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Future Memory Trend
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VLST
SRAM Cell EYEFEM LAR.
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DRAM Cell e

Metal word line

ald Oxide

Inversion layer

Rely induced by
plate bias
Cross-section
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DRAM Cell ——
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Flash Memory Cell s

Control gate
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VLS]
DRAM and SRAM Trend R
@ Improve performance and capacity of DRAM and SRAM
® Technology scaling
® Design technique
4 Function and role of DRAM and SRAM are not changed.
® SRAM ; cache memory in processor
® DRAM ; main memory unit in system
wme mmiNGM| 10000 —m 10
:(DR DRAM| diffZ J E SRAM Cell Area _
e E 0.5x every 2 years &
5 ° | DDR4 2 Y
2 : —| L]
3 i 5 1000 12
H DRDRAM ° 3 S
- I E—— L 2 =
DDR2 2 ) F
L H Contacted Gate Pitch ]
o 0.7x every 2 years
100 01
=i _SDRAM 250nm  180nm 130nm 80nm  85nm  45nm
1996 2000 2004 2008 2012 Technology Node
Year by Intel Technology Journal
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VLSi
NAND Flash Trend w—cia
@ Improve capacity and performance of NAND flash memory
® Technology scaling
® Design technique
@ Positioning of NAND flash have been changed.
® Past ; digital camera, MP3, USB memory..
® Recent ; solid state drive (SSD) for replacing HDD
10 E seif-boostin 100 E
;ISPPelc. 1 E !y\ll
1 ] -
3 0E DRAM ”
“g 0.1 3 E LT Noy
o E S - /Storage Class ",
N r = Memory (SCM)
%) m o 1p ~l -
o E -
3 - NAND
0.001 k 01 k :
NAND. 7/ g/ ; Endurance /
azew F
94 ‘96 ‘98 ‘00 ‘02 ‘04 ‘06 ‘08 10 l(l'.)J 1(‘)2 1;)3 1:)‘ 1;)5 1;)S
Start of Mass Production Write Speed i
12 YONSEI Univ.

by Samsung electronics School of EEE 4

2010-04-01



: VLST
Universal Memory L

@ Universal memory is desired for next-generation memory.
® Nonvolatile memory

® High speed 100 g
® High density C
® High endurability oL ,
® Low power E EW Koy
3 F LT
8 - STT.MRAM [ Storage Class™,  PRAM
# Some candidates & 1 demory (S
® PRAM E Universal &= "V ™= 4
® STT-MRAM - Memory NAND
0.1 /
® FeRAM Endurance 3D ReRAM
. ReRAM L L L L L L
® ... 10t 102 108 104 105 106
Write Speed :
by Samsung electronics
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Invention of NAND Flash LEo

Flash Invented NAND Invented

1967 1971 1979 1984 (1987) 1995 1999
I I [ [ T | | I [

1988 1992

ABSTRACT Inventor:

) . Prof. F. Masuoka
A NAND structure cell is most promis- ‘ (Tohoku University, Japan)

ing as an ultra high density EEPROM to
replace magnetic memories. This pager
describes a new device technology to
realize a high performance 4Mb EEPROM
with NAND structure cell. The main fea-
tures of the technology are a new NAND
structure cell to realize wide threshold
window and high reliability, and a high
voeltage CMOS process to realize program
and erase operations,which require high
voltage pulses,such as 22V.

By using 1.0um design rul%s, the unit
cell area per bit is 12.9um*, which is
small enough to realize a 4Mb EEPROM.

Market Size (arbitrary unit)

INTRODUCTION

In order to replace magnetic memories
by SSIig State devices, & high density
EEPROM has been required. Conventional
5V-only EEPROMs, utilizing Fowler- 1950 1970 1990 2010 Year
Nordheim tunneling, occupy a very large

by Toshiba, Flash handbook, 1992

by Toshiba, IEDM, 1988

15 YONSEI Univ
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VLST

Application | / Flash Cards s

@ Flash card is used for mobile devices with memory slot

Portable Video game

Car navigation

Cellular phone

16 YONSEI Univ
School of EEE
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Application Il / VLST
Embedded Application

Semiconductor
TOSHIBA MARVELL insights=
THSSGED1DTGRD  BaWBGaG
BGB Flash

and CSR Bluotooth

E-Book

17 YONSEI Univ. geeg®
School of EEE %54

Application Il / VLST
. EVSTEM LA,
Contents Preloaded Media
I, © S
Software Distribution
. Disiribue Software as a read-only device
> No Viruses
+ O/S and Bios already support optical drives
> 100% emulation of CD/DVD drive
+ Less packaging
+ Perfect Application for 3/4bit MLC
+ <$5 unit cost
18 YONSEI Univ. #&5
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Application IV / SSD kil

Samsung 256GB SSD

19 YONSEI Univ. #3
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Evolution of NAND Flash Technology i

10
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Limitation of NAND R

4 Beyond 30nm, Uncertainty of EUV Availability - Limit of Patterning
4 Beyond 20nm, Uncertainty of Conv. Linear Scaling = Limit of Device
- Super-MLC (3-bit, 4-bit, etc.), High Speed I/F, 3D Technology

G-line line || KrF ArF [ippr | EUV? ‘

1000 [

13.5nm

436nm 365nm 248nm 193nm |it

100 £

NAND Technology Node (nm )

10 3
1 .
1970 1980 1990 2000 2010 2020 2030
Year by Samsung electronics
21 YONSEI Univ. #&5%
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Super-MLC (3-bit, 4-bit, ...) ==

New Program(PGM) Algorithm
: Three-step PGM (TSP)@43nm

e
next-neighboring cells
(1 ghboring cells

@ AWAWATIT0)

( Floatlng gate coupllng

ﬁ“) & {/'\ m b cell PGM
@) ;
ANANA

{Erased)

Bits per Cell 4
Demsity 4Gh (4) FGC-.-.--.-.-.-.-.-.-.--.--.-.
SKI Page
4 Pages | WE
Organization 64 WL / Block

2k Blocks | Plane
2 Planes

DBlock Siee INMD (43 Cells)

Architecture ABL

Frogram Performance Sedns H H i STETETETE

Rurst € vele Thne TEns "= ! 4" '3" 'G" ‘?' ST T9" AT U TCT D" CET P

Power Supply 2.7 1o 26V Vth distribution of b cell

Techuology EM 43um CMOS . ) YONSEI Univ. #%r
F— Pyvpr— 22 by Toshiba-Sandisk, ISSCC, 2009 School of EEE &8
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VLST

High Speed Interface (DDR) NAND s

2Gb Mempry Array 2Gb Mempry Array
E

——momm_

2Gb Mempry Array 2Gb Memory Array

> ONFI (Open NAND Flash Interface)
20omess - Intel, Micron, Hynix, etc.

- Toggle-mode NAND

: Samsung, Toshiba

Technology Sonm p-sub cos triple-well ametal
1l sice X i (=MMectivn
e 001 (elTetive) Asycheanous Deta Duput Synehvoncus Data Output
chip size 169.3mm* - - - -
Organization 4096 x 126 pages x 312 blocks x 4 planes x 8
e
vower supply: v zrvaov
NE 10ns
Power supply: VccQ 1.7V-1.95V or 2.7V-3.5¥ i ? i rl'
WEN (LK) 20ns IRVRTAUAVAUAN TR
Read time Sups | 1) Ly
IR (WORH) | | 1 o
Program time 16085 (typical) h».,“"“"l"“’" B, |
e— ["on 1o | oo
Erase time 3ms (typical) I . Ui : FI I H
bas 1 N
Clock cycls time 10ns
1/0 width x8 -
23 by Micron-Intel, ISSSC, 2008 YONSEI Univ.

School of EEE

3D NAND for Tera-bit Storage = ===

@ 3D Vertical NAND

@ High Density Oriented, CTF, MLC

__ﬂ_.:Bn Line

Bit Line
Memary String Control Gate
Upper Select Gate Lower SG

L oL oL oL

by Toshiba, IEDM, 2007

Bit Line

Upper
5G

Control
Gate

Lower

Source
Line

by Toshiba, VLSI, 2007

24 YONSEI Univ.
School of EEE
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Low weight

High performance
Low power

Low vibration

Low noise
Low endurance

SDD vs. HDD

2.5" SATA 3.0Gbps 55D

ik

Salid MAMD flash based Mechanism type Magnetic rotating platters
E4H Density a0GH
T3y Weight 365y
Read: 1 00MBYs, Write 15 0MBISE Performance Read: S90MB/s, VWiite: BOMB)=
AW Active Power consumption =1
2003 (10~2000Hz) Operating Vibration 0.5 (22~350Hz)
1,200 for 0.5ms Shock resistance 1700 for 0.5ms
0°cC to 7O°C Operating temperature 57 to S5°C
Mane Acoustic Hoise 03 dB
TATEF =2 hiours: Endurance MTEF = 0.7h hours

However,-high.cost.per.capacity,-.now.

by Samsung electronics

25 YONSEI Univ. g
School of EEE

Component of SSD

@ Performance = f(CPU, DRAM, Flash, Host Interface, HW automation)

DRAM

+ 32 > 128 > 1024 MB
* Mobile SDRAM > DDR > DDR2
* PRAM / FRAM (Future)

Power Supply
* Power-Failure Monitor

* Super Cap

NAND Flash
¢ SLC/MLC (50 > 40 > 30 nm)

Host Interface
+ PATA > SATA 3G > SATA 6G (Note PC)
*+ SAS 3G > SAS 6G (Server / Storage)

Controller

+* ARM CPU (133 > 300 MHz)
+ Single / Duo Core CPU

+* Hardware Acceleration

4 /8 /16 ch. (NAND I/F)

Firmware
«w/0 0SS > Real Time0S
* w/0 Queue > Queued CMD

VLST

+ SDR I/F (40 MB/s/chip)
« DDR I/F (133 > 266, > ... MB/s)

SSD Capacity
*32 /64 /128 / 256 / 512 GB

26

by Samsung electronics

YONSEI Univ
School of EEE

2010-04-01
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SSD / Solving the I/O Bottleneck it

@ Bridge Performance Gap between CPU and HDD

10GHz 006: Qu
2005: P4, 3.8GHZ
CPU 2003: P4, 3G
DRAM 2010: Future, 1600
2 lGHZi 2000:-P4, 1.5G| (128GBIs)
5 5 HDD 4 007: DDR3-1067
o i ‘m 5GBJ/s)
g 1999; PIIl, 500MH: 4 DDR2-53
=] 1997: Pil, 300MH: @285
o 2001; DDR266
= 100MHz &7 1GB/s)
|: DR, 133MH - .
3 SSD—+*
(] FOAREIN
7] 1994: SDR, 66MHz |
(% (528MBTS) 1
10MHz 993; EDO, 33MHz 2008: SATA6G"_|
= (132MB/s) {200/600:
’ A 2002- ATAG (@)
198% - — : (304100 MB/S) —2005" SATA3G (50/300 M8/s)
: 1996: ATA2 1998 ATA4 szoo “SATALSG (40/150 MB/s)
1985 SMHz (5/16 MB/s (10133 B%
b O 2000: ATAS5 (20/66 MB/s)

1980 1985 1990 1995 2000 2005 2010

Year by Samsung electronics

27 YONSEI Univ. #
School of EEE *

. VLST
SSD / Solving the Power Bottleneck s

€ HDD: Higher RPM = Higher Power + Generates more Heat
@ SSD: Less Power /No Heat saves lifetime Energy Costs...

Watts used in Operation Mode Watts used in Idle Mode

16 - m
" :
1?2

7

m 8

8 6

B [ ]

. 3

2

2 1

(] 0
4200 G400 7200 10000 15000 §30 990 4200 B400 7200 TOODO 13000 S%0 58D
~~ PATA  SATA - ~ ~ PATA SATA

HDD RPM HDD RPM

by Samsung electronics

28 YONSEI Univ. #eeg*
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Wear-leveling for Optimization ===

—— With wear-level Without wear-level

| Application Software

4000 ‘

3500

. File System (0S)

o000 Wear-leveling B B e
el | | i by FTL (Flash Controller) = [~--- - NAND Controller
YCliNg 5000 R AT el

Bad Bleck Management
1500

E Wear-leveling
i ECC

1000

500

[
NAND Flash Memory

0 A Ll
1 77 153 229 305 381 457 533 609 685 761 837 913 989

3»)
Physical Block Address R
Dynamic Wear-leveling Static Wear-leveling
Wiite/Erane count ek s i hafa sich % ysiem deis, Write/Erase count Red : Static data such as system data,

Blue ; Dynamic data such as user data T Blue ; Dynamic data such as user data
'

iﬂl.l.l-..

v

Physical block address

Physical block address

MP3, USB, DSC etc. SSD :
29 by Samsung electronics YONSEI Univ. geop?
School of EEE

i - - . VLSi
Sector Size for Optimization ===

@ Existing OS is for HDD! - OS should be optimized for SSD!!!

B Sector size optimization
Minimum write/read unit of NAND is a page.
Typical page size is 4-8KByte.
A page is written only ONCE to avoid the
program disturbance.
E  With current OS having 512Byte sector,
one sector write wastes >80% of data in a page.

1sector Remaining portion
write becomes garbage.

E  LBD(Long Block Data) sector standard (Windows Vista) :
4KByte sector size fits better with SSD.

B As the page size increases as NAND is shrinking, larger
sector size such as 64KByte or 128KByte is required.

. YONSEI Univ. ghey®
30 by K. Takeuchi, ISSCC Forum, 2008 School of EEE &2
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Self-monitoring, Analysis and

Qe EEEMIEE ) remance [—T | Fnmetens
—T

oy x [

SAMEUNG SPIGIAC (a8 Gl e — -

@ e = T i e 1 1 FERTECT Frobipmmmaht o1 ek §4cks rok nond am8 Bire 308 1 5pn o
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M st nevied.
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P Soce IO (et ot bt s 100 dos
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foe s MR [
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E  SMART for SSD can be really smart.
E  Product lifetime can be predicted because the failure rate is
highly correlated with the write/erase cycles.
E  Predict the SSD lifetime by monitoring the write/erase
cycles and replace SSD before the fatal failure occurs.

31

‘Monitor the storage and report/predict the failure.

el SMART for HDD is NOT smart because it is very difficult to
e predict the mechanical failure.
-

(Google report, http://209.85.163.132/papers/disk_failures.pdf)

VLST

EXEFEM LAE,

v' SMART
(Self-Monitoring, Analysis and
Reporting Technology)

YONSEI Univ. gig®

by K. Takeuchi, ISSCC Forum, 2008 School of EEE &2

Universal

Memory

SYSTEM LAB.
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o . VLST
Power Dissipation of IT Equipments  sema
@ In 2025, Power dissipation will reach 5 times larger.
(BkWhlyear)
25 F

% Network

Q fouter, switch)

w20 -

S ™~

£

©

k=]

® 10 = Server

a Be T m—

: — v

2005 2010 2015 2020 2025
(Year)
by T. Kawahara, IEEE ED/SSC Mini-Colloquium, 2009
33 YONSEI Univ. #g
School of EEE %Z¢

VLSI

Normally OFF, Instant ON e,

€ Read operation ; sensing resistance of GST
@ \oltage biased to GST must to limited under V,, to prevent disturb.
& Current sensing scheme

® Appling read voltage to cell converts from resistance to current

® | oad device converts from current to voltage

® Sense amplifier converts from analog voltage value to digital output

by T. Kawahara, IEEE ED/SSC Mini-Colloquium, 2009

Instant ON

—
[—

Normally OFF

34 YONSEI Univ. gizg%
School of EEE %Z¢
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Change Memory Configuration s

€ Nonvolatile RAM enhances user’s convenience.
€ Instant ON. Quickly software changing.

w/o UM
Common (conventional) W/ NVR \
Bus

Non-volatile

Normally OFy
Instant ON™

Memory configuration

by T. Kawahara, IEEE ED/SSC Mini-Colloquium, 2009

YONSEI Univ. #ep’
School of EEE %54

Nonvolatile (NV) RAM Application AL

€ Innovation for low power system including hardware,
software, and architecture

Volatile

architecture Non-volatile

architecture

(Now) Effect
4 N ~
- Layered mem NV Arch. Reduce vt
0s M || ontrol contral | Svos power
operation
CPU ‘ Volatile logic Non-volatile
. —— | Reduce power for FF
Cash ' SRAM logic and registers
Working ; \
memory || PRAM || Non.volatile | oo
Program ] NOR ‘ R@FM
memory HDD/Flash Reduce static power
Storage | HDD/Flash HL *| for standby mode
N

’,
by T. Kawahara, IEEE ED/SSC Mini-Colloquium, 2009
36 YONSEI Univ. gzt
School of EEE %Z#*
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=
Impact on Performance w———r.a

€ Power ON time is improved to 1/9.

€ Nonvolatility achieves low power also.
OStand-by Power 61A3

~

HDD+DRAM HDD Osbata  ppaM j
Normal Power ON @ C — 45s

SSD+DRAM ssr DRAM
Normal Power ON S
Stand-by Power

DRAM i
Resume Stand-by 100mA

Power ON : Data is stored

~ inRAM
With NV-RAM [l j RAM: 1GB
Power ON Stored all the data

0 5‘[0 15 20 25 30 35 40 45
Power ON time (s)

by T. Kawahara, IEEE ED/SSC Mini-Colloquium, 2009

37 YONSEI Univ. gizp

School of EEE %54

VLS

Impact on Power emmen
€ High-end cellular phone with large memory with low stand-
by power (1/10).
)
s 1200
2 .| DRAM
.9 1000 | (Standby Current)
~ £
g_n.
=3 800
c O
L c
5 'S, 600 -
3 -E‘ Total
>® > | Memory
§ §' 400 Capacity
& £
@ = 200 -
= NV-RAM+DRAM
@ [ - I . [ (Standby Current)
> 0 Based on
< '07 '08 '09 10 11 M2 13 14 '15 '16 NIKKEI
Year Market Access
by T. Kawahara, IEEE ED/SSC Mini-Colloquium, 2009
38 YONSEI Univ. #&5

School of EEE %5
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Universal Memory |

PRAM

SYSTEM LAB.

VLST

Structure of PRAM Cell L,

Top Electrode Top Electrode
Amorphous Polycrystalline
RESET
Fast SET
guenching Slow Contact
quenching
Bottom Electrode Bottom Electrode
N

.I-rn‘r I RESET

TX]ISET
J | T

Time

Temperature/Current

W

RESET state = High resistance SET state = Low resistance

40 by Samsung electronics YONSEI Univ. &
School of EEE %&#

2010-04-01
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VLST

Write Operation of PRAM s

@ Reset pulse (strong & short) ; Amorphous state (~100kQ)
# Set pulse (weak & long) ; Crystalline state (kQ)

Amorphizing

Reset Current . [ ] (RESET) Pulse
E Regime - o7 =T
= sk Set Current .7 4 '5 N
‘E Regime a -

L4
2 . < (orT Pt
s 2 current g ® 0T
O o025k sweep 4 1% current i o /- t -
= n sweep E
° .. .2 r-’ __________ - o Vet v
8] SET, ® - . = set
P M RESET . s th i Viead

Read Voltage i Time
Regime Cell Bias [V]

by KIST, Lj$H6 Xp-2 83|, 2005

41 YONSEI Univ. g=p®
School of EEE *

Read Operation of PRAM S

€ Read operation ; sensing resistance of GST
@ \oltage biased to GST must to limited under V,, to prevent disturb.
& Current sensing scheme

® Appling read voltage to cell converts from resistance to current

® | oad device converts from current to voltage

® Sense amplifier converts from analog voltage value to digital output

Reset Current L
Regime

2 current g ®
sweep

025 1% current 4
L f.( sweep
SET_®

=
s ® REseT * Vi
AL R E b sinl® A
0.5 1 1.5

Cell Current [mA]
Temperature

Read Volt

Regime ell Bias [V]

by KIST, &M X+-23t3|, 2005

42 YONSEI Univ. #&¢

School of EEE %5#
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Recent Technical Issues VLSI
Reducing Required RESET Current

€ Reducing BEC

Increasing heat
by increasing
current density
— reducing Iggeer

Ireset @ 1E5 (mA)

4 Confined contact o
w Confined Structure
Increasing heat
by increasing
current density =
— reducing Iggeer
Normal Structure

VR T R TR Y]
Cell Current { Arb. Unit )
by Samsung Electronics, Sym. VLSI Tech., 2007

43 YONSEI Univ. #=p%
School of EEE €4

Recent Technical Issues VLST
Reducing Required RESET Current

@ Impurity doping

Increasing GST resistance
— increasing heat
— reducing Ipgser

Reset Current Regime

15 15
i N
| Powan RESEL undoped
| i 53
| | s N-doped A
1
E. i on » o 25
€ | SETH 5
@ I
5 Read : 2 L
3 o5 | 320 .
[ #—8 Amorphous o Red uci ng
o Grystalline
el @ 15 Flpeoer N-doped B
| M x
0.0 S S
0.0 0.5 1.0 15 10
Yollage M n2 na n4 ns 0s

GST Reeistance (a.u.)
by Samsung Electronics, Sym. VLSI Tech., 2007
44 YONSEI Univ. g’

School of EEE %54
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€ Enhancing current driving capability

® Vertical BJT |
i
L5 ' § {
Aol b
3 ] N ame e
s : R
256 Mb PRAM Cell 512Mb PRAM Cell
1S5CC2006 1SSCC2007
BL BL
Unit Cell Icell
Structure weAD L% Icell
WL

Recent Technical Issues

Obtaining Larger RESET Current

Switch Device

(3-terminal) MOS Switch

(2-terminal) Diode Switch

Process Tech. 100nm 90nm
) 0.166mm? 0.0467mm?
Cell Size (16.6F2) (5.87)
Switch Device 6 mA/mm? 21mA/mm?
Capability @V, =15V, V, =3.0V @V, =15V
I’Eteg’i;i“’" 256 Mb 512Mb
ensi 5 5
(Chip Size) (79.2 mm?) (91.5 mm?)
45

by Samsung Electronics

VLSI

EXEFEM LAB.

YONSEI Univ. #=g%
School of EEE %54

2000

History of PRAM

VLSI

EVSTEM LAT,

= STMicroelectronics obtained license about CD-ROM from Ovonyx an
d started researching with Ovonyx to develop PRAM.

2002

= Intel and Ovonyx are developed 4Mb PRAM

2004

= STMicroelectronics developed 8Mb PRAM using 0.18um tech.
= Samsung developed 64Mb PRAM using 0.18um tech.

2005

= Samsung developed 256Mb PRAM.

46

YONSEI Univ. #=g%
School of EEE %54

2010-04-01
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History of PRAM s

= 2007

= Samsung developed 512Mb PRAM using 90nm tech. (using N-depo
ed GST, vertical BJT)

= Hynix obtained license about PRAM from Ovonyx.
= Numonyx developed 128Mb PRAM.
= 2008
= Numonyx developed 128Mb PRAM with multi level cell(MLC).

= 2010
= Numonyx developed 1Gb PRAM.

47 YONSEI Univ. #=g%
School of EEE %54

VLST

Future of PRAM S

€ When ?? 2010 ?

® Samsung and Numonyx expect to possess technology to mass-produce
512Mb~1Gb PRAM.

® Absence of alternative market is obstacle of commercialization of PRAM.
® Samsung or Numonyx may launch PRAM in 2010.

@ Target!! NOR Flash !!

® Recently, improvement of NOR flash disturbs commercialization of PRAM.
® Main product of NOR flash is 256, 512Mb and uses for embedded system.

& Future !!
® SSD drive
® System that don’t need booting

48 YONSEI Univ. #=g%
School of EEE %54
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Universal Memory I

STT-MRAM

SYSTEM LAB.

VLST

MTJ Device Structure svsrELan

& MTJ BitLine8L)  —g— -
» Two magnetic layer(Free and pinned layer) g e Freelayer —}
. i i i MgO barrier
Insulating layer(Tunnel barrier) device | g Pty
Word Line (WL) +—| e
@ Ry1, ; depends on the state of free layer  source Line (st
State Effective resistance
Parallel 0 Low (Rp)
Anti-Parallel 1 High (R;=Ry*(1+MR))

(MR ; magnetoresistance)
Reading operation ™) Reading resistance of MT)J

Writing operation =) Switching free layer of MTJ
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Write Operation of VLSI
Conventional MRAM
@ Applied Magnetic Fields

f Hy(word line)
Selected BL < Selected Cell >>
p-N\--9 Write1
—>e >
Zf!l;t H,(bit line)
Selected @
< Applied magnetic field > Selpea s
@ State Change
:: Selected WL =
. !
i 7
Pl — ij — )
10 0
o < Half selection issue >

Applied magnetic field (Oe)

.M Maffitt, et al’, 1BM J., 2007
< State change >

51 YONSEI Univ. #4
School of EEE %z&#*

VLST

Write Operation of STT-MRAM s

@ Spin-polarized electron

Current Source I

H
WEM WER BL free
in
Current Sink
., SBL =
|—_~:—: D
L L ®
(a) “0” Write (Parallelizing) g
Current Sink | E
L
WENM free
in
Current Source 4 writing0
| i <10 -8 6 <4 2 0 2 4 6 & 10
p—"
m E.-"' L—/ Current (a.u.)
(b) “1" Write (Anti-Parallelizing) () R-I Characteristics

< Parallelizing and Anti-Parallelizing Current>
by T. Kawahara, et al., ISSCC, 2007
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Write Current (mA/bit)

]
o

Conventional MRAM
vs. STT-MRAM

€ STT-MRAM has good potential in scalability due to Write current.

- -
[3,] (=] (5,
T T T

=

\ Write Current
lww + IeL

100
TMR Device Width (nm)
BL S L wwL

Conventional MRAM

53

VLST

E 103: :

= 10 F

g F

‘—’1025

b= E Threshold Current
(g T Density (Jc) ]
5 40 — 1x107 Alem? |
[s) = 1x10° Alcm? 3
@ F = 5x10° Alcm? ]
£ 10,3' e e 1 X107 A ]
=10 100 200 300 400 500

TMR Device Width (nm)

STT-MRAM

by Samsung electronics

YONSEI Univ. #p*
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Ic(AP-P) (UA)

Research MTJ size Critical Switching
Conference
Group (diameter) current time

Recent Technical Issues
Reducing Required Critical Current

@ Perpendicular MTJ

* TMR element with perpendicular magnetic anisotropy (P-TMR)
= Lower critical current than I-TMR

Toshiba IEDM2008
1000
900 n ]
800
700 /
400 } P-TMR
O ITMR . /
400 f‘ r 3
300 3 ‘ k —
200 {— / .
100 =
o ;& P eMﬂ_ﬁl (P-TMR)
0 50 100 150 200 250 300
Ic=49uA Akn

55nm

54

49uA (AP-P)

100uA (P-AP) Al

250
« [e(AP-P)

200 H
+ Ic(P-AP)

150 v

I (uA)

100

50 WA

0 =
0 20 40 60 8O

Diameter of MTJI (nm)

Critical current (l¢) of P-ST is dependent on MTJ size.

(opposite result compared with page 2)

by T. Kishi, et al., IEDM, 2008
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Recent Technical Issues YLSt
Obtaining Larger Write Current

®2 Transistor - 1 MTJ (2T1MT)J) cell structure

WW_ To minimize the cell area, the isolation area between
TMR =/

M= a cell and an adjacent cell is replaced by the adjacent
device | | g cell's transistor; the “off” state of the channel region

e of the adjacent cell can insulate electrically among
O WL, WL|
| | o= go | | e o= || memory cells.
E | i ; e

BL
TMR device s
wL F Y »—{ wL
1
sL i
Fig. 1 2TIR Memory Cell

Larger write current with same area ‘ wL
Fig. 2 Cell Layout

by R. Takemura, et al., Symposium on VLSI circuits, 2009
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NEW Application using MTJ viLsr
Spintronics Logic

€ Recently, nonvolatile logic using MTJ had been studied.
@ Highly expected for LS| advancement and innovation.

WL1 WL2 WL3 WL4

wge. Full adder with nonvolatile input B
rare o Dynamic logic type
» Dynamic power can reduced to 23%

‘g_- storage cel

by Shoun Matsunage, et al., Applied Physics Express, 2008

Nonvolatile Flip-flop
« Cross-coupled inverter latch type
« Standby power can reduced to 0%

1 y 1 ; by Noboru Sakimura, et al., CICC, 2008
Master Latch Monvolatha Slave Latch 56
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Power Reduction by VLSI
STT-MRAM and Spintronics Logic

¢ Keep normally the equipment turned off.
¢ Power consumption adjusted to one third.

other chips
CPU Memory 10

Conventional
structure

with STT-MRAM .

with STT-MRAM and l
Spintronics logic

0 0.2 0.4 0.6 0.8 1
Stand-by Power (a.u.)

by T. Kawahara, IEEE ED/SSC Mini-Colloquium, 2009
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. VILST
History of STT-MRAM
A
Conv. MRAM NEC e
512k(1SSCC) omain Wall
T h'éé!NEC non - -
oshi Memory cell 16Mb .
1kb=|%h§|cm Joint PJ (IED¥-’I) AM ‘}{-";,‘?“.SSM
P (NEDO& u IAIt( )
IBMII_nfineon 128kb  18Mb TDK
Joint PJ (IEDM)  (IEDM) AMb(Sample) _ _ _ _.
Motorola 756xp Mb Freescale aub (Everspi?g 16Mb
1|5513¥3%] (sscc)  (VLS) 4Mb(IEDM) (Product) (Road map in Catalog)
Renesas 1TAMT cell
Mb (ASSCC)
(VLSVIEDM Samsung/Hynix/Hanyang Univ
STT-MRAM Saq“a?('ﬁmg STT a?\?li.s;II;ARAM A National P? start (Emerging memory)
(ISSCC) Sonv/AIST Toshiba ToshibalAIST
ony! g Perpendicular TgR (MMJA] NEDO PJ
4kb ‘A Qimonda
(IEDM) AN\ Perpendicular TMR (IEDM)
HitachilTohoku Univ. 2Mb
(ISSCCIVLSI)
Renesas/Grandis Hynix/Grandis
Joint PJ start oint PJ start
IBMITDK IBM/TDK
Joint PJ start (65nm)
'00 '02 '04 '06 '08 10 12
by T. Kawahara, IEEE ED/SSC Mini-Colloquium, 2009
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VLSI

ConCIUS|On EYSTEMLAB,

The density and performance of flash memory have been improved by
improvement of process and design technology.
Solid state drive (SSD) is remarkable as alternate storage device. As cost per
capacity decreases, SDD will replace HDD, gradually.
Advantage of SSD
® Low power
® High performance
® No noise & vibration
® |ow heat
Next generation memory had been studied for overcoming current memory.
(PRAM, STT-MRAM, ...)
Requirement for universal memory
Nonvolatile
Low power
High performance
High density
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