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A new structure for a Ga.As J-FET (p-Coturr Gate FET) is proposed, employing p-type column

shapecl gates in an active n-1ayer on a semi-insulating substrate where the current flows through

channel spaces between the gate colunns with results of 1T mS of I,o for prototype.

Figure 1 shovs a microphotograph of and cross-sectional viev of proposed P-Column FET. The

channel is mainly controlleil by depletion layers extenaling laterally from the colunms at both

siiles of each ehannel anal the col:mns completely reach the semi-insulating i-layer. Tt should

be notecl that the channel can be confineal within n-layer near the n-i interface because of Junc-

tion contorlr cllrves i-nward since the n-d.opants clecrease tovards the i-layer. Moreover, MTS

structure at the gate electroale metaf on insulatorfn-Iayer enabfes additional gate action. The

gate pinch off voltage is prealominantly cleterrnined by column sidewall clistances and is controll-
1r'l

able with lithography inclepenclently on n-layer thickness. Be ion implantation'*'was carriecl out

through the lithography resist vith winclovs correspond.ing to the P-Columns to be formed.. The

typical pararneters are as follows.
1L

Energy: IOO keV, Dose: 5x1O- cm2, ProJectetl Range: A.2B pm, Lateral Spread.ing of Be: 0.BT

Fn, Annealing Temp./Time: 6oo " c/zo mi-n., N-layer Thickness/Density: 0.18 )lrt/z.8fl0l7"*-3.

Figure 2 shows an example of I-V curves for FET fabricated with 2 lm vinclov size which results

in -3.7 pn P-Col:nn diameter clue to the lateral stretch of the implantedBe by 100 keV. No hys-

terisis on I-V vas observed despite of the buffer-less n-layer on bulk i-substrate, presumably

d.ue to the cha.nnel confinement mentioned above. For 100 Fm of equivalent gate width (n-channel

nrmberxn-layer thicknessx2), was obtained l-7 nS of transcond.uctanee being higher than in case of

orilinary MESFETs with the same 100 ,,;un 
gate wid.th. Gate action in P-Colunn FET is macle by two

kincls of depletion swing, i.e. one at the column sicle val1s arrd the other at the MIS sr:rface

structure. The MIS partition otr Bm has linear dependence on n-surfaee length along the co}:rut

lines but the column side va1l partition ott Bm has none on that length. fhus Fig.3 implies g,

is sustained by combination of the above both partition, disclosing a merit of P-Colurnn structure.

Colurnn spaces t. IDSS (per tOO pm equivalent gate lridth) is plotted in Fig.\o where hori-

zontal axis is the interspaces betveen 2,Frn colunn wj-ntlows. Linearity shown here betveen the

interspace *d IDSS verifi.es that photolithographic controll of the interspaces betveen the

colurnns can dete:mine the pineh off voltage regaralless of n-1ayer thickness, namely normally-off

FETs for logic is easily realized by the column structure vithout n-layer thickness controll.

Estirnateci t^Ggn/ZTC*r) frorn measured gm anal C* is about 3 GHz for the column diameter of
1'

3.7 ) fabricatecl- as the first trial. Assuming I,oo(eolurnn diameter)-I and CCS o(column diame-

ter), f, is improved. to about 30 GHz by realizable column diarneter of about l,;.rm which is possi-
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b1e by less lateral stretch of Be with lorrer enercy (e.e. 30 keV) inplantation and O.5 ) iolrrmn

window size of resj.st utilizing electron bearn llthography.
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FiS.1 Structure of P-Col_urnn FET

(a) pfan View: Distance between source and

d.rain is B 4n. Column vindov size ancl the
interval are 2 pm both.
(b) Cross-sectional Viev: p-tytrle regions
1atera11y spread from the window of mask by
about 0.BT lm. Broken line is depletion q6gs

at P-N junction and also by surface MTS effect.

Space betveen CoJ-urnn Window (;:n)

Fig.3 "ertt Dependence on Co]unn spaces

"B*tt i" norrnalized by 1OO ;nm equivalent
gate width. gno = B*pN * g*Mrs ,

equivalent gate width = (nunrber of n-
channel between total columns ) x (ttri,ct<-

ness of n-layer) x 2
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Fig。 4 1DSS Dependence on∞ ■um spaces

・ DSS iS n°
rma■ized by the ■00ノμm equi―

va■ent gate width as in case of Fig。 3.
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Fig。 2  Typica■
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エーV Curves of P_cO■ ullm FET
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