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Abstract
CoSb-Si Schottky barrier diodes on an n-well and on a p-well/substrate are fabricated without a
guard ring in a 130-nm foundry CMOS process. The n and p-type diodes with an area of 16 x 0.32
x 0.32pum? achieve cut-off frequencies of ~1.5 and ~1.2 THz at 0-V bias, respectively. These are
the highest cut-off frequencies for Schottky diodes fabricated in foundry silicon processes. The
leakage currents at 1.0-V reverse bias vary between 0.4 to 10 nA for the n-type diodes. The break
down voltage for these diodes is around 15 V. It should be possible to use these in millimeter wave

and far infrared detection.
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l. Introduction

Schottky barrier diodes due to their high operating frequencies and low forward voltage drop
have been extensively studied and widely used [1],[2]. Their applications include RF signal recti-
fication/detection, mixing and imaging [3]-[5]. Schottky diodes with cut-off frequencies up to 1
THz have been demonstrated on high-resistivity silicon substrates by growing a thin Molecular
Beam Epitaxial layer on top of an‘rlayer [6],[7]. Schottky contacts have been realized by
directly contacting an n-well with Aluminum metallization [8]. Schottky barriers have also been
demonstrated by blocking fp" implantation in selected diffusion regions [9],[10]. Using the lat-
ter approach, this paper reports CgSi Schottky diodes with extrapolated cut-off frequencies of
~1.5/1.2 THz. This by far is the highest cut-off frequency for Schottky diodes realized in foundry
CMOS technologies. This work suggests new potential applications of CMOS technology in mil-
limeter wave and far infrared detection.

II. Device Design and Layout

A cross-section and a layout of n and p-type Schottky diodes are shown in Figs.1(a) and (b).
The ohmic contacts to the n/p-wells around the schottky contact form the second terminal. The
cut-off frequency o [2],[7] of Schottky diodes is given in Eq. (1).
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The series resistancis is due to the vertical resistandg,{, the resistance associated with the
well region under the shallow trench and well contd&f)( and the contact/metal resistan&g)(

The capacitance, is due the zero bias junction capacitance and parasitic interconnect capaci-
tance. The individual resistances and capacitances that conBjtanelC, are also shown in Fig.
1(a).

The series resistance is reduced by minimizing the space between the Schottky contdtt and n
p* diffusion regionsR; is further reduced by increasing th&/p" diffusion width and by having
multiple contacts on the diffusion regions. The metal connections to Schottky giddiffusions
are spaced wide apart (Opm) to reduce the sidewall parasitic capacitance. This is the key for
achieving the cut-off frequency higher than 1 THz using the 130-nm CMOS process. Because the

minimum diode areay) and metal-to-metal spacings of 8 metal layers can be small, the impact



of parasitic capacitance can be particularly great. The only controllable parameter in the design of
these diodes is the device cross-section &gaince all the other parameters are set by the pro-
cess. Simple analyses sh@yto be proportional té\s andRgto be roughly proportional tAS'0'5,
hence decreasing increases the cutoff frequency. Because of this, the Schottky contactgrea (
is set to the minimum contact diffusion area permitted by the process of 0.32 nm.zsz)ue to
this small diode area, even with the Opfn spacing, the metal-to-metal capacitance is ~25% of
the total capacitance.

To improve the power handling capability and measurement accuracy, 16 Schottky-cells are
connected in parallel. A straightforward computation [2],[11] predicted®@as ~7 fF andR is
~10Q for this array. It is important to limit the total capacitance value to make suréjfisisuf-
ficiently larger than the contact resistance of high frequency probe<)l-Phe structures were
configured for one-port measurements. The ground shielded bond pads [11]-[13] with a reduced
area of 50 x 541m2 and capacitance of 28 fF are used to increase the device capacitance to de-
embedded capacitance ratio once again to improve the measurement reliability. A short structure
and a dedicated open structure for each of the diodes are used to de-embed the parasitic capaci-
tances and resistances [11].

[ll. Measurement Results and Discussions

A. Junction Capacitance and Series Resistance Measurements/RF Characterization

The plots of extracteks andC, for the n and p-type devices from the measured one-port S-
parameters between 15 and 20 GHz using a Vector Network Analyzer (HP-8510C) are shown in
Figs. 2(a) and (b). The capacitances are relatively constant over the frequency range. The resis-
tances, however exhibit significant variations about a mean value. This is caused by the values of
resistances and capacitances being simultaneously small and the de-embed capacitance being
larger than the diode capacitance. The cut-off frequencies computed using Eg. (1) range between
1to 3 THz (~1.5 THz average) for the n-type diode, and between 1to 1.7 THz (~1.2 THz average)
for the p-type. The n-type diode has a highgg,sdue to slightly lower capacitance. This may be
due to the higher built-in potential of n-type devices. The plotk,qfs versus bias are shown in
Fig. 3. For both of the deviceg, odecreases with bias voltage due to the monotonic increase of

C, with bias. Surprisingly, the measured resistance and capacitance are in good agreement with



the simulated estimates. However, full 3-D EM simulations are needed to better understand partic-
ularly their behaviors at frequencies above 100 GHz.
B. I-V Measurements/DC Characterization

Fig. 4. shows the current density-voltage (J-V) curves for the n and p-type diodes. For both of
these diodes, the current increases by a decade for ~65-mV increase in forward bias which indi-
cates an ideality factor of 1.08. The barrier heights of these devices computed using the Richard-
son-Dushman equation for the thermionic current [2] are ~0.35 eV for the p-type and ~0.52 eV
for the n-type diodes. The turn-on voltages and forward knee currgpisafle ~0.4/0.3 V and ~1/
0.6 mA for the n and p-type structures, respectively. The reverse breakdown voltage is ~15 V for
both of the devices with an appreciable reverse leakage curreniAfat ~10.5 V for the n-type
and ~3 V for the p-type structures. The leakage current densities of n and p-type diodes at 1.0-V
reverse bias vary between 0.02 and 0.6 Alcand between 0.26 and 3.3 A/émespectively. The
actual leakage currents for the structures vary between 0.4 and 10 nA, and between 4.2 and 54 nA,
respectively, which are not terribly high. This indicates that a guard ring for reducing the leakage
current, which increases the capacitance and lowers the cutoff frequency may not be needed even
for the 0-V dc bias operation. A possible reason for this pleasant surprise is the use of §16Si
icon junctions.

IV. Conclusions

Both n and p-type Schottky barrier diodes with cut-off frequencies of over 1 THz are realized
in a 130-nm foundry CMOS process. No additional masks or modifications have been introduced
to fabricate these devices. The excellent reverse bias characteristics circumvents the need of hav-
ing guard ring structures to reduce the reverse leakage current. The high breakdown voltage sug-
gests a potential use of these devices also in high power switches. The high cut-off frequencies
indicate that these devices can very well be used for millimeter and infrared applications. This is
more so when the technology node scales towards 65-nm and beyond, where cut-off frequency is

expected to exceed 3 THz.
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Fig. 1, (a) A cross section and individual componentRgdndC,. (b) Layouts of n/p-type Schot-

tky barrier diode cells.

Fig. 2, (a) Rs and C,, vs. frequency for n-type diodes. (B and C, vs. frequency for p-type

diodes.

Fig. 3, Averagd o VS. bias voltage for n and p-type devices.

Fig. 4, Leakage current density vs. bias voltage for n and p-type diodes.
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