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B-L-2 Subnll1t-neter Wave Sl p+-p-u+ rupAnf Dlottes

Masalrukl Ino, [adao fshlbaehl anrcl Maeanrchl Ohuorl

Mueaehlno ElectrloaL Comunlcatlon laboratorles, NLppon llelegraph anrd lelephone
Publtc Corporatl.on

Musaehlno, lolgro, Japan

Ehls paper tlescrlbee recent regrrlts on the performace of Sl p+-p-n+ ffpATT

dloctes nade by ion lnplanrtations. Hitherto, pulse-drlvenl) or cwz) oscillatlon Ln

the htgh frequency region about 2OO^,3O0 GHz was achleved wlth IFn or p+-n Junctlon
clLod.es. However, hole-d.rlft ttlod.es are expected. to be super!.or to electron-ctrlft
ones for hlgh frequency operatlon, due to a snaller hole ttiffuslon coefflclent.5)
In p-type diodes, as hole nobtltties are snaller than electron, unswept J-ayero

should be removeit ancl trangltion layer at the p+-p Lnterface shoulal be rnacl.e thln,
in ord.er to recluce a tl.lod.e geries reslstance whlch causes to lower transfer effl-
ci.ency and. the upper llnlt of osclllation freguency.4) U"trrg the p+-p-n* etructure,
p+ layer can be nad,e shallower ancl p+-p interface more abrupt than conventloyral

n+-p-p+ structure.
Devl.ce fabrLcatlon : Elgh resl.gtlvlty n- epttaxlal layers (tet ocn ) rdth approx-

Lnately 0.5 pn thicloo.ess were used for the base naterials. She p+ contact layer
was forned by boron cl.lffuslon and p-n+;unctLon was fomett by ion rqFranrtations.
51P lorr" were tnplanted. to fom the n+ layer at 75o keV to a hlgh d.oee of 1.5x1015

tons/crz. then 118 1oo" were lqrlanted at 60 kev to form the p reglon, ancL the rlose

vras 8.0x1012 ton"/c^z. After arnea3.lng at 850 oc for i5 nln, the rrafer was thlnnedt

to be 5*10 1nr netalllzecl by evapolattng lli-Aur anct separated lnto indlLvlc1nal

pellete by alrbrasive methotl. Then the pe11et was thqcmally bond.ecl to a copper

heatslnk wlth a quartz etud, and chenlcally etchect to a proper dLameter. T1rylcal

DC seriee reeLst4nce wag 0.45 O for a d.lod.e of 17 pn cllaneter, a.nc[ was conparable

to that of p+-n-o+ d,Lod"".2) rh" doplng

profile cleel.gned and the electrLc field
proflle calculated at just breakd.orm are

shorm in Flg. 1. the peak fleld !.s 6. 3nO5

Y/q. llhe,-measurecl breakcLown voltage was

11.4,-11 .6 V.

Oecillatlon perfomance : [he dlodes were

teEtecl ln a firlL helg,ht 22O GHz wavegulde

( t.ogexo ,546 w2 ) rrrtrr a hat etructure
cavity. Euning ses aoooqpltshed by ohanglng

a hat and slldtlrg a back plston. Oseillatlon
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frequency nas meaeured by a two-dlp frequency neter or deteotlng a voltage gta,nd-

ing wave by a Sl point contact d.iode. Output power was measurecl by a thln filn
therno-eoupLe caLl.brateal by a 15O GEz band clry calorLmeter. Htgh pass fllters were

used for assura,nce of tbe meaeurements. [he representatlve oscillatlon character-

Lstics of the d.lottes are shown in Fl.g. 2 a^nd. 5. DC voltage bega,n to decrease when

oscllIatlon bullt up, as ehown ln Fig. 2 ancl J. llhls would be caused by RF inducecl

negatlve reslstan"".5) Using a epectrum analyzer, Iow frequency osclJ.latlon below

severa-l GHz was observecl at the biag clrcult. [he naxtntrn output power of 82 nTI

at 18? GFz wlth an effLciency of 2.5 % waa obtainett wlth the <ltode of 24 yn cllan-

eter ( Ftg. 2 ). At 285 GEz an output power of 7 .5 mlf wae obtalned wlth the dlocl.e

of 1? fn altaneter ( Flg. t ). OscilLatlons above 5O0 GIIz were also observed. At

73A AHz 0.7 mW wag obtained.. fhe hlghest osclllatlon frequency measured to date

has been 794 8fr2.

Conclus!.on : Practrical output powere have been obtalnetl wLth the St p+-p-o+

IMPAII tli.od.es up to about fiO trfr2. OW osci.Ilatlon was observed at near 4OO GHz.
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