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Microware noise in semiconducior devices

by H. L. Hartnagel, R, Katilivs, and A. Matulionis,
XVIIl+ 293 pages, John Wiley & Sons, Mew York 2001

Electric Muctoations (electric moise) are irregular lemporary de-
wiations of observables - carrent, voltage, resistance, frequency,
ete. = from their averages. The Muoctuations resalt from discrete
mature of charge carriers and their chaotic motion. Moise is com-
momly viewed as the limiting fctor of device performance. How-
ever, there is also another aspect, wow fully realived and widely
exploited. Fluctustions of moecmosropic observables result from il
crofeopic rendom processes. Every source of Mucluations is asso-
ciated with some microscopic mechanism sccompanied by dis-
sipation, Measuring Muctuations sut of equifbrium, where the Ny-
quist theorem does not work, provides the researcher with mew
imiormation about the system - pew as compared to that available
from measuring sverage values of the observables and responses
o external perturbations. Interpretation of experimental results
on motse in terma of microscopic theory allows one to discuss
microscopic origin of the associaled fluctuations, helps to con-
tral the noise, puggests posalble ways for elimination of the domi-
nant soarces of noise through improvement of material technal-
opy and circuit design.

Becsuse of thess - and many other - rexsans, it i a plaasore
for me to present to the readers of Frequenz the recent book on
phyzical backgrounds of Mochestions and noise in semiconductar
devices at microwave frequencies. The book presents the first sys-
temalic treatment of microwave [Muctuations in semiconductiors
and semiconductor structures under non-equilibrinm conditions.
The boak has resulted from a very close and fruitful collaboration
of experts in the seemingly differemt fields - a solid-stste theo-
risl, one of the sulhors of the contemparary kinetic (microsoop-
ic) theory of fluctuations in nen-equilibrium (B EL), an expert in
microwave noise in low-dimensional heterostructares of contem-
porary high-speed electronics (A. M), and an expert in advanced
semiconducior microwave engineering (H, L. H.).

The reader is led, smoathly enough, from the elaborated de-
seription of stochastic phenomena in semiconductors at high ap-
plied electric fields, through presentation of results of microwave
noTie measiudements in biased channels and interpretation of
these results on the basis of kinetic theory of Muctustions, towards
applications in micro- and nano-electronics. The noise sources

are resalved and ways to reduce them are revealed, Undque is the
physical comtent of the book. Correct and convincing reasoning
beads the reader from the very beginning io the victorbous end: to
a mather deep understanding of such non-irivial problems as ad-
ditional correlation in noo-equilibrium electron gas, possibililies
anid sdvantages of noise spectroscopy, discussion of high-speed
kow-noise operation in up-to-date devices, efc,

Mumerous illustrations (over 100} present in detail experimen-
tal data for semiconductor structures designed for ultrafast elec-
tronics, logether with the resalis of simulation based on the mi-
cropcopic theory, Examples include & transition from shot noise
1 hot-eleciron poise in forwand-biased planar-doped ﬂhda:_cu?-
rent flucteations due to real-space transfer of hot electrons be-
tween parallel two-dimensional electron gas channels, ransverss
resonant-tunneling trassfer of hot electrons, asd simulation of
noise performance of a high-glectron-mobility transistor al mil-
limeter-wave frequencics, among others. Tume constants of ultra-
fast kinetic processes resolved through microwsve noise experi-
ments are listed in the tables. The described approeches and os-
perimental technbques are of great interest for progress in recent
developments of wide-band-gap semiconductor devices and other
branches of sdvanced microwave electronbes.

The book consisis of 20 chaplers. It is worlhy Lo enumerals
them here. The kinetic theory of fuctuations and its corollaries
are systematically presented in chapters from 3 to 7: Kimetic theary

of hot-electron fTuctuntion spectra; a5 well as in chapters 11 and 15:
Hot-glectron molse in doped semiconductors (theary): Spatially inkomo-
gensous furtuntions.

In chapters from £ to 11, 13, and 14, microwave noise proper
lied ol clidsical semiconductons are described and intarpréted in
terms of the kimetic theory: Experimenns/ echmiques; Horelecrron
microware moise in elermemiary semiconductars; Foleleciron microware
noite @ Gads and fnF;: Lempth-dependent ot-sleciron moise; Elecironic
naise aad difficsion in standard-doped rdype Gads.

I.H-I.I:ll of experimental investigation of microwave noise in
! ional es and devices are presented and dis-
cussed in chapters from 15 to 18, and 200 Electromic sul-bands in
quaantum weily; fobelecmon notne in ANGoAsGads 2DEG chawaels;
Ho-glectron poise in InP-bated 2DEG chanmels; Cur-off frequemcies of
Jast and wltragian processes; Monde Carlo approach fo mricrowave nolse
i devices.

Prof. Lester F. Eastman
www.iitv.cornell.edu
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