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Fig.3
metrical structure (b),with the doping concentrations of NGRD

HV nMOSFETs asymmetrical structure (a) and sym-

(n-type graded drain)and n* drain as 10 ¢cm™* and 10 cm™?,

respectively
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Table 3 Two groups of HCI stress with V= -9V

4.3

Stress Va/V Vo/V Vy/V Vs/V
3 -5
9 -9 -9
4 9

HCI stress time #/s
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Fig.13 Relative shift of Ip, a function of stress time under 4
groups of stress conditions Shift under stressl and shift under
stress3 are similar, whereas shifts under stress2 and that under

stress4 are variant.
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Substrate Current and Hot-Carrier-Injection in High Voltage Asymmetrical
n-Channel MOS Transistor Technology
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Abstract: The incorporation of high voltage transistors into the advanced VLSI chips has been limited by the reliability of the manu-
factured integrated circuits. As a monitor of hot-carrier-injection reliability, the substrate current (ISUB) usually increases in high
voltage transistors,but has only one peak in standard low voltage transistors. Correspondingly,the mechanisms of the hot-carrier-in-
jection effect in high voltage N-channel transistors should also be investigated. Based on the Poisson’s equation,and simulation and
experimental results,a second impact ionization region is responsible for the second increase of ISUB. An explanation for the appear-
ance of this second impact ionization region that differs from the prevalent theory,the Kirk-effect,is proposed. The Kirk-effect pre-
dicts that the typical high-electric field region widens from the gate edge to the n* drain edge. However,two separate high-electric-
field regions with fixed locations coexist instead. The second high-field region is not the expansion of the conventional region. An im-
proved equation for ISUB is proposed according to the two-high-field-region model. This two-high-field-region model is also consist-
ent with the phenomena observed under the various HCI stress conditions with and without back bias. Back bias reduces the supplied
voltage for high-voltage transistors by half without degrading their performance and reliability.
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