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THE PRINCIPLE

Reduction of 1/f and RTS noise by
= Cycling the MOSFET between inversion and accumulation, creating “un-correlation”

— Sampling the signal during inversion
= Oversampling and averaging
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PMOSFET 1/f noise caeleste
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Fermi statistics caeleste
of Interface states in accumulation

Ev

14 March 2018

%Traps filled

100%|
0%

All traps below Fermi
level are quickly filled
and loose long term
memory

0.5 noise electrons CMOS pixel 7



%aeleste

McWorther theory of 1/f hoise

= Oxidel/interface states act as traps

= Fill or empty (capture&emission) while interacting
with the inversion charges

= Time constants for capture and emission
= vary between <ns and >days
— Responsible for 1/f spectrum = long correlation time

— Correlation in 1/f noise

— as consecutive samples are strongly correlated,
oversampling does NOT help.
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Cycling inversion-accumcuz?é%ilc%Ste

Pulling the MOSFET in accumulation

—=For a pMOSFET, interface is now populated by
electrons

—Traps are now strongly pressured to be “filled”

When coming back to inversion

—traps are (mostly) “filled”
 Hence their memory is erased
 Hence their correlation time iIs reset to zero

« The spectrum of the noise of the re-created signal becomes
“white”
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1/t noise Is whitened “/aungig”eleSte

Does not mean that the noise is reduced!

—=Probably the amplitude remains the same and may
even have increased

Correlation time is reduced
—to a time shorter than the cycling period

—Sampling the noise over multiple
Inversion/accumulation cycles results in uncorrelated
samples

—=O0versampling helps to reduce the noise, ~as the
square root of the number of samples.
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Noise breakdown [e
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THE MEASUREMENT

On a 4T CMOS pixel
= In CTIA configuration to obtain a ~1000uV/e- charge conversion factor
— Obtain 0.5 noise electrons RMS
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Setup of demonstrator caeleste

4T CMOS pixel test structure
= 100um standalone test structure, ~7um MOSFET area
= Special 4T topology (CTIA/SF) using nMOS+pMOS
= high fill factor; compatible with backside illumination.
= Used in CTIA mode

Result obtained
= Very high charge to voltage conversion: >1000uV/e-
— Zero point something (0.5) electronsg,,s read noise in the dark.
= Uncertainty of accuracy

= Invitation to interested groups & PhD to provide independent
confirmation of results.
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The XCNOV/B/T caeleste
"1 pixel test structure”

Column electronics and 10 rall

standalone pixel “CTIA”

14 March 2018 0.5 noise electrons CMOS pixel 15



caeleste

The XCNOV/B/TI pixel
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Measurements

raw output while inversion/accumulation cycling
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~150 such i/a cycles make up 1 measurement (1 frame, 1 pixel reading)
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Measurements caeleste

1 frame = 1 pixel reading = 150 i/a cycles
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Noise as function of caeleste
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Measurement inaccuracy mainly due to difficulty to measure CVF
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Further observations Caeleste

v Yes, one can use such pixel as a

synchronous pixel too
* But remember that DCSN becomes extremely
critical: cool down or use very short storage times
v Use the same pixel as

« As a shared pixel
 As CTIA (high gain) or as a SF (low gain)

v The price of oversampling
e 10x noise reduction = >100x oversampling? Yes
« But 2x noise reduction = just >4x oversampling
« Even without oversampling the noise is decent (2e-)
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Pixel cross section caeleste
to obtain high FF
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CONCLUSIONS AND
FURTHER WORK
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Conclusions and furtherCV\ElaoEFII(eSte

= Significant effect on 1/f & RTS noise
= Pixel with ~0.5 ek, demonstrated

— Refine readout/column structure
= Oversampling ADC architectures
— Large array design
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Thank you!

(see also: www.caeleste.be )
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Do we need sub-electron noise?
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Cycling inversion-accumulation

The decrease of “random telegraph signal” noise in metal-oxide-
semiconductor field-effect transistors when cycled from inversion

to accumulation

B. Dierickx and E. Simoen
LM.E.C. v.zw., Kapeldreef 75, B-3001 Leuven, Belgium

(Received 27 August 1991; accepted for publication 14 November 1991)

The low-frequency (LF) noise behavior of metal-oxide-semiconductor field-effect transistors
(MOSFETS) is studied when cycled between inversion and accumulation. On large-

area devices the decrease of the LF noise is systematically found, and supports the observations
by Bloom and Nemirovsky [Appl. Phys. Lett. 58, 1664 (1991)]. The random telegraph

signal (RTS) noise observed in small (submicrometer) devices disappears when the transistor
is cycled into accumulation. The drop in LF noise observed may thus be explained by

the fact that most or all of the RTSs, which are caused by carrier trapping into slow oxide
states, no longer contribute to the noise of the system. The method indicates a

possibility to separate the contributions of different sources of 1/f noise in MOSFETs.
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FIG. 1. Equivalent noise voltage spectra for an #MOSFET when cycled
from normal operation to different states. WXL =3.5%3.5 pm (effec-
tive). Ipg=10 pA, Vgq =138 V, Vg =indicated, Vps=1V,
JSeyete =10 kHz.
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