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On the Mechanism for Interface Trap Generation
In MOS Transistors Due to Channel Hot Carrier
Stressing
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Abstract—The classical concept and theory suggest that the widely accepted model of interface trap generation by hot
degradation of MOS transistors is caused by interface trap carrier injection is true, then carrier injection experiments
generation resulting from “hot carrier injection.” We report three should exhibit the same giant isotope effect as has been
new experiments that use the deuterium isotope effect to probe the b d for drai | he st . Such . t d
mechanism for interface trap generation in n-MOS transistors in 0 s_erve or drain avalanche s ress[ng. uc experlme_n San
the presence of hot hole and electron injection. These experimentstheir consequences for the mechanism of trap generation are
show clearly that hot carrier injection into the gate oxide exhibits the subject of this letter.
essentially no isotope effect, whereas channel hot electrons at the \We have performed three experiments to intentionally inject
interface exhibit a large isotope effect..Thls.Ie.ads to f[he conclusion holes and electrons deep into the oxide and also have them
that channel hot electrons, not carriers injected into the gate tonlv at the interf Inth . t 8E3.3-V
oxide, are primarily responsible for interface trap generation for presenton y.a e m. erface. in gexperlmen S, UBHt3.3-
standard hot carrier stressing. NMOS transistors with a gate oxide of 65 A were used. In the
first experiment, hot holes were injected into the oxide by ap-
plying a negative gate voltag&{ = —9 V). A detailed descrip-
tion of hole injection and trapping in the oxide can be found

ANY experiments on interface trap generation hav@ [12]. For the hole injection experiment, the source, drain,

been carried out by intentionally injecting hot holes andnd bulk (p-well) were grounded, and a negative bigs Y)
electrons into SiQ[1], [2] and by channel hot carrier stressingvas applied to the gate in the dark. In the second experiment,
or drain avalanche stressing [3]-[7]. (Drain avalanche stressimgt electrons were injected deep into the oxide from the sub-
is a standard hot carrier stressing technique that uses high dsdrate. To achieve this, the drain and source were floated, the
voltage and reasonable gate voltage to produce the maximgate was grounded, and a negative bias frdd to-17 V was
substrate current.) More evidence has been provided that #pplied to the bulk. The third experiment was designed to di-
degradation is associated with interface trap creation [5] arett hot electrons only toward the interface from the substrate.
oxide trap formation in the vicinity of the drain junction [6]. ItisIn this experiment, the source and drain were grounded, 1 V
commonly accepted that the interface trap generation is causexs applied to gate, anelll V was applied to the substrate.
by hole and electron injection into the oxide during channél large number of hot electrons (in milliamperes) can be gen-
hot carrier stressing or drain avalanche stressing. The recerdted by impact ionization in the depletion region. These hot
discovery of the giant deuterium isotope effect in transistelectrons are confined to the immediate region of the interface
degradation [8]-[11] presents new experimental opportunitibecause of the low gate voltage. In addition, we performed stan-
for elucidating the underlying degradation mechanism. It @ard drain avalanche hot carrier stressing of NMOS transistors
therefore interesting to investigate the deuterium isotope effdwtstressing at the maximum substrate current Wjgh= 5.5 V.
for various carrier injection modes into the gate oxide. If th€he degradation tests were carried out using an HP4155A semi-

conductor parameter analyzer. The test code was modified to
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Fig. 1. Time dependence of threshold voltage shift and the interface trapy 2 Time dependence of the interface trap increment for n-MOS transistors
increment for n-MOS transistors annealed at &So‘pr 3hr.in100% H (O apnealed at 450C for 3 h in 100% (O A) and 100% D (e A). The devices
A) and 100% D (e A). The devices were stressedias = Vs = Vs =0V were stressed &t = 0V andV = —12 Vin the dark with source and drain

andVg = —9 Vin the dark. floated, and at’; = 0 V andVs = —17 V in the dark with source and drain
floated.
in the oxide. For absolute valuesdf below 8 V, no significant
hole trapping can be observed. Afté8000 s, ¥ — Vo) be- 1012 E— E—
gins to change toward the positive side, indicating that negative E L/W=0.35/7.1 um NMOS
charge starts to build up due to electron injection from the gate.
A gate current of 200 pA was measured. Under these condi- [ :’sz:l§5=°n‘1';‘,vf;j’.4v§:'”v o)
tions, the interface traps are generated by hole injection. It is » " O,o'_
quite interesting to note, from Fig. 1, that the isotope effect for & 107 @@@@.. ¢
hole injection is very small. Over the entire stressing time in- 5 @ @‘.d'
terval, there is essentially no difference between hydrogen and g
deuterium annealed devices. Even during the electron injection £ £ 8 .,.p" X
stage, no isotope effect is observed. This experiment has been Z 1010} @@df;‘ 2t E
repeated several times with the same result. o oo
Fig. 2 shows the results from the second experiment in which A e o 100% H2 450°C 3h
hot electrons were injected into the gate oxide with the source f ¢ ¢ 100% D2 450°¢ Sh
and drain floating. The voltages applied across the gate and the 109§ , . - -
substrate were 12 and 17 V, respectively. It is observed that hot 1 10 100 1000 104 105
electrons, which are deeply injected into the gate oxide, indeed t (Sec)
generate interface traps. Fgg, = 0 VandVg = —12V, the
gate current isl.8nAandfoVe =0VandVp = —17V, Fig. 3. Time dependence of the interface trap increment for n-MOS transistors
the gate currenf is 15 nA. ForVgz = 0 VandVg = —17 annealed at 450C for 3 h in 100% H (O A) and 100% [ (e A). The devices

V, the initial shift in the first second is very large. After thevere stressed afp = Vs =0V, Ve =1V andVp = —11Vin the dark.
initial period, the generation rate decreases significantly. The
slope for the interface trap generation is even smaller than tla&in were grounded, 1 V was applied to the gate &lridv was
for Vg = —12 V. This indicates that hot electron injection is noapplied to the substrate. The high-energy electrons produced in
a very efficient process for interface trap generation as has belkea depletion region due to the impact ionization are present just
known before. Again, comparing the deuterium and hydrogemthe interface because of the low gate voltage. After measuring
processed devices shows no discernible difference for interfahe gate current, the substrate current, the source current, and
trap generation. This means that there is no isotope effect in tthig drain current, it is found that a large number of hot electrons
case either. (L mA) are present at the interface and pass through the source
From the above two experiments, it can be concluded thatd drain. A small amount of gate current (1.4 nA), equivalentto
hole and electron injection into the oxide are not associated witkat in the second experiment, was also measured. The key dif-
a significant isotope effect in threshold shift and trap generatidierence, however, is the presence of a high density of channel
The atomic mechanism for the trap generation due to hot carriert electrons that can interact with the interface without being
injection into the oxide may be related to oxygen vacancies, bojected into the oxide. Itis found that many more interface traps
has not yet been uniquely determined. are generated than in the second experiment, presumably as a re-
Fig. 3 shows the third experiment where hot electrons are isult of this interaction. In addition, a notable difference appears
jected only at the interface. In this experiment, the source amdthis experiment: the degradation is associated with a large
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Fig. 4. Time dependence of the interface trap increment for n-MOS transistors

annealed at 458C for 3 h in 100% H (O) and 100% [ (e). The devices were
stressed atp = 5.5V, Vs =0V, Vg =2.5VandVz = 0 Vin the dark.
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the gate oxide is not involved in the deuterium isotope effect.
Only hot electron damage at the interface shows the isotope
effect. In the standard hot carrier stressing, channel hot elec-
trons, which are not injected into the oxide, generate a signifi-
cant amount of interface damage. We believe that this modified
picture provides a better understanding than the traditionally ac-
cepted concept that interface traps are generated mostly by hot
hole and electron injection into the oxide.
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