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FIFTH EUROPEAN SPECIALIST WORKS HOP ON
MICROWAVE ACTIVE SEMICONDUCTOR DEVICES

The US and Japan are not alone in efforts a imed at
replacing microwave tube s with solid-state devices. Europe has
been active in this area for ~ long time. In fact, Dr. Cyril
Hulsuin of the Royal Signal and Radar Establishment (RSRE), Malvern ,
UK, is looked upon by many as the godfather of much of the
device—oriented work with 111—V compounds in the West. Moreover,
the Plessey Company Ltd. currently claims to fabricate the best
low—noise microwave gallium arsenide field effect transistors
(GaAsFETs) .

To fur ther th is  work , small groups of researchers
have met annual ly  since 1972 (except for 1976) to discuss problems
and progress in this field. This is a brief report on the latest
u t  such meetings, the 5th Specialist Workshop on Active Microwave

~.emiconductor Devices, held in October 1978. The Hotel Des Bains,
on Lido di Venezia, one of the islands in the bay at Venice,
was ideal for this workshop. Since the tourist season had concluded
~tx WI~t)k S earlier there were rio diversions on the island to detract
from part icipation in the workshop. On the other hand , nearby
Vet ic kept spouses happily occupied during the day and beckoned
to everyone to enjoy its treasures after the working sessions.
Perhaps tlte only hitch was that a few of the participants were
delayed for several hours by one of the so—called hiccup train
strikes that sometimes occur in Italy.

Organized on a rather informal basis by individuals
from several countries and sponsored this year by Centro Informazione
Studi Esperienze (CISE) SpA, an Italian research organization
in Segrate, near Milan , and by the US Army European Research
Office , the workshop was attended by 54 individuals. The UK
contingent was the largest, followed closely by that of Italy,
with smaller groups from West Germany, France, Ireland, Hungary,
Sweden, Japan and Austria. Except for the writers, the only
representive from the US was Dr. Daniel R. Ch’en , of the Rockwell
International Science Center, Thousand Oaks, CA, whose group
is well known for its work on ion implanted GaAsFETs with Schottky
barrier gate structures (MESFETs).

Among the organizers were J. Magarshack of LEP, the
Philips-owned organization in Paris; H. Thim , of the Technical
Univ. in Vienna; H. Hartnagel, who had just joined the Technical
Univ. in Darmstadt, FRG, after a number of years at the Univ. 

____

of Newcastle upon Tync, UK; P. Weissglas, of the Royal Institute
of Technology, Stockholm; and U. Fabry and V. Svelto, of CISE
SpA. Not all groups working in the field in Western Europe o
were represented at the workshop. For example, it is known that o
AEG—Telefunken is developing microwave transistors, but no representative
from that firm was present. Subjects da~scussed were Material
and Device Technology, Diodes, MESFETs, MOSFm~s, and Circuits.
It could be argued that these subjects were already well covered
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in the European Microwave Conference and the European Solid State
Device Research conference; so “ W h y  have a specialist meeting?”
According to the organizers , t h e  more formal conferences are
generally l imited to papers dealing wi th  finished work; the ~~ rkshop
allows a di5cussion of work in progress. In addition , the wotkshop
had papers both on devices and h ow they are used in circuits,
while the two conferences discussed either one topic or the other ,
but not both. In addition, t h e  multiple sessions of the more
general conferences, which serve to inform on a n umber of subjects,
do not allow the concentration possible in a workshop.

Most of the papers Presented could be termed “sta te—
of—the—art . ” The one real exception , and perhaps the most significant
because it pointed t~ie way toward the future , was a paper by
G. Salmer (Universi t~ de Lill ’, Villeneuve d’Ascq, France) entitled
“Simulation of very short gate FET including steady state electron
dynamics e f fec t s .” Wi th  the higher packing densities of devices
on a chip and higher speeds of device operation , a point is reached
eventually at which the transit time of electrons through a channel
becomes of the order of the electron energy relaxation time.
This means that the average electron velocity at a given time
depends not only on the electric field but on the average electron
energy as well. Not only is the ordinary concept of conductivity
then no longer valid , but overshoots in electron velocity above
saturation values become possible. Moreover, since only a small
number of electrons exist in a channel at any one time, d i f fusion
effects cannot be calculated in the usual classical manner .
Specific conclusions from this paper were that for an FET the
ratio of transconductance to gate capacity, ~~ /Cg t varies as
the reciprocal of gate length and that  when relaxation effects  V

are accounted for , ~~/c is increased. Results were given for
Si and GaAs , but withou~ taking electron transfer in GaAs into
account.

Among the other papers , emphasis was on the following
topics: (1) Oxygen injection (luring vapor phase epitaxy (VPE)
growth of GaAs for  MESFETs (II. L3ruch t at., Technische Hochschu].e ,
Aachen, FRO). Said to suppress Si activity caused by the quartz
walls, the technique allows growth of hig h resistivity buf fe r
layers and produces layers of mirror—like f inish.  (2)  The effect
of deep traps in GaAs and InP on the noise in mixer and detector
diodes (A.J. Grant , RSRE) . Using the deep level transient spectroscopy
(DLTS) technique of applying a pulse of forward current to a V

cooled diode and measuring the change in capacitance, Gran t found
a number of deep traps in InP. TIi& ’sc traps are responsible for
low—frequency noise. ( 3 )  Ion—implanted GaAsFET5 (N. Bujatti,
Selenia SpA, Rome) .  This work demonstrated tha t microwave MESFETs
are being fabricated in Italy, but the work seems not as advanced
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as at Rockwell In te rna t iona l .  (4)  Improvements in performance
of BARITT5 by ion—implantation (B . M. Armstrong et al., Queens
Univ. ,  Belfast , N. i re l and) . BARITTs are negative resistance
devices that finch their  use in self—oscillating l ow—noise microwave
mixers, They compete wi th  Gunn devices, are found to be lower
in noise titan the latter , and are less influenced in oscillating
frequency by temperature changes. But they require a higher operating
voltage and have a negative resistance that is more temperature
sensitive than that of the Gunn devices, (5) Papers on the use
of IMPATTs and TRAPATTs in oscillator and amplifier circuits
(P .W. Huish , Post Of f i ce  Research Centre , Ipswich, UK; Y. Ogita,
Ikutoku Technical Univ . ,  JaI’an; P.L. Booth et al., Philips Research
Laboratory , Redhill , Surrey, UK; and A.M. Howard , The Plessey
Company, Ltd., Caswell, UK). During the discussion it was pointed
out that TRAPATTS, though more complicated in circuitry, have
a faster turnoff than transistor oscillators. (6) Use of InP
Gunn osc illators, to give peak output of 59 W from 4 diodes at
17 GHz, at duty cycle of 0.01 and with efficiency of 12.7% (J.E.
Pattison , RSRE, Malvern , IlK) . It was pointed out during the
discussion that these devices have a positive temperature coefficient
and therefore the possible danger of bur nout by thermal runaway.
(7) A self—aligning technique tha t  yiclds sub—micron structures
by photo—resist control (t~;.P. Donzelli, CISE SpA, Milan) . Though
very well done , other I t c h tn i q u e s requiring more expensive equijm% erlt
have , however , already achieved the same resolution. (8) The
technique orginally proposed by Matsushita Co. in 1975 of fabricating
a GaAs/Ga i_ ~ M~

As gate electrode on an n—type GaAs active layer ,
to produce an enhancement type FET. (K. Mause, Fernmeldetechnisches
Zentralamt , Dannstadt , FI~i ) .  This technique has the advantage
of a built—in voltage of 1.5 V, compared to 0.3 V for MESFETs ,
and 0.8 V for ordinary JFETs ; will therefore be much less subject
to errors for logic circuit operation . (9) Use of a feedback
technique to maintain a constant 800—mW output (±~ dB) f rom a
3.2 to 3,7 GHz saturated GaAsFk7r amplifier over temperature range
10°C to 70°C CT. Bajnbridge, the Plessey Company , Ltd., Caswell ,
UK). The technique was to use a silicon diode to sense the temperature
and a feedback circuit to alter the bias voltage on the GaAsFET.
(10) Silicon MOSFETs for operation to X-band or for use in normally—
off high speed logic circuits (U. Niggerbrugge et al., and C.
Tsironis et at., Technische Hochschule, Aach en, FRG). (11) GaAs
MOSFET5 and their technology—review of present position and
future prospects (H. Iiartnagc l , one of the organizers of the
Workshop) . As is well known , Gi y~~~i t  logic and microwave amplifiers
for the higher frequencies require the use of  compounds such
as GaAs and InP. Comercially made GaAs devices currently available
are of MESFET type. MOSFETs, or, in general, MISFETs (Metal-
Insulator—Semiconductor FETs) would have the advan tage of admitting
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“normally-off” technology. In addition , they would have a larger
signal capability bt~’, au .u tine low Schottky barrier of MESFETs
l imi t s  signal in t enn :~~ t y  Th~ fr i ng i n g  capacity of MISFET s would
also be less de leter ious  and would t here fore a l low operation
at higher frequencies.

The j n  oh tern , according to hlartnaqel , i s tha t no one
has consistently been abl e to  fabricate good ins ulat ing layers
with sa t is factory  in ter face  j ’ropvrties on GaAs and InP , although
several laborator ies have been t ry ing. No easily—applied insulator
similar to SiG art  s i l icon m an, yet been found. Hartnage l reviewed
the e f f o r t s  aimed n t  making good insulat ing layers as well as
the techniques used f o x  ehraracter izat ion of what has been fabricated.
He discussed nut  on l y  In is owi~ work but also that  of such gro ups
at Fu j i tsu  in Japan , t i t e  Nava l Ocean Systems Center , San Diego,
CA , and Wr ight  P at t~~r : . . - I n  A i r  F’or ce Base , OH. To summarize this
work , i t  can be said t hat Cafe; MISFF:Ts have been constructed
and tha t  some interesting i e n ;u l t s  h ave been obtained. However ,
it is sti l l  necessary t.o find ways of reducing charge trapping
near the in ter face  between t h e  semisoft ~sLo~ and the insulator.
Results suggest the  d i f f i c u l t ie s  arc assoc iated wi th  non~~~xidized
arsenic at the interface, P r es en t  I~~- ..~~n t s  are to use a suitable
non—native oxide on tol at a thin intermediate layer of Ga ,03.

• Some progress in t m i s  i .Lnect l o i n , in which a layer of Al 0 , was
deposited on a gal l  i uin—rich oxide f i l m  on GaAs , was rep~ r~ ed
in a separate paper by ~.J. h a nnah , a student of Hartnagel at
Un iv. of Newcast le  upon Tyne , UK. ( 1 2)  There were also several
papers deal ing w i t h  other active microwave circuits. An example
was a paper in which a method of broad—banding of IMPATF circuit
by reactive compensation was discussed (C.S. Aitchison t. a .,
Chelsea College , Univ .  of London , UK) . Increase in bandwidth
from 250 MHz to 800 MHz was reported, w i t h  additional b e ne f i t
of reduction of inte tinudulat ion  I’roduet~;.

V 

While W e have nut  r eviewed every paper tha t  was presented
at the workshop we k)el.leve that thin; report lists the general
topics that were discussed in some deta i l .

The next workshop in  the series is now slated for
May 1980 , at Bad DUrkhvim , FI~~. Prof.  8. Hesse , For schunqn;Ins t i tu t
der Deutschen Bundespost, Postfach 5000, 6100 Damnstadt, Fh~ ;,
is listed as Chairman of the O r g a n i z i ng  Comittee •, 


