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Abstract. A link between Bias Temperature Stress (BTS, NBTI) and flicker noise (1/f-noise) is
explored by comparing flicker noise data to charge pumping data. Large-area devices are shown to
initially have very low, bias independent normalized flicker noise. After BTS the normalized noise
iiicreases considerably and becomes gate bias dependent. Small-area devices are shown to exhibit

Iitas dependent burst noise (RTS) in addition to flicker noise, regardless of BTS.
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INTRODUCTION

When subjected to strong-inversion bias and high temperatures, the drain current of
MOSFETS degrades, a phenomenon known as Bias Temperature stress (BTS). The drain
inrent degradation is often described as an increase of the threshold voltage, but other
iatimeters, foremost the carrier mobility and the sub-threshold slope, degrade as well.
ilie exact physical mechanism responsible for BTS are still controversial, but there is
snple evidence that both interface states, possibly created by breaking the bonds of

jsivating hydrogen [1], and oxide traps play a role [2].

Since flicker noise has been used as a diagnostic tool in various places before [3, 4],
w conducted a series of flicker noise measurements on MOSFETs that previously
cwperienced BTS degradation. To assess the amount of degradation, the increase in
wierface state density was monitored using charge pumping measurements [5].

METHODOLOGY

ilie devices measured were pMOSFETSs with W /L = 50um/10pum and fox = 30nm. We
dudied three wafers that differed only in the back-end-of-line processing, described in
[ One process variant resulted in a high initial interface trap density Njo, but showed
+ comparatively low increase ANj; after BTS; this wafer is referred to as wafer A. Wafer
it lind both medium initial interface traps and medium increase of traps after BTS. The
it wafer (C) exhibited a high ANy, resulting in the highest post-stress interface state
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FIGURE 1. Noise spectrum of a large-area MOSFET (wafer C) biased at Vo = —1.54V heluie il

FIGURE 2. Noi
after BTS and respective least-squares fits. The crosses show the background noise (I3 = 0).
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density, despite the fact that this wafer’s initial interface state density was lowes(. (i1 the time domain.
every wafer at least two neighbouring devices were measured using constant-haseleve

charge pumping at 2MHz [7]. Next, on every wafer one device was stressed for 1)

. . 1N
at Vgs = —17.5V and 175°C, and charge pumping was done again immediatcly i the' channe
resistance at Vj,
release of stress.
. . . . , from the SPICE
Then, noise measurements were performed in the linear region of the MOSIT i

(|Vas| < 0.3V) at gate voltages Vgs = —1.54V,-3.07V,—4.59V. Figure | depicts il
spectra for a fresh and a stressed device at weak inversion. Although the bias poini i
approximately the same, the noise power density is tenfold for the stressed device, ' i
to the noise measurements, the I;(Vgs)-characteristic of a fresh device was measiiiel
and the SPICE level-1 model was fitted yielding the parameters V; = —0.95V, /i
1.23x107*A/V?, and 6 = 0.128 V1.

In addition to the large-area transistors, small-area transistors with W //
2.4pm/2.6um were examined. Figure 2 shows that with these devices the nofu |
not conveniently described by a pure 1/f-dependence. Because of the smaller niil and stressed de
of free carriers the Lorentzians of distinct traps may be visible, and their superponiiii Since the co
yields 1/ f¥-noise with y appreciably deviating from unity, as predicted by the criterion mobility g, ass
N <1/(4mex) in [8].
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Care was taken to verify a 1/f-dependence of Sy, around fp, which was the case
all large-area transistors. Assuming a homogeneous channel, the number of carricis i
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FIGURE 2. Noise spectra of small-area MOSFETs (unstressed) for different biases. The spectra clearly
deviate from the 1/ f-form: One can partly be fitted with a much higher slope, thus more resembling a
1/ f2-spectrum. The other one can be fitted by a superposition of a ‘true’ 1 / f-component and a Lorentzian.
This situation is characteristic for the presence of a single dominant trap. These traps were also visible in
the time domain.

the channel N was obtained via N = L? /(1qrgs), where rgq is the (measured) channel
resistance at Vs ~ 0, ¢ the elementary charge, and the carrier mobility y was calculated

from the SPICE model parameter 3.

RESULTS

The fresh devices showed very low « values around 10~ that were only weakly depen-
dent on the gate voltage. The values were quite similar for all three wafers. The stressed
devices exhibited considerably higher noise power, corresponding to higher « values,
that moreover turned out to be bias dependent: For weak inversion, ¢ of the stressed
devices was up to ten times the value of the fresh ones, where at strong inversion fresh
and stressed devices had comparable o values, cf. Figure 3.

Since the conductivity is proportional to the product of carrier number N and carrier
mobility u, assuming that both N and p fluctuate independently allows to split o =
oy + oy. In a first order approximation, mobility reduction and parasitic resistances
are negligible, hence o, is independent of gate bias. It seems likely that the unstressed
(fresh) devices just show this kind of flicker noise, i.e. of = 0, which is a bulk noise
effect. Continuing with this interpretation, for stressed devices oy = & — 0y = O — O =
A« is the flicker noise component due to carrier number fluctuations. According to the
McWhorter theory, oy o< 1/V;", as nicely confirmed by Figure 3.
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FIGURE 3. Left: Dependence of calculated o values on the effective gate voltage (empty symbols
fresh devices; solid symbols: stressed devices). Right: Increase of o due to BTS, and least squares it (0
the data, indicating At o< 1/V;.

CONCLUSIONS

The low-frequency noise behaviour of large-area pMOSFETs subjected to bias tempet

ature stress was investigated. Unstressed devices showed very low and gate bias inde

pendent o values around 107°, pointing to a bulk origin for the flicker noise in these
devices. After BTS, the devices showed considerably increased, gate bias dependent
values, indicating that in competition with the bulk mobility noise, a surface-provoked
noise component of the McWhorter type emerges.
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