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| Floafing Gate |
—Ces iCFB —_::
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Substrate
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YHMEIQZH: Z11g drapdveleg tov Stohéemv ypnoiomoteitot
SOAKTIKO VAKO TO 01010 £YEL OAVEITTEL QIO SLAPOPL
ekmodevtikd Pipiia Kon oradtkTvaKéS oeAides. O elomynTng
dev €xel Kapud a&lmon KaToyng ToL LAIKOV avTol Kol TO
YPNOOTOotEl Ldvo Yo Adyoug 01dackaiiag vtog TG TaENG.
Ot e1kOveg Ko 01 TivaKeS elvol KT O1pOP®V GLYYPUPEDV

KOl TOPEYOVTOL GTOV AVTIGTOL(O SIKTVOTOMO TOVC.
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XapakTtnpeioTikd Tou “1davikol”, KABOAIKNG Xpriong, TOITT PVAUNG:

@TNVO aTNV KATAGKEUN TOU

IKAVO VA GUYKPATE TO TTEPIEXOUEVO TOU OTAV SIAKATITETAI N TTAPOXT) TPOPOdOoaiag
Tuxaia TTpoaTreAdaipo e SuvaroTnTa ypRyopng avayvwaong /eyypagng Twv SeSoUEVWY
XAHNANG KatavaAwang IaXUog
HEYAANG TTUKVOTNTOG
uynAng aglomioTiag
€UKoAo aTov éAeyxo TnNG A€iToupyiag Tou

guuBaro Ye TIG GUVABEIG Biopnxavikég d1adIKagieg KATAOKEUNG.
AuaTuxwg, pia EexwpiaTth dIATagN PvUNG n oTroia va £xel OAa
QUTA Ta XOPAKTNPIGTIKA OEV €ival EQIKTA HEXPI TNHEPA

Slide 3

Elcaywyikeg Evvoleg

Me Baon Tnv TeXVOAOYiIa KATOOKEUNG TOUG, TO EPTTOPIKA MECQ
a1TOOAKEUONG PTTOPOUV VA XWPIGTOUV O€ UVAUEG:

nuiaywyikou Tutrou (MOS, BJT, Odiatageic ouleuéng @opTiou
CCDs)

MNXQVIKOU TUTTOU OTTOU | aT1roBOnikeuan Twv OedOPEVWV YIVETAI
TTAVW O€ KIVOUPEVEG ETTIPAVEIEG (PayvNTIKOi OiOKOI 1 TAIVIEG,
OTITIKOI BigKOl).

AOYW TWV PJOVOBIKWY TTAEOVEKTNUATWY KATAOKEUNG KAl
oAoKAApwang Twv diatagewv MOS

O1 pvipeg MOS atroteAoUv OxedOV TNV ATTOKAEIOTIKA ETTIAOYH WVAUNG TWV
OUYXPOVWY NAEKTPOVIKWY CGUOTNUATWY, Yia TNV a1ToOnKeuan Twv OeO0UEVWY
ETMECEPYATIOG KAl TOU KWOIKA EKTEAEONG TWV TTPOYPAUPATWV.




KATHIOPIEZ HMIAT QIr'IKHE MNHMHZE
ANAAOIA ME THN:

Auvarormnra

ETavanmpoypauuaTniouoy

Avuvarornra
ouykparnonc 6sdouivwy

Mvrun Avayvwong Movo
(Read Only Memory, ROM)

MvAun Mn-Méviung
ATToBnKEUONG
(Volatile Memory)

Mvripn
Avayvwonc/Eyypaenc MvAun Moviung
(Read/Write Memory, ATToBnKeuoNg
RWM) (Non-Volatile Memory, NVM)
TE&TT — 2006 L7: Z0otnua Mvrung Slide 5
—_ TYINOI HMIArQrikHX MNHMHE MOS _—
Volatile Non-Volatile (NVM)
Volatile RWM
n Non-Volatile RWM (NVRWM) ROM
Random Access Memory (RAM)
UV Erasable PROM (EPROM)
Mask-
Dynamic RAM (DRAM) ) Programmed
Electrically Erasable PROM
(EEPROM)
Static RAM (SRAM) Programmable
(PROM)
Flash Memory

Aoun kal 1Icodivapo Ko

KAWPa Twy KUTTdpWwy TNS Mviung MOS

DRAM EEPROM EPROM/FLASH  PROM
L SRAM w v e 4|
= wL 5w IC Block B
. . oc
T - Bgrziflt-t:é erase T{ erase i-‘iCut
WL m— WL WL
BL oWL
=L i * o, BLj mm
| BL BL L | l | I
TE&TT — 2006 L7: Zootnua Mvrung Slide 6




2XNuatiko diaypaupa ROM & RAM 2"xb bits

2” Xb
ROM
Eioodog 7 A;’
AleuBldvoswy n
, ‘E€odog
Dj Aedopévwv
b
ROM Eicodog A]
AlguBivoewy
EicoESpg —) DI D Etodog
AeBopévwy b 4 b Acdouévuv
R/W
Eioodog EAéyyou
Avdyv./Eyyp. RAM
TE&TT — 2006 L7: Z0otnua Mvrung Slide 7

AoyIKn dlaTtagn uvnuUNg Twv 2" Aé€ewv TwWv b bits

AiguBuvan Mepiexopevo

Mvrung HVAKNG
0 0 -+ 0 110|111

2?1

1 1 - 0 11 0[-[1]0
B 1 1 -+ 1 0| Of~+| O 1
\_\/4 %/_I

n bits b bits
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H pvAun, avaloya Ye Tov TPOTTO TTPOCTTEAQONG TWV

OEO0MEVWYV, XWPICETAI OE

H pvnun oeipiakng mpoaTtréAaang (serial access or sequential access)

Oev £xel aTABEPO XPOVO TTPOaTTEAACNG, GAAG QUTOG TTOIKIAAEI avaAoya e Tn BEan

aTtnv otroia BpiokovTal Ta dedouéva. Na TRV avayvwan r eyypaer) evog 0edouévou

g€ PIa PVAPN CEIPIOKAG TTPOCTTEAAANG, Ba TTPETTEl va SIOTPECOUNE OAEG TIG

TTPONYOUUEVEG BETEIG JEXPI VO PTATOUNE aTNV €MOUUNTA B€an, OTTOoU BpioKeETAl )

TIPETTEI VO BPIgKETAI TO DESOPEVO. XAPAKTNPITTIKO TTAPASEIYUA UVHNG OEIPIAKNG

TTPOCTTEAQCNG €ival N JAyVNTIKY Talvia.

H pvAun Tuxaiag mpoatéAaang (random access memory, RAM)

emTpEnel v aveSaptnn (Toyaia) mpocnéiocon kabe BEang péca ot pviun, T0Go

o avayvoaon 6oo Kot Yo eyypag] dedopivay.

TE&TT — 2006 L7: Zootnua Mvrung
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_ — . Baaikr doun
v YPappEg yngiou (2) UKAWLIG TTRO-GOpTIONS ouaroiyia 1j
5 bitlines (BL) (pre-charge circuit) KUTTAPO PVAKNG . Xia i
£ t [ [ memory cell mvakag )
£ v oTAAN oTAAN omw)‘\r] KUTTQpPWV Uvnung
é 2 T2 2 oaur (memory cell
é s [z o5 ,_E—l - _Efl 1 array or matrix)
=~ =T . .
o g Ar— 3 s — "|E| L | ypappr To KUTTOpPO TNG
a = m—E2 »E] - 2 NHIAYWYIKAG
< . 23] PVAUNG €ival éva
" 0~ . .
ofuora | & 3w \' ougToixia R r])\EKTpIKO
eAEyxou %’ AN_::O‘ % T - KUTTdpWY _VP%HW] KUKAWHIG.
pvApng [ @ S g $ &J‘ HVIHNG
S = (memory cell array) ) )
o — T 1 I YAortroigitar atro
.| o EC : L .
veapes | 8 A QOBMAPECEONVTES | o e hetn @ | HiG 1 TepioOGTEPEG
eldbou / | 3 _sensorampifier) wordlines (WL) NUIOYWYIKES
<> 8 << ~~ [ £Aeyyog OEdOPEVWV SIATGEEIC (TT.X.
egodou | © (data line control circuit) >
dedopéviv| B — - TpavdioTopg,
5 ATOKWOIKOTTOINTAS TUKVWTE
Biebuvon | 3 aTiAng (column decoder) g S
(N+M) ? I . I bits amokwdikotoinang G’VTIOTC(OE’IQ) Kai
] Bi B ™ Bu oTriANG gival Ikavo va
Bedopevy A ammodnkeUel éva

duadikd wneio.
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MOSFET Memory

Semiconductor Memories

in Mass Production
Volatile Non-Volatile
RAM ROM
I_I_I I I 1
SRAM| |DRAM PROM Mask ROM
E15-E16 cycles |
|
EPROM EEPROM
]
| ]
Standard FLASH
Source: Pierre Fazan, GSA Memory Conference E5'E6 Cycles

2010

1010
109
108

107
Time 1

Ts] @
104

10°

102

Tx10° A Getdatafrom TAPE (40s)

century

decade

year

month

week

day

hour

minute

second

Read or write to DISK  (5ms) Storage
Write to FLASH, random (1 ms)
Read a FLASH device (20 us)
storage-
class memory
Read/Write PCM (100 — 1000 ns) (SCM)
Get data from DRAM (60ns)
Get data from L2 cache (10ns) Memory

CPU operations (1ns)

Source: © 2008 IBM
Corporation



Memory and Logic in a typical computer system

The notion of a hierarchy is that a
central processing unit (CPU)
within a processor is serviced by a
- - series of memory technologies
PU \}\/ r]f“e CPU where the memory closest to the
CPU, the cache, provides very
fast access to instructions and

Capacity-low
Speed-high

Density-medium

—P Capacity-high

Hard disk drive - Speed-low

Non-Volatile

TABLE 6-1 * The differences among three types of memories.

Keep Data Cell Size Write- Compatible
Without and Rewrite  One-byte with Basic CMOS Main
Power? Cost/bit Cycles Speed Manufacturing Applications
SRAM No Large Unlimited Fast Totally Embedded
in logic chips
DRAM No Small Unlimited  Fast Need Stand-alone
modifications chips and
embedded
Flash Yes Smallest Limited Slow Need extensive  Nonvolatile
memory modifications storage stand-
alone

Slide 14



Static Random Access Memory (SRAM)

Word
Line 1

o

BL

[+]

[

T

° -
N

—

o

: holds data as long as power is applied
: can not hold data if power is removed

- 3 Operation States: hold, write, read

+ One cell =6 MOSFETs

BL1
C

gy

° -
—

I

“0”

ccess

o
o<
” I n

1
transistors

Word
 Line1

Two inverters
flip-flop

Two stable
states

+ bistable (cross-coupled) INVs for storage
+ word line, WL, controls access
- WL =0 (hold) = 1 (read/write)

« Datais stable as long as power is on.

Static RAM is faster than DRAM, also more
expensive

WL
\ 4 \ 4
T Vid
M; M
M ’ L‘# Ms]
= s
? LOW
BL fl (HI) BLC
(LOW) }7
M, M,
-
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Writing to an SRAM

s
sy

pull-down

(a) Write 1 operation (b) Resistor model

Slide 17

Example of a basic SRAM cell layout

M2
| |
% N
= =
| |
bit WL WL bit_bar

Slide 18



——Layout of a 32 nm technology SRAM, —

The dark rectangles are the contacts. The four horizontal pieces are the gate

electrodes and the two PFETs have larger Ws than the six NFETs. Metal interconnects (not
shown) cross couple the two inverters.

Bit Line 1 BitLine 2

Word T T

Line 1 T T °

Stack Capacitor
Word T*P4

'vrl
Line2 °© T
Il

* One cell =1 MOSFET + 1 Capacitor

* Needs to be refresh periodically Trench Capaciptt ]

Source: Prof. Yang-Kyu Choi,
NT512



A schematic DRAM cell array

Word-line 1 Word-line 2

Bit-line 1
C - Vag/2(C + Chit line) ;l—c ;l—c

© ML AD
T T

Slide 21

Evolution of DRAM Capacitor

Capacitance . To achieve large A, 3-D structure is
highly demanded
« Thin dielectric (d {)
—> leakage current T
* High K dielectric :

d

. A + Ta,05: K=>25
(=Kg,— + TiO, : K=30~40
d « Z10, : K=14-28

+ Y,0, : K=17

g = 8.85x10-14F/cm (Vacuum) “SLN.  K=7
K= dielectric constant 3774 - )
d=dielectric thickness * BST (Ba, Sr)Ti0; : K> 250
A=area

Source: Prof. Yang-Kyu Choi,
NT512



access ]
capacitor transixtor . bit line EVOI ution Of DRAM
¥ contact gielectric —* si0, NO SigNs Ta0s  ALO; HO; Zi0,
E ) R S— electrode ), HSG  TiN WN TaN Ru
1.E+10 2
PIS planar capacitor, single poly
= single oxide 18
1.E+09 + Gb F s H
B |2
LR 7z : o
L ] g F1.2 E
PIP planar capacitor , double poly g 1.E407 - 1 3
= dedicated capacitor dielectric
E Mo ** 8
m 1.E+06 + L os ﬁ
o4
1.E+05 - .
3
/ 02>
1.E+04 + t + t 0
PIP semi -planar capacitor, triple pol
> increasid capac?t:)r surfacz = year — 1980 1688 1es0 1ee8 2000 2008
structure — PIS PIP Mis MM
D
Fig. 3. Trend of DRAM production node, bit density, dielectrics and
PIP, MIP or MIM electrode materials.
Fn ZZ
Source: Eric Gerritsen et al, SSE 49, (2005)
1767
3D stack 3D trench
architecture

architecture Fig. 1. DRAM architecture evolution from 1980 to 2005.

A @ Thin dielectric

— Cup-shaped electrode

= Second electrode fills
] all open space

W S‘i}Oz

Bit-line

Word-line

D«// and gate
v (N

p

(a) (b)
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The Flash Cell

erasable

Flash memory: A non-volatile, in-system-updateable, high-density
memory technology that is per-bit programmable and per-block or per chip

= |n-system updateable: A memory whose contents can be easily
modified by the system processor
® Block size: The number of cells that are erased at the same time

Source

Si-Substrate

Gate Insulator
/‘ harge-storage layer

"
«— Thin insulator

N* N*
-7 P A
(a)
Iy No electrons Electrons
stored stored
o /" wpm
/ /
/’ f/
//
/
/ /
t b
Viiow Vinign
(b)
20V ov v
H_\ : I_?_\
ov ov I:l ov 5V
—a -
7 ‘i _4:\ _i i T hi 9
" : " T .
N* N N N N N*
P P P
& & g
ov 0V ov
Tunneling write Tunnelingerase ~ Hot-electron write

(€) (d) (e)
FIGURE 6-37 (a) A charge-storage NVM cell has a charge-storage layer in the gale
dielectric stack: (b) Vy is modified by trapping electrons: (c) electron injection by tunneling;
(d) electron removal by tunneling: and (e) electron injection by hot-electron injection.

Slide 26

13



To tpavdioTop amropovwpevng TTUAng (FG-MOSFET)

B Baagikni apxn B Mnxavigpoi £yxuaong
’ ' QopTiou

F-N Tunneling (NAND-
16~20V  Flash)

Iil o
float float
T A4 A A 179

b 4 A 4 — ®
S N+ Evenene.: N+ ol
P-Well: GND

Substrate Oxidd FG

Hot Electron Injection (NOR-Flash)

| Read
(erased)

N\

IRead QT
programmed) - Vrye)  Vrnee) ve  [MapdBupo *'»=—*
TE&TT - 2006 L7: SuoTnua MvApng ﬂvnﬂng Slide 27

ATTEIKOVION TWV ECWTEPIKWY TUNHATWY, TTou SiaypdagovTal TauTdXpova o€
KAOe Aeiroupyia diaypa@rig otoug SIAPopous TUTTOUG TNG Mvhung NVM

r =======1:.===EE

memory block memory cell |

Write/UV-Erase Bit by bit Write/Erase

entire devive
(EPRON)  |Write/Block-Erase (EEPROM)

(FLASH)

TE&TT — 2006 L7: Zootnua Mvrung Slide 28



Boolean Loqgic

NOR NAND
A B Cc | output A B Cc | output
1 0 0 0 1 1 0 0 0 1
2 0 0 1 0 2 0 0 1 1
3 0 1 0 0 3 0 1 0 1
4 0 1 1 0 4 0 1 1 1
5 1 0 0 0 5 1 0 0 1
6 1 0 1 0 6 1 0 1 1
7 1 1 0 0 7 1 1 0 1
8 1 1 1 0 8 1 1 1 0
VCC
0
Qutput
1 Ao
1 B
1 ¢ oo
NOR and NAND
NOR NAND
Bit line
Bit line
Word line Cantact Word Iina.i
Cell S bl .
1
Array P 2 ; o[
s 5 P
L mm——— == UnitCell |
Unit Cell H
2 o
Source line T .i
Source Source line
Single cell structure 2 —
) il R
ayout IR0 R
e o et
coe | MRA ol EEE
section
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NOR and NAND Stacked Gate Flash

NOR NAND
B B BN
N HE EE .
T T — T U <
Cell size (F?) 10 5
Read access Random Serial
(fast ~50ns)
Progr. Mechanism/ CHE/ FN/
Troughput 0.5 MB/s 7-10MB/s
SEM
Cross-section (BL
direction)
Source: L.Baldi, R.Bez — NanoE3
2008
NAND vs. NOR

NOR

Better E/W Endurance
(>100K vs >10K)

Random
Fast Read (~100ns)

Slow Write (~10 us)
Used for Code

Not Scalable

vﬂ

—_ =4 == ==

|

| ML CrpU T L rTLLer

NAND

Smaller Cell Size
(~40%)
Sequential

Slow Read (~1 us)
“Fast” Write (~1 us)

Used for Data

Scalable

16



Innovations in Flash Technology

0 High-k dielectrics and mm =
“discrete-trap” memories T
— Reduced oxide thickness

y-pitch

— Lower energy barrier height

— Improved reliability
O Fin-FET and 3D architectures cein
— Vertical channel
— Removes short channel problems i fisted
— Limited by layer thickness of
stacked gate

A. Fazio, MRS Bulletin, Nov. 2004

" Charge Trap Layers

-
polySi why S
Bady Gate

(e) .
) apsin ]
Love
W odysi =
Gale |
Ll —

Source: L.Baldi, R.Bez — NanoE3 2008

O 3D architectures
— Extend the scaling law, avoiding
some critical process steps

— Moves the scaling constraints along
the vertical dimension.

Nanocrystal Storage

Floating Gate Nanocrystal Storage
. CowolGae G
Interpoly Oxide Interpoly Oxide
[ Tlating Silcon Gate 1 006000
Tunnel Oxide Tunnel Oxide

«Limits capacitive coupling between cells

*Reduces oxide defect induced charge leakage
*Thinner oxides permit lower programming voltage
*Reduced lateral charge flow — no drain turn-on

+ Improves Scalability (70-20 nm per Samsung)

«Permits MLC storage

bprince@memorystrategies.com



Mass storage: Candidates for NAND

Replacement: Charge trapping devices

Those are not a floating gate device but a Nitride
Charge trapping Device.

v'NROM (Saifun) is a NOR (with Virtual Ground array
configuration)

v TANOS (Samsung) is a NAND SONOS

Volatile 1 Non-volatile

RAM Incoming NVM
technology
— ' |
DRAM | | SRAM ‘ j

Hll Floating [ SONOS-Type | ROM &
/ Gate i (charge trapping } Fuse

Dominate NVM For '
the last 25 year

......
............

Poly-Si
Oxide
Nitride
Oxide
i Substrate

18



NAND Major Scaling Issue: Cell to Cell

Proximity
Floatmg Gate Scallng Barrier

FG-FG coupling
effect
(animation)

g:] <+ Floating gate
Tunnel oxide —b
f///// Y 7

<« Silicon body

<+ Control gate

 Floating gate electro-static interaction
— Narrow floating-gate spacing
— Tall floating gate

Nitride Storage

» The favorite NVM technology
— Charge does not move around the storage electrode
— Less floating gate electro-static interaction results in
denser memories.

hooo

< Control gate

- - < Nitride

Tunnel oxide —

I i

<« Silicon body

19



MultiLevel and Multi-bit

Multi-Level
Can do Multi-Level with FG/NC/SONQOS

Multi-Bit
Move from Floating Gate to Nitride/Nanocrystal

Roadmap — 8 bit by 2010 (4-Multi-bit, 2 Multilevel?)

bprince@memorystrategies.com

Multi-bit (NROM) vs. Multil evel (Floatinag Gate)

-l

Programming,
Read

—ncad N

Programming
* localized storage in nitride traps « physical storage of charge in floating gate
* 2 physical bits per cell *multi-level cell storage allows storage of 2

. or more electrical bits per cell
» multi-level cell storage allows storage

of 2 electrical bits per cell

20



Near-Term and Long-Term Alternatives

More than 35 NVM alternatives have been so far proposed...

Polymer FeRAM

FERAM

PMC RRAM

Ag-layer
GeSe-layer

Polymer Layer /

Polymer Layer "

Source: L.Baldi, R.Bez - NanoE3 2008

Volatile 1_ Non-volatile

RAM Incoming NVM

| technology |
|

Bl Floating [ SONOS-Type |
/ i (charge trapping §

Dominate NVM For ... ..o N '
the last 25 year

Emerging ROM &
Fuse

}

3 pra = Polymer
FeRAM MRAM RRAM || Phase |[*

.| Change |/ ™~

Very potential
emerging NVM

-----------
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Near-Term and Long-Term Alternatives

Hysteretic Properties
m FeRAM (Ferroelectric RAM) — electric dipoles
= MRAM (Magnetic RAM) — resistance
® RRAM (Resistive RAM) — resistance
m Solid Electrolyte — resistance

®m Phase Change Memory — resistance

Phase Change Materials

= Same class of materials as the recording media of CD-RW
and DVD-RW

* For DVD, a laser is used to write/erase by heating the GST
— High energy -> amorphous, low energy -> crystalline

— Volume changes upon crystallization/amorphization changes
the light scattered from the lower energy reading laser

* For electrical phase change memory, the resistivity through
the material is sensed by an external circuit

4999~ Amorphlza’rlon Q*% 4%}33'}% Crystallization %%,%
e
- A4
%% wrr‘rmg LAl e e.r'asmg
Source: H.-S. Philip Wong, Department of Electrical Engineering, Stanford University

GeSbhTe (germanium-antimony-tellurium or GST) is a

22


https://en.wikipedia.org/wiki/Phase-change_material
https://en.wikipedia.org/wiki/Phase-change_material
https://en.wikipedia.org/wiki/Phase-change_material
https://en.wikipedia.org/wiki/Phase-change_material
https://en.wikipedia.org/wiki/Phase-change_material

Phase Char)ge Mem_orv

Operation Principle: Device operates by crystalline
switching between low resistance SET
state and high resistance RESET state.
| amorphous
e — — —

N /A

Dielectric Dielectric
Vv
RESET
—p — PR PR— Pulse
Melting
Temperature

o
ol

Electrical current pulses lead to intense
localized heating (~10"K/s) in the phase

change layer. /(_\ Glass
Temperature
-
Controlled pulses cause transition between Pulse

the high resistivity amorphous phase and E—
low resistivity crystalline phase.

Temperature

Source: H.-S. Philip Wong, Department of Electrical Engineering, Stanford
University

Typical Phase Change Memory Device Structure

" L)

JRTTIL 4

Resistor Crystalline GST

Bottom electrode ¥

A, Pirovano, “Emerging Non-Volatile Memories," IEDM Short Course ,2006.
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PCM — SET to RESET

A AR
[, 3

Gt Rt
Temperature
A AW
T
AN
A. Pirovano, “Emerging Non-Volatile Memories," IEDM Short Course ,2006.
PCM - RESET to SET
\>\\\\\\\\\\\\\\‘\\\\\\\\\>\‘\\\\\\\\\\\\\\
]
RESET '
Temperature
4 S
Tm
[
N -

A. Pirovano, “Emerging Non-Volatile Memories," IEDM Short Course ,2006.
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Experimental Phase Change Memory Cells
! VBL

TEC
GST

N. Hwang, S. H. Lee, S. J. Ahn, S. Y. Lee, K. C. Ryoo, H. S. Hong, H. C. Koo, F. Yeung, J. H. Oh, H. J. Kim, W. C. Jeong, J. H. Park, H. Horii, Y. H. Ha, J. H. Yi, G. H. Koh,
T. H. S. Jeong, and K. Kim, "Writing current reduction for high-density phase-change RAM," IEDM Tech. Dig., pp. 893 - 896, December 2003.

FeERAM (Ferroelectric RAM)

» Ferroelectric RAM Source:
» Remanent polarization of ferroelectric materials Samsung
X ‘What is Ferroelectricity?l

Polarization
gr

Ferroelectric materials
exhibit spontaneous
polarization with applied
electrical field due to the
atomic displacement of the
body-centered atom in the
perovskite(ABQ,) structure.

The remnant polarization
state is maintained after
the removal of the electric
field.

Ferroelectric has “two” stable states,
Wwhich is basis of memory application

ABO, structure
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MRAM (Magnetic RAM): Spin-Polarized Current

« The spin of the electrons making up the current in most
electronic devices is irrelevant to circuit operation.

* However, spin is a property that can potentially be
controlled and exploited to make useful new devices
= an emerging field called “spintronics”

+ The spin of the moving electrons tends to line up with an
environment of aligned spin, like the magnetic field
present in a piece of polarized ferromagnetic material.

Ferromagnetic
conductor
Electron Flow | ¥ ¥
\1— \'ﬂ/, 1 Tl t t ' t l t | Electron flow
foor - tortd
Random electron spins Aligned electron spins
Source: Bruce F. Cockburn, 2006 Emerging Technologies Workshop
The Magnetic Tunnel Junction
. Higher e current
1) Parallel Spins — )
* lower barrier to _ . N4
tunneling current Fixed spin
« > 30% resistance T 1‘
drop
* higher current ~ Nonmagnetic barrier
Lower e" current <2 nm thick
2) Anti-parallel Spins -/
* higher barrier to Fixed spin
tunneling current T l
* lower current

Source: Bruce F. Cockburn, 2006 Emerging Technologies Workshop
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MRAM Cell Hysteresis

Tunnel Junction
4 Resistance

-

Magneto-
resistance ~ 30 %
Ratio

- ik
Parallel Spins Anti-Parallel Spins

- I

Magnetic Field Strength
In Free Layer, (Oe)

Source: Bruce F. Cockburn, 2006 Emerging Technologies Workshop

MRAM (Magnetic RAM)

U MRAM is a new generation of much faster magnetic
memory that is compatible with semiconductor integrated
circuit technology.

V=1500 nm3

opoN abeioig |

’7 Selector |

Source: R.Cavin &
V. Zhirnov, SRC

27



Main Alternative NVM Concepts

FRAM MRAM PCM
(ferroelectric) (magnetic) (phase change)
Storage Permanen_l uolﬂr\z_at\on ofa Permanent magpetlzallop Amorphous/poly-crystal
Mechanism gsérTo)e\ectnc material (PZT or ;fg :\%r;)magnelm material phases of chalcogenide alloy
Cell Size F? . . Small: 54 (BJT)
(ITRS) Large: 2216 Large: 2217 Medium: 15—7.4 (Tx)
Scalability Poor Poor Good
1010
Endurance : >10M 102
(destructive read)
Write Low power capacitive Power constrained,
Theoretically good speed Scales poorly
Stand Alone or
Application Embedded, Low Density Embedded. Lo | Embedded
¥ High Density, Low Cost
Maturity Limited prod. Test chips Prototypes

Source: L.Baldi, R.Bez - NanoE3 2008

_ Cell architectures for RAM cells

b) Diode cell
Area: 4.6°'R
0\6\‘\‘
¢°‘°‘\°
Rﬂ, Rsp
R §lz A/
‘\t

«® f—
Biine Exine Bitine

Fig. 2. Three different cell architectures for resistive memory cells: (a) cross-point cell, (b) diode cell, and (c)
transistor cell together with their respective area consumption in F~. F denotes the minimum feature size of the
fabrication technology.

Thomas Mikolajick et al, ADVANCED ENGINEERING MATERIALS 2009, 11
235-240



Typical current—voltage characteristics for (a)
bipolar and (b) unipolar switching
b) Unipolar Switching

a) Bipolar Switching

Al T

Y

Read|ng

Fig. 3. Typical current—voltage characteristics for (a) bipolar and (b) unipolar switching.

Thomas Mikolajick et al, ADVANCED ENGINEERING MATERIALS 2009, 11,
235-240

RRAM Proposed Alternatives

Chalcogenide
O GST and other phase-change alloys
O AgGeSe, AgGeS, WO, and SiO, solid
electrolyte
Binary oxide
0 Nb,O;, Al0O,, Ta,0;, TiO,, ZrO, , Cu,0 and
] NiO ] ) M. Kozicki, EPCOS 2006
Oxides with perovskite structure
0 SrZr0O,, doped- SrTiO;, Pb(Zr,Ti,,)O; and
Pr,;Cay; MnO,
Conductive polymers
O Bengala Rose, AlQ;Ag, Cu-TCNQ

In common:
i i A.Chenetal,
Storage mechanism(s) still debated IEDM Tech. Dig. 2005

Source: L.Baldi, R.Bez - NanoE3 2008
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Solid Electolyte

1. Redox reaction .
2. lon migration (cation toward cathode) M— M*+e

M—M+e
solid electrolyte + -
e-—»
Cu
O&
Pt )
Cu* + e Cu Cu—Cu* +¢° EIetrode Electrons EIetrode
OoN OFF ON-state OFF-state

Cu/Cu,S Ag-Ge-Se

M. Kund et al., “Conductive bridging RAM (CBRAM): an emerging non-volatile memory technology scalable to sub 20 nm,” [EDM, p. 754 (2005).
T. Sakamoto et al., “A Ta,0; solid-electrolyte switch with improved reliability,” Symp. VLS| Technology, p. 38 (2007).

Candidate NVM Alternatives

it's going to happen



