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3D Random Telegraph Noise Simulator for High-Resolution CMOS Image Sensors
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In the development of complementary metal-oxide semiconductor (CMOS) image sensors, a three-dimensional (3D) device simulator is used as a

means to simulate the current-voltage characteristics of CMOS devices.

However, as conventional 3D device simulators cannot predict the dynamic

behavior of charge trapping and detrapping at the gate insulator of metal-oxide-semiconductor field-effect transistors (MOSFETs), it is difficult to
apply these simulators to technologies aimed at efficiently reducing the random telegraph noise (RTN) of MOSFETs, which causes image degradation

in CMOS image sensors.

As a solution to this issue, Toshiba has developed a 3D RTN simulator for the first time in the world.

We have confirmed that this simulator can

model the trapping and detrapping processes at the gate insulator considering discretized trap sites in the insulator, and that it can quantitatively

simulate 3D trap site distribution through the comparison of measured and simulated data.

This simulator is expected to reduce the development

period for CMOS image sensors by 20% compared with conventional prototype fabrications.

1 EADE

CMOSA A= FIE T2 ELRE T IR LE T
T, 7 MFAF—=FEHED CMOS b7 v VAT OREE SN
TWwb, Tha/NMULroEKEILT57-0121%, lsh
TWBINT VI AT DMHES EE LD,

SYFLTLT 574X (RTN) @ MOSFET (MOS# &
RARNRNT I RF) O — Mg o R BB AT S
NI ENLZET, b IAZLDOEHRMA L ILEE
EDPZEBHLCLEIRRETHY, CMOSA A—=T &y Oy
FDFEERD—>TH % (B1)o RTNIZTI A AHA XS
INELK B BIFETRIENREL BB EVMLENTBY, TN A
DAL NKERIEE 25, ZOORTN 2K S+
BZllE, TN ADWMLE iV TS ) 2 TIRFICHE RS
Thbo W, HHT/NAARIIE, TNNAAYI2L—%
WL BREERT REDVIEFITHRTH S, LoLLIERDOTN
AXYI2L—%Tld, BWORMERKILREOHN L%
PEARTN VI 2L —Y a v 2479 ZERWEETH 5720

WEIIRTNETFTNEZRITT/NA AV I 2 L —F T AR

GE1) 2011E6ARER, HHFN.

a4

Y TH A
o IR
Deigps o BULIRE

o S V-2
Eﬁ@tﬁﬁ@ﬁz:ﬂ D RLAY

1. RTNZEEME — 77— MEEBh o RIRIC, B2 iEsh, $
7R ENAZET, b YUAY L OEAM, )(i BILMEAEB L/
A XL D,

Mechanism of RTN generation
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Condition of occupation at trap sites
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Current waveform derived by noise simulation
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Results of simulation of drain current variability (A /) distribution under
bias conditions
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Results of simulation of A/, distribution on X-Y plane
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Cumulative frequency distributions of RTN at 1 kHz
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