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rntroduction re bave etuiliecl a behavior of ERAPIIHI dloile by ne'ne of a conputer einulatioa.

The dLscueeione in thie paper are focused on thc ilifferencc of a dl.ode perfornance betreen pufaa6

npfdloaee. The avalanche shock front prolngatione are conpletely different fron each other, aad

npp+ie nore excellent for trappect pJ-asna fornation trre4 p!t'ffodc. this origlnates fron ths fact

that ionization coefficielrt for electrons ie nuch larger tban that for bolec ia casc of cLlicon6
rrl*,lAt.rn+'r'r We have also confirneit that puf aioae rith a ileep dlffuscd p laycr sbote a einl,lar

behsvior to npp+diode rith regard to the shock front propagation.

Dwsnic bebeylor of TRAPIEI Device paraneters ueed ia our ciutrlation are aa follorai dopiag

ctensity in an active regi.on te 1.JJAd5"i3, l"ogth of the active regioa is about {pn, breakdora

voltage is about 1OO Vr oscillation frequency is 1-2 GEz, and ionizatioa cocfficieate and velocity-
field characteristice for electrone and holeE are given

by thoee for clLicoa.

8ota1 cnrrent ravefo:m ie aeeuned to bc rectangular

aad its rise tfuoe and faII tine are one tenth of the

osel.llatioa period. Sinulated voltage ravcforns for

pnn+and npp+are a}aost the eane rith each otber, but the

clipole and plaena foroation tinc le a Llttle ehorter for

pnattrran for npp+and the diode voltage in trapped plaeoa

etatc f,or npptis Lorer than that tor pnnt (cf. Fig.1)

Sinulated efficiency for fundanental frequcncy is a few

perceat higher for npp+than for prJaioa".

t{ajor cliffcrencE on the behavior of the tliode between

pnatand app+ie the propgatioa of the avafanche shock

front. ?ro t;pes of ehock front prolngatioa are ehorn

ia Fig.2(a) aaa (b). Figure 2(a) for pno+diodc shore

that tbe breakdom begins at the niddle of an active

region and avalanche regiirn spreadc over rhole actLve

region. On the other band, in casc of npp+diode, the

ayalFnche occurs at n regioa and thc shock frout propa-

gates torard pfregion as shorn ln Fig.2(b). theee

dliffereacce originate fron the fact that thc geaeration

rate G tahea a naxlnun value at thc niddle of aa active

region in plrn+diode antl at the n region in npp+diod.e.
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Fig.1 Diode voltagc ravcfome for
pndlaait npfcHodea.
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Fig.2   Electric Fie■ a di3trintion3 at
the breakdown proce33●   Daghed ■ine
shows a gtatic Fie■d distributicn.

島
「
3000A/cnf
n or p3 L33“ !dЪポ
w84μ m

↑多
ぎ
２
Ш♂

ｏ・酔
呂
ｄ

_27-



Static dietribution of electric fie1d, hole cunent Jr,

eLectron current {,, and cloping profile are plotted in

Fig.r(a) ana (t) for pnn+and npp+respectively. Static

currreat ttistributions for pnfandl opp*""r cliffereut from

each other. But thie is not an eeseatial cause of the

difference of the avalaache shoclr front protrnga.tion.

the tlifferencc cones fron the fact that the ionization

coefflcient for electrons dn ie nuch larger than thet

for hoLea q? ln case of eiliconna!*## The

ionization eoefficient for electrons takes a naxinun value

at the positioa rhere the electric field takes a naximum,

eo tbat the position where the genaratiou ratE c (o(OhJn)

takee a naxinun ileviates fron the fielcl naxinum positlon

torard. n+regf.on in caec of pnntanil towaril n region in

case of app+diode. llhe trapped plasna forned ae a reeuLt

of ehoct< front prolngation for npp+ia aLnost uniforn in

the rhole active region, on the other

haatl, the anount of trappeil plama ia

prot diod. clecreases touard n+region.

(cf. l'ig.4(a) antl (U)) Ehe uaiforar

trapped plaena ie available for

TRAPATT operation.

tre have fabricated. a pnn+diode rith

a deep diffueed p layer (5pn)r and got

out put porer 54 ratt, effioiency 5l %

rith a puleed operation. ile have also

理“4§

DISTANCE (IM)

Flg.l Static distributions of fielil
and currcnte, aad the doping profila.
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Fig.4 ELectron and hole dllEtributione in
trapped plaena etate for prnranct ntr4f ctiodes.

gimulateil prn+diode nith a cleep cliffusecl p Iayer.

Figure I ehors nq avalanche ehoch front prolngatloa in

the dcep tliffueetl diode. Becanrse peak poeition of the

gcneration rate far clevlates from that of the fieltt

toreril n+region.

Conclueion Avalancbe shock front propa.gationa are
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different accordins to the doping profile of the diode. 
Fis.5 ,r"rrri:'tft:l:tifl"ro"rron at

It is better to use a npptdiode or a pnn+diode with a brcalctlorn process for pnn+diode rith a
deep diffused p layer.

dleep tliffueed p layer so thet e. uniforn trapped plasna nay be realizetl in tbe actlve regilon.
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