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Abstract: High-density crossbar arrays based on storage class memory (SCM) are ideally suited to handle an exponential

increase in data storage and processing as a central hardware unit in the era of Al-based technologies. To achieve this, selector
devices are required to be co-integrated with SCM to address the sneak-path current issue that indispensably arises in such
crossbar-type architecture. In this perspective, we first summarize the current state of tellurium-based threshold-switching

devices and recent advances in the material, processing, and device aspects. We thoroughly review the physicochemical

properties of elemental tellurium (Te) and representative binary tellurides, their tailored deposition techniques, and operating

mechanisms when implemented in two-terminal threshold switching devices. Lastly, we discuss the promising research direction

of Te-based selectors and possible issues that need to be considered in advance.
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Fig. 1. (a) A memory hierarchy showing a performance gap between SRAM/DRAM and SSD/HDD, (b) and (c) schematic drawing of ovonic
threshold switch (OTS) and storage class memory (SCM) stacked on a planar crossbar array structure that has 4F? cell size displaying the
intended current path (green line) and the sneak current path (red line), (d), (e), and (f) I-V curves of only OTS, only SCM, and SCM with OTS

cases.
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Fig. 2. Crystal structure of tellurium with top and side view.
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(NDR) mechanism induced by a transition between deep and shallow
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Fig. 4. Schematic images of deposition methods for crossbar memory device structure. (a) Planar crossbar array structure, (b) various types of
sputtering methods: sputtering, co-sputtering with two targets for complex composition, and reactive sputtering with reactive gas, (c) 3D
vertical structure of crossbar array structure, and (d) the process sequence of atomic layer deposition (ALD) in trench substrates.
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3.2.2 Boron telluride, B-Te

BTex QM4 A9l thermal stability® Zt= binary
telluride & st}o|th. o= boron (B)o] Te YAt=1}t 7
ot A2 5t Qlof Te matrixg 7F274 2] 0]-5517] 0]

(o] P

off current, W2 switching £ %, =2 enduranc
BA P dE = BTe OTS A4} sl B3t} Beb
Te target2 &85t co-sputtering 5483 vtgto =2 &
d 2EE S5 W/Bozs-Teors/W AAE THERA
SelectivityZ} 10°, 10ns9] #-2 switching £%=9} 10°
cycles9] endurances 8| &5l BEOL 3 ANA = AL 4
A EA 2 BTt [18].

ole} f20o] sl ATH2 A|&HA 08 BTeof tigh A
TE YTt 20224 Si, B, Te & 37HX]9] targetS &4
st Si-doped BTeof tfjgt A% [25], 2023 B, Te target
I+ N, gasE 0]8-519 reactive-sputtering 3483 =5t
N-doped BTeo]| dfjgt A+ [20] & ol F2 off
current ¥ Vy, drift?} =& endurances Yol &0 A&
Al 45 A S ol gk,

= O
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Fig. 5. Switching mechanism of single element Te devices investigated through in-situ TEM. (a) TEM images of the corresponding device, (b)
DC IV curve of nanodevice used for in-situ TEM studies, (c) and (d) microstructure of Te device and FFT image before switching, (e) and (f)
microstructure of Te device and FFT image after switching, and (g)~(j) sequential images of single-element Te nanodevice switching.
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ArS 7hs st sl 3Tt o] & &oll B P TeE 54T
S A% ey, o]0 thefet ARt AR R & Vst
I5H L. 5], Dd¥A Te B AT A = 40ns9]
switching &=, oF 10* selectivity, 32 Vy, (~1.3 V)=
BojRlth 2o e} 50°Cets F2 2 EolA 1N
9] =2 U E a5ts ARA E A3t Te 5A0]
7hs ot A2 oWl [31].

ok ok
o)

W& Te 7]8F A= A4S doping % 278 28 5 o
‘1
o

Sl A4H 02 Y52 ANAA ek o]

o]
74A] ejsfol & o] EXEt AME WolAl unit
cell aread] WZ off leakage current®] Z7}o|t}. 7|1&
9] dopingo|tt &4 A2 &35 leakage currentE &
ol 8} &0, indium tellurideoA] Z7}HA Q1
HfO, buffer layerS &3] HIOS £ AY7]+= filament
2 QIst contact areaS Z£0]= AL [34], =& Ge?t
GeTey ZAAL LR E &5t off current 7§41 W &A oFA]

553

1} switching £ 55 =o|&=
HAR) 2 vertical AX}o] Agdst |
&9 sputtering 372 54T 24& e 2L v
A rdstA 540 7hsshthe ES
] =2 IS SEAI7IVI
Y] S 7= vertical &Aoo A
71&of tigt 7ido] B stct
EIF OTS 7]¥F A= AX[O A {53t Arsenic (As) ¥
A5 AeJstale o] o]ojx] 9.1 ict. 7]&9] Te 7]yt
OTSE et ZaA Yol = oA Ast segregation
<& Fotxo] device®] 22 w250 [19], AletS WA
otal 4 g /d-& B 7HA17 device?] endurances 7
A A|71ct [36]. TetA ternary, quaternary@t 2ol &4
o] B +F AsdAE Frste A7t o 22y
As9] 553t 48 Wi Zoll AsE ATISHA] o= A= AR}
oieh A-L7F AlegE 2 it

6.ZE

Planar crossbar arrayol|A XAt Hl 22l 24 SCM
9] sneak currentE ¥rX|5}7] ¢35t tellurium 7|¥t A€l
2AHe doping R £/ 272 &3t sputtering 5785 8t
Blo g Fre Jeakage current, =2 @A QA wt=
switching &%, W3 Vy, drift S o] YHO|A AKX
A2 MAAA gt B3 ZIAAYole S oA LAY
5l phase segregation #A|S gt G U4 Te Al
B2 xtoh o] TFgt WAl 41 Aol ol 2oix| 1L 9}
C}. 0]2]St crossbar array—= DAA £ 9] 2 a] & Q5]
verticaldf AX}9] 7jdh-S Z R 2 sFal QlT}. Vertical O
22] 2712 YA of2f 71x] AlgEo] dartol &
S+=Ith Unit cell size7t Sojdo m2t 71" off
leakageE 0|+ A3} 520 doping ¥ 2/ 278 52
Mz +25 &3t Ayl 24 Ul s A9 7140l
QFEY, =2 58] Y94 conformalgt 545 93]
7]1&9] sputtering 7|8t 57 o] otd ALD 7|8t 57d0] &
FETH AL GeTes B]&ESE thoFst binary telluride
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