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Comments on “Noise Source Modeling for Cyclostationary rials and processes are not mature, leading to rather HF GR noise (up
Noise Analysis in Large-Signal Device Operation” to 1 GHz).

The local equivalent scheme with two modulations is necessary be-
cause at the circuit or system level, noise current/voltage sources are
used instead of population noise sources. The first modulation applies
to carrier population, whereas the second depends on the nature of the
convective current (drift or diffusion current) prevailing in the region
where the generation takes place.

Finally, the results of the research teams [2]-[5] question the com-
the impact of a large RF signal on the GR noise modulation. This work was monly used definition of the spot average noise factor when it is con-
published in two important scientific journals. More recently, two commu-  sidered as a degradation of a signal-to-noise ratio introduced by linear
nications were present_ed on this problem atthg 16th International Confer- system since it was demonstrated that the output noise power was de-
ence on Noise in Physical Systems and 1/f Noise by others research teamspending on the input level. It must be pointed out that the IEEE defini-

Second, we would like to discuss the “system model” applied to homoge- . . - . .
neous devices, presented in the discussed paper by Bonaal, whichwas ~ tion of the noise factor does not take into account the signal level, while

constituted by a white noise source driving a lowpass filter followed by a this signal with its genuine behaviors (amplitude, phase, envelope) is
HF modulator. always present in operating systems. Incidentally, it is interesting to
fuIrh::rgﬁ;?dee:gflu;}f‘c%b:ﬁg‘e";)éﬂ'éir]“feiﬁ;“\zev\‘,’ve;i"t"k?:%igfeezggrc;g note that a similar (but not strictly identical) problem was discussed in
mir¥g from a linear electrigagll two-port, which was classically viewed as a the 1960?' It was .further pointed out that the noise f'.gure Of low-noise
simple degradation of the signal-to-noise ratio introduced by the circuit. ~ Parametric amplifiers turns out to be a function of the input signal level.

These works of [2]-[5] are alerting the RF community to the fact that
refined models of semiconductor devices might be necessary in order
to determine accurately the noise performance of nonlinear circuits.

In the above letter, [1] the authors showed, using a drift-diffusion
modeling, that the generation-recombination (GR) noise sources in-
side a semiconductor medium could be modulated at the rate of the ) )
applied quasiperiodic high-frequency (HF) signals. Then, they derivedT "€ GR noise sources of a homogeneous semiconductor were mod-
a “system model” including a white noise source driving a lowpagded using two different approaches: The first one was based on Monte-
filter followed by a HF modulator. Finally, the authors concluded thdgarlo simulation [2], whereas the second used drift-diffusion simula-
despite the GR process exhibiting a much longer time constant, th§68- Both models showed that the noise current sources were modu-
sources could be surprisingly modulated by the HF signal. This effd@fed by an HF signal. These works showed that the GR sources were
leads to the existence of local noise current sources, which were d&insposed into sidebands of the HF signal components giving rise to
ored and cyclostationary. cyclosta.tionary local noise current sources. As an exten;ion of these

We are in agreement with these general conclusions, which are d&8Ults, it could be expected that the fundamenhtélocal noise cur-
roborating our own previous results [2], [3] carried out based on Monti&nt sources created by random quct_uatlons of the low field mobility
Carlo analysis. could be also modulated by the HF signal. Indeed, the product of the

Besides, we would like to stress that a proper “system model” sul@yv-frequency mobility fluctuations by the applied HF electric field
as described by Bonasgt al. does require the implementation of twoshould give rise to HF velocity sidebands, leading to cyclostationary
modulations of the local current sources, as shown in (16) of the dl@¢al noise current sources. . ] ) .
cussed paper, instead of a unique one, which applies only to the carriefhe understanding of the modulation of primary noise sources is
population. A first modulation would be applied to the fluctuating catherefore crucial in order to explain the noise performance of large
rier densitysn (t) since the GR process is a function of the total electriignal amplifiers, mixers, and oscillators.
field (DC + HF) present in the sample, whereas the second modulation
would modulate the carrier velocity, which is also a function of this total REFERENCES
electric field. In homogeneous semiconductors, the carrier velocity ism F. Bonani, S Donati, and G. Ghione, “Noise Source Modeling for Cy-
the main parameter that could be modulated by the HF signal. Indeed, = clostationary Noise Analysis in Large-Signal Device OperatitBEE
the carrier density is modulated very little by the HF signal due to the  Trans. Electron Devicesol. 49, pp. 1640-1647, Sept. 2002.
lowpass nature of the random generation. [2] S.Perez, T. Gonzalez, S. L. Delage, and J. Obregon, “Microscopic anal-

Nevertheless, the modulation of the fluctuating carrier density could ysis of generation-recombination noise in semiconductors under DC and

S. L. Delage and J. Obregon

Abstract—We want to comment on a recent paper by Bonanét al.on the
noise source modeling in devices driven in large-signal conditions.

First, we would like to remind the readers that pioneering work was pre-
viously carried out based on Monte Carlo analysis together with a study of

|. DISCUSSION

Il. CONCLUSION

" - A ; . time-varying electric fields,J. Appl. Phys.vol. 88, no. 2, pp. 800-807,
become important if the frequencies of the applied signals are close to
the cut-off frequency of the GR process. This could be quite important[3]
for new semiconductor devices under development, where both mate-
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quency devices,” ifProc. 16th Int. Conf. Noise Physical Syktf Noise

G. Bosman, Ed. Gainesville, FL, Oct. 22-25, 2001, pp. 653-658.

J. E. Sanchez, G. Bosman, and M. E. Law, “Simulation of generation-re-
combination noise of resistor and junctions under periodic large-signal
steady-state conditions,” iRroc. 16th Int. Conf. Noise Physical Syst.
1/f Noise G. Bosman, Ed. Gainesville, FL, Oct. 22-25, 2001, pp.
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Author’'s Reply [5] J. E. Sanchez, G. Bosman, and M. E. Law, “Simulation of gener-
ation-recombination noise of resistor and junctions under periodic
F. Bonani, S. Donati Guerrieri, and G. Ghione large-signal steady-state conditions, Rroc. Int. Conf. Noise Physical

Syst. 1/f NoiseG. Bosman, Ed., Oct. 2001, pp. 645-648.
[6] F.Bonani, S. Donati Guerrieri, G. Ghione, and M. Pirola, “A TCAD ap-

. . L proach to the physics-based modeling of frequency conversion and noise

In the above paper [1], we presented a discussion on modelingissues  in semiconductor devices under large-signal forced operatiGEE
concerning generation-recombination (GR) noise source simulationin  Trans. Electron Devicesol. ED-48, pp. 966-977, May 2001.
both physics-based (PB) and compact device modeling making use of?] F. Bonani and G. Ghione, “Generation-recombination noise modeling
a full bipolar drift-diffusion model. The main goal was to describe in in semiconductor devices through population or approximate equiv-

. . . alent current density fluctuations3olid-State Electron.vol. 43, pp.
a systematic way the system-level techniques used for generating cy- 5g5 295 Feb. 1999.
clostationary noise sources (originally devised for circuit-level models) [8] F. Bonani, S. Donati Guerrieri, and G. Ghione, “Compact modeling of
starting from available expressions valid in stationary conditions, and  cyclostationary noise in semiconductor devices: A critical discussion,”
using PB models as a validation tool. We considered in particular GR i [EDM Tech. Dig, Dec. 2002, pp. 133-136.
noise because it can be modeled either through fundamental, white sta-
tionary sources, or by meansayproximatelorentzian current density
fluctuations, typically used for monopolar simulations [2].

First of all, we would like to apologize for overlooking some works
of the authors [3], [4], of which we were not aware of at the time of
writing our paper. In those, the authors (in cooperation with othersf>0rrection to “Analysis of CMOS Photodiodes—Part Il
presented a Monte Carlo analysis of GR noise, approximated as tran- Lateral Photoresponse”
sitions between conduction band and a trap level, under the effect of
time-varying electric fields in a homogenous sample. As stated in the
comment, the results of the two groups are in agreement, though in
[3,4] only the diagonal elements of the noise sideband correlation ma-
trix are considered. . . .

Furthermore, we would like to point out that the two system mode] ppl)gatrheed a.?ﬁgigﬁgg ﬂ[élr:?sIgﬁg\r/\rlﬁcgsvgﬁéwsm Fig. 1(2) and (b)
(FM and MF as defined in [1]) yield different results only if the ap- " g -
proximate, lorentzian microscopic GR sources in terms of current den-p
sity fluctuations are employed, since using fundamental sources [1]
[5], [6] no ambiguity arises (at least in the RF/microwave frequency
range), due to their white stationary spectrum. The lorentzian source: W
make sense only if diffusion current is neglected and, even if this as-
sumption holds, are in full agreement with fundamental sources only :
for strictly homogenous samples (see [7] for a discussion).

As a final remark, recent results [8] have shown that, at circuit level, |
inthe case of pn junction diodes GR noise is better described by makin i ———————""; "
use of the MF system approach instead of the FM scheme, in marke:
contrast with the result obtained for homogeneous resistors [1], [3],F
[4]. This indicates that cyclostationary noise simulation is extremely

sensitive to the physical origin of fluctuations and to the very device

Ji Soo Lee, Richard I. Hornsegenior Member, IEEEand
David Renshaw
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(b)
structure in which they occur, thus suggesting to make use of whitegjg 1. (a) Micrograph of the fabricated linear phtodiode array, and

stationary sources whenever possible. (b) an illustration of the layout. Each array consisted of nearly 100
30 #m x5 puym nt — p.,:; Photodiode strips connected in parallel. A
REFERENCES guard structure was used to prevent collection of stray photocarriers
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