RFIT2007-IEEE International Workshop on Radio-Frequency Integration Technology, Dec. 9-11, 2007, Singapore Keynote

1-4244-1307-9/07/$25.00 ©2007 IEEE

—e— ft (GHz)
10000
Feature size
1000 (nm)
100 | /,/0/’
10 -
1
CoTN SP PR - SR VPN S S TG
D7 D O O O O O O N X
FFFEE S S S

Fig. 1. Approximate ft and feature size by ye8ouce:
Primarily various editions of the ITRS Roadmap).

As anextremely crude rule of thumb, the peak NMOS
ft for modern technologiess approximately 10THz-
nm/Lmin, so that the “practical” operating frequency is
very roughly 1THz-nm/Lmin. Initial proofs-of-concept
can debut at frequencies near ft (or more rigorously,
fmax, but these quantities agenerally within an octave
of each other, so we will use one as a proxy for the
other in this article). Practical commercialization can
then follow perhaps a couple of generations later. In



voltage, rather than of ¢hphase, is the final objective, on the signal path. Theffectiveness of this strategy is
perform an additional (nonlinear) phase modulationimited by factors such asdtattainable Q values for the
step, as shown in the rightost block of Fig. 4. resonating elements. An approach that considerably
Aside from its simplicity, the LTV model informs relaxes the design constraints, while simultaneously
design in important ways. Among other insights, theenabling broadband (not just high carrier-frequency)
LTV theory explicitly identifiesthe role that symmetry oOperation, is to distribute the total ESD capacitance
can play in suppressing eheffects of 1/f noise. In among several segments that collectively behave as a
principle, total suppression is possible, allowinglumped transmission line (see Fig. 6) [14]. At the
excellent  close-in  performance  despite  therelatively low frequencies comprising an ESD pulse, the
acknowledged inferiority ofthe devices’ 1/f noise Segments effectively merge and act as one large ESD
properties.  Although  perfect  suppression isProtection structure. At higfrequencies, the distributed
unsustainable in practice, usefully large reductions argature becomes evident, and the overall structure
readily obtained (see Fig. 5). behaves as a simple delay line. A demonstration
prototype shows >12kV HBM withstand over a
bandwidth exceeding 30GHz.

Fig. 6. Distributed ESD protection for broadband
circuits.

Fig. 5.  lllustration of symmetry’s effect on suppressing 1/f A dqrawback of this appach is the relatively large
noise upconversion. area consumed. However, it remains the highest-

) _ _performance ESD strategy yet demonstrated.
The phase noise performance of CMOS oscillators is

now fully competitive with many bipolar-based
oscillators, and generally superior to those realized in VI. POSSIBLEFUTURES

[lI-V technologies. None but the most optimistic The prevailing belief is that CMOS scaling will
imagined this possibility a decade ago. continue and transistors will keep getting faster for
about another decade or so (as in the extrapolations on
V. SOME PRACTICAL MATTERS ESD the right-hand part of Bi 1). This trend nicely
complements the widespread natural impulse to push
Demonstrating the ability of CMOS to provide low- pandwidths and datarates ever upward. A reasonable
noise amplifiers and oscillators at GHz frequencies in alyestion is whether there are compelling applications in
academic setting is one thing. Providing adequate ESkhese new frequency ranges for, unlike digital circuits,
protection  without impairing these hard-won gne myst additionally consider the propagation

achievements is quite another. Many cellphong, ,serties of the environment. As frequencies increase
manufacturers are beginning to require some front-enfhi™ e milimeter-wave bands, absorption and

circuits 1o evince '.ESD wﬁthstands of 10kv (HBM)' diffraction generally increase dramatically. For some
Needless to say, this requirement presents a significa P\ort-range high datarate dipptions (e.g., home HD

challenge. Conventional ESD structures (e.g. snap-bac[ eater interconnection), ammsmission at frequencies

clamps) are hard-pressed to provide adequate protection : :
without degrading performance at GHz frequenciescorreSpondmg to strong absorption peaks, such as that

Using diplexers to decouplsignal paths from ESD due to oxygen around 60GHz, is actually desirable, to
paths can ease the problem [12], but to date thiEEduce co-channeinterference. Covert inter-satellite

h h | KV with ommunication uses bands. with this same property to
22&:??33] as only demonstrated 3kV withstands aﬁeduce the probability of intercept by ground-based

To provide adequate protection forces the use of gavesdroppers.

structure with substantial capacitance. The diplexer AS frequencies increase even further, various
approach resonates this capacitance at sign&fSonances with the chemical bonds of a great many

frequencies to minimize the impact of the ESD structuréubstances of interest enable spectroscopic analysis with






