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ABSTRACT

The continuous scaling of semiconductor devices to meet the increasing need for
high-speed processing and greater integration levels has introduced critical reliability
challenges that include Time-Dependent Dielectric Breakdown (TDDB), Bias
Temperature Instability (BTI), Hot Carrier Degradation (HCD), and Electromigration
(EM). Among these, TDDB has always emerged as one of the significant issues,
particularly in advanced CMOS technologies. As the industry moves towards novel
applications such as quantum computing, millimeter-wave (mm-wave) communications,
and low-power digital circuits, understanding and addressing TDDB concerns across
these diverse technology spaces is of utmost importance. The increasing power
dissipation in these applications further necessitates the study of reliability at elevated
temperatures, where device lifetime and performance are adversely affected. Therefore,
both DC and AC TDDB analysis at high temperatures is critical for enhancing reliability

predictions and improving device design.

In this thesis, an extensive experimental investigation of TDDB in 45nm RFSOI-
based MOSFETs is conducted under DC, AC, and RF stress conditions. This study
systematically explores the influence of key parameters, such as device layout, operating
temperature, and stress characterization techniques, on dielectric breakdown. The
generation of defects, including oxide and interface traps, is examined to provide a deeper
understanding of breakdown mechanisms. A detailed analysis of the relationship
between device geometry—specifically the gate area-to-perimeter ratio—and TDDB is
performed on both DC and RF FETs fabricated using 45nm RFSOI technology. The
results reveal significant deviations from the power-area scaling law and underscore the

need for critical reassessment of reliability models in advanced technology nodes.

Furthermore, for the first time, this thesis investigates TDDB behavior at cryogenic
temperatures in MOSFETs used in quantum computing control circuits. The results
demonstrate that the characteristic breakdown time (t63) tends to increase with

decreasing temperature, exhibiting a minor saturation effect at cryogenic temperatures.

iv



Additionally, the Weibull slope (B) exhibits an inverted U-shaped dependence on
temperature, with its maximum observed between 100K and 200K across all voltage
levels. Both the trap generation rate and critical defect density are estimated, and the
observed trends in 3 are interpreted in the context of multiple breakdown origins within
the cryogenic temperature range. These findings provide valuable insights for optimizing
gate oxide thickness in cryogenic CMOS circuits, crucial for future quantum

applications.

In addition, this thesis presents a comprehensive experimental study on AC-TDDB
in 45nm PDSOI-based MOSFETs with varying gate oxide thicknesses and polarities.
The lifetime of devices under AC stress conditions, including frequencies up to 1 GHz
and varying duty cycles, is predicted using the frequency power law. A significant 90X
increase in t63 is observed at RF frequencies compared to DC stress in thin NFETs. This
investigation, performed using SILC spectroscopy, reveals that the breakdown behavior
and trap generation rate are functions of frequency, duty cycle, and gate sense voltage.
These findings enhance our understanding of dielectric reliability under AC stress and

enable more accurate lifetime predictions for digital circuits.

Finally, the mechanisms of TDDB in RF devices are explored under both DC and
RF stress in 45nm RFSOI technology. The analysis shows that RF devices exhibit a
reduced lifespan under combined DC and RF stress, with an inverse correlation between
t63 and input power (Pin) at millimeter-wave frequencies. The impact of peak voltage
(Vpeax) on device lifetime is also modeled, providing further insights into the degradation
mechanisms at high input powers. This research lays a strong foundation for future
advancements in RF TDDB reliability, offering crucial insights for both RF device

applications and the design of next-generation high-frequency circuits.

This comprehensive work bridges the gap between fundamental TDDB analysis and
practical applications in advanced technology nodes, offering significant contributions

to the fields of semiconductor reliability, cryogenic CMOS, and RF device design.



NIK

Tfidreder fEarsas & TR WhiciT A, I T TRDHRUT 3R THIH B
el I &I R HRA & Y, T2A-{$USe SEafded SHSS (TDDB), Bic BRI
fSUSTA (HCD), T SRR Sxefaferdt (BTI), 3R SAaEMISIRM (EM) S Headqu
feraigar gfaar 0% &1 §1 379 ¥, TDDB Iqd CMOS AHh-1dh! H Ja8 Ao
T H W TF & U d ST g1 -0 I Hied Hgfe, fradier-aa (mm-
wave) TIR 3R TA-UTR fSfoied ftheq S U SIwaRT &1 3R ¢ 8T 8, 34
fafir de-iiep! &3  TDDB & H&| &1 THSHT 3R 8 BT 3HAdd Hedqul g1 T
21 37 I § Fedt uraR fSRowe off S= aHE wR faysiaar & sreaad &t
ALGH T B STl B, oei fEarsd Bt SiaTere 3R UG W THRIHD UG
Usdl 8| 39T, 3= dTUH R DC 3R AC TDDB fawayur fayg-adn Hiasrarforat
DI T 3R fEargy fSTET &l 9gaR §H & forg Heayuf ]|

9 iR T, 45nm RFSOI-3MUTRAT MOSFETs & DC, AC, 3fRR RF a1 fRufadt &
dgd TDDB I US WIS 31eqg- a1 71 §1 I8 3eqa- SIeafacd Shald-
IR S A3MIT, TR AMTHA 3R -1 guiH dd-iieh! ol Ui HIF| &b THTE
o AT TY I 3N Hdl 5 | fShaeq Bt I, T figs iR ety
X XM &, BT faweiwur faram am 3 arfes ShsTa a3l & TexTs & JHel o I |
fSagy SfAfd—faRy 0 § 7 89-3-URwiiex 3 urd—siR TDDB & & WaY
&1 fawqd fa=AW0T DC 3R RF FETs &1 WR fasan A1 8, f7% 45nm RFSOI ddH1d
&1 IUINT HRep (A fopan man g | aRoms ureR-uiar Whieht af ¥ Heayu! faee
A § 3R I ddb-iap! Argd # fayw=iaar Aisal &t Agayul g: i @1
TIRIHA TR SR 3 & |
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U 3faraT, 39 AR ¥ ugdl SR, HicH ¢ dheld Aided § SUdnT fhy
T MOSFETs H ShTaal-ds dTTH TR TDDB SIIER H1 oiid &1 75 ¢ | TR0 Sl
¢ T AUHH &1 81 R ARy Swers I5d (t63) Fadl g, 3R 3feel-al diIHH IR
TH HHOR G UHTG <& T 5| It dieest 39 § 989d Wi () Th Iee U-
3THR BT HTER UG RId Hal &, o 100K 3R 200K & o9 Teb RraR g1
81 U IdTE & 3R AE@YUl Q1Y U-cd PT SFIHH AT 741 6, 3R p H ¢ T
S P HTASIH YA 39T B TS SHers Sl & daH H R &1
T 81 3 Fpd praeifA® CMOS Tfdhed T e SRS 1 HieTs B 3B erd B
& for Yegar i ueH #a 8, S HidsT & wicH gy & forg Agayul 81

29 R & 45nm PDSOI-3MUTRA MOSFETs H faftrd e sffegs Aers 8ik
ydTaaraif & Ty AC-TDDB WR U IS WIS e v URd v T g1 AC
a9 fufcdl & dgd fSasas & Sliad®a &1 gaigaH, R 1 GHz 9% &t
gl 3R fafia ST s MG §, MRl UTaR & &1 SUTNT b b T
21 Udd NFETs ® DC d91d &t ga-T § RF 3Tl R 63 H 90X &1 Hedqul g
& S g1 g8 W, S SILC WaRRGIUT BT ITANT IR DI T8 @, IdKt § b
SH SIS TIER R U IdTE &R S, TCT T2hd, 3R e I dlees &b S
gId 81 ¥ fp AC TF19 & d8d SiRafaed [AyT-Iadl & gHRI THY &I §31d &
3R fSforea Tfhey & forw siftres Tdte SiiaaeTa Hiasmaror & 9ed &d g

3id &, 45nm RFSOI d@+1d H DC 3R RF -1 & ded RF fearsas & TDDB &
A BT Td B TS 5| [T ¥ U1 Iadn § fb RF fSaSAS DC SR RF TG &
TGIo & ded HH Siadld YaRid &d g, forad Hdiiex-da sigiml | t63
3R 3YC UTeR (Pi) & &iHd U faudid Tafel giar 7 | fearsy Staderd R iss diee
(Vea) & THTE 1 2} Hisd forar mam 8, S = 3Ye Uierk R fRmae &5t § 8l
3ided UGH Pl ¢ I8 XY RF TDDB faywiaal & wfawr & wifd & fow wo
ToTed =i 3Gl 8, St RF f3arsy Srauant iR orTelt Uit & 3= gty afdhey &
f&wisT o for Aecayul icefPar yer @i g
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g AUS I Hifeid TDDB faRawur SR I7d dd-iid! ey | HTdgING
3TN & o B WTE DI UTed g, YHhedex f[aya-Iad], HraHE CMOS, 3R

RF fSagy fEome" & &= & Heaqul aie UaH odl |
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