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@ ON/OFF current ratio (higher value with minimal misreading error; >10%
e Switching (writeor erase) time (~ms) and read time (~100 ns)
® Retention ability (> 1 day)

Basic Parameter s

e Programmable (or WRER) cycles (>108 cycles)

e Longterm stability under voltage stress or read pulse (>107 times)
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Introduction to Computer Memory

Computer memory refers to devices that are used to store data or

programs (sequences of instructions) on a temporary or perm anent
basis for use in an electronic digital computer. Computers r epresent
information in binary code, written as sequences of 0Os and 1s . Each

binary digit (or "bit") may be stored by any physical system t hat can be
in either of two stable states, to represent O and 1. Such a sys tem is
called bistable. This could be an on-off switch, an electrical capacitor
that can store or lose a charge, a magnet with its polarity up o r down,
or a surface that can have a pit or not. Computer memory is usua Iy
referred to the semiconductor technology that is used to store
information in electronic devices. There are two main types of memory:
Volatile and Non-volatile

An electronic memory is fast in response and compact in size, and can be
Connected to a central processing unit.

Volatile memory : lose the stored data as soon as the system is turned
off. It requires a constant power supply to retain the stored info rmation.

Non-volatile memory : retain the stored information even when the
electrical power has been turned off.




Classification of Electronic Memories

[Tfp&& of Manury]
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[ ROM ] [ Hybrid ] [ RAM ]

[ EPROM J [ WORM ] [ Flash ] [EEF‘F&UM ] [ FeRAM ] [ DRAM ] [ SRAM ]

ROM (Read-Only Memory)

WROM (Write- Once Read-Many Times): CD-R or DVD R

EPROM (Erasable Programmable Read-Only Memory)

EEPROM (Electrically Erasable Programmable Read-Only Memory)

FeRAM (Ferroelectric Random Access Memory)
Flash : DPA, mobile PC, video player and digital camera

DRAM (Dynamic Random Access Memory): As real capacitors have a
tendency to leak electrons, the information eventually fad es unless the
capacitor charge is refreshed periodically.

SRAM (Static Random Access Memory): it does not need to be

periodically refreshed, as SRAM uses bistable latching cir cuitry to
store each bit.



Memory in Your Hands (~2010)
More than 400GE...

IBS watch
(Information
Bank Systcm)

Wearable Gadget

MFX Player
(8OCB)

Pocket PC & USB & Pet Rﬁé%ﬂt
(50CB) - (100GB)

Phone, Data, Game, GPS, Entertainment....

C. Kim, “Future Memory Technology: Trends and ChallengE&SQED (2005)




Applications of Memory

® The identification in RFID
— Track and trace
® Sensors

— Recording temperature, humidity, etc. History of
a product

® E-paper displays
— Look -up tables for previous states of pixels

® Game, transit and collectible customer etc. cards
— Store points, number of trips etc.

® More bits = more information

— Some applications as little as 15 bits, other
need kbit, Mbit, Gbit

® Overall the trend is to more memory devices



Memory Market

DRAM and flash dominate

1 i 1 as

2005 2006 2008 2009 201

Ref: iSuppli; 3Q 2006

Source: Gary Bronner (Rambus), Stanford EE 309 lecture, Fall 2007 .



Introduction to Data Storage Technology

G2

Storage S

Speed, volatility, access
Primary storage

CPU memory access
Magnetic storage
Optical storage

® Consist of a read/write mechanism and a storage med  ium
— Device controller provides interface

® Primary storage devices
— Support immediate execution of programs

® Secondary storage devices

— Provide long-term storage of programs and data
Systems Architecturé!Edition




Introduction to Data Storage Technology

Characteristic of storage device

Characteristic Description Cost
Speed Time required to read or write a hit, Cost increases as speed increases
byte, or larger unit of data
Volatility Ability to hold data indefinitely, For devices of similar type, cost
particularly in the absence of decreases as volatility increases
external power
Access method  Can be serial, random, or parallel; Serial is the least expensive;
parallel devices are also serial or random is more expensive than
random access serial; parallel access is more
expensive than non-parallel
access
Portability Ability to easily remove and reinstall For devices of similar type,
the storage media from the device portability increases cost; if all
or the device from the computer other characteristics are held
constant
Capacity Maximum data quantity held by the Cost usually increases in direct
device or storage medium proportion to capacity

Systems Architecturé?®Edition




Advantage of Organic/ Polymer Memory Devices

-molecular scale memory applicationth good processibility,
miniaturized dimensionand thepossibility for molecular
design through chemical synthesis.

-simplicity in device structure, good scalability, low cost,
potential, low power operation, multiple state properties
stacking capability, and large capacity for data storage.

-Good mechanical properties, and design flexibility

-Could be an alternative or supplementary technology to the
conventional memory technology in the micro/nanoscale.



Fully Printed Passive Array Memories

By Thin Film Electronics




Organic Memory Devices

Small Molecules

Switching type

Structure

1. Hysteresis, without threshold or NDR
2. Reverse polarity switching, ne NDR

ITO / NiPc:PAH [ Al
Au [ anthracene-co-PMMA [ Al

ITO [ DDQ, TAPA, Fluorescein, Eosin Y or Rose Bengal : PAH [ Al

Adv Mater 2007, 19, 1452 3. Threshold, but volatile

Al [ tetracene [ Au
Ag [ anthracene [ Ag
Al [ pentacene [ Al

4. WORM ITO, Au, or Al [ Alg3 [ Al
5. Switching by either pelarity, NDR ITO or Au [ Alg3 or NPB [ Al, Ag or Au
i Al JAIDCN | Ag
Switchi Struct
witehing bype PO ymer - Switching type Structure
1. Hysteresis, without threshold or NDR ITO | PeOMe [ Al
9. Reverse p0|arity switching, no NDR Al! pSF[{ Ba-Al 1. H)’SI’ErESiS, without threshold or NDR A|l." [AU-ENTUI’ BET]:PS I." Al
3 Volatile or 4 WORM depending on conditions  ITO or Mo | PMMA, PS, PEMA or PBMA | graphite 2. Reverse polarity switching, no NDR Al fAIDCN / (Al) / AIDCN [ Al
5. Switching by either polarity, NDR ITO [ MEH-PPV / Al Al (Au-DT):8HQ, or DMA:PS [ Al
Mabile lon 3. Threshold, but volatile Al/ (Au):PTFE [ Au
Switching type Structure Pt/ (Ag):gd-HMDS or gd-benzene [ Pt
1. Hysteresis, without threshold or NDR PEDOT:PSS:NaCl | 6T-co-PEC | Al Al ;ichgmfpflj:ilDChéij;—lDiN /A
2. Reverse polarity switching, no NDR Pt /| MEHPPV [ RbAg514 [Ag B/ [ (Ag) ] [he
> | PPhA:NACI | 2 4. WORM »/ TDCN [ (Ag)/ TDCN [/ ?
_ . _ . Switchin either polarity,
5. Switching by either polarity, NDR Al [ Alg3 [ (Al) [/ Alg3 [ Al
Switching type Structure ITO / (Au-TPP):xBPIF [ Al
ITO [/ (Au-TPP)xHTPA [ Ca [ Al
2. Reverse polarity switching, no NDR Cu [/ CuTCNQ [ Al

ITO / EuVB-co-PVK / Al
ITO / PEDOT:PSS / RE-complex:PVK / LiF / Ca jAg
D-A HOPG / NBMN:pDA / STM
Al CuTCNQ / Al
Complex Al / TTF:PCBM:PS
HOPG [ CDHAB [ STM-\Y
Cu / CuTCNQ / Cu
ITO / P3HT:CNT / Al

3 or 4 Volatile or WORM depending Cu [/ CuTCNQ [ Al
on conditions
4. WORM Ag [ DC:BDCP [ Ag

ITO / EuVB-co-PF / Al

Nanoparticle
Blend

ITO / (Au-TPP):xHTPA / Al
ITO / (Au-TPP):xHTPA /xHTPA / Al
Al / NPB / (Al) / NPB / Al
Cr / Alg3 / (Al) / Alg3 / Al
Cu/ Alg3 / (Al) / Alg3 / Al
ITOI / Alg3 / (Al) / Alq3 / Al
Au / Alq3 / (Al) / Alg3 / Al
Ni / Alg3 / (Al) / Alq3 / Al
Al [ Alg3 / (Mg) / Alg3 / Al
Al [ Alg3 / (Ag) [ Alg3 / Al
Alj Alg3 / (Cr) { Alg3 / Al
Al / Alg3 / (CuPc) / Alg3 / Al
Al / (Au-DT):P3HT / Al




Statistics of Publications and Citations on Organic and
Polymer Memory Device
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Technology Performance Evaluation for Polymer Memory

Scalability

CMOS Architectural
Compatihility

CMOS Technologicel
Compatibility

Performance

Y

Need to be
Improved!!
Energy Efficiency

On/Off Ratio

Operational TemperatLire

Operational Reliability

The ITRS has identified polymer memory as an emergi  ng memory

technology since year 2005.

| nternationalTechnologyrRoadmap forSemiconducto2007




Charge Displacement (D)

Introduction to Memory Devices

Capacitor-type

Voltage (V)

; I Lt I L] ! L]

1 IR o

Stored data 1"

Positive

0

- / "‘"}cc
~m (IEREEE) | |

Stored data 0" ]

Negative

.

Negative 0 Positive

Electric Field (E)

The capacitor stores
charges, of opposite
sign, on two parallel
plate electrodes. Each
bit of data is stored in a
separated capacitor

Performance factors of RRAM:
traps, charge transfer effects,
lonic conduction., tunneling.
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Fundamentals of Resistor-type Memory

Resistance change memory stores data based on the electric s tability
(ON and OFF states) of materials arising from changes in certain
properties such as charge transfer, filament formation, and tapping-
detrapping effect in response to the applied electric field

General Device Structures

i Polymer Film «-—
Bottom E.m.,..7=
(e) vy o

Substrate (Optional)

m ®
CLL
k)
LT

Word Line

(a) (b) ()
(a) 5x5 testing cell (MIM on supporting substrate) (b) 5(wor  d line)x5(bit

line) cross-point memory (c) 2(stacked layer)x5(word line )x5(bit line) (d)
parasitic paths in cross-point memory (e) rectifying diode integrated to
avoid parasite current



Physics of Resistivity Switching

® For a memory device that relies on a change in the resistivity
of the memory cell, the resistance of the materials changed
by an electric input isof fundamental requirement.

® Thisgenerally involvesa changein the propertiesof the
material in responseto and electrical input.

® Actually the physicsof resistivity switching for many newly
discovered memory devicesisnot clearly known and largely
debated.

® Often the application of a voltage or a current will induce
resistivity switching and the proposal of mechanism need to
bevery careful when interpreting results or claim.



Basic electric characteristics of Resistor-type Memory

Application of a sufficient electric field to an insulator c an eventually
lead to a deviation from linearity in the resultant current r esponse
including (i) threshold switching (i) memory switching (iii) electrical
hysteresis (iv) rectifying (v) negative differential resistance (NDR )

(i) & (iii) have bistability in a voltage or current range
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Basic Parameters
e ON/OFF current ratio

e Switching (writeor erase) time and read time

e Retention ability for non-volatile memory

e Programmable (or WRER) cycles

e Longterm stability under voltage stress or read pulse 12
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Scope

Measurements of the Memory Device

Semiconductor Analyzer

|-V Characteristics
I

V

Pulse Device on Probe Station
Generator

SCP Chl

SCP Ch2

Current Amplifier



Filamentary conduction

Mechanism of Resistor-type Memory

Write

Metallic filament resulting
Erase

from local fusing,
_-E% § % f E % m % :' 2 % migrating or sputtering
electrode trough the film
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Filament Conduction Mechanisms

* In general, when then state current is
highly localized to a small fraction of the
device ar ea, the phenomenon is termed as
“filamentary’ conduction



Resistor-type Memory: Filamentary Conduction Mechanisms

If flaments are formed in a device, (i) the ON state current w il
exhibit metallic |-V characteristics and will increase as t he

temperature is decreased and (ii) the injection current wil | be
insensitive to device area or show a random dependence becau se
the dimension is much smaller when compare to the device area

Filament formation and switching effect

(a) Carbon-rich filaments
Pristine Formed Ruptured Reformed

GENERE D

(b) Metallic filaments

Write Erase

£ T T 0

The filament occurrence depends on three parameters:
electrode thickness, film thickness, and the nature of the

forming atmosphere




Resistor-type Memory: Filamentary Conduction Mechanisms

10{;A\I/PVK/AI (filament theory) WRER cycles
il "'J—" 5 L L L L|
. g o el I O O
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= J f— HL
5 o] s BER
E BF = . . L .
3 1075w 0 200 400 600 800
a1 «  off stals
10‘“‘{%15 iy ON/OFF —~10 k¢
10 {2 X 10‘: L —— I'atIO 10 — 3
BT R RS GCJ 10
10'[4- 1 .T'T”’f ||||||||| t105
10 8 6 -4 2 0 2 4 3
-7 . i L L 1
Voliage (V) 9% 200 400 600 800
Turn ON compliance 50 mA Time (s)
0F@

i The ON state resistance can
= F [ —a0m] be controlled by restricting the
= | gl ON state current which will
gm | ==~ -T0mA influence the turn OFF current.
5 } e

-1{] Er o . . .
The mechanism is explained
10°F . on the basis of the filament
G 2 4 6 8 10 theory.
Voltage (V)

Appl Phys Lett2005, 87, 122101

Switch-OFF is triggered by current



Resistor-type Memory: Filamentary Conduction Mechanisms

The presence of strong coordinating heteroatom (S or N) with metal
lons and Tr-conjugation show reproducible filament formation behavior.
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Resistor-type Memory: Filamentary Conduction Mechanisms
Doping-PANI semiconducting polymers

Fast switching response ~ 80 ns

10" 3

_ Reliability test
102 1
5 : o | oFF
§ 10° 1 ON/OFF
3 1 ratio: 103
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O ] ratio:10° o aspSWitching
3 —a— after 6 months
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The localized spots may play as
filaments that can be conducted by
applied voltage higher than V. ,(ON)

Adv Funct Mate2007, 17, 2637




Resistor-type Memory: Filamentary Conduction Mechanisms

Al/PVK/Al (WORM memory) 10°f
f
3f
The device starts in E 100
ON state. As the T 10-55
voltage increases, £ |
5003500 —| the current 3107}
L & increases linearly of
with the voltage and 107}
decreases abruptly 1041[ PP S PR
____________________ at 5.8 V. (OFF state) 84 4 0 4 8
02 4 ﬁnﬁa;g}s)uwwzo Voltage (V)

Non-annealed device does
unannealed | e =l s a show the large current
R Lpd S5 transition.

Metal can migrate inside the

polymer layer with sufficient

thermal energy and such

o - interdiffusion would increase

100 | S5 g S SRS S WS 100 ['# s if the surface of polymer thin
=% ) - ¢ ' : il film shows a larger grain size

mﬂm}u 100 200 300 400 500 [:m
Larger grain size Appl Phys Lett2008, 93, 093505




Current (A)

Resistor-type Memory: Filamentary Conduction Mechanisms

PS(46900)-b-P4VP (20600) lower erasing voltage
(a) Rulk cylinder (b)Micellar state 10” _',..-—'—'_-‘-r"-

’{E/ ‘chlorobenzene %@ q_l% 1u4 @
: < 10° ON/OFF [——
55 %ﬁﬁ? = Fratio: 105
T 03 . nm
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Glass : =
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107 o PS display a low current indicating a insulator
By . ()
10} R PAVP contains pyridiyl groups, interacts
10° L | strongly with Al. Al atoms migrate into P4VP
o | g’:f;g—;e 10 years zones to form metallic filaments. The
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107 growth of Al filament whereas the P4VP
10° ) " Qg -~ 77T homopolymer have no limitation to the extent
107 b , BN of growth of Al filament. Filament of lager size
10" 10° 10° 10° 10° 10" 10" 10° 10° would be more difficult to break.

Time (s)

No significant change after 10 4

sec Appl Phys Lett2008, 93, 203303




Resistor-type Memory: Space Charges and Traps

Angew Chem Int EB006, 45, 2947 SCLC operation
Energy level of LUMO& HOMO 2 mechanism
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conjugated copolymers
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Resistor-type Memory: Space Charges and Traps

Al/PS+Au-NPs/Al (SCLC model)

. — lowy-conductivity state 2
1E-6 4 —-—- high-conductinty stats | 3= __J_ﬁ"-
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8124
Qs : .
J= T‘“(V? /L) (traps filled)

J: transport current n: mobility
n,: concentration of trapped charges

n: free carriers concentration

V: applied voltage | - didectric thickness
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Region |: current dueto the thermally generated
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current exponential dependence on voltage

Region |V: trapped filled model

|IEEE Electron Device LetR007, 28, 569




Resistor-type Memory: Space Charges and Traps
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Current Density, J (Alcm2)

Resistor-type Memory: Space Charges and Traps

F12TPN (WORM memory)
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Resistor-type Memor'y SCLC and Fllamen’r FOI"I’\'\C(TIOH
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Resistor-type Memory: SCLC and Filament Formation
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When the applied bias reach Vt, the

1st: switch-ON, current compliance 0.01A

2nd: confirm ON, current compliance 0.01A

3'd: switch-OFF, current compliance 0.1A
Similar switching behaviors between negative

and positive voltage scan

trapped charges move through the tapped
sites by a hopping process (through

filament formation ), which result
current flow under chosen current
compliance

in

Adv Mater2008, 18, 3276




Resistor-type Memory: SCLC and Filament Formation
Al/6F-HAB-DPC PI/Al (flash memory)

N

O

>=o o=<

5

When the turn ON compliance
is applied, the trapping of
carriers gives rise to the
generation of conducting
filament. When a higher
compliance set, the number of
injected charges is too high at
biases greater and this
overloads the capacity of
filament. Such excess current
Is likely to produce additional
heat and result in the
repulsive Coulomb interaction
which causes rupture of the
filament and return to its

initial OFF state.

J Mater Chen?009, 19, 2207

—0-Ql

Current (A)

Current ( A)

1st: switch-ON, current compliance 0.01A

2nd: confirm ON, current compliance 0.01A

3rd: switch-OFF, current compliance 0.1A
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Resistor-type Memory: SCLC and Filament Formation

30nm 62nm
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Resistor-type Memory: SCL C and Filament Formation

PreviousWorks WORM and DRAM

F.C CFa memory characteristics
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Resistor-type Memory: Charge Transfer Effect

A charge transfer effect is defined as an electron donor (D)-
electron acceptor complex , characterized by electronic
transition to a excited states in which there is a partial transfer
of electronic charge from the donor to acceptor moiety

Fomation of ion-radical species and charge transfer complex

Transformation
DT (Oxidized) > | D: Dt

Cation-radical species

| Donor D: I r 0<8<0.4 =2 | D:onpA | Neutral molecular solids

5 &
ﬂ D:.-_}A o ﬂ.'ﬂ-‘:ﬁ‘:ﬂ.?ﬂ
(Charge transfer)

o+
Acceptor A I “0.7<6<1.0—> | D*. A I lonic salts (Coulombic)
:\* A~ (Reduced) > | Auwn AT I Anion-radical species

Transformation

C!ml

?_aB | Mixed-valence compounds
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Current (A)

Resistor-type Memory: Charge Transfer Effect

ITO/APTT-6FDA/AI (flash memory)

WRER cycles
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Resistor-type Memory: Charge Transfer Effect

CF,

ITO/3SDA-6FDA/AI (flash memory)

WRER cycles
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[-V curves of
W. C. Chen, Macromolecul@g10, 43, ~ PI(AAPT-6FDA)
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Resistor-type Memory: Charge Transfer Effect

1um

P(St-FI) -5.86 eV

107} polysA) B P(St-F1), -5.80 eV
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Cooperated with Professor Akira Hirao (Tokyo Tech) ACS Appl Mater &Interface2009, 1, 1974
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Current (A)

Resistor-type Memory: Charge Transfer Effect

L ogarithmic |-V curves
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Resistor-type Memory: Charge Transfer Effect
Al/Au-DT+8HO+PS/AI (flash memory)

1{1'E — T Al v u nanoparticles
ON/OFF e
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3 /
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< 10 |' \ |
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under high electric field = [ Homo
OFF state: A reverse field 8HQ  ©OH e
cause tunneling of electron donor «— AUNP DT 8HQ
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of 8HQ+ Adv Mater2006, 16, 1001;Nat Mater2004, 3, 918




Resistor-type Memory: Charge Transfer Effect

Al/PS+TTF+PCBM/AI (flash memory)
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Charge transfer between TTF and PCBM

Adv Mater2005, 17, 1440
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Resistor-type Memory: Charge Transfer Effect

Al/Au-2NT NP+PS/Al (WORM memory) ﬁg"";ﬁﬁ é?p”;‘;egr ZbNegNee” Au-

0.00101 o0, O
— < 2.1 u‘ﬁ.-
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E 0.0006 © 4 440 - 9,/1 \f\s g
= ' e T e
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E

Appl Phys LetP005, 86, 123507 Proc IEEE2005, 93, 1287

Al/Au-BET NP+PS/Al (WORM memory)

10°} /
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§10‘“r =
10°}
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Bias (V)

Charge transfer
BET between Au-NP
7\

and capping BET

5

The current at 2V was different two
orders in magnitude due to less
conjugated Tr-electrons on BET

Proc IEEE2005, 93, 1287




Resistor-type Memory: Charge Transfer Effect

Al/AUNP-PANI nanofiber/Al (flash memory)

1 nm NP within 30 nm diameter PANI fiber

@r@/@rd

Emeraldine Base

glass substrate  Charge transfer between Au and PANI

e |
10* i I
Z 10° -, S
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o S S ratio: 10° -1 No significant change in conductivity
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Voltage (V) Nano Lett2005, 5, 1077




Resistor-type Memory: Charge Transfer Effect
Al/Au-DT NP+P3HT/AI

AU-DT NP o]~
L\ P3HT . ap®
Yy, g 1
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=
5 O 1qg*
1
a1f , . . | |
E W "8 % 4 2 0 2 4 8
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HOMO charges in a oy s
conjugated 0004 0006  0.008
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J Appl Phy<2006, 100, 54309




Resistor-type Memory: Charge Transfer Effect

Al/Au-DT NP+PVK/AI (Flash memory) 107
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Resistor-type Memory: Charge Transfer Effect

Al/Au-DT NP+PVK/AI

0
10
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10 \
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Bias (V)

When the carbazole groups of PVK
donate electron to Au NPs that at as
deeper charge trapping acceptor under
bias, the carbazole and Au NPs are
charged positively and negatively.

Capacitance (F)

PVK w/o Au NPs —®=—off —-—on
Au NPs ;: PVK=0.083:1 + off on
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C-F curves reveals that carrier
transport is dominated by hopping
of hole of PVK, rather than leaping
of carriers through Au NPs. Au NPs
prevent the holes from bring
recombined by defect so the peaks
of C-F curves become deeper with
increasing Au NP ratio.

Appl Phys LetP008, 93, 153305




Resistor-type Memory Charge Tmnsfer Effect

Substrate

Time (s}
0 300 600 900 1200
107 . . :
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At the Vt, on electron transits from HOMO to —
LUMO3 within D to from excited state. CT can ~ The lower HOMO explain the higher switch
occur indirectly from HOMO to LUMO2, then ON voltage while smaller dipole moment
to LUMO of A or directly from HOMO to (2.06D) leads to a more stable CT structure

LUMO2 and LUMO at the excited state to
from a conductive CT complex J Am Chem Sa#006, 127, 8733




Energy Level (eV)

Resistor-type Memory:
forcrd
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Charge Transfer Effect
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Some electrons at HOMO transit to LUMOS5 of
TPA to give rise to an excited state. Electron
at HOMO are also excited to intermediate
LUMOSs due to overlapping of the HOMO and
intermediate LUMOSs at PhPy and TPA. Charge
transfer indirectly from LUMOS5 to the
intermediate LUMOs and the LUMO or from
intermediate LUMOs to LUMO or directly from
HOMO to LUMO.

Dipole moment is 2.55 D indicating that the
polarity is not strong enough to retain the
charge transfer state.

J Appl Phys2009, 105 044501
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Resistor-type Memory: Charge Transfer Effect

ITO/PVK-Cg /Al (flash memory)

A unu:-gunuu \

Al Top Electrode

ITO Bottom Electrode

When the electric field exceeds the energy
barriers between PCK-C 4, and electrode,
holes are injected into HOMO of Cz and
electrons are injected into LUMO of C .
The charged HOMO of Cz and LUMO of C

form a channel for charge carriers through
CT interaction.

Under a reverse bias, C 4, loses the charged

state to neutralize the positively charge Cz
moiety

Langmuir 2007, 23, 312




Resistor-type Memory: Intramolecular CT Effect

AzoONO,(flash) AzoOOCH ; (WORM)

c ?HE‘ 1 s (a) When the terminal moieties
H, FDJ“ ) ‘“Hzlz Pl Sween2 of azobenzene chromophore
D E _55 ey e
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2 10" H ! | _»| charges are stabilized by ICT
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N R — ¥ g state. The filled traps may
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N S iRm0t Ireverse bias, resulting in a
-3 -2 1 0 1 2 3 . .
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i long time in nitro and bormo
NO; | acceptor OCH, ON/OFF ratio: 10 4-10%  containing azobenzene.
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ACS Appl Mater & Interfac2009, 1, 60




Resistor-type Memory

L]
Al/PS+PCBM/AI oL .
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Resistor-type Memory: Confor mational Effects
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Resistor-type Memory: Conformational Effects
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Comparison of the Three Types of Polymer Memory
Classified by Primary Circuit Elements

Type

Capacitor-type polymer memaories

Transistor-type polymer memories

Resistor-type polymer memories

Physical description

Dewice structure

Polymer materials

Mechanism

Performance facrors

Technical limitations

The capacitor stores charges, of
opposite sign, on two parallel plate
electrodes, indicating the bit level.
Each bit of data is stored in a separate
capacitor.

1 Transistor + 1 Capacitor (1T1C)

(b) 1 Transistor+ 2 Capacitor (1T2C)
(c) 2 Transistor + 2 Capacitor (2T2C)

Ferroelectric polymers:
(a) PVDF or P(VDF-TrFE)

(b) Odd nylons
(c) Cyanopolymers

(d) Polyureas and polythioureas
{e) FLC polymers

Ferroelectric polymer can maintain
permanent electric polarization that
can be repeatedly switched between
two stable states by an external electric
field.

Polymer composition, crystallinity, flm
thickness, switching dynamics, film
defects, metal electrodes, field pulses,
fatigue characteristics

{a) Destructive read-out
{b) Material degradation
(

c) Capacitor scaling

Charge storage and polarization in the

dielectric layer or interfaces of an

organic field effect transistor,

indicating the bit level of an OFET

memory.

(a) Floating gate OFET

(b) Charge trapping OFET

(c) Ferroelectric OFET

(a) Semiconductor materials:
-Conjugated molecules and

polymers.

(b) Gate insulator (electrets):

Inorganic insulators, discrete metal

nanoparticles, polymer dielectrics,

ferroelectric polymers

Charge storage or polarization in OFET
gives rise to an add itional voltage
between the gate and the
semiconductor channel, and a shift of
V., or hysteresis.

Charge mobility, capacitance per area,
maximum electric displacement,
impurity, morphelogy, crystal packing,
energy barrier, deposition conditions

(a) Thickness control of dielectric layer
(b) Parasitic capacitance

(c) Charge coupling

Data storage is based on the high and
low conductivity states (electrical
bistahility) of resistor in response to
the applied electric field.

(a) Metal-insulator-metal (IMIM )
(b} Cross-point array memaory
(c) 3D (three-dimensional) stacking

(a) Insulating polymers

(b) Isolated chromophores, donors and
dacceptors

(c) Semiconducting polymers

(d) Composite materials

Electrical bistability can be induced by
(a)a change in carrier concentration,
(b} achange in charge mobility, and (c)
a change in both.

Filamentary conduction, space charges
and traps, charge transfer (CT) effects,

tunneling, conformation changes,
polymer fuse effects, ionic conductions

(a) Mechanisms unascertained
(b) Reproducibility
(c) Parasitic leakage current




Organic Bistable Light-Emitting Devices
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Recent Effect: Cross-Point Memory

Bitline (BIL)
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Memory element

Requirement

® Stackable, low temperature processing
® Enough current drive for programming
® Unidirectional and ideally bidirectional programmin g



Resistor-type Memory: SCLC and Filament Formation

Cross bar type polymer non-volatile memory
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Polymer non-volatile memory in a scalable via-hole
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Resistor-type Memory: SCLC and Filament Formation
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Al/PI+PCBM/AI (flash memory)

Multilayer Resistor-type Memory
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The PI:PCBM memory device is thermally
robust and adequate for multi layer stacking.

The ON state is achieved by electron paths
provided by LUMO of PCBM.

IEDM 2005




Current [A]

Stacked Resistive Memory Device Using Photo Cross-
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Due to its robustness achieved
through the cross -linking
process, multi-level stacking of
the device is possible and it is
compatible with conventional
photolithographic process

Since all the functional groups
are included in a copolymer
system, the problem of phase
separation is also eliminated.
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Conclusions

® New Materials enable new memory devices

— Plenty of new materials, difficult to satisfy
memory requirements

@® Scalability is a key issue
— Stackable, small cell size, multi-bit/cell

® New read / write / endurance characteristics enable

new circuit/system design
H. S. Philips WonggEmerging Memories”2008
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