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We have characterized the radio frequefiéy noise in highk Al,O; and AITiO, gate dielectrics, which have respective effective

oxide thicknes§EOT) of 17.2 and 12.5 A. The measured noise figure in gate dielectric is material dependent and sensitive to
dielectric defect after stress. Although the higidTiO, gate dielectric has lower EOT, it has a higher noise figure than others.
From the simulation in our proposed equivalent circuit model, the dominant noise is thermal noise and the reason for increasing
noise figure after stress is due to additional parallel resistance by trap-assisted tunneling.
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One important direction of next generation metal-oxide semicon-associated gain were measured by an ATN-NP5B noise parameter
ductor field effect transistordMOSFETSs)is the replacement of ther-  extraction system up to 6 GHz that covers the most important fre-
mal oxide with highk dielectrics. However, the scaling of comple- quency band for wireless communication.
mentary metal oxide semiconducto(€MOS) has resulted in a
strong improvement in the radio frequengy) characteristics that
causes Si-based CMOS devices currently to be used in rf front-end Results and Discussion
integrated circuitgICs) for wireless communication applications.
Unfortunately, in spite of the fast progress and good achievement i
high-k gate dielectri¢* there is no rf performance of highgate
dielectric reported so far. Among various rf performance character
istics, rf noise is one of the important factors for Si MOSFETs
because noise is the key characteristic for some rf circuits, such
low-noise amplifiers in rf receive In addition to channel thermal
noise, it is suspected that the noise originating from the large gat
leakage current in either conventional $i@r high-kgate dielectric
may be a serious concern in the noise performance of MOSFETS. |
this paper, we have characterized the rf performances of kigh-
Al,0; and AIT'QK capacitors and compared W'.th thermal §10’hg . acteristics of various gate dielectrics and the current density change
measured noise figure is dependent on material and very sensitive A J) aft tant volt A tivelv. The leak t
the existing dielectric defects and stress-induced defects. Fro )a.l er constant voltage stress, respectively. 1he leakage curren
analysis using an equivalent circuit model, the noise source is therQT AITIO, at the bias voltage Of, 1V IS about three orders of mag-
mal noise and the stress effect generates additional shunt resistanfgude less than Othat of conventional Sié the same EOT reported
in parallel with capacitor that increases the thermal noise. Thereforeln the literaturel® The relatively larger leakage current in AITO
achieving good rf noise characteristics is another important considthan ALO; may be due to both smaller bandgaand weaker bond-
eration for choosing suitable highdielectric materials. related higher defects in Ti-©However, the lower EOT can be

obtained for AITiQ due to the higher dielectric constant, even

We have first measured the low-frequency characteristics of
"high-k AITIO, and ALOs. Figure 1 shows the capacitance-voltage
(C-V) characteristics of different dielectric capacitors. The flat C-V
characteristics with little capacitance change are due to the highly
doped ri-Si bottom transmission line and the large threshold volt-
a§1ge. The EOT of 12.5 and 17.2 A are obtained from directly calcu-
lating the measured capacitance values without quantum corré&ction.
he calculateck values of 15 and 9 are obtained for AlTi@nd
hM ,03, respectively. Thus, adding Ti-O into Al-O gate dielectric can
effectively increase th& value.

Figure 2a and b shows the current densiyvoltage(J-V) char-

Experimental

High-k Al,O3 and AITiO, capacitors with coplanar transmission
lines”® fabricated on Si substrates are used for rf noise characteriza 4
tion. First, the A" Si bottom transmission line is formed. Then high-

—s— AITIO, EOT=12.5A
—e—ALO, EOT=17.2A

Al,O3 or AITiO, is formed by depositing Al or Ti/Al on HF-vapor "E —a—Si0

passivated Sifollowed by oxidation and annealing. A more detailed & 3 2

fabrication process of higk- Al,O; dielectric can be found ';"; Bk S S
elsewheré. It is found in our previous study that the self-limiting 8

oxidation mechanism is one of the important merits of@y for § 210 o0 0o 009 00 0 o9 000 ¢ o0 o
either reproducibility or uniformity control. The advantages of add- 5

ing Ti-O into Al,Os is to reduce effective oxide thicknedsOT) by % A A A 4 A A A s s A A A A A A A A A a
adding the very high-RiO, and at the same time preserve the slow © 14

oxygen diffusion through Al-O matrix. Negligible EOT reduction is
measured after 800°C annealing due to the Al-O related self-limiting
oxidation mechanism like §,. Finally, the Al top transmission i i . i
line is patterned to form the rf higk-capacitor. Standard two-port 2 -1 0 1 2
S-parameters and rf noise figures are measured and de-embedded 1 Voltage (V)

high-k capacitors and 0.18m MOSFETSs’® The noise figure and

Figure 1. C-V characteristics of the AD; and AITiO, gate capacitors mea-
sured at 100 kHz. Conventional 23 A Si@® also added for comparison. The
Z E-mail: achin@cc.nctu.edu.tw measured area is 20 20 pm.
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Figure 2. Stress-induced leakage current of the@y and AITiO, gate ca- )
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pacitors. Conventional SiOs also added for comparison. 1 2 3 4 5 6
(b) Frequency (GHz)
though the bandgap is smalférand the achieved EOT is smaller 3
than the stacked TiOSiN, gate dielectric. The larger increasing —a— stress
leakage current in AITIQ after stress also indicates the weaker | —e—fresh
bonding in Ti-O. This increase in stress-induced leakage current
(SILC) is caused by the generation of defects during stress that car . 2]
be further used for noise mechanism study. f_
To investigate the effect of stress on noise and identify the noisew
mechanism, we have further measured the rf noise of devices befor:
and after stress. Figures 3a-c shows the measured noise figure as
function of frequency for AITiIQ, Al,O;, and SiQ, respectively. 1
The noise figure in a fresh device increases as incredsifigm
SiO, to AITiO,. The ALO; shows the lowest noise figure increase )
after stress and the AlTiQs the worst. Therefore, from the rf noise 4
point of view, the A}O; gate dielectric performs better than 0 : . ' : g B ) ' |

AlTiO, . It is known that the Al-O bond energy is higher than Ti-O; 1 2 3 4 5 " 6
thus, the origin of noise after stress may be related to defect genera
tion and current fluctuation inside the gate dielectric.

We have further investigated the origin of noise. Since the stress o ) .
effect increases the leakage current by trap-assisted tunneling, thfagure 3. Noise figure spectra d&) AITiO,, (b) Al,O3, and(c) SiO, gate
shot noise may be responsible for the rf noise because it originate§2Pacttors.
from the random carrier injection through the energy barrier of the
gate dielectric. However, this is unlikely because the shot noise usu-
ally decreases rapidly as frequency increases into the gigahertgults were first obtained before optimizing the noise figure in the
regime!? We have used an equivalent circuit model to further un- model® We have also plotted the measured data for comparison. The
derstand the origin of noise. Figure 4 shows the proposed noisgood agreement between the measured and modeled noise figure
model for high-kcapacitors. This model contains a gate capacitor suggests the excellent accuracy of this model. Therefore, the origin
(C) in parallel with a resistofG), which is used to simulate the of rf noise in the high-kcapacitor is due to the loss-related thermal
leakage-current-related loss effect of the capacitor. Because theoise.

(c) Frequency (GHz)

stress increases the leakage current, additional resisi@)cés To understand the gate-oxide-related rf noise in MOSFETS, we

added to model the SILC effect. have also shown the measured and simulated minimum noise figure
Figure 5a-c shows the simulated noise figure using the physicallyfrom a multifingered 0.18m MOSFET in Fig. 6a and the equiva-

based equivalent circuit model for AITiQ Al,O;, and SiQ, re- lent circuit model is in Fig. 6b. The gate oxide for this device is

spectively, where the good matching of measured and modeled rezonventional Si@ and the thickness is 30 A. Close matching be-
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Figure 4. The proposed noise model for gate capacitors. 1 2 3 4 5 6
(a) Frequency (GHz)

= {gs

AAA,
VW
VW

—&— stress

—e— fresh

34 solid :measurement
open :simulation

ig Res | Romress icgs gaves id

Rs

NF (dB)

(b)

Figure 6. (a) Measured and simulated minimum noise figure for a multifin-
gered 0.18< 5 um MOSFET with 21 gate fingers in parallel, afid) the

noise model for(a). Additional gate noise is included in noise currgnfor
(@) Frequency (GHz) future high-kMgS)FETs. ’ i
4
—=a&— stress
1 —e—fresh
34 solid :measurement tween the measured and modeled noise figure indicates the good
o open :simulation accuracy of the noise model. However, by continuously scaling
E down the gate dielectric thickness or replacing by Higtielectric
Z 5. in the next generation CMOS technologies, significant thermal noise
from gate dielectric resistance {fRand resistance (e by SILC
effects will result in higher noise in MOSFETs according to the

transistor noise model. In the worst case, the gate dielectric noise
may contribute a large portion of total noise.

Conclusions

We have characterized the rf noise of higiMTiO, and ALO;
Frequency (GHz) gate dielectrics. The dominant noise source in gate capacitors is
(0) ALO thermal no_ise that increases after stress due to additional leakage-
23 related resistance by SILC effects.
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