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by Epitaxlal Growth
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llhe P+nPNvN+ structure is known as the proflle of lmpurity ctenslties of
Reacl-llke clouble ctrtft IMPATf cliodes. Thls stnrcture may be the iclea.I one of'
high efftclency II{PATT iliodes. However, very few works about this structure
have ever been reportecl, beca.use the for"nation of this compllcatect structurer.
particulerly achieving steep profile anit balanced lmpurlty clensltles of
the P ancl N layers, is very ctifficult. OnJ-y Seidel et al. have shown an

example of the stnrcture being forrnecl by ion implantatlon together with epl-
,t)

ta:cial growth\' .

The authors tried. to fozm P+PNyN+ and P+nPNrzN+ structures W epitaxial
growth alone ( provlso P+ I cllffusi.on, N+ c the substrate ) using the two-step
epltaxial growth techniqu"(2), which have prevlously been ctevelopect by the

authors to restrain the autocloping phenomenon.

In the authorst experiments, a conventlonal horLzontal epitaxial reactor
was usecl, ancl the epltaxial layers $rere g?own by pyrolysis of SIHO with PII, or
BFe as the ctoping ga"s on the arsenic ctoped (. 0.003 ohm-cn ) ( 11l ) Si sub-
gtrates. The temperature of the substrates were 1'O5O'C, andl. the growth rate
was 0. 4 p'm/mln AIl layers of PNrz or nPNv were grown successlvely without
pulltng out the wafers fron the reactor to change tb,e cLoping 1eve1s.

The profile of the effective lmpurlty densltles of a P+PNrrN+ sanple is
shown ln Fig.1. Ehe effectlve ctensitl-es were calculatecl from voltage clepencteney

of the Junction oapacltance. The left hancl half of the ctensity profile is
tlomlnatecl by the lnpurity clensity of the P layer, while the other half is
ctornlnatedt by that of tine v J-ayer. A clenslty profile of one of the'P+ruPNyN+

sarnples le shown Ln tr'19 2r where the previous clata by Seiclel et a1. is also

shown. Comparison of the two ctata tel1s that the authorst sanple has steeper

gracllents of the lngrrlty clensities near the Junction anil a narrower zone than

tb,ose of the previow work Flgure 3 shows respecttve carrler clensities of n(x)

ancl p(x), whlcb were obtainect from the spreacllng resietance profile shown in
F1g.4. Thougb the carrLer clenslty profllee of rc layer anct ut l;ayer ar€ urr-

balancectr those of N Layer anct P layer are steep anct well balanceil.

llhe nethocl of forming the P*rPNDrN+ gtnrcture by eplta:ry together wlth lon

lnplantatlon has mrcb conpllcatetl processes such as lon lnplantlng process
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between two epita>clal processee andl the anneallng process of the 1np'J.antecl.

l,ayer. In case of multl-epltaxyr orl the other ha,nd, it was thought to be rather
tlifficult to form the steep impurlty profile because of the autodoping pheno-

menon.

However, this work shows the rnultl-epitaxy, wlth the aid of the two-step
etbltaxial growth technique, can i:rovltte such a steep anct well controllecl. lnpu-
rity profile as that obtalned by ion implantatlon.
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Fig.1 Trno\ri-ty density nrofile
of l'+Pltivl(+ structure
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Flg.3 Carrier ctensity profile

of P+rrPM,DI+ structure
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Imourit;r d.ensity profile
of P+:rFI{y}i+ structure
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Flg.4 Spreailing resistance proflle
of P+'iPNyNr stt'ucture
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