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The impact of different gate dielectrics on the {mequency (LF) noise
behavior is investigated in UTBOX SOl nMOSFETSs. iam silicate
(HfSIO) devices are compared to silicon dioxideQipiones in terms of
low-frequency noise apart from the analysis of b&thnt and back-
channels. Despite the improvement of process dtapsbtaining good
dielectric layers, high-k devices have shown eledaturrent noise
spectral density due to the higher number of tralpieh also degrades the
front-channel mobility. Although the buried oxidB@X) of both wafers
is formed by thermal SiDthe strong electrostatic coupling between front
and back-channels has resulted in a worse noigerpemnce for high-k
devices even at the back interface.

Introduction

Ultra-Thin Buried Oxide (UTBOX) transistors haveosin attractive features for the sub-22nm
technology node, combining a strong electrostatigpting induced by front and back-channels
and, therefore working as a double gate device With possibility to control the threshold
voltage (%) through the back biasing (1-3). To improve thenwmity to short channel effects,
the UTBOX structure has been applied without thars®drain extensions also known as
Lightly Doped Drain (LDD) (4). The resulting struce called extensionless (or underlap)
transistors were, firstly, more used in three-disi@nal technology but, recently, it has also been
adopted in the planar version since shorteningchi@nel length has increased the influence of
the overlap regions as well as the horizontal gteéeld into the transistor active region (5,6).
Although these devices have presented improvechgesitold characteristics, so that they are
being extensively used for ultra-low power applimas, lately, they have also demonstrated a
superior behavior working as 1-Transistor Dynaman&m-Access Memory (1T-DRAMglls
(7,8). In this case, in order to avoid the leakageent through the gate oxide, high-k materials
have been used as the gate dielectric replacingcaneentional silicon dioxide (SEP (9).
Despite of the improvement obtained in terms ofediwic isolation, high-k materials based on
Hafnium result in a dielectric/silicon interface tiwidefects which compromise the device
performance. Therefore it becomes mandatory toauden layer of SiQ (ISSG) between the
high-k dielectric and the silicon interface. Oneywa evaluate the quality of the gate oxide
interface and to identify the traps in the depletimea of the transistors is through low frequency
noise measurements (10-12). Based on that, theoéithis work is to investigate the low
frequency noise performance of the conventional,Si@lectric and the high-k one using



UTBOX nMOSFETs which have been optimized forlT-DRAJI operation. Both front and
back-channels are correlated due to the chargdinguyetween the two interfaces.

Device Description

The 1pmx69nm (WxL) UTBOX FD SOl nMOSFETs have been preseesat imec on
300 mm wafers with a BOX d¢x) and silicon thicknessessit of about 18 and 6 nm,
respectively (dimensions obtained after the depimeessing). The two measured wafers differ
from each other only by the gate stack: a convaaticsilicon dielectric (5nm thermal
SiO+Poly) and a high-k one (1.5nm ISSG + 4.2nm HfSiGnm TiN + 2nm Si-cap). The
devices of both splits present no source/drainnsioas, i.e., the extensions below the ~15nm-
wide nitride-spacers are left undoped as well asctimnnel region as can be seen in figure 1.
Selective Epitaxial Growth (SEG) of the raised SedDrain was applied and Phosphorus-HDD
implantations are also performed in these wafeng qoise measurements have been performed
using the BTA system controlled by the NoisePrdveafe from ProPlus Design Solutions, Inc.
The devices have been measured at room tempegdarmg the vertical diameter of the wafer
and in linear operation 4=0.05V), with the front (\¥s) or the back-gate voltage §¥) stepped
from weak to strong inversion. The front-channelsaowas measured withg¥=0V and the
back-channel one atd¢=0V.

Front-channel oxide - tox

Source Silicon thickness - tg; Drain

Buried Oxide - BOX

Figure 1. Schematic representation of an extenssgriUTBOX transistor.

Results and Discussion

Figure 2 shows the front-channel low field mobiNtglues extracted from the Y-function
method (13) obtained for the different measured doe high-k and Si@wafers. The values
scatter around the average point of 6806ts for the SiQ split and 38ctfiVs for the high-k one,
underlining that conventional Sj@evices present a higher electron mobility withrasrease of
around 35%. It is also noticed that high-k tramsstsuffer from a higher variability along the
wafer diameter while for Sifdevices the spread is closer to the average value.
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Figure 2: Front-channel low field mobility for eadhansistor measured along the vertical
diameter of the wafer for high-k and Si€plits.

On the other hand, the mobility values extractemnfrthe back-channel is similar for
SiO, and high-k wafers, being around 5G¢ws and 60crflVs, respectively, what is consistent
to the similarity of both wafers in terms of the B@rocessing. The correlation between front
and back-channel mobilities can be observed inréigdi where a trend can be noticed in the
sense that a higher back-channel mobility impli¢sgher front-channel one, mainly for high-k
devices with a ratio of 2:1.
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Figure 3: Correlation of front and back-channel keld mobility for high-k and Si@splits.

The input-referred noise (§) power spectral density (PSD) has been analyz@bldy
for front and back-channels for high-k and piafers as presented in figure 4.
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Figure 4: Front and back-channgi:Sor high-k and Si@splits at 25 Hz.

As expected, a high-k dielectric results in a ddgdanoise performance due to the higher
number of traps present in these layers. Thevalues are about one order of magnitude higher
for the high-k wafer in both channels although tiprgsent, predominantly, 1/f noise while
excess generation-recombination (GR) Lorentziasenappears in some of the Si@ansistors,
indicating the occurrence of traps in the silicapdr. On the other hand, it was reported in (14)
that thinner silicon films suffer from the influemof the strong electrostatic coupling between
front and back-channels and a trap can induce entzoan PSD profile even occupying different
positions. The current-noise spectral density fonff and back-channels is presented in figures
5a and 5b, respectively, considering three sanfptesach dielectric at the same gate overdrive
voltage (MeT~0V).
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Figure 5: Front (a) and back-channel (b) curregenspectral density versus frequency for high-
k and SiQ splits, showing the occurrence of a Lorentzian R&@ne of the spectra.
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The similarity of the noise level at both interfade due to the coupling effect which
increases the influence from one interface to ttero High-k devices present current noise
levels at least one order of magnitude higher tharSiQ ones, even for the back-side where the
dielectric is equal for the two waferthe values change from 1.7x3%?%Hz for high-k to



6.4x10%?A%/Hz for the SiQ split at 25Hz, suggesting that the low frequenaiga of thin silicon
film devices will be predominantly affected by timost degraded interface. Because of that it is
difficult to determine the quality of the oxide e position of the traps in the case of very thin
silicon films. One can notice a Lorentzian spectinnone of the Si@devices that is normally
due to deep energy levels in the silicon film whicbrease the noise value about one order of
magnitude at low frequencies.

For the normalized spectral density{IB<°), represented in figures 6a and 6b, a plateau
can be observed in weak inversion followed by gpnog off at the threshold voltage and in
strong inversion, indicating that the 1/f noiseli® to carrier number fluctuations (15).

Drain Current [A] Drain current [A]
1.0E-07 1.0E-06 1.0E-05 1.0E-04 1.0E-07 1.0E-06 1.0E-05 1.0E-04
s . 1.0E05 2 . L 1.0E-05
High-k . @ : >
ig Front-channel 2 Back-channel E
/ a High-k s
L - LOE06 — - 1.0E-06 O
‘ tw |-
1.0E-07 8z 10E07§§
L 10607 & L 1.0E-
\‘} A A T = &
A X XX -
e o £ [aAsG :
v o [ 10E08 2 o *%e e ‘;06“ - 1.0E-08 =
5i0, A = b % £
Ag Z Sio, X °
1.0E-09 1.0e-09 Z

Figure 6: Front (a) and back-channel (b) normaligpdctral density versus drain current for
high-k and SiQwafers.

The values of & for front and back-channels are presented in Tebksed on thé/f-
like PSD, including the density of traps calculatexn the average of the,Svalues, according
to the equation 1.

Sor = g°KTN,,
FB = ., c~2 _
WLTCS a
(04 [1]
Table I. S,g at 25Hz and Y values for Si@and high-k wafers.
Sve [V¥/Hz] Density of Traps — N,
- 1
Channel Average Range [cm™eV7]
sio Front 1.4x10° 7.0x10' ~ 3.7x10%° 1.7x1d”
2 Back 1.0x1d 6.7x10%° ~ 2.9x10° 9.4x10°
) Front 1.9x10 1.0x10% ~ 3.7x10° 7.1x16°
High-k

Back 2.4x10 1.1x10% ~ 9.9x1¢° 2.2x10°8




Through the values presented in Table | it is fgmsdb notice the significant increase in
the number of traps at the front-channel of théntkiglevices, resulting in acNNoi ratio of
0.03 against 0.55 for the SiGplit. However, even the back-channel presentgatdd Ny
values, indicating an influence from the front-sidethe results due to the strong electrostatic
coupling effects.

Conclusions

In this paper we have shown a comparison betwedBQAX nMOSFETs with different
gate dielectrics based on the low frequency naisdyais. Hafnium silicate devices suffer from a
larger number of traps which is about two orders nodgnitude higher than for SiO
Consequently, the LF noise performance, predominamnsisting of 1/f noise, is worse for
high-k transistors whose front-channel mobilitydegraded by approximately 35%. Due to
charge coupling effects, front and back-channel® ltiemonstrated to be strongly correlated, so
that it is becoming difficult to perform an individl analyze of each interface. In spite of the
advances to improve the quality of high-k dieledrithe LF noise behavior has shown to be still
a challenge for future technologies.
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