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ABSTRACT

Ve report the observation of random tel egraph signals (RTS) in
the channel resistances of nomnally 1.25 mm x 1.25 mm enhancenent -
nmode pMXS transistors fabricated using the AT& 1 -nmm radiation
har dened technol ogy. Devices were operated in strong inversion in
the linear regime. Measurenents, perforned for tenperatures ranging
from 77 to 300 K and various gate voltages, show that capture and
emssion times are both thermally activated and that the capture time
depends strongly on the gate voltage. Results suggest that the
unfilled trap is charged and that, after capturing a hole, the trap
rel axes to a lower energy. Basic features of a nodel are di scussed.

EXPERI MENTAL RESULTS AND DI SCUSSI ON

Met al - oxi de- sem conductor (MJS) transistors are known to
exhibit relatively large levels of |lowfrequency 1/f noise. 1 Much
evi dence now suggests that this noise is related to the capture and
em ssion of charge carriers by localized defects at or near the
Si/SiOp interface. 234 The drain voltage of very snall gate-area
devices, especially at Ilow tenperatures, shows random switching
between two discrete |levels, apparently arising fromthe capture and
enmission of a single charge carrier. 256,7,8 gych random tel egraph
signals (RTS), observed in snmall gate-area devices, have been shown
to superpose to give 1/f noise in larger area devices. 2 Thus,
information gained from the study of RIS s in MXFETs should be
hel pful in understanding the origins of 1/f noise in these devices.

VW have investigated six RIS s in two relatively small gate-
area (»1.25 mm x 1.25 m) p- channel , enhancenent node M5
transistors operated in strong inversion. Devi ces have an oxide
thi ckness of 18 nm and were fabricated using the AT&T 1- nmradiation
hardened technol ogy. ° To our know edge these devices have the | owest
defect-density and are the nost radiation-tolerant of any devices
used for such studies. Tenporal fluctuations ( dVy(t)) in the drain
vol tage (V) were observed when devices were operated in their |inear
regimes with fixed gate voltage (V g) and drain current (I (); the

source | ead was grounded during all measurenents. 10 The measurenent
conditions were simlar to those we have used previously for noise
measurenents on large area devices. 3 Measur enments were performed

for sanple tenperatures (T) between 77 and 300 K and effective gate-
vol t ages (Vg'Vth) ranging from -200 nV to -2V, where Vip is the
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t hreshol d vol t age. The
neasurenment  bandwidth was from
0.03 H to 30 kHz and typically
-100 iV < V4 < 0. For these
devi ces, RTS s wer e very
reproduci ble even after many days
and nmultiple tenperature cycles. device PVA

For each device it was F 1 near 90K
possible to find a range in T and 10-5 ! !
Vg for which Vg4 was observed to v ngo/T (KUW) 2
random y switch bet ween two
di screte | evel s, simlar to . .

Figure 1. Semilog plot of capture

behavi or reported by others. 258
The drai n-vol tage switching scal ed

with the | y indicating swtching
in the channel resistance, dR;, = dVg/lgy. No attenpt was made to use

time versus inverse temperature at fixed
gate voltage.

the drain-voltage dependence to locate the trap along the channel. 8
The RTS's were characterized by their resistance changes DR.;; and
their nean times in the "high-" and "lowresistance" states. Ve

found the dependence on V to be consistent with the idea that the
hi gh resistance states were associated with the trapping of a single
charge carrier. VW thus identified the nean tine in the high
resistance state as the trap emssion time ( tg). The nean time in
the opposite state was identified as the trap capture tine ( te).

Vg The duty cycles of the RIS s
30 —-240 were found to depend primarily on
V, while the switching rates

1077

16 —2.60

AWO’B; . depended primarily on T, simlar

o g 1o -280 to the findings of others. 25 The

L i " device PVA corner frequency increased with T,
104

T near 90K | eaving the measurenent bandwi dth
1 with a change of 20-30 K
] w Here we display data from
9 ngoﬂ (Km) 12 one tr_ap._ Data from other traps
were simlar. V& observed that,
for fixed Vg, both t. and tg varied

with T in a manner consistent with

Figure 2. Semilog plot of emission time
versus inverse temperature.

thermal activation, i. e.
tj = toj exp(Ej/kT), (1)
where j stands for capture or enmission, E ; is the activation energy,
and ty; is the attenpt time. Typical capture and emssion tine data

are illustrated in Figures 1 and 2.

Wthin experinental error, the activation energies for both
capture and em ssion were independent of gate voltage. This is shown
in Figure 3. For this particular RTS the activation energies were
found to be E » (115%10) neV and Eo » (150%10) neV, respectively.
The data of Figures 1 and 2 may be re-plotted to show how the RTS
varies with gate voltage at fixed tenperature. This is shown in
Figure 4 for T = 90 K, confirmng the strong dependence of te and

387



Scofield, et. al. AIP Conference Proceedings 285, pp. 386-389 (1993).

200
9150 g 1
gmo jﬁf%gi%{ 7z 1E
s L 1

0

-2.9 -28 -2.7 =2.6 =2.5 =24 —=2.3
Vgs (V)
Figure 3.  Variation of the activation
energies for capture and emission with
gate-voltage.
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Figure 4. Gate voltage dependencies of the
capture and emission times for fixed T
= 90K.

weak dependence of tg on Vy. Referring to the above equation, this
nmeans that both prefactors nay be witten as

tjo =z exp(Vg/fj), (2)
where z; and fj are fit paraneters independent of both T and V Ve
note, however, that there are large uncertainties in extrapol ated

intercepts for graphs like those in Figures

The dat a suggest the
foll owi ng nodel . VW assune that
the RIS arises when a majority
carrier is captured and emtted by
a single trap, located 0-3 nmfrom
the Si/S Oy interface. The enpty
trap level, E¢, is located below
the silicon valence band edge at
the interface. To be captured, a
hole nust first be excited to an
energy E;y in the silicon valence
band, then tunnel to the localized
trap state in the oxide. The
thermal |y activated behavior comes

from the T-dependence of the
Ferm -Dirac hol e di stribution.
Thus, we identify the energy
difference Ec»E; - E¢ as the

activation energy for capture.
Since the hole is not

i mredi ately enitted,

1 and 2.
J[OX d 0
L)
X \}
Vg —
qys
¢ [}
| =
Ef
-
Figure 5. Band diagram showing hole

trap energy levels.

the filled trap is

assunmed to undergo a lattice relaxation resulting in the | owering of

the localized hole state to a new energy, E
the lattice atons nust rearrange thensel ves,
This process woul d typically depend

For em ssion to proceed,
raising the trap level above E .

(', with Eq'< Ef.11,12,6,7

strongly on lattice tenperature, wth an activation energy
Ee=Ef-E¢' .11 These ideas are illustrated in Figure 5.
Several unresol ved issues remain. For instance, one would

expect both E and Et' to vary with oxide field (i.e., gate voltage)
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whereas the data do not support this. Since only the capture tine
varies significantly with V we speculate that the enpty trap is
negatively charged while the filled trap is neutral. The V g
dependence of t. mght enter both through E { and also though a V g
dependent tunneling rate.

Very recent data for one trap shows that both capture and
em ssion times become independent of lattice tenperature bel ow 15 K.
This suggests that lattice notion other than thernal, perhaps zero-
poi nt motion or configurational tunneling, is involved in the lattice
transition.

In conclusion, we have observed highly reproducible random
tel egraph signals in small gate-area pMOS transi stors at tenperatures
down to 77 K VW find both capture and emission tines to depend
strongly on tenperature (i.e., thermally activated) while only the
capture time varies strongly with gate voltage. W conclude that the
unoccupi ed trap is charged, and suggest a nodel involving lattice
rel axation of the filled trap.

The authors would like to thank B. Miukhergee for help with some
nmeasurenents and one of us (JHS) expresses appreciation to C Rogers
and K Farner for useful conversations.
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