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Figure 6 Computed group delay time for the 10 cells delay line device

applications in the terahertz spectra. Future works will address
realization and characterization of such a system and the microflu-
idic management operation.
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ABSTRACT: We have studied the electric stress effect on DC-RF per-
formance degradation of 64 gate fingers 0.18-um RF MOSFETs. The
fresh devices show good transistor’s DC to RF characteristics of small
sub-threshold swing of 85 mV/dec, large drive current (1,,,) of 500
MA/um, high unity-gain cut-off frequency (f,) of 47 GHz, and low mini-
mum noise figure (NF, ;) of 1.3 dB at 10 GHz. The hot carrier stress
Sfor 20% 1, ,, reduction causes DC g,, and r, degradation as well as the
lower RF current gain by 2.35 dB, {, reduction to 35.7 GHz, increasing
NF, i, to 1.7 dB at 10 GHz and poor output impedance matching.

© 2006 Wiley Periodicals, Inc. Microwave Opt Technol Lett 48:
1916-1919, 2006; Published online in Wiley InterScience (www.
interscience.wiley.com). DOI 10.1002/mop.21813

Key words: stress; I-V; current gain; S parameters; NF,,;,

1. INTRODUCTION

The sub-micron Si MOSFETs [1-8] have been widely used for
wireless communication due to the relative low cost, high integra-
tion capability with base band, and reasonable good RF noise and
gain performance. However, the degradation of RF performance
for Si MOSFETSs under the continuous operation is a key issue for
RF ICs [1-4]. The degradation is more severe for RF ICs than
digital and analog counterparts due to the tight circuit requirements
on impedance matching, low RF noise, and high gain [7]. There-
fore, it is necessary to understand the transistor’s RF performance
degradation and its relation to DC case under continuous operation
and stress condition. In this study, we have first stressed the
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Figure 1 Measured (a) I;—V, and (b) r,—V, curves of the 64 gate fingers
0.18-wm RF MOSFETSs under hot carrier stress from 0 to 5000 s

0.18-um MOSFETs to give a ~20% reduction in drive current
(equivalent to 12.5 years continuous operation at 1.8 V). Signifi-
cant RF performance degradation was measured: at 10 GHz, the
low minimum noise figure (NF, ;) increases by 0.4—0.5 dB and
H,, % decreases by 2.35 dB. The S,, change was also found that
will cause impedance mismatch and gain reduction in RF IC. Such
S,, change is due to the unavoidable reduction of output imped-
ance (r,) after stress. From the analysis of derived NF,,;,, equation
[5], the increasing NF, ;,, after stress is mainly due to the decreased
unity-gain cut-off frequency (f,) from 47 to 35.7 GHz. These RF
performance degradations under continuous stress operation
should be considered during circuit design.

2. DESIGN AND FABRICATION

To reduce the gate-resistance generated, thermal noise at RF
regime, 64 parallel gate-fingers 0.18-um nMOSFETSs with 2.5 um
finger width were used in this study [5-8]. The devices were
fabricated in an IC foundry on the VLSI-standard low resistivity
(10 Q cm) Si substrate. To screen out the RF noise generation from
the low resistivity substrate network [8, 9], a microstrip transmis-
sion line layout was designed instead of a conventional coplanar
waveguide (CPW) structure [8]. The fabricated 64 gate fingers
0.18-pum MOSFETs were then stressed at Vy, = 3 Vand V,, = 1.5
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V [10, 11] from O to 5000 s. The fresh and stressed devices were
characterized by DC I-V, S-parameters, and NF_, measurements
to 18 GHz using HP4155C, HP8510C network analyzer, and
ATN-NP5B noise parameter system, respectively.

3. EXPERIMENTAL RESULTS AND DISCUSSION

Figure 1(a) shows the [,—V, characteristics of 64 gate fingers
0.18-pum MOSFETSs under V,, = 0.5, V4, = 1.5V stress from 0 to
5000 s. The I, degrades monotonically with increasing stress time
of the 0.18 um devices, which is due to the generation of interface
traps and decreased electron mobility [10, 11]. The stress condition
gives a 20% reduction of saturation drain current (/, ) after hot
carrier stress. In addition to the decreased drive current, the r,
shown in Figure 1(b), from the inverse derivative of I~V at
saturation region, is also reduced by 54%. Such decreased r, will
also decrease the RF voltage gain and cause output mismatch in a
circuit (shown in the S,, plot of Fig. 4).

Figure 2(a) shows the /;~V, characteristics of 64 gate fingers
0.18-um MOSFETS under the worse hot carrier stress condition of
Vis = 3 Vand V,, = 1.5 V stress from 0 to 5000 s. The small
sub-threshold swing (SS) of 85 mV/dec, large drive current of 500
MA/um, and small threshold voltage (V,;,) of 0.47 V indicate the
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Figure 2 Measured (a) [,-V, and (b) g,,—V, curves of the 64 gate fingers
0.18-uwm RF MOSFETs under hot carrier stress from 0 to 5000 s
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Figure 3 (a) Time dependence of I, and Vth degradation and (b) the
lifetime for 64 gate fingers 0.18-um RF MOSFETSs

good transistor’s DC characteristics. Both the V,;, and SS degrade
continuously with increasing stress time, which is consistent with
the 1,—V, degradation trend. Figure 2(b) shows the trans-conduc-
tance (g,,) versus V, plots before and after hot carrier stress. Such
g, degradation is also due to the mobility degradation by hot
carrier stress [10, 11], which was originated from the hot electron-
induced interface state and oxide charge near the drain side.

Figure 3(a) summarizes the time dependence of A/, ., /I ... and
AV /V,, of 64 gate fingers 0.18-um RF MOSFETs under hot
carrier stress of V,, = 0.5V, V4. = 1.5V from 0 to 5000 s. The
Iy and Vy, degradation with increasing stress time follows the
typical power laws (¢") and shown as a straight line in the log plot
of Aly /1y and AV, /V,,, versus stress time. Such stress gives
~20% degradation of both 1, ., and V,;,. To further investigate the
equivalent stress to continuous operation at 1.8 V, we have
stressed the 0.18-wm RF MOSFETs under different stress voltage.
Figure 3(b) shows the lifetime as a function of stress voltage,
where the lifetime is defined under the criteria of 20% I,
reduction. From the //V, extrapolation, the accelerated stress at V.
=12V, Vy = 1.5V for 5000 s is equivalent to a continuous 10
years operation at 1.81 V or 12.5 years operation at 1.8 V.
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Figure 4(a) shows the measured S-parameters of 64 gate fingers
0.18-um RF MOSFETs before and after hot carrier stress. The S,
and S,, only show slight degradation after hot carrier stress due to
the small change related to each capacitance. In contrast, signifi-
cant degradation of S,, (divided by 6 to fit in the Smith chart) and
S,, are observed after hot carrier stress. The degradation of S,,,
shown as a reduced output resistance in Smith chart, is consistent
with the decreased r,, in I~V characteristics, which will cause
output impedance mismatch of a circuit. The degraded S,, is due
to the decreased RF gain from the lower g, after stress. Such effect
can be seen clearer in the RF current gain (|H,,|*) as a function of
frequency plot shown in Figure 4(b). The (|H,,[?) of 64 gate fingers
0.18-um RF MOSFETs follows the typical —20 dB/dec slope
before and after stress, but the hot carrier stress lowers the (|H,,|*)
gain by 2.35 dB. Similar reduction of power gain (G,,,,,) by 2.0 dB
was also found after stress with little change in the —10 dB/dec
slope. After hot carrier stress, the f, extrapolated from the ( H,, ?)
curve decreases from 47 to 35.7 GHz. The f, degradation rate is

23% and close to the 1, ., degradation rate, which is mainly due to
the g,,, reduction.
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Figure 4 Measured (a) S-parameters and (b) RF current gain H,, > and
G hax as a function of frequency of 64 gate fingers 0.18-um RF MOSFETs
before and after hot carrier stress
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Figure 5 Measured and calculated NF, ;, of 64 gate fingers 0.18-um RF
MOSFETs before and after hot carrier stress

Figure 5 shows the NF, ;. as a function of frequency of 64 gate
fingers 0.18-um RF MOSFETS before and after hot carrier stress.
At 10 GHz, useful for ultra-wide band (3.1-10.6 GHz) communi-
cation, the hot carrier stress increases NF,;, from 1.3 to 1.7 dB,
which is significant for low noise amplifier. Such increase of
NF,,;, is mainly due to the decreased f, by following equation [7]:

NFmin =1+ 27(1 + ngg/’y)l/zﬂﬁ' (1)

The vy is the drain current noise correlation factor, which has an
ideal value of 0.67 [12]. By inserting the measured g,, and f, in
above equation with y keeping constant to be 0.7, good agreement
between measured and calculated NF,;, is obtained for the 0.18
um devices before and after hot carrier stress (see Fig. 5). Al-
though the stress also causes the decreased g, the g,,R,/7y term in
NF,,;, equation is smaller than 1 and less significant than the f,
reduction.

4. CONCLUSION

We have investigated the hot carrier stress effect to the DC and RF
performance degradation of 64 gate fingers 0.18-um RF MOS-
FETs. Under a failure criteria of 20% I ., reduction after stress,
the DC g, and r, are also degraded. The stress causes RF current
gain and f, decreases and increases the undesired NF,,, with
poorer output impedance matching. All these effects should be
considered during RF circuit design.
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ABSTRACT: Method of designing a modified Chebyshev bandpass fil-
ter with controllable transmission zeros in the stopband is described. A
novel compact structure of this kind of filter with a transmission zero
located at higher stopband for LTCC implementation is proposed. The
filter has promising potential applications in miniaturized wireless com-
munication systems. © 2006 Wiley Periodicals, Inc. Microwave Opt
Technol Lett 48: 1919-1922, 2006; Published online in Wiley Inter-
Science (www.interscience.wiley.com). DOI 10.1002/mop.21814

Key words: bandpass filter; LTCC; transmission zero

1. INTRODUCTION

The emerging applications of personal communication networks,
wireless local networks, satellite communications, and automotive
electronics provide the impetus for the wireless electronics thrust.
Small-size components of wireless communication module are
extensively studied because the need for a small apparatus is
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