FCMN2017

AIST

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY Montere f CA

Nanoscale Analysis of Conductance Switching Dynamics and Current Hysteresis
in (GeTe),-Sb,Te, Superlattice Films Using Scanning Probe Methods

Leonid Bolotov, Tetsuya Tada, Yuta Saito, Noriyuki Miyata and Junji Tominaga

@ #:Eg:nf;;iﬂﬁgﬂﬂnﬂi ! Nanoelectronics Research Institute, National Institute of Advanced Industrial Science and Technology (AIST), 1-1-1,
Higashi, Tsukuba, Ibaraki 305-8565, Japan
2 CREST, Japan Science and Technology Agency, 4-1-8 Honcho, Kawaguchi, Saitama, 332-0012, Japan.

Motivation Superlattice (SL) structur Integrated STM/AFM system

Nanoscale evaluation of 2D phase change ShyTes 7 75 | B2 Eorce
materials, I.e. chalcogenide superlattices W e Tunnelin Sensor

- - R Lo nm Y signal
made of ferroelectric GeTe and topological GeTe °J° 0707000 s \ current
iInsulator Sh,Te; layers, for use Iin phase-

mory, ca maneay O i »

change memory, the_rmoelectrlc and (Vwme) ------ ¢ —— tunnel gap
magnetoeleCt”C devices. SL-A: seed layer and SL were deposited at 230°C. read Superlattice

[Adv. Mater. Interfaces 1 (2014) 1300027] SL-B: seed layer was grown at RT+annealing@230°C,
and SL was deposited at 230°C.

Phase change by

p-Si(100) ~0.1 Ohm.cm .
pulse excitation

/ SL Film Structure  XRD JTEM \ Key advantages :
A [Jpn.JAP 54, 04EK02 (2016)] -
— e Stress-free measurements in the non-contact mode,
ol S f I « Easy tuning of electric field strength and injection current,
§,;:__:;___A________J_\‘___’_;;, * Observe temporal change during the phase transition at
g L nanoscale.
- O :
St S / Current Hysteresis \
10 20 30 40 50 60
Two theta (°) Current hvstereS|s iIn SPM mode Curren.t hysteresis In clontlactlmcl)de

Line profile [AIP Adv, 6, 045220 (2016)] -

Line profile o5
0 oo prof o contact
75 f----- "'8 nm SRR

10 - : - - T T T glue 120, +2.8V
. . . . . | | 0.001 -
Y] PP S N 1 R s ot - 5 e -5 -5 - 5 - ._ e T 30 “\ A / | L‘/ }

TR ra VA -V T Ll
40/ 2.8V

|:| —————————————————————————————————————————————————————
0
20 40 B8O 80 700 120 140 20 40 60 80 100 120 140

Position [nm] Position [nm]

*\ < 15° * Large grains size
r' i i ?_% ~30...100 nm

 Uniform crystal grain 80.

\ ~20 nm >30 nm orientation / 120-
Initial transverse R, ~4.8 kQ/cm? (SL-A) and ~4.2 kQ/cm? (SL-B) —
"~ Conductance Switching by Pulse Voltage

WRITE period  LCS (RESET) HCS (SET) READ period ~

Height [nm]
ght [nm]

0.000

p—

. ﬂl f +2.0VH\ A R
0.001 4 -2.0\{1 \/ time

Sweep rate: 2 Ws_ Sweep rate: 8 V/is o
Gap: 0.8 nm; Grain type: |l Gap: 0 nm; Grain type: Il | 25°C

Current (pA)
o
T
O
f))

-

O

7
Current (A)

h\

'''''' T ! T T T T T T
0 1 2 3 -2 -1 0 1 2

Voltage (V) Voltage (V)

Bipolar switching of the SL
Pos:t:on Dependence of the Hysteresis

1£8 1 T Kinds of grain responses

"'1 2V | |Type |Switching| Switch |Hysteresis
(%) | (<2.5V) | Delay(s) loop

-
o
0

<
g 1E-10 ? I - .;-:,h ot | N
.;::15-11 Z’L ?\:A\-f o Yes <1073 Yes
S 1E-12 y { Il
= Yes 0.05...3 Yes
S 1E-13 9& 40(y0
' 1l
R 1 1 g% | O - -
| . P A : - n i [';, | 2'0 T 4'0 O 2[';.0 | * - time resolution limit
Ommm————1 4 nm 0.1 | 10 pA ° 0 2;)( (n?r?) = \ osttion (nm) HCS/LCS rath ~ 102 - 103/
Morphology change < 0.5 nm; OFF-ON current > 300. Sy
+ Morphology chang ' e Statistics h
s s s Statistics of Switching Dela Switching Current
" Conductance Switching Dynamics | Statisticsof e e —— _
Pulse pattern: WRITE-READ Pulse pattern: WRITE-READ-ERASE | " Delay = 4 - exp (a_ a ) tShW'tGr:"Tg °
At=005-01-02-04-08-16-32s I —— , 14 =\ w =l 3[;82 0+‘I &\
- 1 Write++2.3|V, Erase= -2.6 V| - P . I 5 g ] PA@+1.
' i Iy A \ 1A=1.2ps & | Rare 2e
: C:E’Ul - - - | tch
TR AT i JEINEE L A R 2.
{anzinnnnqpanmnnn: AP . e 2l _ 2 200- o
Iy T AR - S N —
6 18 20 22 24 26 28 30 SR SN SIS B SR
WRITE Voltage (V) WRITE Voltage (V)
Tw e TE o "y KSwitching time >1.2 ps @2MV/cm; WRITE current >30 pA/
Time (s) Ime (s
Steady READ current Unsteady READ current / Summar y \
. gi; : * We develop SPM-based analysis methods for
ot . evaluation of voltage-induced transformation in 2D
2 systems at nanoscale.
zzf;;h" s " * We applied them to examine the conductance
e switching in (GeTe),-Sb,Te, superlattice films.

T e 80 81 82 83
Time (s) [Sci. Reports 6, 33223 (2016)]




