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r A vertical junction-gate tr'E*I (V-FET) with triod.e-like I-V characteristics was

first proposed. by Nishiz"urul) Electrons injected into an intrlnslc channel were

consid.ered- to carry space-char6e-1inited. cument which was mod.ulatecl by a p-i
junction gate. Anong the merits of the V-FH[ are: (1) high input and low output

inped.ance, (2) hi8h output voltages and (J) thermal- stability clue to the negative

temperature coefficient of the majority carrier mobility. These features are of

6reat ad.vantage in linear circuit applications, especially audj-o povrer ampliflerR
[here have been, however, few compre]rensive theoretical stud-ies d.one on the

necbanisn of the triod.e-like charac'beristics of .t'EvIrs. the purpose of this work

is to clarify the cri'beria for the triod.e-like operations of a junction-gate FIS.

It is also intend.ed. to provid.e the design principle of Si V-EETrs includ.ing the

breakd"own limitations by neans of a two-dimensional nunerical analysis.

tr'or the inathematical mod.el of V-FEI

Ire assume a symmeirical gate structure

as shorur in 1;he inset of Fig.I. The

basic equations for an n-channel V-FET

operation, in conventionaL notati-ons,

are:

v+= - + ( Nn - n )

?-? = v,x (2)
of 7 !

lvhere NO is the d-onor impurity concen-

trati-on. An electron d-rift velocity,

which saturates at high electrj-c field-,

is used..

Calculated current-voltage charac-

teristics of a V-FET are shown in Fig.l.
A triod.e-like characteri-stic is obtained

when tbe (negative) gate bias is d.eeper than -Iv.
Figure 2 shows the carrier concentration d.istributions, vrhen V-TET operates

as a triod.e (VG=-rv). At this gate voltage, the channel is cor,pletely d.epleted..

Eowever, as the d.rain voltage is i-ncreased, the potential barri-er in the channel

i.s reducecl resulting in increased camier d.ensity (tr'ig.2(a)). When the d.rain
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volta6e is hiSh enough, the potential bamier is finally flattened. out and. the
carriers are allovred to flow through the channel (Fig.2(b)). The drain cument

increases as the d.rain bias is raised. because of the i.ncreased. number of caniers
lnduced, giving to the trj-od-e-Iilce characteristics (see trig.1).

It sbould. be apparent that a channel d.epleted. by the gate potential is a

prerequisite for a'i;ri-od.e-Ilke characteristics. This gives a limitation on NO

for a given channel thiclcress, 2a. More striking are tbe criteria on the gate

length 1* and gate-to-clrain d.istance, lga. For a larBer 1*4r for e>:anp1e, the

I-V characterisiics are like those of a pento<le, as shown in Fig.J. It is also
found- that there exists an upper bound. on 1U, above vihich i;he d.raj-n volta6e can

no longer ind.uce camiers in"bhe channel. ft 1s the virtue of the two-d.inen-

sional analysi-s tirat brings about these Cesign criteri-a.
{Bhe breakd.orvn voltage is cletesnined. by solving the Poisson's equation in

tt"ro d.inensions and. by carrying out the ionization integral along the path of the

highest electric fie1d.. Becau'se of electric fieId. crowd.ing at the gate ed-ges,

the brealcd.otm voLta6e is sinaller than that of a one-d.i:nensional one-sid.ed. abrupt
junction.

Devj-ce parane-i;ers such as on-resistance Rorrr transcond-uctan"" gn and break-

d.ovrn voltage BV are obtainecl froia the above analysis. llhe tvro-dimensional nu-

rnerical approach is thus found. to be a povrerfultoo1 in the d.esign of V-FBIts

r.rhich shor+ triod.e-Iike cirarac'beristics.

1) J.liishi-zawa, Japanese Patent ttblicatlon No .607? of. I95V

il 'r'lireless 'riorlri., BO, No.1ur.61 , 22i(I9?+)
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lgd =fum

---- lgd =2.6Hm


