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PrAM 7 Nek |3 2 Application Z%r

FH 2 (RHEXXL)
ILME BE g 4nsol 3P WF LAS Sof Al
amorphous ANERZF Tl=0| 0] T MEZI0| $plk~aM

Klet 400{7F ol =22 B |E .0~1.5H01| 24H2] &H ohm@=E =AM, 0| AEHZS Reset or data 10]2f1 HEHTHC}
T B7HE MHEHAM CPU 2 S 1T J]e B9l siA 0|2 CHEMOZ resetA|EL} Q7F k2 XM2E 0715104
=g SobBHQtCh a22{Lt SRAMZE NOR Flash memory= O] crystalline 2% (Terys)0JALOZ BHES AA] ~bling E0t
0] shrink SIA|IZ THZ chip AfH0[ SHEIW, Z[Z main O MAM3| M2 ZAZ 51H crystalline MEN7} =l=0| 0] i

memoryZ A2Tl= DRAMI} storageZ AIEEZE= flash
memoryS SX2| charge based memory=0] scaling 7|&
JHetol =2 RHOZ shrink 7|2 il 2 o222 741
e, e 5EL0f scaling M| 7t50] ZOFX|LL Tt
0|2 Z22XCz =5017| fIet M2F CieteZ of| &Y
A= 10HEHEE FRAM, PRAM, MRAM, RRAMSS|
H7E EANOR Haslo] ¢,
AP7F 2009 =2 A 2 mobile
MEotRin, 2H0|M9] field test7tX| 2tz

resistive memory0f| CH&t
0% PRAME AfAH
phone A23l0f| 4

steen ofzf YIS0l HLSO0IC,
2 0= SA) DRAMECH ¢4 20nm SHO=2 24
Xl ABEIE RXIFQI PRAMO] SX2i2| Y S, et o

s

njo |'OI

X
8 LA £ 2HE 5 a2 Y2, Application HYS

I. PRAMS| Xt #2|, Cell X, £

At
(<]

0%

1. PRAM2| SZ}&lE|

M PRAMO| write SEHRZ|E MHGHH (2= 1) 0| A2t
20| chalcogenide E42 2= GeSbTe(LHZ GST)0f| &
N M2E 217f510 600'COIAQ| melting 2&(Tm)0|AC2

PRAM 7j&t ®% 91 Application %

O HE2 4K ohm2Z=O 2 Xt 0] AlEHE Set or data 02}
T HFBICH 22 PRAMOIA write timeS Al A4S
Set(data 0)0|H, Reset CHH| b ~~AH{C| write AZ10]

Beset pulse
— above Tge Of GST
— few ns (quench)

Current 4
& Temp.

7

"fQSQ! B

TFT.’ [~

Time

Set pulse
- abD\l'e Tc[yg[ Df GST
- a few hundreds of ns

Current 1
& Temp.

fse! 4o=-=

Tc.'yst' ''''' fooT T - (_

(O 1) Write S 8=




Read while DC current sweep

IV Curve of Chalcogenide Element

Joule heating (Thermal)
—->GST melting & quenching
—amorphous state

Switching is electrical
( Impact lonization )

(a2 2) GST Cell9 IV EA Curve

o Eesi

O|XZ PRAME GST XM3tx|Z digital HEE X ZAlGH=
memoryO|C}

PRAMO| Read ZAF |l2l= (12! 2)9| GST -V EA
CurveOll A E50| GSTO|| Y 10E15 2I40{ % destructive A

Ei7F =X Ys HEol X2 JHOF(O*O,SV)O| A2
currentE QI7te Aol s Yalst= GSTO Z2l=
voltage Xf0|E 0|&35}0] data 0,12 s nsmgéﬂih ol x|t

IH=20{| Reset ReadA| AF2& 4~ Q= current max Z0] ¢
SUAZ At PRAM cell@] sensing marging ££35| 2= 5}
=0 0= A 7I=0| ERsi,

2. PRAM Cell 9=

PRAM Cell2 (O 3)0 M2t 20| chalcogenide Xz
(GST), switching device@l P-N junction diode, GST®}
diodeZ FZH= GH2 =, GSTR} BLE G1ZcH= ARH
202 AL flash memoryQt 22 4F2 cell sizeE Zh=

C}. 047|Af Diode= SII0fl SEG WAl Z SAGIH, Diode 2
Holl= n+ active S 7{A WLO| HZEICE. Chacogenide
M2 2= Sixf 2= AX7F GSTE AK5HD, 2H2to] 25|

WL

Fararg

Unit Cell
2 @ Cell Array
MO - L1 X T Ol

Qll

- ¥ Yu: Fo Y -
[ I(_) WAL W E -~

SEG-Si

. &FS PRAMS| Write speedE 4=tins
et N2 Mz HEES SIS0l
Sub 30nm cello A= PRAM Cell 2X7} Diode, BEC,
GST, TECE small hole0df 25 &-Mat= fully isolated cell
2 BZ40| 2711511, 0] hole sized| 2} cell & E40|
=2IX|7| t=20]| Of uniformityS Z|AsI5I, BEC AHME
AEE E|AS ot 240 QAN Bt=o] wrio| Ech

3. PRAM2| =2 A7

1) Non volatile & Random access 7ts memory : DRAM
+ Flashg] 25 FH|GH New system
architecture 91 7hs

?2) Cell size= DRAMELC} ~0.6X, &Z& StepS DRAM
~(0.85XZ DRAM LHH| Bit costE ~1/22 78l Jts

Performance : read= DRAMI} SAL write= SIXY

DRAMEL} 1/100|Lt shrinkatHA  Ipgm  ZHAZR

parallel bit:7F S716510H Al M 7155, flashE
C} 108 9|, DRAM CHH] refresh7t ZR S04 stanby

current= DRAMY| ~1/52 e

A2IM : EnduranceZt 1M ~ 1GcycleZ Flash CHH|

2~5 order 24=510{ coarse®t wear levelingZt X&

ot =7| miEof d5gd ¥ ECC penaltyE 3|

relax7FsSICHRetention EME 75°C 10yr £30| 2

E7H=510d flash ChH| 20°COJAF TRBHZ0|M 74 &

QIOJA thermal EA0| =23t smart phone, Tab0f| A

AZA| SIE0| U=

5) Scalability : (& 1)< 2010] LHHSt =2 2H Q0F Xt
2910 PRAM Cell©] GSTZ} ¢ Snm77}IIScaI|ng =N
0] Q= Zio=2 gt LAt 0= 20nmO| =X} shrink
7t 0242 DRAM, Flash CHH| 0§ 2 AF&o|ct

PPSE=S
(=]

@

B

‘ Word-line

] GST

iiliiI XL

n+base-line

p-substrate

(O 3) PRAM Cell 7+
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(H 1) 2011 ZHE PRAM Scaling 7ts && =2 A=
Science VLSI symp.
Affiliation uiuc Stanford Univ
PCM GST GST
Cell Size 2.7nm 1.2nm
Cell X Lateral X-point & Lateral
Ireset 5.0uA 1.4uA
Iset 0.5uA 0.5uA
Rreset/Rset ~x25 ~x9
tRESET 50ns 50ns
tSET 150ns 50ns
Write
e > 200 cycle > 1500 cycle
I, PRAM 7Het si=t

1. 2F4HxL
2009 NOR interfaceS ZH= 512Mb PRAMO| Qb4 7k
0o M&ot%ia, mobile phonedf EiXiste 2H0[49] field
test7HX| 2XI2E 4ZS &Z o= PRAM AE3519| Z
2 HOIC}H ZHAV| ISSCCOf| St 58nm 1Gb PRAME =]
HZS Al mobile DRAMZF S5t interfaceE 4=
LPDDR2-NVME H=2HO 2 M low cost multi chip package
7F JlsaliPia 400Mbps  bandwidth@b 6.4MB/SS| write
performanceZ NOR flashE2LC} 4819 40t M52 Foi5t
et o] HZL ZhAo| samplingstF, 2 587 |of
AP ool
=0H= ISSCCOf| ZHSH 20nm 8Gb PRAME DRAMEL}
otM THS L3104 8Gb densityVIX| TLSIBIAT, write

o= —1o°
performanceE 40~133MB/SZ = A| 7H415H04 main memory

ol

* tser: Key parameter for better write performance

kﬂ ==SET 00ns

- ==SET 15005

[IsscC2011] -
N ts=Th0ns P g
100uA / &
ThisWork ——>— &

150ns Pass
tye7=150ns "

~5X enhancement of te;

Current (a.u)

“f' 10 years
£ s
i aeF e
» 10 F ¥ 4
m f o,
5 [ d
'é 10‘[ ?‘{'
3 b
& 10
1 (16nm)3
0% 26 28 30 32 34
1/kT (1/eV)

(a2 5) 20nm PRAM Cell 72X (fully isolated cell)

2 NG 7Kt #2001 286 =Tt 01 2lal AR st
Jl=2 (O HR E0| SHHOZ Set pulse widthE 1/52
0|1, IpgmO| cell shrink 2 1/42 ZtAGHH parallel
writeS 48 S8 71=0]Ck
OF=l HA=2IHEr SHA|0| X2t 2013~2014E01| 20nm PRAM
O] UATHEN B Al DRAMCHH| 2450% bit cost2 8Gb
PRAMO| &&3P7t = Z0|0{A PRAMS| 2401 Af 2}
7t 7Fsoall X1, memory & storage architecturedf 2 HsIE
AL = Z40|Ct 20nm PRAMOYIA &5t Cell2 (2! 5)
QF Z2 point type cell0|H, 0l= ( 10nm7{X| A2 7}s6t
Fxo|ct”
SHH storagedf multi bit cellof CHeH A=
olct"

H3H510{ %!

02t

7(
S
2. Micron

ZHHO|| MicronAtof 2l4+E NumonyxAt= ©1Xf LPDDR2—
NVM interfaceZ ZH= 1Gb PRAMS At JHE=01CH

3. IBM

SCM(Storage Class Memory)2kC 2 multi bit PRAM 7|

Wirite performance gain
1. Reduced tser
2. X128 parallel write (< reduced lpgy, X32@ISSCC2011)

- 40MB/s
[IS8CC2011]
Option i
|
1. External power by borr  fers tm
2. X256 parallel write ~ ——————— tmer ——

> 133MBJs £
|
ty e ben g

1—tm—b

This Work

trise s critical

(g 4) Write performance 7HM 7|&

PRAM 7j&t ®% 91 Application %



4. Hynix

CIOFSt application  target®Z  40nmzZ  SLCMLC
PRAME ¢I7LE0|Ct,

IV. PRAM 7HIA] £ ZXH™ U siZE
H}O}
O L

1. Cell Mgt A QMY

—

SE memoryQ| UANES cell EA ALLO| passE01| 4
CHPRAME HE cellof CHai M= cell X{&H|7} 1 order0]
2 US55t Giga bit 0|A9| L cellOf M= cell Mgt
i 20 X{EH[7F 20(5t7t El0] it SO THY 2
ZS0| =0 Tt 0IF 7iMsE7| oM AAXCEE

write current@| PVT variation 2! cell x| X[0|E Z|AS}

o

0r %
|0

5

>

MUy

3l0F 5104 | sensing 3|29| PVT variation & cell ${X|2
parasitic X3} X{0|2 ZAslst= Z40| WRsiCf”, 2yMo
2= GSTS off H=A0[9] AT Mot Mz E !
0] 718 SRetH| 0[S #8ll contact CD MEE QHFsfst
7| 95t 2% scheme & Tt AH etch 2 | =

ST,

0
TR
o

2. Diode Vth A E|AS)

ReadA| sensing margin0f 71 Faks ©0| F=
parameter7} diode \VihO|Ct, £3| P-N junction diode 7|7
oflMe] AH x&to| diode VthQ| At
SZ 0|2 eFdetA7I= A0 o2

o)

|
diode Vith variationS AME 4~ Q)

Hisl= =00

E% %Eéf: T |_O|
S0l dAXCzE=
=
—

cell tracking concept

So| 7|& o] Lesict®

3. R—drift & tWTR (Write to Read time
for same cell) 2X| LS4

PRAMS] data 1(Reset) AEH= cell0] melting & quenching
ofl 2J5f O|F0{X|7| U420l data 1 high KStZH0] write 21
Ol= &2 2= 7EXIC7E AZI0| XIUHM S7t6t=
zt=0l 0|2 R(Resistance)—drift2td &tH, tWTR
parameter2 E3SIC 0] AL PRAM Cello] 186t
O X{gH|7t write 22 0ll= ATHHWTRO| Z0{X|H

o
>

Jm Jm o

0% ox 0x MO

Ral

HIZF XA 2|0, 2= systemOil M tWTR S =
&% sensing margin0| FfsiA it 255 | X{SHA|
7= of2iz =A7F ULk o ZHIE dliZst= W= chipl
Off St cellQ) short tWTR Z2Z4A| cellof| A readst= 40|
0fL|2} internal bufferO| M LIR2 == internal buffers 4|
St7Lt systemOil A short tWTR Z&Z10| GIE=Z controlGHA

s
of= M0 Ql, SFXOR WIRM| £ 7I&S st

4. Write disturbance

PRAM Cell X0 T29| melting SX02 0|20{%|7|
IH=20| 0]5H= cellof disturbance failureE FEe 4~ QU
C}, 0] A= scalingAl limit 22102 X238t 7H=A0| 2|
sub 20nmO|atof M= fully isolated cell structureE XHEHG}

1, write current@| scale down0| BtEA| HRGIC},
5. Write performance &f&t
2012 ISSCCOIA HHESH MMTA =29 42 /i

133VB/SQ| OHR =2 write performanceE ZA&IX|

main memory 2 AtZE|2{H =7+ JiA0| ERsiCt 0

2

4
1o

SiIME cell write currentES £ A5 parallel write
STEAZ|HLE cell write pulsewidthE &0|= 2X7|&

o] o5t

I M

b

X
If

V. PRAM Application ot

(B 20| 2X0| X[t 3EH7H2 PRAMO| Mo Ut
HE HB3lL, shrink StA0 S2t6H0 high density th30]
E7Fs0tE NOR flash memory CHA[EOZ AR TIQICH
=ZHSE] 2372 PRAMO| byte accessable EAS & &
&5t flash storage cache&1} shrink 2147t §1HZE! low
density SLC NAND flash 222 A2 ofFo|1, 154
0150f= DRAM scaling0| AN =251, 20nm0|5Ha
high density PRAMO| MEMo=z QME AL oXf IT
systemi| A2 memory,storage &I DRAM + SSD or
HDD FZ=7} PRAMQ] low cost 2 nonvolatile EA low
standby powerd&= &&ot hybrid working memory +
hybrid storageZ H3tE 7HsA0] AL} (22 6)2 mobile
Of hybrid memoryE X&ot O|0|ct O] 2AZ HZFA|
booting 2! hot app. Programsa PRAMO| XZ5HH booting
speed 2 hot app load&EE 37 |Mo=2 ti2H & 4
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(H 2) PRAM Application 2}

CHAl Application Projection Advantages
1CHA| Low end mobile phoneof|A{ 2| storage Low Cost,
(09 ~'11) - NOR CHA| High density
2CHA| + Mobile phone0i| A 2| low density storage Performance,
(*12~14) | - Flash based storageOl| A 2| cache Reliability
3 « Hybrid working memory Cost,

) 1‘;__ - Storage cache Performance
(15) - Storage class memory (SCM) Reliability

Hybrid Main Memory Architecture S/W Architecture 4

[As-Is] [To-Be]
DRAM PRAM
Core OS code
gore OS code
! Core Applications
Applications 4
y 7 FS meta
eMMC 1 1
interface  Workiond :
Y , g v DRAM
ain viemory ’ Y
: FSmeta / swap pages | Applications
Ctr / %
: \ Workload
L | emmc i
l—l_l | : Swap pages
1
* Core OS code 1
NAND NAND ; SMiVE
’
- 4
aplcations Applications
Managed storage (eMMC/UFS) Userdata User data

(32l 6) Mobile systemO|A{2| Hybrid memory & & S/W & HZ0|

Ct (a2 7)2 bit cost7} &2 DRAME A2 2F9| Cache system architecture HL7F ZLHR| SHA2F MS, IBM, Oracle,
2O=Z AtZot 7140| M PRAME main memory2 At=ot HP, IntelS big system YAO|A 25| 0[FHX|T
= hybrid memory©] 6[0]C}, 5| RAM 84S 012 27| Z cr.”fﬂ

QZ dh=internet serverOlA= S1Xf DRAMO| 2t QU=

standoy power 2|7} QI & OfL|2t low coste] RAM

solutionS PRAMO| XIZ& £ QU0 CIH0| £ Ziez =9l V1. @:_?_ o %I-%I: ol A=
C}. storage cache22 2 {2|8t 0|9= byte write/access

7t 755t meta data X{2|7F S2|olal, enduranceZf 4= 0|AMQ] LHE0IM PRAM 7HEr SiZF I JHEIA| M7= 2
5t7| WEOIch 0[2{3F nonvolatile RAME Z:Z8t New H, cSBYer AMYhsh Mol cisi =CISIACt HTHS
charge based memory@! DRAM, Flash memory+—= scaling
Hybrid Memory System S0l Z2t3t JH5 0| 21 0/ HHE new memory=
PCM Main Memory resistive memoryO|Ct, PRAMO] resistive new memory&
Mooz J|2X0| Ot JESA O AIRIE} THSAIS TGt
| DRMB E0/3, 220! Y37} 0|20/ 20nmolat BHS %
E|= S| e el ol2oixm Sk ABOIC Sub 20mm
T=Tag-Store | m nodeOf| A 8GbO|4 high density2 E4 & AAMS StH5}
PCM Write Queue 70 sl 220 & EXMZE= cell EM A write
yorid Mermory Syt performance &AL endurance AZME EAM SFA chip
I Eeaecelo e P Ew by i bt efiiiency 1450|900} 012 X 32151 PRAMS| P4
(7121 7 DRAM buffer + PRAM main memory /] Sf scalability, non volatile RAMO|HA low cost@! HAES
hybrid memory 220 Z 0l=e A2 hybrid working memory or storage cache

PRAM 7@t ®2t g1 Application MY



29O volume A =
of SITf tWTR E49| CellH MIEX| 2 X3tH| S7t0f| o

o
St 7™ HO|E2 g M 227} 0|20{E! multi—bit cell

42 PRAMO| main storage&C 2= AIE 7tsE
Eot M7Mo 2= 3R stack cell £RE AL CHA

e
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