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H. MATSUMOTO′  Ko SAWADA′  S.ASAl′ M. HIRAYAMA and Ko NACASAWA

LSI R & D LabOratory′  Mitsubishi E■ ectric Corp.′

4‐■ Mizuhara′  ェtami′  Hyogo

ln order to mainta■ n the device re■ iability on vLSI′  the hot electron

emission and trapping characteristics must be carefu■ ■y ana■ yzedo     So far

the hot electFon trapping has been understood in the fo■ ■owing approach with

the Fe■ ationship  Of substrate current IB′  gate current 工G and gate― to… source

vo■ tage VGS・      Figure l shows 工B and IG Versus VGS・      With increasing gate

bias′  the IB has a peak.     This behavior can be exp■ ained by the two effects′

that is′  the ■ncrease ■n the channel current and the reduction ■n mu■tiplication

factOr Of the impact ion12ation with increasing gate bias.     On the other hand′

the gate cuFFent 工c is not appreciab■ e in the region of Vcs sma■
■er than vDS・

Indeed′  as expected from the mentioned description′  the ttG begins to be observed

f° r VGS≧ VDS′  a■ though the IG decrease again as the IGFET goes further into the

■mpact ion■ zation does not occuro     So far the worst gate bias condition for

the hot e■ ectrOn trapping has been considered to be VGS≧ VDS WhiCh g■ves enhanced

gate current.     However′  if the effects of the gate bia3 on the threshold vo■ tage

shift are examined under long term stresses′ more remarkable trapping effects

can be fOund under VGSく VDS rather than Vcs2≧ VDS・     This work presents the hot

electron trapping character■ stics which is descr■ bed for the ■ong term dev■ce

degradattton。

The measured 工GFETs had s■ ■icon gates and were fabr■ cated on 〈100〉  p― type

20」2cm silicon substrate.     To control the thresho■ d v01tage′  bOron was

imp■ anted with the dOSe of 2x■ 0・
1/Cm .     The ]unCtiOn depth of sOurce and drain

WaS ■
μ
m.     DeVic9S Were stressed in the dark at 30° C.     The thresho■ d vo■tage

were measured when the drain current equals ■,A at VDS O・・
V and substrate bias

Vsub=-5V.

Figure 2 shows the effect of the gate bias on the threshO■ d vo■tage shift

△ VTH Of 工GFET.     The thresho■ d vo■tage shifts increase with time and decreasing

gate bias.     ェt shou■ d be noted that the time dependence on the rate of VTH

shift is cons■stent with the Vcs dependence s■ nce the e■ ectron trapp■ng in the

gate insu■ ator has the same effect as the decrease in the gate bias.     Figure 3

shows the rate of the VTH shift Rvs′  Which is defined as the inverse time at ∠ゝ VTH

=30mv shown ■n figure 2′  the substrate current′  and the gate current as a

function of the gate bias.     The threshold vo■ tage shift has a mutua■  re■ation

not with the gate current but with the substrate current.     Figure 4 shows the

-81-



gate bias dependence of \r,/IB as a function of the gate insulator thickness.

From this figure, it is found that \r,/I" increases with decreasing VCS.

Therefore, this gate bias effect can not be explained by only the substrate current

which corresponds to the total amount of the secondary hot electrons. Figure 5

which is obtained by transforming figure 4 shows that \, depend on only the

electric field j-n the gate insulator, and that \, becomes larger with the

reduction of electric field in the gate insulator. A11 the data show that the

Iarge amount of hot electrons are injected into the gate insulator even if

VCS VO, and that the trapping efficiency increases with the repulsive electric

field in the gate insulator. In other word, by the larger repulsive field

in the gate insulator, the injected hot electrons can stay longer in the insulator

and so the trapping efficiency becomes larger. The relationships of degradation

between IGFETs and actual MOS dynamic memory will be also discussed.
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