radios. If telecommuni­
cation systems continue to follow
similar trends, then further miniatur­
ization of the portable terminal is
-ine\litable.

While the dimension of the porta~

ble terminals should be as small as
possible, this decrease in size cur­
tails the available power for data
transmission. This sugges1B the use
of mm-wave bands for data trans­
mission to take advantage ofsmaller
feature sizes. Novel miniaturized
MMIC-based antenna designs and
advances in device technology are
needed before these goals can be
realized. Figure 1 is a conceptual
drawing of a system incorporating
such portable terminals. The mlcro­
cellular zones that receive from and
transmit to the portable terminals
must be scaled down to receive the
pOrtable terminal's transmissions•
This increase in density contrasts
with current cellular telephone con­
figurations. The only viable trans-

7&

Fig. 1 A conceptual diagram oh system that incorporates portable terminals.

but crowded network. Additionally,
the ability to miniaturize the portable
terminals further requires more in­
novative MMIC design solutions.

Within these laboratories. the Ra­
dio Systems Group has been as­
signed to address problema related

. to future personal communication
components and systems. Notable
contributions have been made in the
Integration and miniaturization of
MMIC~based functional subsys­
tems. Specifically, by the use of co­
planar line line-unified-FETs (W­
FETa) and multilayerstructures, the
miniaturization of circuit function
blocks has been realized. With re­
gard to FO distribution links, re­
search is being carried out not only
to deSign specialized arohltectures
capable of transmitting mm-wave
signals on optical carriers, but also
to evaluate them on the basis oftheir
pertormance and the feasibility of
system integration.

Concept of the Future
The key to success In personal

.communication technology lies In
the ability to offer cost-effective,
multiservice communication path-

-TEe H• I elL f EI'U• E ~'_ .
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The Merging 01 PholonlC .
and Microwave Technologies

Introduction
ATR Optical and Radio Commu~

nications Research Laboratories,
one of four distinct corporations
within the Advanced Telecommuni­
cations Research Institute Interna­
tional, is devoted to research and
development in communications
technologies that will have crucial
impact on the future. In their re­
searoh on opticallntersateflite com­
munication$, advanced arrayanten­
nas, optical and electronic devices
and mobile communications, these
laboratories combine the talents of
an International staff and their
modern facilities to realize some
highly advanced telecommunica­
tion systems.

Two fundamental technologies
currently pursued in these laborato­
ries are microwave monolithic inte­
grated circuitry (MMIC) and fiber­
optic (FO) signal-distribution archi­
tectures. One vision aims at synthe­
sizing these two technologies for
use In personal communications. A
future result of this new technology
could be wristwatch-sized tele­
phone/televisions and the signal
distribution networks required to
service them.

Personal communication sys­
tems of the future will have to be
adaptable, user convenient and ver­
satile. Further miniaturization of
handsets will aid in convenience,
yet, because of the reduced avail­
able transmitting power, will also re­
quire a more compact micro-cellu­
lar distribution network operating at
higher carrier frequencies. In tum.
this poses problems in the distribu-'
tion of mm-wave communication
signals over a moderately distanced
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50 MHz DDS in a small 44-pin PLCC package

Fig.2a A WFET·baHd Impedance
trao.former from coplanar to sloWn.,

Fig. 2b A WFET wideband magic 1:

a host of basic circuit function mod­
ules, including multiport power
combiners and dividers. mixers.
balanced modulators, signal path
switches, circulators. frequency
doubler'S, phase invertersand active
Inductors.2.3 Performance of these
circuits has been demonstrated
beyond 20 GHz. Examples of WFET
circuits are shown In Figure 2. A
LUFET-based impedance trans­
former from coplanar to slotline is
shown· in Figure 2a. Additionally, a
WFET wideband magic-T and a
broadband amplifier are shown in
Figures 2b and 20. respectively.

J0555 SDrmIto Valley R.oad
San Diego. CA 92721 USA

TEL: 679·597·5005
FAX: 629-452·9096

ceived in 1987, this design inte­
grates microwave coplanar trans­
mission lines directly into the FET
structure, thus eliminating the need
for i""pedance matching and the
use of large quarter wavelength
tranmlssion lines in some Circuits.'

With the WFET, circuit layout Is
greatly simplified, resulting in a re­
duced-size circuit with little or no
degradation In performance over
that of conventional designs. From
this concept came the realization of
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mission lines with such density in
the mm-wave bands are FO links, If
small siZed and tow cost systems
are to be ..eallzed successfully, the
concurrent utilization of both pho­
tonics and microwaves will be nec­
essary.

MMIC Technology
Key to the suocess of the devel­

opment of technologies for multi­
funetlon and reduced sized MMICs
has been the WFET concept. Con-

Simple to Program
Full parall.I, 23-bit frequency
control Interface
Simple to Modulate
50 MHz hop & sweep rate;
Latency only IS clock cycles

SIMPLICITY.

Simple to Integrate

QUAll:t:JNV.A' s
new02220 K.I.S.B. (Keep itSimple Synthesizer) DDS is :

WHAT YOU NEED IN A
NEW SYNTHESIZER.

Lowest priCed ODS
Available

Sim Ie to Power

Simple to Afford

Ideal for portable gear;
300 mW maximum at 50 MHz

Simple to Learn More
Call or Fax QUALCOMM's
VLSI Products Division for technical data and delivery.
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Fig. 3 (a) A photograph of the multilayer
branc;hlin. coupler and (b) its measur.d

performance.
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one example further demonstrates
the potential for high performanoe
and compact MMIC based systems.

Novel low loss transmission line
structures that permit the fabrication

. of compact circuit blooks are being
investigated. One such new strue-·
ture, the valley microstrip line, has a
20 percent lower insertion loss than
standard microstrip lines of equal
widths. This structure is fabricated
by taking advantage of the unique
etohing angle of spun polyimide

CIRCLE 112 ON READER SERVICE CARD

Quality Mlcrowave'lnterconnects, Inc.
301 Ballardvale Street • Wilmington, MA 01887
Tel. (508) 988-9090 • FAX (508) 988-9393

yields, greater reliability as well as
large scale integrated circuits with
more fun'ctions per unit area. One
reoent achievement is a miniatur.
Ized, ultra-wideband balanoed up­
converter. This new design inoor­
porates line unified HEMT modules
as well as multilayer microstrip lines.
Performance characteristics are
shown in Figure 5. The mostnotable
features of this design are the broad
bandwidth (3 to 31 GHz) and a four­
fold decrease in circuit size. This
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Fig. 4 A companIon of <al planar, (b)
multilayer and (e) three-dimensional

architectures.

Major advances in multilayer
MMIC circuitry has also been ae­
complished.5 Through the use 01
thin dielectric film layers over con­
ventional substrates, multilayer
structures such as magic-T5, rat­
race and branohllne hybrids. Wil­
kInson power dividers, slow wave
structures and distributed amplifiers
are realized in an area that is sig­
nificantly smaller than that used in
conventional uniplaner MMICs. The
multilayer branchline hybrid cou­
pler, shown in Figure 3a. requires 50
percent less area than the corre­
sponding planar hybrids. Its per­
formance is shown in Figure 3b.

The ability to build three-dimen­
s(onal MMICs, shown in Figure 4,
will greatly aid in the overall de­
crease in chip 8i~e. The anticipated
consequences will be higher wafer
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laser diodes or EOMs have been
proposed and investigated. These
methods include mode locking of
laser diodes;7 generating mm-wave
beat frequencies between two tun­
able 18sers;8 USing the laser diode's
nonlinearity to upconvert data Sig­
nals (laser diode mixing);9 USing the
photodiode's nonlinearity to up or
downconvert data signals, also us­
ing the harmonic frequencies can
produoe substantial bandwidth
improvement;1D high frequency
narrowband electro-optic modula­
tion;" simultaneously using direct
laser modulation and narrowband
camer modulation on EOMs for up­
converting data 8ignals;12 and utili~

zelion of laser diode harmonics by
using large modulation indices.'3

Although all these methods can
potentially produce mm-wave carri~

er frequencies, each one has its
particular limitations in performance
and practicality. Generally, methods"
that require complex optics or de~

"ice stabilization are not well suited
for commercial applications. .

Currently under investigation are
UNb03-based EOMs with traveling
wave and resonant electrode$,
which require low driving power.
The device operates at wry high
frequenoies, but In a very narrow
frequency band. A schematic dia­
gram of a FO link. based on this
devioe is shown in Figure 6. In this
link configuration, the data stream is
used to modulate the laser diode.
The modulated laser light is then'
amplitude modulated by the EOM at
the mm·wave carrier frequency.
Simple filtering at the receiver will
allow usage of either the carrier,
data or the upconverted sideband
frequencies. Reliability Is increased"
and sianal distortion from the EOM
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-films and by employing the lift of
technique of circuit metanzation.6
The WFET-based multilayer circuit
structure. and novel low 1088 lines
provide a solid foundation in MMIC
technology that Is well suited for the
chip level integration of optioal
components.

fiber-Optic Technology
Within the past two years, in..

creased attention has been directed
to the requirements and methods of
lignal distribution In future micro~

cellular communication systems.
The primary goal Involves the devel..
opment of novel FO link architec­
tures that Incorporate the desirable
features of conventional links. yet .
will be able to be manufactured and
operated economically at mm~wave
frequencies. Cost is still a prohibi­
tive factor In the high speed FO
market, mainly due to the limitations
of laser diode and external modu­
lator teChnology.

In currently available lasen! orex-
-ternal optical modulators, optical
modulation bandwidths rarely ex­
ceed Ku-band, and they are limited
by optical transmitter performance.
Specifically, the high frequency per­
formance of semioonductor laser
diodes and electro~optjc modula­
tors (EOM), with the exception of
unique laboratory specimens, ate
stllf lacking. Furthermore, the pro­
hibitively high cost, general availa­
bility and poor reliability of optical
transmitters at mm-wave frequency
present a problem for applications
reqUiring high speed fiber-optic
links. Theretore, to overcome these
problems,.alternati~ FO /Ink archi­
tectures are studied.

Se"eral method$ of producing
---'-.--.........1_ ...., .....,ti thA fun~

r--...--------• :MANSMITTE'l i
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Fig. 6 A schematic diagram of an FO link based
on an UNbOa·based EOM.

low link insertion loss can be
realized from the single frequency,
low drive power EOM design.

A critical factor in the personal
communication market will be the
ability to distribute information ef­
fectively. low loss mm-wave fiber­
optic links provide the best solution
for bringing information and new
services to consumers. Through the
combination Of optical and micro~

weN8 functions on the same sub­
strate. small and economical opti­
cal-MMIC (OMMIC)-based T/R
modules Should be realizable:

Merging Technologl81
Rooted in the WFET concept.

new emphasis is being directed into
OMMIC circuit function design. By
having line-unified HEMT bUilding
blocks as optical input porta, opti­
cally controlled circuits as well as
optical receivers are being de­
signed and fabricated. Howe"er, as
promising as the results are, addi­
tional circuit optimization will be·
necessary if common problems,
such as weak optical coupling and
poor frequency response, are to be
overcome. In the near future, intro­
duction of mUltilayer structures and
novel transmission lines will further
enhance the OMMIC circuit per­
formance while still reducing the
ovendl chip area. .

Furthermore, integrated optical
structures in semiconductor sub­
strates also are being deSigned for
such functions as optical waveguld­
ing and power division. By using
chip level integration of microwave
and photonic components. it Is ex­
pected that. photon-electron inter­
actions wl/l be takenadvantage of in
order' to inorease circuit flexibility.
Recently a combination optical and



[From page 78) POL.lFKO

--*~-
,~ W~w~~~y~OO~

1/cronIII1~

'36Old CO'lt Rd., SUite~
I.iWlrJlOd. NY 'PO

(3'5)em,FAX: (S1S) 4514f14

Dayld Pollfko re­
ceived hi' 8S de­
gree from the Uni·
verslty ot North ca·
to/ina, Charlotffl and
his MS degree from
Drexe/ University.
both in electrical en·
gineering. In 19SB
.nd 1991. r.,pec·
tillely, He 18 pursuing
his PhD degree at ..
DreXel. 8efor. lJtt&ndlng Drexel, he worked at
AT&T &/1 LsborBloTiH, In the Electronics
and Phoronic8 MMerI8Js Research Depart·
ment. Currently. h. is with ATR Optical and
Radio ReSHI'Ch Communil;Btion' ReHarch
LaborlloriBs in KJ.'oQ Japan, conducting re­
.earch in the sreas of mlcl'OW8V8 end mm­
wM lJoer-optic linkl.

H1roro Ogawa r.·
oeived his BS, lIAS
.nd PhD degr8flS in
electrical engiMer.
ing from HokkaidO
Unlvtlrsity, s.pporo.
Japan In 1974, 1976,
.nd 1983, respec·
tive/y, In 1976, he
joined the )bholu~

Electrical Commu·
nication Laboraro·
r/e$, MTT. YokOiUka. From June 7985 10 .Ame
1986. he was a postdoctoral fNearch IJSl9O­"I. tit the University of Texas, ~, on
IeM from N1T. After refuming ro JlJpan. he
designed aubecrlber radio equipmtflt at the
Network Sysl8ms Development Center of
NTT. Currently, he is working at RNearch
Communications Research LabonllDriea In
K)'Olo, Japan, while on J#law from NIT His
current inlflrests are in the ,,.BS of fiw­
optic distribution systems and OIlAMICS.

FOR A LOT MORE
information, use the conlHlnient Reader
Service Card in tne back of this iasue.

function Modules, Part 2," IEEE Trans.
on MTT, Vol. 38, No. 9, 5ept1990,

4. Tokumlt8u et al~ ''Very Small UI1la·W1de
Band MMIC Magie·Tand Applicatlone to
Combiner.and Dividers," IEEETrans. on
Mn Vol, 37, No. 12, Dec. 1989.

5. Banba et aI., "Multilayer MMIC Branch·
Line Hybrid Uting Thin Dlelectrlc 1..IIy.
era." IEEE Microwave and Guided 'WfNe
l.etleI's. Vol. 1, No. ii, Nov. 1991.

6. Hasegawa et al.. "Oharacterlstles of val­
ley Microstrip Unes for use in Multilayer
M....ICS:' IEEE MiCfOWal/e and Guided
lNave Letters, Vol, 1, No. 1" OCt, 1991.

7. Yu et 81" "Novel Modulation Technique
for Microwave Frequencies," SPIE, Vol.
110, Optical Technology for Microwave
Appllc:ations No pp. 30-33, 1989.

8. Thani)'8V8rn et II.. "Millimeter-wave Sig­
nal Generation and Concrol Using Optl·
eal Heteroclyne Teehniques and Electro­
optic Devices," SPIE. Vol. 1371, High­
Frequency Analog Fiber Optic Systems,
pp. 250-251,1990-

9. Pan, "Law Mixer for Microwave Fibel'
Optics." SPlE, Vol. 1217, Optoelectronic
Signal P!'oC8$Slng for PhaMel·Array An­
tennas II, pp. 46-58,1990.

10. Donald It a1.. "Efficient. Simple optical
Heterodyn. Recei~ OC to 80 GHz,"
SPIE, Vol. 545, Optical Tochnology for
Microwave Applications II, pp. 29·34,
1985.

11. Zhou et ai" "Low-Drive Power A$ymmet­
ric ....ach·Zehnder Modulator wi1h Band·
Limited Operation," Journal of UghtwaYe
Teoh., Vol, 9, No, e. June 1991.

12. Poliflco tt a1:, "High Speed Modulallon
Characterietlcs of Mlllimeter·WIYe Fiber
Optic Links." Tech. Group Optic81 Com·
munication Syetem, Inst. Electron. InfOr­
mation and Communication Eng., Japan,
Paper OCS 81~. 1991.

13. Ogawa It al., "Fiber Optic Miorowave
Trensmissicn U8Ing Hannonic Modula·
tion and Optoelectronic Mhdng/Optical·
Jy Pumped Mixing: IEEE MTT Dlgal,.
pp. 593-596, Boston. MA, 1991.

microwave MMIC probe station has
been developed that allows com­
plete oirouit characterization in both
the optical and electrical domains
well Into the mm-wave frequency
range.

Three-dimensional, optically
controlled MMIC-based systems
will greatly enhance the capability
and convenienoe of telecommuni.
cations equipment MoreQVer, opti.
cal control In microwave compo­
nents has been readily demonstrat·
ed. The challenge that lies ahead is
the refinement of these technolo·
gies to provide enhanced perform­
anoe as well as practicality and
cost-effectiveness,

Conclu81on
A shift toward the integration of

Iightwaves and microwaves is cur·
rently underway in the communica·
tlons field. The development of
these pertinent teohnolog;e$ be­
comes ever more important Future
personal communications systems
will need to offer greater conve·
nlence than do current systems, •
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a.tractive Iftd.. Keaaur•••ftts on .16911-K04. riber a. runction.
o! 'roduQt ••r ••• tec., ,.n.ll. 'tre•• ~d ' ••perature

J. J. earr, S. L. 'aitkon,n, aftd D. B. Willi •••

Corning rncorfo,ated
'toduct ~n91neerin9 Laboratory

CotninV, New York 14131

:tntl'o4uctloD

Understanding eff.ctiv. index of r.ttaetlon (8%OR) dependence on
pcoduet parameter variations, tensile .tress and temperature h••
n~.eroul applications 1n the fibet and fiber-related indu.trles.
ror a variety of ~e.CQn•••uch •••aurementa requite ••mplt fibo[
length8 tens of ••ters or mort. In ord.r to ae ••ure the subtle
influence of product variations on index, at 1••,t four decimal
place aceucacy is neeel.ary.

ribet Typ•• Mealured

Itan4acd unsh1fttd ana dilperlion-8hifted, a.tehed-elad
11nt18-aod. optic.l fibers we:••ealured at the nominal operating
vavtlen9ths of 1300 and 1550 nanometers. S.mples wee. selected
that te~tes.nted a typical manufa~tur.d prOduct tang. for delta
(6) and mode-fie14 diametec (MfC) paraaeterl.

lample 1.n9th~, Lo ' were deploy.6 1n a stcaight I1n. and measured
between fifty-mete, btnehmarks Iutveyed to v1thln an accuracy Of
two ellllmeters. On. end of the fiber WI' coupled to • rresnel
reflection optl~.l tl•• domain ~.tl.ctomet.r (OTD~) capable of
10-pico.econ~ time of flight resolution, .A1. The associated index
_eleurement re.olution, AN, follows using equation (1), where c
i. the sp••d gf light in vac~uA (3 • 108 m/S).·

(1)
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Ivaluatln, C2.) yields • re.clutlon of 0.00003, whlf;b •••ure•. "
eon!l~.nc. in reportln9 •••Iured ind.x to the fourth dect.al
plac•• Tbt initial .tag. o! the work involved In index oe
refraction ;h.racterlzatl~n aeasurement Oft each •••pl. fiber in •
r.laxed (unstt•••ed) ~onditlon at room tempetatv[. (22·C).

one. eharact.rlze4, each lampl. was preparld 1ft the .&a_
d.ploraent I.ttin, for index vet.us str••••eIIU[t.entl. loth
fib., .nds were epQxled to grooved aluminium blocks. The OTDI .nd
wa. fixed; while tensile loads were .~plle4 In approximately
G.t-pound (20 kps1) lncreaents to the fr.e end. fiber elongation.
under load were measured to determin. strain and ~orreet for
.sloc1at.6 length changes in t~. index· computations.

r---.........-------------------------.--__
lef~actiy. index a8 • function of temperature eomptlled the thitd
Itage of ~.a.urementl. charaetec1!ed fi~.t samples wert wound 1ft
100•• ceils and placed in I temperature cha$bet. Initially, lnd.~

.,.sur.ment. werl performed at roo~ temperature to aerv. as
control. and confirM any effe~t due to the ;oiled ~gnf19urlt1on.

Ke.surementa ~.t. taken over a te.peratur. range of -~O to +85
de9r••• C.lc1u8 in 10·419r•••teps. Length chart9't, AL, due \0

thera.l expansion and conttaetion were acegunted fg: 1n the inde~

e.lculationl applying equation (3). The ~O.tfici.nt of l1n.a[
exp.nlion, _, for fused 81lica is , • lO-'/'e and th. t.mperature
en.nie, AT, is mels~rement temperature .1nus too. temperature.

---..-.-----.
, --- .

(2)

..- ......._- .. -----....-_1 ---- .-1

Charaet.rl~atlon .easure~ents over the entire sample rani_ for
delta .nd .ode-field diameter revealed index of refraet10n
variation. in the fourth decimal placa for u~shifted !ibtrs and
In the third de~im.l place for dispersion-shifted fiber,.
Unsh!fted sampl•• exhlbl~ed In tIOR range of 0.0005 at both 1300
and 15S0 nano••t.r wavelen9ths Qf ope~.ttoft, w~th .ve,~,. v.lues
ol 1••675 and 1.4681 respectively. The dispecllon-shltted 110.

,
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•••pl. ran;_ v., 0.0017 for ~oth 1300 and 1550 nlno•• ter
vavelen9th., correspondlng averl" refractlve indice. w.te 1••718
aftd 1.4111.

~:a.R~~~~~~~~i,~~~.=1·.~d~of 1101 ~etlu, ten'll. ,ttea.
for an unshlfted and di'per.ion-shlfted fiber laapt••how nearly
lin.at relationlhip•• Slopes fo~ both liber tfP" were quite
conlistent at -0.OOOQ24/kpsi (-0.0027/' etraln) acrOl1 all
.ampl•••ea.~ted at either wave1en9th. NegativI .lop••,aftl
flight t1me, tnd therefore index, dlcreases with iner'.ling
tenlil. ,ttess a. photo-.la.ti~ theOtf predict. i • 'he ma9nitude
of the 8lope aiso 18 clo.e to the -O.00003S/kp.i yalue one would
obtain Iro. a ptevioue .tudy on .ultimode t1~.t (Pa05/GeO~ doped
silica ~Ot.), by Hartoq, Conduit and 'lyn.2•

.-.-.. - ----.-.-... .',

-------- - ._------_ ... _.--

--'
'lot. shown in f19ures 3 and 4 are rtpreslnt.tlv. of !IOR versu,. ..
temperature results for unshiftld and dllpers1on-.hlfte4 tibet
',pea. A9ain, all sam~l.s a•• ,ured .t e1thet wavel.nith d1.plIY.~

strong cons11ttncy in the rat. of change ~f index with
temperatutt, 0.000012/-C. Hartog, et ,I allo mellured temperature
.ffect, on fiber index 2 obtaininq data which translate. to a
slope of O.000010/ t C. Cohen and rleming3 reported O.OOOOlO/·C as
well, meas~rin9 a depress.d clad s1nqle-mode fiber (~ith. 1 203
doped silLca core).

1. Mueller, Hans. 1931. 'he Th.o~y of 'hotoel.stic1tr. Journal of
!h! Aaetic~n ;.(a~ic soc~.~ 21: 27-33. • --

2. Bart09, A.H., A.J. tonduit and D.N. 'ayne. 197'. Variation of
'ul,. belay with Stress and T.mperature in Jaek,ted .nd
Unjacketed Optical ribre•• Qpeical ~ ~ant~m Electronics
11; 265-273.

3. cohen, L.G. &nd J.N. rl.~in9. 1919. Effect O~ Temperature Qft
Transmission in tightguLdes. !hi !!!! !xst.m Te~h~lcal JQutnal
58: 945-951.
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