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A most versatiJ-e, conputer-controlled },IBn syste# hae been deveLoped for preparatlon of

sophlsticated device atructures invol-vlng muLtlple J-ayers of eemiconductors and metals. Flgure 1

shows a schematlc dlagram of this system, lncLuding eource-shutter and substrate-heater assembllee,

a spectral mass anaLyzex fox monLtoring each beam lntensity providlng lnput data for an IBM

System 7-1130 process control conputing syatem, and hlgh energy electron diffractlon in eLtu during

growth for examinatLon of surface smootbness and orderlng. Our uLtrahigh vacuum prmplng etatlon

has the capacLty of a pumpLng speed of uore than 451000 Ll.tre/sec. It has been well documented

that the growth procesa in MBE governed by kinetlce le far dLfferent from conventionaL technLques

such ae f-iquid-phase epltaxy, chemical vapor-phaee deposltlon, etc., whlch proceed near thermo-

dynamic equllibrium condltions. In perfonning l"lBE Ln the uLtrahlgh vacuum envlronment, the eplta:ry

temPerature ls considerably Lower than that in the other technLques and also it 16 possibLe to

achieve the extreme surface snoothness. Theee facts nake Lt posslbLe to produce epltaxlal layered

structurea where the lmpurity distributLon or the a11oy compoeLtlon Ls rapldl-y changlng in space.

Wlth our systeo ueing five effusion ovens for vapor specles: Ga, A1, Mg, Ge, and As, (or AeO), we

have successfully grown G.l_*[*A" multllayer atructures of hlgh-quality on heated GaAs substrates.

By continuously processl.ng the instantaneous value of each beau lntensity, the computl.ng system

controla each oven tenPerature (thus each beam lntenslty) and comands the whole Ehutter operation

(each oven has lts own thutter) to produce a deslred etructure. Thus this technology enablee us to

successivel-y grow one layer to another wLth eharp tranel.tlon and also to preciseLy control the

. thicknese, the alloy composition, and the doplng leveL of n or p 1n each layer. I{e also have

achleved epltaxial growth of alternatlng thin fflme of GaAs and pure Al- metal on GaAs substratea

having a partLcular crystallographlc reJ_ationship.

Esaki and Teu2 predicted a guantuu uechanLcaL.effect - a atrong nonllnearity in traneport

propertLes lneludlng a negatlve resistanee, in a euperlattlce atructure having a one-dlmensional

periodlc potentlal Ln a uonocrystalllne seniconductor. In order to obeerve the effect, resulting

from the lnteraction of eLectron waves $'Lth the perlodlc potentlal, a superlattLce perlod Ls re-

qulred to be shorter than the electron mean free path. With our 6ystem, Gar-*Al-*As euperl-attlce

atructures of 40 - 100 perlods each 70 - 80 angetroms thick lyere grolrn by a perlodlc variatLon of

al1oy composl-tlon between x = 0 and 0.3 - 0.5. The photographs in Fig. L iLlustrate the growth of

thLs structure. Anong a nrnber of anal-ytlcal- techniques employed for evaLuatLon of our muLtllayer

atructurear tlto most novel onea are nuclear backscatterlng with 2.5 MeV lle ions and Raman spectros-

copy with an Argon ion l-aser. Transport propertlee ln the dLrection of the euperlattlce were

ueasured by attachlng a snall olnlc contact on the eurface. I{e have observed a symaetrical,
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nonllnear current-voJ-tage characteristic: sqme of the rm1ts exhiblt an N-shaped negative reel.et-

to"..3 Thle obeervatlou ls analyzed fui tle franrework of the prevLous theoretical- treatnent.

RecentJ-y' rve have rnade ant attempt to fabricate GaAs-€al__*[*& double-heteroJunctLon laser diodes;

prel-ftninary resuLts of this work w'Ll-L be mentloned.
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