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Frequency-Dependent Capacitance Reduction in
High-%£ AITIO ;. and AbO4 Gate Dielectrics From IF
to RF Frequency Range
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Abstract—We have characterized the capacitance and loss tan- Il. EXPERIMENTAL
gent for high-k Al.O3 and AITiO ., gate dielectrics from IF (100 . . . . .
KHz) to RF (20 GHz) frequency range. Nearly the same rate of ~ 1he MOS capacitors were fabricated using a 4-in p-type Si
capacitance reduction as Si@ was demonstrated individually by ~wafer with its resistivity value ranging from 5-1Bcm. Wafers
the proposed AL O; and AITIO , gate dielectrics as frequency was were passivated by HF vapor first, and then deposited with Al
increased. Moreover, both dielectrics preserve the highek better or Ti/Al bi-layer (thickness of bilayer- 1:1) separately in a

than SiO, from 100 KHz to 20 GHz. These results suggest thatboth . . . .
Al O3 and AlTiO .. are suitable for next generation MOSFET ap- high vacuum chamber [9]. By directly oxidizing Al or Ti/Al

plication into RF frequency regime. bi-layer wafers in a furnace, then followed by high tempera-
Index Terms—Dielectric constant, frequency dependence, high ™"® annealing, hight-Al2 05 or AITIO,, film was obtained, re-
k, loss tangent, RF. spectively, [4]. In consideration of RF characterization, high-

Al,03 and AlTiO,, dielectrics with coplanar transmission lines
[6]-[8] were fabricated on Si where the lower transmission line
was patterned byhSi. The motivation of utilizing AITiQ. is to

|. INTRODUCTION increasé: and to achieve low equivalent-oxide thickness (EOT).

. . In addition, it also preserves the merit of slow oxygen diffusion
N SPITE of the fast progress of conforming to higfgate through Al-O matrix to achieve the low EOT, similar tg;Si;.

dielectrics [1]_.[4]’ Very few I|tgraturgs have reported RF peifinally, Alis used for both top capacitor electrode and transmis-
formance employing higt-gate dielectrics so far. However, the

current operation speed of microprocessor is alreatly/GHz. sion line with the device area being A x 20um. The ALOs

. - and AITiO,, capacitors were measured using an HP4284A pre-
Among various characteristics due to RF performance, the fre-. .

. . L ision LCR meter at 100 KHz to 1 MHz, while th&-param-
quency-dependent dielectric constant at RF regime is one of the

. Lo etérs were measured by an HP8510C network analyzer at 200
most important factors because preserving its Higrature at y Y

high frequencies is a fundamental requirement and a major %Adlﬂ t0 20 GHz. The reason why-parameters are used is due

vantage compared with SiOln reality, the frequency-depen- 0 the fact that the usage ®¥- or Z-parameters cannot provide

. . S us alternatives in measuring complete shorts or opens at high
dent capacitance reduction of highSi;N4 has been reported.frequencies [10]. Therefore-parameters measured from the

S.t'"‘ the_ operation frequency is not_h|gh enoughto gssurelmg RF equipments are presented in the Smith chart, which is also a

dielectrics to be used for RF application [5]. In this paper, we : .
. ) . eneral representation 6fparameters, as reported in [6]-[8],

have investigated the frequency-dependent capacitance re f]

tion of Al 03 and AITiO,, ranging from Intermediate Frequenc ’

(IF) (100 KHz) to RF (20 GHz). It was revealed that&l; and

AITiO , gate dielectrics displayed nearly the same degradation _ _ _

rate of capacitance reduction as $i@ith the increment of fre- ~ We have first measured the low-frequency capacitance. Fig. 1

guency, and preserved h|ghérqua||ty better than Si@Qover depicts theC-V characteristics of capacitors with different di-

the entire measurement frequencies. These results proved @iggtrics at frequency of 100 KHz and 1 MHz. The flat ca-

the proposed application of highAl,O5; and AlTIiO, into RF  pacitance—voltag&{-V’) characteristics with small capacitance

regime was a successful one. change are caused by the highly dopédSi transmission line.
Meanwhile, the EOT values are calculated to be 12.5and 17.2 A
for AITiO , and AkLOs without considering quantum correction
factors fromkeg A/C, by means of which it can be reused to ob-
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Fig. 1. C-V characteristics of the ADs; and AITiO,, capacitors measured at
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Fig. 2. Equivalent circuit model for capacitor simulation at RF regime.

To further determine the capacitance at RF frequency, we
have first established the equivalent circuit model for capaci-
tance extraction. As shown in Fig. 2, the shahand are the
basic equivalent models for higheapacitor and small seriés
and L represent the parasitic resistance and inductance in the
coplanar transmission line. Notice that the shtirg originated
from the gate dielectric leakage current. In other words, the gate
dielectric having higher leakage current will produce larger loss
tangent and power dissipation.

Fig. 3(a)—(c) illustrate the measured and simulatega-
rameters of AITiQ, Al>Os, and SiQ capacitors, respectively.

A good match between measured and simulated data over
the wide frequency range suggests that the equivalent circuit
model in Fig. 2 is suitable and reliable for capacitor extraction. (©
Notably, as the frequency is increased, the property of circuit
could change from capacitive to inductive resulting from thEgz
formation of parasitic inductance. For this reason, we have also
used Nqust diagram [12] to study the Stab'“t.y ISSUes fpr gaﬁ?gh RF performance can also be evidenced from the very
capacitors. Deep supm (0.18,:m) MOSFET with gate width
. . .|(%W loss tangent even at a large gate electrode area of 400

of 400 ym was fabricated and analyzed using the Nyquist , ] . :

. : o . Although the loss tangent increases with decreasing EOT
diagram to demonstrate that these devices are uncondition 8/ ) i )

. : . - fram SiO, to AITIO,, those values of loss tangent are still low
stable in passive capacitor at all frequencies due to the foIIome L
i i . o .enough to be used for RF application [16].

three main reasons: no gain (not an amplifier) [13], no negative
resistance [14], and input and output resistandg[15].

Fig. 4(a) and (b) demonstrate the frequency-dependent
capacitance reduction and the loss tangent for various gaté&Ve have characterized the capacitance and loss tangent of
dielectrics, respectively. Comparable capacitance reductionhigh-k AITiO ., and ALO3 gate dielectrics up to 20 GHz. Mean-
high-% AITiO, and ALO3; with SiO, can be obtained, sug-while, a comparable reduction of capacitance is also obtained
gesting that AITiIQ and AL O3 are two appropriate candidatedrom our proposed dielectric films (high-AITiO , and ALO3)
to replace Si@ to be the next generation gate dielectrics. That high frequencies, similar to S}OIn summary, these two

Sio,
measurement
—n— 8§11
—e—8§21
simulation

. 3. Measured and simulated scattering parameters of (a) AIT{D)
O3, and (c) SiQ capacitors.

IV. CONCLUSION
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Fig. 4. (a) Frequency-dependent capacitance and (b) loss tangent for,AITIO [13]
Al O, and SiQ gate dielectrics.
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