Effect of switched biasing on 1/fnoise and switched bias measurement to exhibit 6dB less noise than the steady

random teleg raph signals in deep-submicron state CQSEIS], a g:orrect_ion _factor is applieql: 6dB is s_,ubtract_ed from @he
MOSFETs raw noise reduction; this gives th_e net noise reducthn. This net noise
reduction comes from a change in the noise generation process in the
A.P. van der Wel, E.A.M. Klumperink and B. Nauta MOSFET.
25

Switched bias noise measurements on relatively large (gn).®-

channel MOSFETSs have been reported in the literature. Measurements @ oq | .

are presented on 0.2/0(4® n-channel MOSFETs the noise °

performance of which seems to be dominated by the effect of a small _§

number of interface states. Switched biasing is seen to influence the § 15 N

dynamic behaviour of these states, and reduce the noise of the devices. '§ .o
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Introduction: 1/f noise is an important problem in analogue circuits, and g .
may dominate over thermal noise at frequencies far into the MHz region 2 5| .
in current CMOS processes_ In many SitUatiOnS, t-hedlée I|m|tS the -8 3 ‘ AAAAAAAAAAAAAA ‘ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
noise performance of the analogue circuit. Sinéendise scales with f_; 0 PO SN
the inverse of the area of the device, newer, smaller devices make the N — ¢ . ‘ _____________________________________________
study of 1f noise ever more relevant. Commohridise reduction tech- T L ¢
nigues such as choppig] [1] or correlated double samplihg [2] reduce .
the effect of the 1hoise; the noise source itself is left alone. In contrast, . . |
switched biasing (switching between strong inversion and accumula- 010.6 105 104

tion) interferes with the physical noise generation process to reduce the

- . . gate-referred steady state voltage noise, V/Hz 172
low-frequency noise coming from the device T3, 4]. Othdrnbise

reduction techniques can only be applied in baseband, while switched
biasing might be used to reducérdise in RF systems, wherd tbise ) : : . . . ) .
is upconverted to appear as sidebands of the desired spggirum [5]. Fig. 2 Switched bias noise reduction against steady-state voltage noise

21 devices, 0.2/0.38n NMOST, Vys oq= 1.2V, Vg o= OV, switching fre-
quency = 10kHz, duty cycle = 50%6, measurement bandwidth: 10 — 150Hz

Measurementdn this Letter, switched bias measurements of a|ihi8
process ti, = 4nm) are given. Measurements were performed on 21
minimum-sizen-channel devices, with a W/L of Qugh/0.18um. V, was 104
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a b Fig. 3 Device exhibiting strong random telegraph noise shows significant
noise reduction under switched biasing

(i) steady state
Fig. 1 Switched bias compared to constant bias: periodic switching to ‘rest- (il) switched bias
state’ close to accumulation reduces intrinsic low frequency 1/f noise
In Fig. 2, the net noise reduction by switched biasing is plotted
a Constant bias against the gate-referred input noise voltage in the steady state. In this
b Switched bias Figure, we can identify three classes of MOSFET.

(i) Devices with a significant noise reduction (eight devices with > 3dB

To carry out the switched bias measurements, the method and SetUpet noise reduction). These devices are those displaying significant
from [6] were used. This setup enabled us to measure the noise POWelie,qy state Lhoise. Fig. 3 shows such a device which has strong ran-

spectrum of the device in both the steady state and under switched bigg,my, telegraph (RT) noise with af2Hependence. Switched biasing

conditions (see Fig. 1). reduces the noise from this device by > 20dB.
A probestation was used to allow on-wafer measurements of the sam;.

; - . . . (i) Three devices with significantly (> 3dB) increased LF noise under
ples to be taken. For each device, normal functionality was first verified,* . . . . .
as was the absence of excess gate leakage current. The MOSFETS w S\éwtched biasing. In these devices, noise sources that were not present in
operating in strong inversion arﬁ] din saturgtM was :_1 2V was Ghe steady state case seem to be activated by switched biasing! One

p g g ) 2V Vgs might be worried that this precludes application of the switched bias
1V. In all casesly was 8QA.

. . o method, but it is the least noisy devices that fall into this category.
We measured the output current noise power density. This is referred

to input by dividing byg2,. To simplify the comparison of a large (i) A num_ber pf ‘average’ devices. The_noise of th_ese devices does_, not
number of devices, an empirical measure for the ‘noisiness’ of eachchange significantly. Some show a little reduction, others a slight
device is needed. To this end, the measured noise power spectrum [3¢réase in noise under switched bias conditions. Note that, on average,
integrated from 10 to 150Hz. This gives an empirical measure of the LFthe noise of the devices falls under switched biasing.

noise power coming from the device. This integration is performed both

for the steady state case and for the switched bias case. The differenc®ignificance of resultShe significance of the results is twofold. From a
between these two averages gives the raw noise reduction for switchedevice physical viewpoint, they are interesting because these are the first
biasing. Since one would expect, on mathematical grounds, the rawmeasurements of deep submicron MOSFET noise under switched bias

ELECTRONICS LETTERS 4th January 2001 Vol. 37 No.1



conditions. Also, to the best of our knowledge, we are the first to probes dynamic effects that are not evident in steady-state noise meas-
observe an increase in RT noise when cycling a MOSFET from inver-urements.
sion to accumulation.
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the most noisy devices give the best improvement under switched biasegy Foundation (STW) for supporting this research.
ing. This means that the yield improves. Even if some devices show an
increase in noise under switched bias conditions, it appears that thesg |EE 2001 16 October 2000
are the least noisy devices. More measurements need to be done het&ectronics Letters Online No: 20010008
and the present measurements highlight the importance of measuring RO!: 10.1049/el:20010008

significant number of devices. A.P. van der Wel, E.A.M. Klumperink and B. Naut&€-Design Group,

It is interesting to note that in measurements on large devices, a noisgg"éerrgg%e‘ge-r".‘l’%gt?\i eﬁﬁgﬁg&f Electronic Engineering, PO Box 217, 7500
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