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How stable are the resistive states in the bi-stable
memristore

What are the characteristics when DC voltages are
changed with a positive and negative ramp?e

Are multi-stable devices possible and what are the
switching characteristics between the stable

resistance states in multi-level memristive elementse
What are the characteristics of the pulse
programming operationse

What is the width and amplitude dependence of the
switching operations?

What are the best characteristics for write-in and
readoute
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Each element implemented on the wafer consists of two
crossing lines of Pt with a width ranging from 2u m 1o 10
um.

The bottom 100nm-thick lines of Pt were deposited by
sputtering in a Pfeiffer SPIDER600 sputtering tool from a Pt
target with 1000 W DC power.

The bottom electrode is then patterned by opftical
Ii’rlhogrophy using AZ ECI 3007 resist and etched by chlorine
plasma.

Then, a 10 nm thick HfO2 layer is deposited by ALD with a
BENEQ TFS200 from TEMAHTf precursor and H20 reactant,
followed by a 10 nm-thick Ti layer deposited by sputtering
from a Ti target with 1000 W DC power.

Subsequently, the top Pt electrodes are deposited with a
similar recipe like for the bottom electrodes.

Finally, both Pt and oxides are etched by chlorine plasma
from STS dry etching tool, the end of oxide layer is
detected by a built-in reflectometer
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MODEL 4200-SCS
Ictor Characterization System
ple choice for complex characterization tasks

MEASURE OF CONFIDENG KEITHLEY
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Switchings appear at different non-repeatable voltage levels
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Buchanan: Regulating memristor switching
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Prodromakis: "Pulse-induced resistive and
capacitive switching in TIO2 thin film devices”,
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and using memristor memory cells with a short
read pulse, US Patent 9,135,995, 2015,

LASCAS 2017, Bariloche, February 22nd, 2017




Packaged crossbar

Data
Log.csv

-

Probecard
Crossbar on wafer

ArC ONE Control

File Settings Help

O (6 B [eomen]fors ][mesr][ocomect] (5]

Wafer Name W=19 | B=14 o 3600
g L
Device History 992.156555 Ohms H
Read Operations] E 3400
s
SwitchSeeker2 5 3200
Read x40 Update Read i
aw= =
e e Domosm |
Read x 10 -
4 W=13|B=13 [Manual Pulsing 1280 300 320 1390 1360 1380 400 1420 1440 1460 T80 1500 1520 1540 1560 1580
Read x 11
. 2
e s o P o | B
Read x 6 100 . Width (us) g
Switchseeker2 D tock i 0
eadrs o B
E:::::: Dpley Optons 2 280 300 320 1390 360 380 1400 1420 1440 1460 1480 500 520 1540 1560 1560
Endurance [ran | [ logy Pulse Number
Endurance
Endurance
Endurance Panels: [Endurance i Add [ Remove . 100M
2
Endurance SwitchSeeker2 | Endurance 3
Endurance B
E”:""’"‘e SwitchSeeker2 a 1om
ndurance
Endurance State-of-art analogue resistive switching parameter finder. H
Endurance s
Pulse x 41 Reads in trailer card |5 Read after pulse? :
™M
Read x3 Programming pulses |10 | w s
4wW=18|B=18
o u
neadx 1 Pulse duration (ms) 0.1 05
Pulse x 4 Voltage min (V) 0.5 d % 100k
PRI = [l
w=22| B=22 Voltage step (V) 0.2 ] [~
Read x 19 ot R 0o
»\w=19|B=14 ge max (V) "o "
Max switching cycles |5 z
Tolerance band (%) |10 ] :
Interpulse time (ms) |1 : 1k
Resistance Threshold | 1000000 :
»
=
= 100
[ Program One [ Program Range I Program All -

1233

16/05/2016



LASCAS 2017, Bariloche, February 22nd, 2017




/

1

©
o
—

L
~

o

—

L

©
o
—

[©5] @oueisIS@l

L

)
o
it

L

<
o
—

10°

1R

10

14 1A

1.2

0.8

0.6

0.4

time [s]

© o] < [sp] a — o —

[A] eBeyjon

LASCAS 2017, Ba

time [s]




The memory cells tested are not very good
candidates for binary (two-state) memories

The energy needed for switchings between stable
states is relatively high

After a number of switchings the cells become
WOrn-out

Patents

US8634225 B2 (2014), Samsung Electronics Co. Lid.
Method and apparatus managing worn cells in
resistive memories

US9412445 B1(2016) Resistive memory apparatus and
reading method thereof
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Thank you!
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