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Abstract

This paper reviews development trends of
ferroelectric memories. Materials requirements,
Integration issues, device structures are
reviewed for 1T-1C and 1Tr type FRAM.
Other types of FRAM such as DSRAM and
SFRAM are also described. Limitations in
FRAM development are discussed for the
viewpoint of memory concept and material
properties.  Finally, novel FRAM structures
and operational concepts are proposed in order
to avoid such limitations.
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Ferroelectric HDS
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Leakage current
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NDRO FRAME 48 RAMojEl7] Hue=
EEPROMo| 7Mgtch. weld RAMS  EA|9)

NDRO$! architecture7} 7§25 oo} gt}

Retention test

FRAMSY] retention test:
capacitor® ¢ o}g] HAZEL shortA]F| AU
openr] 7l A2 A7t Wil E5& X3 A
o]t} Short(closed mode)A|d wl&= AYL 718
F& 9tk AYe s ol TDDB, &
imprint £33 4% A¥e] Aok AYe stet
7 gegH ol FRAMS 7% ageing testo}
293}ty Imprint mechanismol4] AFHS0]
imprint7} accelerated ageing testz}® retention
test& ¥ wo& AYE 7FHAY unipolar
voltage pulseg 7}z o] Al Aoy uigd
st} ol testoel] & 74A o Bad AL
thermal shock testo]t}. & FAT &% ®sE
F= Aolth, DRAMYA= 2% fluctuation®
714818t A& thermal shock testzlx x|t o]
X memory AE]E testd}7] Bt}E packagingo]
1} bonding qualitys-& ZAASH] $% AHolx
FRAMS] 745 memoryd8] #3E 27 A%

= o= dA L&A

=
A
—
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230] f Zsjc} E% of FRAMAAE thermal
pulseE ¥ ¥ Jlele ASZ%E thermal shock
test2 £ & v} duksid FRAMY B¢+ o
3 el £xuzld oM E pyroelectric effect
7b B st YF 2T M memory loss7} §lHl
ZHE LxHsld] 98] memory loss7} #AE 4
Q7] dEo|tt. 53] o 2% TN E BHA
A phase transitiono] AT 4 onzg
FRAMS] thermal shock testdlAls £&9
fluctuation &= reference LE% Z 483} test
710l "t

4. A7i

A7 A2 FRAM 7/fdol= trade-
off§ 83t= AEe] Boh 28y trade-offilo]
HPA L otk o3y Y EAL IFriAY 9
o]&3l= 59 WHow N2s /lde FRAM 3
25 Jhsdith o7)Me 2 A A E Al
A} gt

ImprintE o] &3 FRAM

Imprint7} 27 ¥ A017}? Imprintd 7%
A 2] hysteresis loop= 3 Zo =z £7Q]7 o]
o ot #3o) EAE Aust 230 AEA
AdHE AHz FEHG. 7129 FRAMo)
“positive polarization”, “negative polarization”
< 0", "2 ARse Jidolgd
“polarization”, “near zero polarization”& “0”,
‘172 AR logick 7Fsdit} (27 8). o)
8t 739 switching® asymmetric alternating
pulseg AME-3td imprintdEl & FAAIZ &
imprint7} 3 EHZ| YEE pulseE 2FsHE A
olty. o 7% fatigue test® asymmetric
alternating pulseZ Ap&3}7] &4 fatigue &
A& A8 29 F Aok 23y o]8 ¢ FRAM
& “1"5} “07e] 3017} 2] w2 1HH
S&371d = A7 ATk

Switchinge] ¢l FRAM

Fatiguet= switching w5 w43t} a8
A switchingo] §l¥ FRAMd|= fatigues} ¢-&

(677)

write “0”

write “1”

(28] 8) Imprinting® 74349 memory logics}
o] logicg $A38}7] ¢ writing pulse.

Zo|t}. Switchingo] gl-&d& &3 &tz “17, “0”
stateE FAE F gl WHE FAAN? AHA
Al capacitor A A= oA o] Erlgaict 18
U og 722 4% die 78 § Ao 9
o} RohmAof|A] A ¢tet MFMIS +29] 7 ¢
floating gate(Z7} electrode)& o] &3t Aot}
RohmAl= MFMISE  switchingdle] channel&
“positive channel”} “negative channel”Z u}¥
ot 283 o] “0”, “1”2 AR} o] o) o=
& E34E A floating gateE grounddA
W channeld] $EHUY chargeEe floating
gated] FAE T channelo| = o}F# chargeEo)
EAstA @A ok wEA “channel”, “no
channel”®] state7} 7158 X3 “channel”&
charging® 2, “no channel”& discharging®. 2
TAE 7 WA dtia™ 9). o] B¢ BF&
4 2E BN ANESlE R switchingo] g
glo imprint7} EASHHE 7)5dE Aol
flil 23] channelg 438 A7l &3/} 9
A @t} §L-0] switchingo] g glonz Ecgt
o] & ZA#AA EAR AT 4 9t} 23]8 Ec
#ol E78 JFATY 4FE E ol ¥ ¢
AH devicer} E 4 ¢ith 281} ]33 FRAM
< discharging circuite] W= g 3ch. waky
o] FRAME 133 FRAMd= Adsix e
% s,

E =
2 =2

3

Leakage currentE o|-£3= FRAM
A719] switchinge] & ¢l&= FRAMY| 9lo]
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19984 78 BFTEEHE P58 F7R

[(E3iii]
T ~— — —
“channel” “no channel”

(32| 9) Charging ¥ discharging® ¢}% memory
logicB A

Tty discharging circuitg AME1R) o#d 7
FAAY gate oxide(gate dielectric)e] leakage
current& 0|43 4 9lt}. Leakage current:
Aol ohmic behaviorz Z7}elHA o= 99
BEE 7427] non-ohmic behaviorz Z7}bsle=
Zo] BEoltl. Space charge limited curent,
Pool-Frenkel emission current, & Shottky
emission currents2] mechanismo] 3| 3=4|
ol= Ednitt d=tv. o non-ohmic
behavior7} UERb WYt 9ol A2 TE B4
A & gate dielectric 24& H9HTH & EFd
ohmic leakage current’} 523 tj& Ed=
A o] 2 non-ohmic leakage current7}
s=24 "o} o] A% MFMIS AA& chargings}

rroclr

o channel& HAHE AHAAY  gate
dielectrice] ohmic leakage current?t &Euhst

Zte A9k 718l chargingstn floating gate
o charge7l boundHA dleH ZHAAN=
non-ohmic leakage current7} EEI1 gate
dielectricol <= chmic leakage current’} 32+
Ate 7isle] dischargingdtch. o] W charging
%9} discharging AYE thE2A ste Aol vt
g2 5lx &g A9 AY pulse widthE control
& 4% 9t & MFMISY} chargingg Axzut
A< pulse widthE HA A& dischargingg
e AR gate dielectricE FZout
leakage current7} 23] 2% & pulse width
2 A= Aot} a8y} leakage current level
& 2AHse AL ALE dUEA &9, pulse
widthE control3}d circuit o 2= g gL 1

Holth.

(678)

1T-1C FRAM o 1T-CC FRAM

Z5AA4 E4o] PZTY SBTZ AldHd o]f=
o] spvke FRAMAIF F70e) 74534 capacitor
7t AFE7] i Hied] FHLT FEEE
ARANE A2 7] fEolth. 2¥0T A
PZTy SBT7} CMOS transistord] €4 A5
= A% otk 2¥TW ZHAA capacitore}
CMOS ¥43 #2888 v fert? wd 2444
A capacitorg FA-3IHAM ARAAY AHI
g2 AL 2 o TFTE ARSIH o=
TFT-FRAMo| HtH(ag 10). o|2A Z&34
capacitorZ v|g] A& T 2 Y9 transistor
E AFSE e 79 Mg Zo] Yo
A Aolth. TFT-FRAMS 3% oldid= 2 25
AAA, 282 E 4R SAFA 0$3)
= MNE TFTE zts Fxolmzg 1T-CC(1
transistor-common capacitor) FRAMo|gl= &
oj7t Byt sttt £ EE o] +2E A¥
3l#™ TFT7F CMOS transistord] A& £33
& ZFool = AARAE Zer. Uiy’
TFT-LCD9] 244 wel laser annealing%-9] |
Yoz TFTe 4% 24 =238 Ut Sig %
FAA fd AH FAske TFTA|Fo| £0]31A]
gt sdzgx SOIE =9lste] ZgAR 94
TFTE AZste HHE 188 ¢ Yok A
71534 2ogzs CMO SOIZ A=z 9l
onz TFT-FRAMSY A8e HAYL: Fo=z
£t  TFT-FRAMY Ags ZA{AAzs
bismuth titanate A9 & A& 4 U}

Q.
by

—  — c—l .

(I3 10) 1T-CC TFT-FRAM9] Fz. Si@3ujg}
TFT7} 4498,

SFRAM d4l 1Tr TFT-FRAM

1T-1C FRAM& 1T-CC FRAMe g dixd
Z 9)thd 1Tr FRAME 1Tr TFT-FRAMo =
WA & Qo & Si 9o AeRAgE IR 22
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3lod (Ferroelectric on Si) FRAME 9= il
ZHAA A Sig AF FHES(SE on
ferroelectric) FRAME wl== Ao|t}, o] &

Apgt Aol SFRAMe|t}t. SFRAME ZH#3A&
gate oxide® A}&-3} ferroeleciric TFTE £ &
9lt}. o]+ amorphous Si TFTE AM&-3l= TFT-
LCD¢} #& Fzo|t}h. w2bd SFRAMY 1A=
2 oee vieA gkl ¥ source, draind 2
diffusion layers} &A)str ¥=ct. wA 724
AA &5 dF AW g A 93k
300A-400A9] =3} gk & Mo 2 ok U
source, drain, channelo] H&s F+&= TFTE
AZsd AW Jee 2T Bt F4E A
olth(2y 11). ol A#Esp| st Sidters
bondingd o2 ZHfAAd A= ol Eu}
Smart-cut¥hde T £ o 1Tr TFT-
FRAMAA 7174 a3 AL Sigketat 23R4
o] We-g Hdle Aotk A% whgo| Hugk
O BFE frAelofer g

(38| 11) 1Tr type TFT-FRAM9] F%. TEFTAH
7 943 dee 9o

AT M

Y= 2352 FRAM, 1T-1C NDRO
FRAM

FRAMZ niche market& WA FA3spaA 4
Fog PAUsE Aotk BHdA 4L ¢
3 ¥gd FRAMolU Aj2¢% 7lde FRAM &
T 158 Aolth 28y FFHoR %t &
73e A& DRAMY 72w FRAMojth
DRAMY| #%F &%, JH=9| LA YT W=
ot ®u FRAMe| %% 3%3ld DRAM tiAlE
amE 2ojx 1 9o DRAM 7de) st x4}
Rl g e F2 dAEe] dA FH8
omz BREAozgs FRAMo2 Afss AL

T AT

(679)

27198 Ago|t}. 38 DRAME ¢43) ¥ 3}
cHE dAzMe @47 ded ol 285
2 FRAME 1T-1C¢] #% restoration#]o} 3t
A%k NDRO®| 7% RAMoly] EHoe
EEPROMo]7] w&o]t}, wa}x 1T-1C NDRO
FRAMo| of&t 7i'dely} designo] F&Hctd
DRAM tiAl& o= A= 23dd. fusid
1T-1C= RAME $8 Aoz NDROE
restorationg §1o17] Hgo|7] wEolth. oA o
A8E %49 4% DRAMY tiA7} 7]1E Ad+2
A B7l=8xge 1T-1C NDRO FRAMS
24 A JAFo] At o|A & Hd FRAM
AZE AsllA Bt opgt £2]7F FRAM 7l&&
Frdpy] AeiMte AEe SRy Dol
71& FRAMY 7|2E38|= vl=o] xx|8taL gliL
FEE 7)ed ol AV e AFAA &
g7t IS BERe F e 2 A2E A
o] =9 gl7] d&elth old wat FRAME
switching& o} dth= nFWEE Wiz
“charging”, “discharging” 7/1d& =98 B¢
th 3NN BEA FAA FiEojof 3
T 2738 HoAYN AfdAe 3L Mo
3l= TFT-FRAM /3= APs] Bc). ofLld|
T 2% AZtes FRAME ®lgt2dd 1T-1C
NDRO FRAM¢| 7}ssitha £,
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