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Ferroelectric Tunnel Junction Memory with HfO> Thin Film
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Research is being pursued on thin-film ferroelectric tunnel junction (FTJ) memory as a next-generation nonvolatile memory. One issue to be
solved in this area is that the perovskite type ferroelectric materials that are conventionally used are difficult to incorporate into the process of com-
plementary metal-oxide semiconductor (CMOS) production.

As a solution to this issue, Toshiba has developed a hafnium oxide (HfO2) FTJ memory with a HfO. film that is easy to incorporate into the CMOS
process as a ferroelectric material, and demonstrated memory operation using a prototype of the HfO, FTJ memory for the first time in the world. We
have confirmed that the characteristics of this memory, including its low operating current, voltage-driven switching, and intrinsic diode property, are
superior to those of other nonvolatile memories. In addition, we have created design guidelines for the operating voltage and have been able to
reduce the operating voltage to below that of the prototype.

1 FAHZ |L\a§
WA R L7 R AE Y —13, FeRAM (Ferro- d - Eiggui
electric RAM) ELTHIGN, BLUCHEMLEIN TV EIT ” SR ;
b5, LHL, FeRAMTIY, F—FOHAMLIFIIF—5 % bR F(ﬂl o
WL TLE) 2 &%, CMOSHIE 7 1t 2T O/E R AR #E AN
RO TANA MNIOEFEM B EZH L Z LR E D EE M:£BBEE IL:Interlayer  FE : MHEHA
o Tz,

E1. FTUXEV—DOBERIE — BFEROGBLEC LY, £RE
A, COMFEAEAE)—DHFTFIIBNTZOoOOKER BB T A SILBTET-0 b S LB AEM SN 5, 2070, SR
TSI TASY (W IS U7 b AV B Z D BN SN 2.
= =° - Schematic diagram of structure and operating mechanism of FTJ memory
—DlF, T DOIFBIEGA B LA WEELFT] A€ —D
BEFEIETH S, FT]AEY =, JESH10 nmFEELLTF T
FANVEIRD BT E LS VE IR B Z, EEN ’i’ﬂﬂib’(?-&%%ﬂ'ﬁ&‘i‘éo FT]A®)—0arx7 M
DGR EMTHRAZHEEZFS (B1). FTJAEY —TI, 1970 SEARICBEICIRZE ST 7228, HBREFER DI 4 &
5 A & <) AL D S VTR L 72 S e X R FE AR D JBEWIE@?S:E‘I%EVJ% D, EEICFT] AT —DAEY) —F{E
AR EMERRICED, SRR 73R T I ARAE L C HEFESNTz2DIE 2009 FE 2% o T HTH S,
Fé’-é%®l~‘/>‘r\1bliﬁﬂ¥%ﬁ3“1t<§“é”o SO, FITIEIEL bI)—oOHEE, Jim CMOS # %70 A TREIZEAS
ERBEHBPOIEASINSL N ANVERDBIETLDOT, I TV HIO BEIZ BT, Wi EESHERINZZETH B,
HfO 1%, Stk RO T A% A MO IRH BRI F L 13 R
— I = \ \ N =3
GE1) 20164 6AIC, 2016 IEEE symposium on VLSI technology T AIROMBTHY, g v HfOzﬂﬁtiijCj:, ek o>
R, UHBN, BEC LD MFBEIEA BT 5 2 LA IS L) B

EZLE1—Vol72 No.4 (2017) 65



5PN oT VDY,

INSOMERIZEY, F—FOIEWEFEAH LT HET,
2 CMOS #1571t A & OFFIME DS AR 2 1 TRERE
ENTHBAEIEVE 2 E) —TH L HIO, FT] AEY —DFE
BAMHEINTW, KEIX, FRICEEKT TZOHIO,
FT] AE®)—DXAE) =R EIE L2 S2TIE, TOME
LRI ZOWTIRAR B

2 HfO2 FTUXE)—D@ELEFERFHE

A E L7 HEO, FT] A€ — 0% A 7B s (TEM)
BEE 2128”7, H/NTI00X100 nm DFEF-ZER L7 1
HWTIOL R, ROEBYTHb, T3, Tih&EEM (BE:
Bottom Electrode) & #FEMAKDIL (Interlayer) % LK
%, ¥vUav (S 2@ HEO, % ALD (Atomic Layer
Deposition) 2 XV L 72, &IZ, FE4EEM (TE:
Top Electrode) ZBL, 7=—NV#HAZIT>72, TETEHK
BOT=—VILZ XD, HIO, BN LU Tk EM %2 R
THRIRE RS,

7 == VAL B D HEO, 50> X3 Il i 5 s e %2 B B 127k
Fo —HIZAMONT VB HIO BIZHELRTH Y, W28
30° Hi R DB I oD ¥ — 27 R ON D0 # TH
%o HAENLOHIO U, Fiizmat Btk % F ok WG 0720
ABMEE RSV, — T, TEREBICT =— V7o
L A% REIZHIO L, 30° FHEIC—D DM ¥ — 7 2 Fof}
TithE e be B OHIO NI, Bk B2 F 7z 2k
rliE D728, MEEEE I LG5,

WA RO A R -BILME L /2. TRk RN
OFE-EERFE T, 58RI T 5 E— 2 23 EHl s
5o 7z, €= OBINAEIEEOD I X>THR AR
D, EATY Y REFEOZEDPMONT VS, B41%, HIO: B
DHER-TBEERNTH D, — MM HRHE O IO L & 1357

K2, HELAEHIO, FTUXEY—DORE TEM & — S 1/EL 7 HfO,
FT]A®) =&, EFo&REEMTE & BE CTHIO, & IL 5% P A 724
ETHbo

Cross-sectional transmission electron microscope (TEM) image of proto-
type HfO, FTJ memory
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Comparison of X-ray diffraction patterns of conventional and prototype
HfO, films
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Comparison of capacitance-voltage characteristics of conventional and
prototype HfO, films
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Current-voltage characteristics of prototype HfO, FTJ memory
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Characteristics of write and erase operations of prototype HfO, FTJ memory
using voltage pulses
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Data retention performance of prototype HfO, FTJ memory
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Cross-sectional TEM images of conventional and thin-film HfO, FTJ memories
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Comparison of write characteristics of conventional and thin-film HfO, FTJ
memories using voltage pulses
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