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During the past decad.e Gunn antl IFIPATII diod.es have been clevelopecl as

practicaL soLid. state oscill-ators, ancl they are now taking the pLace of kly-
strons in microwave frequency range. Ilowever, it has not been confirned. that
they have reliability enough to be usecl for public communicati-on systens.

[his paper describes the results of failure analyses mainly on Gunn d.iod.es.

The reLiability precliction is al-so given from the life tests of high relia-
bility Gunn dj-ocles, which have been developed. for 20 Gfrz digital- rad,io-relay

systen. The predictecl failure rate i,s compared with the fielcl data obtaine<l

from tbe e:rperirnental- link of tbe system.

Fai-lure Physics

The most typical d.egrad.ation node of a Gunn tliod.e is the increase in the

1ow field. resistance Ro accompanied. by tbe decrease in the output power. Two

nechanisns have been proposed. for the increase in Ro, One is the d.egradation

of the obmic electrod.e on the n++contact layerrl) ana the other is the intro-
tluction of crystal defects in the active layer during the thermocompression

bond.ing (sCB) p"o"""".2) fU" stress induced dislocations behave as acceptors

in GaAs ancl incr""s" Ro.l) It is very inportant to d.eternine which mechanism

is operating for the clegraclation of tbe Gunn d,iod.es under life test, because

tbe two degradation mechanisms are accelerated. differentLy owing to the large

tenperature tlifference between tbe contact region and the active layer.
We found. that for the ctiodes d.eteriorated. d.ue to the eLectrod.e degraclation,

Ro becomes fess dependent on tenperature and that for tbe d.iodes ctanaged. with
bond.ing, Ro shows the sane temperature d.epend.ense as the normal- tliod.es. By

red.ucing both pressure and tempreture in the TCB process, the probl-ens on tlie
bond.ing bave renarkably been inproved, and. the el-ectrocle degradation is now

the d.oninant failure nod.e in the life test, especially at rather bighly acceler-
ated. tenperature leveLs.

We h.ave also found. that tbe electrode d.egrad.ation is accompaniecl by tbe

increase of the thernal resistance RrO as well as of tbe l-ow fie1cl resistance

Ro. 0n the basis of some experinentaL results, the increase in RrO can be

e:rplained by the fo:rnation of Cu al,loys fron the heat sink netal- systen, Cu-

Ni-Au, whicb have in general higber tbernal resistance than their constituent

metals.
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Iligh tenperature storage teets of the Gunn d.iocle chips without package

were mad.e to confirn the icleal life which is affected neither by boncting pro-

cess nor by any other factors introduced through packaging. The resuLts

obtained fron tbis experinent indicate that the ideal Gunn cliod.es hardly degra-
i

d.ate up to 10e hours, assuning the operating tenperature of 2OOoC.

Plated heat sink tecbniques have been expected to be very suitable for
GaAs clevices since neitber mechanical nor therma]. stresses are appliecL on the

GaAs crystal during tbe preparing process of tbe heat sink. However, hre have

found. that the stress clue to the clifference between the tbernal e:cpansion coe-

fficient of the metal and GaAs crystal- causes the d.egraclation of the d.evices

at the operating temperature.

The clegrad.ation mod.e of IMPAIT d.iod.es, so far confirned., is the increase

in Rrn. The use of type II-a dianond is extrrectetl to improve it effectivefyftS)

Life Tests

We are no$r camying out several sorts of life tests on the Gunn d.iod.es,

high temperature storage, higb temperature DC operating, RF operating tests and

others. In the accelerated. life tests tbe ilegrad.ation failures are fairly
d.ominant over the random failures. Extraporation of the MTTF-1/I plots shows

it necessary to red.uce tbe operating temperature }ess than 2OOoC, in order to

obtain the MTTF of 106 hours.

Reliability as well as perfornance of 2O GHz ctigital rad.io-reIay system

is now under investigation utiLizing the experimental link constructed, between

Musasbino and. Yokosuka. In this erperimentaL link 1t6 Gunn diocles are used

and four d.evices failed, accumulating about tO6 d.evice test hours to the end
A\of 19?r."'
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