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random access memory (FeRAM or FRAM), resistive random access
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2. 1. Pt/Ta20s/HfO2/TiN RRAM EA4]

HEd o 2 Hf0O2 ¥ Ta205 52 Vacancy 7|8 wlAYUSFE AAlol A
2 2ol AEAR, Pt/HIO,/Ta05/TIN Az Alglo] 71uk A8k
< ot o= deEA k. o] Aol A& Pt / 10nm Taz0s /
10nm HfOs / TIN &A= 7)o} 7|89 299AH S 3= Aox dHA
o}, Pte} TiNol W=7 2§38t/ =i, Pt 750 +, TiN "= GND
A=e] AdRe o o5 o] Hdste] A7kHAATAL G gt

o] &9 AF B WAUZFLS A AF ZE AAUSH 290F
AAYEFeZ  ydth. PY/HIO/Ta05/TIN - &A= 7HE]ef-based
conductions Hol& AAFo]t}[12].

A2ke]  biase] Wkl weEbd  aAbd ZEE F03 AF EE
AAUGel Mz ve Aoz deA  QledH, Pt/HfOy/Tax0s5/TiN
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P-F wWAUSE, =9 He]o]=olX  hopping "AUEFY  schottky
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emission?] A7 wAYF o) dF7F 2= Aol <A Uv([12].

HRS®F LRSY weo] #F{  Aol= P-F wWAYZFNA  activation
energy® zpolol A 7]l Aoz WAt} AxFe] HfO, layerd & deep

E;T} shallow EFo] EA3IH, deep EFHo o7l ExE o

PEA] gFEE A22Fe] memristance (B2 Resistance)”} Aal A Al H T}

Z~2}7F HRS(High Resistance State)d W= deep Efo] E5F H|o|3)
I activation energys ZtAl Har old wel Azl HAF{FIE AA
2% 9hd LRSY wi= deep EFl FlEoj7t EFE o] Qlo] W

activation energyS 7HA Al H i, WA AxApo 2 AF{F7F 25

o WaFe] Hstol Q7FHUE wWiol= HIO.7F rectifier S-S sk
Aoz de3x  Jrb[13]. Tax0s9F HIO, Abe]le] AH<e]  schottky

7 -":lx_! _'k.:-'._ T



barrieroll & A Algto] WASHA H=H|, ©| barrier= 770
A7bge] we} schottky effectoll el barrier7} SolA|= FHo=
e 2] dvh[14]. ©] barrier lowering &¥toll 93] st W& AF
Algho] WAYSHA a1, ool tigh A2 equation (3)S WEA Hth

+  Hopping WAYUEF

J = qanv - exp (%) exp (_ i_;) .................. (1)
a : Mean Hopping Distance
n : Electron Concentration at Conduction Band
v : Frequency of Thermal Vibration at Trap Site
E, : Activation Energy
v ! Boltzmann Constant
T : Temperature

q : Electron Charge

« P-F #HAYE

J = qu(2(2mmy fl_:)s/z)E - exp (_ %) exp (%/T”“o) ............... (2)

u : Electron Drift Mobility

h : Planck Constant

¢r - Trap Depth (d; = q¢r)
my, : Electron Mass

g, - Permittivity of Free Space

g;  Dynamic Relative Permittivity

 Schottky Emission




J= (120m ) xp( q¢>3) exp (q qE}i;ﬂSi«fo) .................. (3)

mo

m*  Effective Mass of Electron

¢p : Schottky Barrier

Akl set voltage ©ol/de] Ztol Q7MHA Aok HfOgol #7]7 o]
17hgel mel band7k AA 7ol AA Ha1, el whek HEO.0] EF
Qtoll A7 A A2 A "Adh. Efo] Harb AYA e el
2AFe] activation energy”b SolA| Al Hal, & AXp 2% A{IE
& Biasd W AAA "vh o] FHE HRSOIAM LRSE 29135+
Set ¥} olzt Aol gttt

7R R Ao reset voltageR Ut & Augle] o WEo=
A7FE A frbd HfO2e] 77l 17kl wel band7b 7= A
Har, HfO2e] EfEHel AW HArE "ESgH w439
activation energy’} © AAA a1, & 2o ¥ AL AF{F7F 227
A} oldl #4& LRSOIA HRSe® &x A7t HA3E= reset
g ol gt

ol A4E Tl M IRE 29H S o= A AF AR AEe
e A geel AR WAUSE

B ®fdA Aol & e AR HAYUES & AL, 449

WelelA 2 WAYE FRA Seld S Aok
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3.2. 22 AZ 2L 54 WUy

>

9] st A= p-Si substrate 9o 2 4Fst (wet oxidation)<
3] 100nm SiOy & 52k 7|3 9of, Ti 5nm + TiN 50nm & Applied
Material i 2] Endura Sputter & ©]-&3}] Ar gas 20 sccm, Ny gas 3
ccm, RF Power &= 500W, #W W 2F2 ~107 Torr &7 3lollA
Deposition & %I 33} t}.

71 ¥ HfO, Deposition & 93 CN1jite] MEMS-ALD AH]E ©]§3}4]
atomic layer deposition (ALD)S.& deposition = 218l c) AFE3H
AGA+= TEMAH(Tetrakis (ethylmethylamino) hafnium)< AF&3F3 a1
chamber Ul ZHo]%] &%= 350°C &= H3 0.lnm/cycle &=, 100

cycle =¢F 10nm =23}9)t}.

Y
=
S

Tas05 Deposition < atomic layer deposition (ALD)Z Z2Hs}S1aL,
< 2kAl  Tris(diethylamido)(tert-butylimido)tantalum(V)S  ZAFA=
AF&3Fe], 100W ¢ RP Power ¢ 220°C 9 =94 3
0.1nm/cycle &= 100cycle &< 10nm & < 2Hsk3i ).

AHEL =S SORONA it 9] SRN-200i = Evaporator W2l o &
0.5A/s 9 522 600 A ¢ PtE A& [19]

olg A AA3 Pt/Ta0s/HIO/TIN &2AE 2% 9JEH4E FAHL
= [-V A4S HP 4145B AM|E o]&35t9] compliance current &
100nA = Astsle] o8 2y AYgsYPY. =AHLS nE ogd
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a B Y RMSE
Hopping 0.7107 2.948e-06 2312 0.1815
HRS
Positive PF -14.92 0.2589 9237 0.2557
Bias Hopping 2.267 2.538e-06 2858 0.1392
LRS
PF -14.82 1.2933 10010 0.3356
Schottky -7.576 0.0599 4099 0.1880
Negative HRS
PF -18.16 0.1817 9143 0.1383
Bias
LRS Schottky -8.414 0.07278 3441 0.08622
Table 2. Y B E FHE
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x4 o7 Logic ¢1Fo] 01, 10, 11¥ wi+= ©& Aol output
W] ~E ol 21715 A H o], o] ¢l7}E = o] reset voltageH.Th A
HAYH output W AEH7F 29 A3 09 logic outputs WA FH+=
etk & ol 8oFsty Table 3% #o] NORS F2& KT/
o}
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P Q Yoid | Ynew
0 0 1 1
0 1 1 0
1 0 1 0
1 1 1 0

Table 3. Truth Table of PMASM-two—-3NOR logic
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Abstract

Compact Modeling of Carrier—-based
Switching RRAM

Byeol Jun Lee
Materials Science & Engineering, Seoul National
University

The Graduate School

Seoul National University

Crossbar arrays are one of several solutions proposed to solve the
von Neumann bottleneck with high integration and low power
consumption. A Pt/Ta0s/HfO,/TiIN stack self-rectifying device
(hereafter referred to as a PTHT device) that can maximize this
advantage does not require a rectifier unit, operates at low power, and
has a high rectification ratio and memory window.

Unlike filament-based RRAM, it is difficult to apply these PTHT
devices to filament—-based memristor models due to the characteristics
of carrier—based device switching.

Therefore, research for developing a compact model that can simulate
device behavior reflecting carrier—-based device switching was
conducted. The electric field-current density relation in the device
according to the mechanism found in previous studies was reconfirmed
through fitting according to the equation of electric field and

temperature. After that, modeling based on current flow and device
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switching mechanism of the device was built by implementing each
current flow mechanism according to the I-V behavior of the actual
device.

As an example of an application that can leverage the model, a LIM,
capable of processing operations inside the Crossbar Array, were

discussed with the conditions under which the LIM could be operated.

Keywords : self-rectifying, compact model, current conduction
mechanism, LIM (Logic In Memory)
Student Number : 2021-26426
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