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Hot carrler injection lnto a gate oxi-d.e, and subsequent trappi-ng, are most

important when considering reLiabil-ity of miniaturlzed. n-channel- MOSFETs in VLSfs.
We have been investigatlng the dependence of hot-el-ectron injection upon MOSFET

structures, in the seanch for structures suitable for scal-lng down to the
submicron level.

We have tested various kinds of structures. Drain Junction structure and

nhqnna'l rlnnl n-Lrrdrrrrsr uuprlrg proved to be signlf icant when optlmizing device structure. Several-

structural parameters were al-so varied over a wid.e range ln our studies. For
example, channel length was varled. over a range of 0.5-5 pm.

A11 these devices were evaluated for gate curuent due to hot-electron
injection, under the biaslng conditions VO = VG. Figure L shows gate current for
conventlonal As-dlffused drain structure as a function of bias vo = vG, wlth
effective channel length as a parameter. We d.efine the hlghest applicable
voltage, BVDC, which represents the resistance of a device against hot-electron
injectlon, as the blas VO = V* which causes a gate current of 1xf0-f5 O/V*. fn
thl-s determlnation, we took an extrapolated shift of 10 mV ln threshold voltage
over ten years, which would be caused by an injection current of 1x10-f5 A7y^, u"
being allowabl_e.

It can be seen ln Fig.1 that shrlnking of effectlve channel length
drastically lowers BunC. The scaling-down of other structural parameters, such as

gate oxlde thickness, junction depth for source and d.raln diffuslon layers,
substrate resistlvity and channel lmplant dose, also intenslfles the inJection of
hot electrons. An example of this dependence 1s shown in Fig.2, which shows that
increase in channel irnpurlty density appreciably lowers BVnc.

Figure 3 shows the llmlts placed by several physical mechanisms, such as

punchthrough, avalanche multipllcati-on and hot-electron lnJectlon, on the highest
applicable voltage, which is glven as a function of effective channel- 1ength. It
can be clearly seen that hot-electron inJectlon imposes the severest limit. It
should be noted that, for a device having an effective channel lengtl: of 1.0 l**,
the highest applleable voltage llmited by hot-electron inJectlon, BVDC, drops

bel-ow 5 V. Thls demonstrates bhe urgent need for improving the resi-stance of
devices against hot-electron lnjection.

Tn order to determi-ne a devlce structure optlnum for relaxing hot-el-ectron
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constralnts, we have used a numerlcal- model- of hot-electron inJection for

arbltrary lmpurlty doping profl-Ies. As a result, we have fabrlcated three kinds

of deviees, havlng structures such as graded draln Junctlons (P-dlffused drain or

As-P double-diffused n*-n- drain Junctions), offset-gates and buried channels.

Flgure 4 shows BVO, for these devlces, as a functlon of effective channel

length. A 2-volt improvement in BVDC, as compared wlth the conventlonal As-drai-n

devlce, ls obtalned for devices havlng graded Junctlons, and a l-volt lmprovement

for devlces havlng offset-gates or burled channels. A 1-2 volt increase 1n

hlghest appllcable voltage, BVDC, is quite appreciable ln attempt to realize

VLSI compatlbility 1n supply voltage wlth the exlsti-ng systems envlroment. The

feaslbility of these devl-ces at the VLSI lntegration leve1, from the viewpolnt of

fabrl-catlon and operati-on, will be dlscussed.

Fig.1 Dependence of gate current,
given as a functlon of the blas
VD=VG, on effectlve channel length

Fle.3 Comparlson of the effects
of several physlcal mechanlsms on

the hlghest appllcable voltage
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Fig.2  Dependence on channe■  dose
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Fig.4 Comparison for varlous
klnds of MOSFET structures of
highest applicable voltage, BVDC
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