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ABSTRACT

The relentless demand for high-speed processing and improved integration in
modern electronic systems has compelled device engineers to pursue aggressive scaling
of metal-oxide-semiconductor field-effect transistors (MOSFETS). This downscaling has
led to remarkable improvements in transistor performance and speed, achieved by
reducing the geometric dimensions of these devices and substituting conventional
material combinations with newer, superior alternatives. However, the advantages of
scaling down are accompanied by considerable challenges, as various short-channel
effects (SCEs) start to emerge. Key SCEs such as threshold voltage roll-off, drain-
induced barrier lowering (DIBL), and punch-through start to affect device behavior,

presenting obstacles to achieving optimal performance.

One critical challenge that arises from continued scaling is the increase in low
frequency noise, particularly flicker noise (1/f noise). This type of noise is intrinsic to
the operation of MOS devices and tends to scale with the shrinking dimensions of the
transistors. As device sizes are reduced, flicker noise becomes more prominent and poses
a serious limitation to the performance of MOS devices, especially in high-precision and
low-power applications. Moreover, 1/f noise becomes even more critical at cryogenic
temperatures, a regime essential for quantum computing applications. The precise control
and reduction of this noise at extremely low temperatures is a major concern for
researchers aiming to optimize devices for quantum computing, where noise can disrupt

guantum coherence.

This thesis focuses on an in-depth investigation of flicker noise in advanced CMOS
(complementary metal-oxide-semiconductor) devices. By performing detailed
characterization, thorough analysis, and advanced modeling techniques, the study aims
to uncover the complexities of flicker noise to enhance understanding and explore its
potential applications. To achieve this, comprehensive characterization and analysis are
conducted on on-wafer partially depleted silicon-on-insulator field-effect transistors
(PDSOI FETS), bulk FETS, and bulk fin field-effect transistors (FINFETS) across a wide



temperature range, from 300K to 10K. The study also investigates how scaling affects
flicker noise in MOS devices. In addition, the impact of hot-carrier degradation on flicker
noise in 45-nm node PDSOI FETS are explored, offering key insights into the reliability
concerns related to this noise phenomenon. Furthermore, low-temperature compact
modeling of CMOS devices is achieved by enhancing industry-standard BSIM (Berkeley
short-channel IGFET model) models with additional equations in Verilog-A, allowing
for more accurate simulation of DC and 1/f noise behavior at cryogenic temperatures.
The modeling of thin and thick oxide MOSFETSs using commercial process design Kits
(PDK) is also presented.

Vi



NIK

MY Saaei-es Jumferdl H I=a-T1fd URRBRUT 3R JgaR SERH & Jgdl
A F fSazy oifad & ded-siags-driidsdey hite-3thae gifoex
(MOSFETs) &7 3ThTHP U I IWh{ellT B+ & forg R fHar 81 59 ST et 3
CifoRex & RGBT 3R Tie ¥ I guR 6T &, o 37 feasy & Wafes
STRHT &1 geTa 3R <fETa ARG BRI &1 18, YUIRIGR feerAiesy
T Rg o T b U &1 BTaifes, ThfeiT & amHl & W1y Hs ghladr Ht S
Bl 8, Fifep fAfid WTE-<-d 3%hacd (SCEs) SHRA T & | U™ SCEs oY IS
el -1, S7-38I7E SRR AT (DIBL), 3R U-3 fEarsy & fagfam &
JUIAd HRd § SR PHT IRBIHY U d3- H 147 ST B o |

SIS WhiehT ¥ I g1 dTell T U doiel dl-fhedl Argal, faviy =0 4
fFaeR Agd (1/f Afee), # 9fG §1 T8 UPR &1 Aigsl MOS fSarzd & SifRe= &1
TF 3R Ugq € iR cifoRex & SRHR- & Riger & Iy dadl gl oha-o
fSarsy &1 A &4 gl 8, fTadR Arew % Ugd 81 ofidl § 3R g-fRfioH
3R A-UTR TEH= § MOS SRy & Wwiiy & e te gy faffes=
TRd BT ¢ | 3P AT, 1/f Al HANHSG TURR W 3R i rer fbfewa
B ST B, S SicH HgfeT U= & e oiawad g1 /fdie &3 dadH IR
2 A9l B P U Y Held 3R HH HA1 31 Ry & fole T AoR 9+
S i ST P T fEarey o SHPAEY B9 o1 ua™ &R @ 8, il iew

BicH By B feted HR gohdr 2|

I8 fig Iqd CMOS (BIRdHe] Hed-3Haarss-Hibedey) feasyg |
fFaer Alsel @1 S-S TARTRA R HIHY Ixdl gl S IaeIgolRH,
TR, 3R USaRs HISRT dabiteh! o1 IUANT HRah, I8 ol fhaas Arw &l
Sifeadrsit & THgM 3R 3% YRR TR =a &1 udl T &1 YA Bl 8
9 Ie]T P U B3 o AT, 300K F 10K db & fakgd TUTR X H 3{H-aWx
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TiRiae fSwhics Riferm-3iH-3geex hits-shac CifoRex (PDSOI FETs), S
FETs 3R &b b ics-3hae CIOREX (FinFETs) TR SIS HRaeIgolRA 3R
TR fohaT TR B | §9ah A1 BT, MOS TSargs H Wit &1 fietanx Aigsl IR UHTd
1t safetie frar manr g1

TP AATEI, 45-HHICR IS PDSOI FETs H gle-wRaR f$USTH &1 fhaax
disel W YT TRWR fdT 4T g, S 39 Aigs A § defda Ramafafect
HIY R HedqUl STUIEey UG &dl g1 39D I g, HANHSG CIRR W
CMOs fSarzg & fo dl-2TReR Hide AISAT Verilog-A H TSI SHI &
1Y ESWI-WES BSIM (Fhdl Wic-Id IGFET AISd) Hisd P T8 HPb WK Pt
TS 8| T8 HiSieT uae! 3R At eSS MOSFETs ®I HHRMS TRy fSomsA
fohed (PDK) T TN b Usie Bl g
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Model-hardware correlation using BSIM-BULK and proposed model
of left: Ips at V5=1.8V (IpsLinon) as a function of temperature, and

right: V; variation with temperature at V,,s=0.1V.

Model-hardware correlation using the proposed model of (a) transfer
characteristics, (b) Gy, vs. Vg, (€) left: V- variation with temperature,
and right: SS with temperature, and (d) S,p/I3s Vs. temperature at
Vs=0.7V and 0.9V at 100Hz and V,4=0.1V.
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Description

Berkeley Short-channel IGFET Model
Complementary Metal Oxide Semiconductor
Device under Test

Field Effect Transistor

Fin Field Effect Transistor

Ground Signal Ground

Hot-Carrier Degradation

Integrated Circuit

Metal Oxide Semiconductor Field Effect Transistor
Measure Stress Measure

Process Design Kit

Partially Depleted Silicon-on-Insulator
Power Spectral Density

Random Telegraph Noise

Regular Threshold Voltage
Short-Channel Effect
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System on Chip

Silicon-on-Insulator

Subthreshold Swing



