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Abstract

Memory devices are crucial for data storage and retrieval in modern computing systems,
performing everything from basic operations to complex processing tasks. Resistive random-
access memory (ReRAM) is an emerging non-volatile memory technology that has gained
significant attention due to its promising advantages over traditional memory devices. Unlike
conventional memories such as dynamic random-access memory (DRAM), flash and other
memory devices, ReRAM operates on changing the resistance of a material to store data,
offering faster switching speeds, lower power consumption and higher storage density which
allows more data storage in a smaller footprint. Its endurance and retention capabilities are also
superior, making it more reliable for long-term data storage. Furthermore, the simplicity of
ReRAM's structure lends itself to easier fabrication and scalability, potentially leading to lower
production costs and integration with advanced technologies like neuromorphic computing. The
present thesis focuses on fabricating Zirconium oxide (ZrOz) and Polyaniline (PANI) based
nanocomposite devices and exploring their uses for resistive switching applications.

The ZrO: nanostructure powder is first synthesized by the hydrothermal method, after which the
film is fabricated via the spray coating method. The film is used either as deposited or after being
vacuum annealed and then the top contact is deposited by E-beam evaporation. The as-deposited
film shows digital resistive switching and vacuum-annealed film shows analog resistive
switching. The resistive switching measurement of the fabricated FTO/ZrO,/Ag device depicts
analog resistive switching in which the gradual ON and OFF states at 0.8 and -0.7 volts
respectively. The fabricated device is tested for 100 cycles which showed uniform cycles with
high resistance state (HRS) to low resistance state (LRS) resistance ratio RofRon of 1.86 at 0.35
volts. The switching mechanism in HRS and LRS is explained by I-V fitting model. In HRS, the

device stays in the ohmic region at lower bias (till 0.23 volts) however at higher bias due to
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filling of available traps the electrical transport is dominated by space charge limited conduction
(SCLC). On the other hand, in a low resistance state (LRS), charge carriers are de-trapped, and
the electrical conduction process is again governed by SCLC conduction.

We have investigated the resistive switching behaviour in as-deposited pristine ZrO> film
without vacuum annealing. The pristine ZrO; sample shows digital switching at 1.8 V. The
threshold voltage is found to decrease in the case of 1 wt% CNT- ZrO2 nanocomposite device as
it is 0.48 volts as compared to 1.8 volts for a pristine ZrO> device. The Ros/Ron is also increased
to 37 as compared to 21 for the pristine ZrO> device. The temperature-dependent resistance
measurement is performed for the ZrO,-CNT resistive switching device to study the resistive
switching behavior in both HRS and LRS respectively. The HRS of pristine ZrOz and 1wt%
CNT- ZrO; shows semiconducting behaviour. However, HRS of 2wt% CNT- ZrO; and LRS of
pristine ZrO;, 1 wt% CNT- ZrOz, 2wt%CNT- ZrO; sample shows metallic behaviour with the
increase in resistance with an increase in temperature. The temperature dependent resistance
coefficient (o) in LRS is increased from 3.1x107 K! for pristine ZrO; to 4.1x102 K! for 2wt%
CNT- ZrO; which emphasizes that in pristine ZrO; the only oxygen vacancies are involved on
the conduction process. However, for CNT- ZrO, composite device both oxygen vacancies as
well as CNT filaments are involved in the process of conduction.

In order to see the effect of conducting silver nanoparticles (AgNP) on ZrO> nanocomposite
device, the FTO/AgNP-ZrO,/Ag device is fabricated. The I-V measurement of pristine ZrO; film
shows digital resistive switching at a threshold value of 1.8 volts. However, it is observed that
with the increase of silver in the AgNP- ZrO> nanocomposite film, the threshold voltage
becomes 1.53 volts for 0.5wt% AgNP-ZrO, device, and it came down to 0.38 volts for 1wt%

AgNP- ZrO> device. The resistance ratio is also increased as it is 22 for pure ZrO> device and it



became 29 for 0.5wt% AgNP and 32 for 1wt% AgNP- ZrO; devices. The conduction mechanism
is explained by the temperature-dependent resistivity measurement, which shows in HRS, all
three devices (Pure ZrO2, 0.5wt% and 1wt% AgNP- ZrO;) show the semiconducting behaviour
with a decrease of activation energy from 87.1 meV to 48.43 meV with an increase of AgNP
content. In LRS, all the devices show a metallic-like conduction. It is also observed that the
temperature coefficient of resistance (a) increases with an increase of AgNP from 3.54x107 to
5.15x102 K''. The increase in the value of a for the AgNP-ZrO> composite device suggests that
in pure ZrO, only oxygen vacancies take part in conduction; however, AgNP- ZrO, composite
both oxygen vacancies as well as Ag metal nanoparticles are participating in the conduction
process.

Additionally, we fabricated an FTO/CNT-PANI/Ag composite device. In the case of pristine
PANI device, the digital switching is observed at 1.75 volts, however its behaviour is changed to
analog resistive switching with voltage 0.85 volts for 0.5 wt% CNT-PANI device. The analog
behaviour is verified by potentiation and depression measurement as there is no gap between the
memresistance of the two states. Further, R-T measurements are performed in both states, which
show semiconducting behaviour in HRS of pristine PANI with activation energy of 58 meV. The
LRS of pristine PANI, HRS and LRS of 0.5 wt% CNT and 1wt% CNT-PANI show metallic
behaviour with an increase of resistance with an increase in temperature. The a value increases
to 3.1x102 K'! for LRS of 1wt% CNT-PANI as compared to 5.1x10 K for pristine PANI
device. The increase in the value of o suggests that in pristine PANI only silver (Ag) ions take
part in the conduction however in CNT-PANI composite device both CNT as well as Ag ions

take part in the conduction process.
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L31E8
AT (Memory) 3USROT 3MYfieh shegfcar YoMl # 3¢l AT AR goriied & faw

3cdd Hgeaqol €, S gAAE Fareled @ oaR Sl THEUT FE G99 FO
gorera €1 ASifted EA-vadd AFN (ReRAM) Tdh 39T g5 Ald-alelergel #ART
dehelieh g, [ae) aRuRe AAY 3TN 9T 39 HHATTAT el & HROT HAgcaqu!
€T MR NT FAT &1 IRIRS AART SV SATHSG SH-TFAT AFART (DRAM), Feler
AR 37 3uON & faudid, ReRAM 3T TR0l & fav @l &1 gfekiy & seoet
W R adT g, og8 I8 aor aRer afa, #87 391 @ud 3R 3T AT Gedca
Vel T §, [ A T A 3OS ST HIAGUT HHT B Uil §l S USITH
3R REeT aAad o 3 g 8, fowd I Qefeifoss Ser wagor & fav it
fAagaT g7dT &1 3T 37eIaT, ReRAM $7 TIHT s JLeIdT 38 3@ AT 3k
hofefardl & AU 3uged S &, 998 3cdled oRTd A g1 dhdl & 3N
AT HYFEI ST Soic dehellehl & HTY FHeRT THIHIUT HH’T g1 Hebell g

gaAa N & Grefasa sdeass (200 3R areefada  (PAND 3meaRa
AetepiFaiae fSarsd &1 AT 3R 3o Waifeea Fafior seqwiet & fow sudier &
et FT IS gl Zr0, AARCFAX U3 Pl Ugol gIssiddd A & Ieef¥a frar =
foras arg fihed &I ¥ @ifder A @ R Far @m er & a1 a1 Bufoies
HaENT H AT qFgA CGAlodl & dlg 3uAer fehar a@m R Y AW d@us S
arsfIER]oT aRT FrT IT| fEuifoes frew fBfocer YaRea Rafder feardr § sefs
dFgH Velles ftherm vaTailen WSRea [afdsr feard 81 Affd FT0/zr0./Ag f3arsa
a1 oifca Rafier #AMeT 0.8 dlec (ON) 3R -0.7 dlec (OFF) WX UdATalar fEafder
fe@rar &1 Basw &1 100 Tt & fov gdieqor fhar o, s g8 IR/ET T
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(HRS) & of IATH Te (LRS) & AT UfaRIYr 3eJured Rom/Ron 1.86 (0.35 dlee W) U
IgT| HRS 3R LRS & fFafRier a3 #t v e Aflsa & g&smar aar g1 HRS #,
f3asa & I=H (0.23 dlec do) W AIEAS &F H IEAT g, odh 3cd d0H K
3 TS & I & HRUT Tdegd URas TE el fAfAes dsae (SCLC) &
g grar 81 q@dr 31X, LRS # urel hRa -89 81 o ¢ 3R faega vyarg wishan
T @ SCLC Fhgeer garT af3d gidr gl

ga% dig, foer dega Aol & fRBuifoes Mffea zr0. frew # Wafeea fEafia
IaER T ST Fr 5| Wfed 20, AT 1.8 dtee W Sfoee Rafier fea@mar g1 1
wt% CNT- ZrO, sieilehieuliole 3asd & A H 2Mes dicesl gea 0.48 dlec 9rIT
I, Sk e 210, f8asd & AT Ig 1.8 dlee ATl RomRon 39 8 21 (Wf&eat
Z1r0:2) T §GhT 37 (1 wt% CNT- Zr0,) 8 I:T| ZrO.-CNT Xfofea Rafier Basa & fow
dATA-fFR gfaer A9 fRar =, fSEd HRS 3R LRS g7 & MSfEea Eafier

gdgR & 3eay« fhar aram| e Zr0. 3R 1 wt% CNT-ZrO. &I HRS QHisiFear
gagR fe@rar g, Je9f® 2 wt% CNT-ZrO. &I HRS 3R ¥ zr0,, 1 wt% CNT-Zr0,, 2
wt% CNT-ZrO: &l LRS #Helfeleh eqagR fe@rdr &, foiad duars g 9 IiaRer sedr
€1 LRS & dI9AT-fAeR 9foRIYy q[omeh (o) e 2r0. & T 3.1x10° K ' & 6o 2
wt% CNT-ZrO. & fIT 4.1x102 K g 3/, 5 g2fr § &6 e 2:0. # shad
Ao RiFaat Hr ffAsr g &, Safd ONT-210, *lFiifae Baga A siferdsreT
RifFaat & ara-aryr ONT fremsied off yarg ufshar & anfae ga €1

qreish leaX AdAmaIched (AgNP) & ZrO: adipleulioic 3a8d W YHIG & @ &
forT, FTO/AgNP-Zr0./Ag fEarsa &1 faaor fohar smm| Biffest 2r0. fhed &1 1-V A9
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1.8 diec & Yelles WX BGcar IRea RafRr fGa@rar g1 genfs, ag ¢ar & &
AgNP |l &1 gefr & @Y, Yelles dledsl 0.5 wi% AgNP-ZrO: f3arsd & T 1.53
dlee AR 1 wi% AgNP-ZrO: f3a1sd & faw 0.38 dlee & aram| Sickier 3equra o w7er,
St et 210, 3@ & v 22 a1 3R 0.5 wt% AgNP & forw 29 3R 1 wt% AgNP-

710, f3asa & fauw 32 g 7 dOAA-R 9faiedr A ¢anT Yarg oF &l
gagar a9, SEA HRS & @y e f3amsd (Yo Zr0,, 0.5 wi% 3 1 wit% AgNP-
710,) AHhsTFedT eaagR G@ra g, 3R afthgur FaT AgNP A&l sigel & ATy 87.1
meV ¥ HTH 48.43 meV & ST g1 LRS H Tt fEasw Aarfos-orar vare fgama gl

iy g, AAE 0TS (o) 3.54x10° @ dGhT 5.15x102 K @ Sl g1 AgNP-ZrO,
e f3asa & o & ¢ §U A9 § Fhd Adr § & qey 20, # Fae
e RiFaar vag & #er oY & Sefh AgNP-ZrO, @iedifoie § 3ifFdietT
RiFaar & arr-arr iy (Ag) a=iieor #Y varg gfehar & 19T o

3d #H, A4 FTO/CNT-PANI/Ag siedlioie 3arsa &1 faamr fear) Bffea PANI
fRarsa & A #, 1.75 dee W Bfoice f&afir &y a1s, grefif 0.5 wt% CNT-PANI
f3arsg & T Ig uggR dedh 0.85 dlec W UATadT Iaied oo & s
IRAT| TATANT SFGER I GIEfATAA 3R B9 AT garT deanad far s adife
ar Teed T ANRATET & T HIS RTT IgT AT| SHK 37T, Sl GEAT3T & R-T
A fRar aman, oad Bffed PANI & HRS # 58 meV & &fHI0T FaT & @1y

AHhslFeer cgagr @ | WfEeA PANI & LRS, 0.5 wt% CNT 3T 1 wt% CNT-
PANI & HRS 3R LRS HAcifels cgdgr fg@rd g, aH dda e g X gfaiear &

gefer g 81 LRS & T o &S 1 wi% CNT-PANI & HHT & 3.1x102 K ' deh §¢ SATell
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g, olafh W¥csT PANI Basd@ & fow Ig 5.1x10° Kt 27| o F §¢ U AT F Il
Tl & & Wf¥caT PANI & g Tiér (Ag) 3T 9alg #H HET ofd &, SIdfh CNT-
PANI iFdifaie 3asg & ONT & Tra-ary Ag 3o off varg ufear & amr o &
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