
It can be seen from egas. 25-27 that thc matdcds P11,, Pzr,
and P22 needed to compute the control law (.eqn. 20), can be
expressed in terms of f22, 9a Ce and the $ven qurntities F
and Z This would prove uspful to cstablish the applicability
of eflicient procedurer $rdl at &c integration'frec and
partitioned Riccati algorithms to the fixcd endioint problern.
This is because the solution of the Riccati equation via thcse
fast algorithms requires calculation of rls Ce, and S over
each intervd, and dl that is subsequcntly nceded to determinc
the control law or minimum performane hdex for this
problcm, i! to uss egns. 25-27 to obtain Ptz, Pn, and Prr.
the increase in computational complexity is mfuimal.

We conclude by noting onc advantege of the procedure

described above is that the termind constrri[tt enter lhe
problem at the last stage. Thus it bccomes economicrl when it
is roquired, to rclvr thc problem for various $ts of terminal
constraints. Also, it dlows one to take adrnntagc of the com-
putational benefits that result for special droices of terminal
conditions in certain frrt algorithmr.c Thc doublingalgorithm
proves especially usoful when studying the limiting behaviour
of the systom, while the partitioned Riccati dgorithm allows
the advantages of parallel mmputation of the solution
together with improvcd numcrical accuracy througlr the
rpecial choice of terminal conditions. Rrther details in thb
regard may be found in References I and 4. From the new
formulation presentcd herc we ss that the computational
procedures along with their numcrical bencfits can bc
extendcd to thc fixcd end{oint problem as well.
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10O K UNCOOLED GaAs M.ES.F.E.T.
ATI'PLIFIER AS PARAMP REPLACEMENT

lndexbtg tcrm: ltllcrovrrw Wturrctric atnplifws

Th€ durac-ted!.tion, 63n rrld ra.lisali,on of I los noise

GaAr m.e.r.f.c.L amplifier to rcplacc a rarrow band parametrig

amplifier ar 1'7 GHi b dcscribcd' Special mersrremcnr and

- analytical tcchn{ucs are neccsruy owltu to lhc hish Ellcction
cocfficbntr and conditional stabi$y of the tr $i8tor' rs wcll
ar thc very low nobo lgurcs being mc$lrcd. A thSF nap
amplifier is realiscd n'ith a nobc figurc of I '25 dB and l3'5 dB' 
alsociated ttirl at l'? GHz.

lnVo&tctlrln: Low noise unc{tol€d Prremps ar€ wtdely uscd in
Earth receiving etcllite .sations.r In order io obtain a low
ovcrall noisc figure it is often oecessary to oPcrate thc$
arnplificrt undcr high gain (l4dB) conditio$ thereby limiting
their uscful bandwidth to les than 6OMlIz. This poses scrious
problems with regard to Ectting uP at Orc dcsired frcquency'
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and stabilisation against gain/frequency drift. GaAs mcs.fe.t.
ampliliers offer the rdvurtages of a mudr wider bandwidth
(virtually indepardent of gain requirements), hig! reliability,
ciompactnes and an economic price for similar noisc
tcmpcmturc performmoo. However the tttgh terminal
reflection coefficients end the oonditional $ability of the
GaAr m.e.s.f.e.t. below 4GIIz, as well as the Yery low noise
figures bcing mcesursd necessitatc the use of spccial
characterbation eod desigl procedures in order to cnablc tho
transistor to b€ cf,ploited to full advantage. Tbic lettcr
dcscribes the rnea$rrement and circuit daigtt technique$ whidt
led to the rcalisetion of a l'25d8 noisc fi8urc, l3'5dB gdl
amplifier rt 1.7 Gllz.

filF?il ompliaacr orDliliet

FtI
Da'le cfu?cter&6ton: Att AILTECII solid.stltc Eoiso
gsnenrtor, calibrated rpin$ m NB$ standard hot rnd aold
noiso sourcc, wac used with an RHG double bdanccd nixer
followed by an AJL recciver and noise figure indicator (PAI{FI
type 75), in the noisc mcasurement procedurc.

It wa nectssary to irrprove the mcasuremsnt aporac,y of
tho nois. bendr by roducing the mclring effect of the largo
corection fastor dur to the 5dB mixer nobc ftgurc. fui
clcgant manner of accomplishing lhis is to uso a 2 stage GaAs
m.e.s.f.e.t. tcst udt, with the second stagc matcl&d to hsve a

low ovcrall noire figun (2-'4dB in our casc). By inscrtiag an
isolator betw€sn tlre 2 $Ngci, lhe optimumaoirc-frgurc/
noisc-impedanoe of a tranrirtor and ftr asociated gab cottld be
accuratoly measred in the lirst $agp of the test unit with only
a miror correction (typicaty 0'2dB) to the noisc figure
(rtg.l).

At l'7GHz, lrrn gatc GaAs m.es.f.e.ts have high input
rnd ougut n0cction cocflictsnb (e.8. Jrr=095(-65",
$e = 0'8 ( -34) and are only contlltionally sttble. ln order to
rcduce thc higlr loscs asociated wfth tunhg out rcflectbn
coefliciens of tlds mrgdtude, it b ncccssary to matdr as closc
to lhe transirlor as poscible. If, in addition, the tuning b
carricd out in tlre srme medium as thc amplificr is to be
realiled, thc tuning loses and metching conditbns sltould be
gimilar lo those that rrill be cncountercd in the fnal amplilier.
Using a tcflon fibre$ass srbgretc (E =2'65, h=O€srrr)
with 50Sl microstrip litrer, tpproximately N2 at l'?GIIz, at
thc input and output ports, thc $ning was crrricd out ucing
l4mm diameter disca. A resistmce was incorporatcd into the
output birs filta in order to absorb low frequency gah attd
rtabilisc thc transbtor. By this means a nanow band 'arnplificr'
was obtained, ccntred at l'7Gllz, w_hich gave an optimum
noise figure of l.4dB and asociated grin of l4dB,
uncorrccted for isolator and circuit m.tching losss, for an
NEC 24im83.
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To obtain thc noirt sourcc impcdancc end rhc load
impcdance rcoessary to adieve the pcrformane measured on
the tc$ amplificr, ar improvcd venion of the'pecling'nethod
of Soarcs urd Cripps2 sas usd.ltris was effected by carrying
out a rct of S-parametcr mcasrrcments at 3 frequency points:

(a) thc S?anmet€rs of &e test 'amplifier' wcre obtained

(D) thc oueur ftndring dircs rrcrc removcd and the tc$
'antplificr' wo remeasured

(c) thc hput matshinS discs wtrc rcmoved and the S-para-
mctcn of thc GrAs mcsf.c.t. *'crp obtaincd.

From thesc 3 measrrsrnenrs the load impedance Fz, and the
optimum noise souroe inpcdance no could be obtained by a
srbs of bversc lrnatrix multiplicafrl proccdurcs (sec

FlS. 2) ushg an trhouse computo program LIIIAI{AL 3.
Thc above procedwcr wcre carried out for te$ hmfifier'

centred at 1.7 GHz, aad the noiso rourcc and optimum load
impedance werc obtaincd for l'6, l'7 and l'8 GIlz they arc
giwninTablc 1.

Trbh I

variatiom in tra$istor Sparameter gpread, cnd tho usc of a
resistivt elcmeot itr the output circuit to abrcrb outofSand
g3io. As the noisc match impedanoe (0'8 < +58) differs
$b$antialty from the input conjugatc match impedrnce
(095 <+65t), lrolrlors vere incorporated at the input and
output ports and the performancr of the enscmble was
mcasured. The deigp dctails of thc micmstrip amplifier, whidr
war nalised on tellon fibrcghss, arc givcn in Fig. 3.

-E;qedmetal rc$lts As we estimate our experimentd crror
to bc in the ordcr of t0.l5dD, thc devico noise figure of
(lOStOls)dB at l'?G[lz for thc NEC 244083 meazured
compares well with the l-lsdB noisc figure pr8dicted at
2Gllzby the Van der Zet/Brcdrtold model.'

ltc ovenll amplifrcr, including EMEL gamet isolators
centrpd at l.595Mllz with an inrrti,on tos of less thin
0.l5dB provirlcd a noisc figurc of l'25dB with gain of
l3.5dB at l.7Gllz, e performrnce compuablc to that
adrieved by commerdal uncooled partmps.

Howerrcr !o puamp can mat& the performance of the
m.e.s.f.e.t. over thc bandwidth l'6-l.8Gtlz: maximum noise
figure l.6dBwith 13.5 t 0.2dB8ah.

Aclclont@ntrl,rts The authorr would likc to thank thcir
colleagues, aad in particular M. Loriou of Ote Microwave
Iaboratory, ICS, CNET(knnion) for their hetpful suggestions.
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Amplifier: One thc ooisc sourqe and load impedanccs were
obain€d, input and output circuits were ynthesi$d to
provide those impedances from 50Sl terminations. nilo
partlcuhr f€tures of dp cirarits dro$n (Fq. 3) wcrc: thc u*
of thc opcn+ircuit stub io the input circuit to compensatc for

r.t.c. r.Lc.
rcon ca 50n
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GOO$HANCHET\I SHIFT FOR LEAKY RAYS
ON STEP.INDEX WAVEGUIDES

tn&xht tcm$ @ttp,l funa Opttel wreguilc thcary

A uniteral crprcsior ir prc*ntcd for the hterd shift of b*y
t.yr inci&nt rt rltthr dorc to thr critic.l .DtF on a cur$cd
interf.oe bctrcr uniform dcbctric nedia of dfuhty diffcrorl
Ffractivc bdioee

Intmdtction: ffircn a bound ray propagates along a losles
rtcp.indGx wavcaride of ubitruy cro$-scction, it is c!{rftncd
to the oorp by succssive rellcctionc from the coredadding
hterfee. Tlre clasicrl laws of Snell determine the direction of
the ray trajectory after eae;h r€llection, and the power
propqrring aloag the ray path is conserved by Fremcl'r lawr-

Associated with the bound ny in thc core, there is an
Erirn€soent electromggretic field in thc cladding whidr cxtends
from the ore-cladding intcrface, and givcs rfue to the
Goor-Hindrcn, or latcral dtift. Tlus drift traaslst€s the origin
of thc reflected ray a distanoe S along the interfaa in thc
plene defmed by the incident rry urd normel, as ilustratcd in
Fig l. The incident and reflected rays are thc local plane wave
oomponsnts of thc ficldc in the core. On rellectbn there ir a
drmge in phase f betwcen thcsc two wavcs, and thc cxtent of
the *rift S, for both planart and curved interfaces,t can bc
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expresed as

ld6c=-- 

-n@kcrrgq dat

where c1 is the ogle of incklence relative to thc normat rq-
is the core refractive hdcx, and k=2ilh, with I bcing the

rkt
.__ 5 ..€

oco rrJ-til

Wl S},gtd, ilbwxhg thc rtfi oltheodgiaolarctkcpdraralong
a dbl46ttic htetea fu tlp pbu of rtehci&ttrxy or.dthe nonvl tu
tlc interfae

The rngkr of hcidencc .nd r.nrctidr arc a, mer$rtd with rcpcct
to thc normd to the htcrfacc
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