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Crossbar Architecture: A memristor’s structure, shown here in a scanning

tunneling
microscope image, will enable dense, stable computer memories. Image: R.

Stanley Williams/HP Labs




|CPE=ERINiz )RR AZ;



[ZBE 2R ER ER g Rk

\ . Tunnel <‘f Fhminl:;":‘ Gate :;:K::T Insularo\r. ngié:f Gate
EF K MFE (Nonvolatile memory) Py T =

sl

My My
Movr Moy My Mgy
N 0 N At : - ﬂ%@]r{%mf@@z
wigizE (Logic computing) flg ol £
IN_2 Mix_2
(a) BRAEM] (b) BRI (c) AETT
My, M o Moy M, My, Moy
R ) i
Tw Lw
(d) 54Ei (0) 511

KRR F 7S1TE (Brain-inspired neuromorphic computing) ™

2\ §F3




[ZBB=5mHl

mHYIE)R

[ZBEEFEREFE B R IEF A TREIERI P, FELINTER

ya) {RFEZAS Bl
o
S
B
v | B
ST
ERIAIBET

1.

=)

BE
(=]

=S
o®
S P T n gy,

RS o

WO’W".’M

v

A8l

v AFRREME:
B ET
S TSRAY
ST,




N

ASES U s s

®» © © @

2P a8 S8R AE. DR EMERE

B E R EZA M RE EE IR .

17, BE 28 B A i 52 i

PITEERNATASR. B, BIRERES{ER TRIZIBTIE.

=

2 BE =51 RE T 53 A K

= ZBE AR I REAIR AR TTAOTERE,
an: IoFe. BEEE. SRENIEEEFSAH.

2=

fZ PR R SR A B . F

WN1TIR, 1TNRZEcell X fEFILEFRTNNL,

S

2=

Resistance ()
(=]

R
0

R

20 40 60 80 100
Cycle Number (#)




__
(| e N s s [
VA ST T i
() IR TS B> B, BEM—AKForming BIE, XA MEIRM >

[Forming ﬁﬁﬁﬁﬁsﬁﬁ] f5, WIF Forming BI/SHIEME. BERERRONKS R, —RSZHERE
W A7 —

STl MRAZ PR 22 B3 1-V 451, SET/RESET BB EE 7, #E HRS/LRS RHEIZE
Eiﬁﬁj&;ﬂ“ﬁt #BEH, BFESFormingE &

AR EBEAN, HRIZ %R

b

Bkt 4t S5t FRLEK B 2 518 2 A B o 5 17 B 88 26 T2 s Ut

HRER. MENFH

< S B B

LV SR P ZE S
L2 e ful > LTPHTFETE 1 (long-term plasticity)
— s > STP 4ZRSF2 ¥ 14 (short-term plasticity,)
/TR ¥ LTD A2 EHD (long-term depression)
No > PPF W fikiH 51k (paired-pulse facilitation)
E l 1 > STDP R RHE) Mk TT #8814 (spiking-timing-dependent plasticity)
N
PP . Rl RFRE. EARMNMETFEEE, WitiZE=RET
= {REBEFEMi (Data retention) | (Rt gitmtaia
[ PEIR KM (Endurance) BRES, #5i% RIFZAESETRER S
~_ ’
: , . FESIE TR
[ FEBIE | | emazms
SRS




(42




[ZBE==HY:
BRI

Forming

AUt 5Si

il

TZBHE%#%U*B'T%{ RS

HYTORE

WREIX Z BUXS ELA T —
‘/’Y,%QEBH A RHVERE XN

NEUR

E{EZ e {27 BB IERRY

ZBBAFI4E

« SET

o {ZFEESHEEA(HRS “0”)4525E|

{EEPEZR(LRS "1”")AILFE

* RESET

TZBHE%HEHEEBHIU\(LRS "1“)EE 2 E|

BA(HRS "0“)H9ISFE

Current

RESET

TABLE I
SWITCHING PARAMETERS FOR METAL-OXIDE MEMRISTORS
P Devices | 10, | HfO, | TiO, | Parameter
arameter
(mean) [9] [20] [21] variance
HRS 10k | 300kC2 2MQ +20%
LRS 2k 30k82 500k£2 +10%
Vip 0.5V 0.7V 0.5V +10%
Vin -0.5V -1.0V -0.5V +10%
tswp 105ps 10ns 10ns +5%
tswn 120ps Lus 10ns +5%
Voltage i (b)
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Figure 3.8: Simulated forming-reset-set process for a TiN/Ti/HfO,/TiN RRAM device using the 3D

KMC simulator. (a) Simulated (b) experimental I-V characteristics. Vo (red) and O2" (blue) distribu-
tions at the end of (c) forming, (d) reset, and (e) set operations. Adapted from [64].
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°© g%giigZ) ~3) 53% ! EE%;&*i EIJTDj H,JE \tt Figure 2.9: (a) Temperature-accelerated retention test for IMEC’s HfO,-based RRAM at 200°C

(b) Arrhenius plot of retention time to failure at three temperature 250°C, 200°C, and 150°C.
An activation energy (Ea~1.5 eV') was extracted for cells with compliance current = 10 pA.
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Resistive Nonvolatile Memory Characterization

Project (resistive-nvm-examples)

This project characterizes resistive memory (ReRAM)
cells.

3equired equipment
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= Two RPMs

Phase-Change Nonvolatile Memory
Characterization Project (phase-change-nvm-
examples)

This project characterizes phase-change memory cells
using pulse I-V.
3equired equipment

= PMU

= Two SMUs
= Two RPMs

Ferroelectric Nonvolatile Memory

Characterization Project (ferroelectric-nvm-
examples)

This project characterizes phase-change memory cells
using pulse I-V.
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= Two RPMs
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