Page. 1 A A ¥l 73 HAAS A A HA FHEAA

ro

YSZ/AI203/YSZ HEE52 X E HE
DRAM Capacitor 4 |

CEEEE =54, 492, oo, 2914, x|l
A A A 3-8k
2081 &= 238}+7] K-pop, K- hughl
a=stned? (A, HY2, oA, &R, 1)

T T T T R N R R R R RN R TR R N R R TR RN R TR TR RN RN R TR R RN RN R TE R RN R RSN TR TE TR R TE TR RN R E TR RN TR TR TR RN SRR TR TE RN R TE TR RN RN TE RN TE TR NN TR RN R RN RN RN R R R R RN RE YRR RN



A7

@ DRAM A X} £ kA = Refresh &4t

Refresh =2 =0|= 2E 2D

-

Refresh S22 £ St Sense Amplifier T &}

Cc*Vdd Cc : Cell Capacitance
A — cBL: BL2| 7|Y capacitance

2(Cc*+CBL)  vermimaims e

1) Refresh S%H2 2%t Sense Amplifiere| S H ol AV Z40]
E824+E 3 8X9l Refresh?} 7}5 5t}

Capacitance &t

Conductive plates

A 1’/\ N
L

Td

| Dielectric

A A A 3-8k
208+ &= 23817] K-pop, K highz
(A, HY2, oA, &R, 1)

O+, O



Page. 3

A

@ (1) 2t 2| Capacitor 7 - T =

Bandgap

Dielectric
constant

Leakage
current

ShAI ™

Al,O4
7.6 eV
8~11.5
=2 HEHOZ 2ls|
108 A/cm?2 & RX|
22 RHMZ ol
HESH &5 o3

HfO,
5.8 ~6.0eV
25
HMCstEH =40 2 Qls)
108 ~ 107 A/cm?

St MBS £ S |

= XT

olziel olMsd, EHE A

ZrO,
5.0~ 5.75 eV
29, 37, 47

= Leakage current

5~10 nmSFH=E &
Leakage current &

M I

208 & 238}+7] K-pop, |< high=%=

(%f/\ér 71:’] Og -, OO]ZOﬂ

(@) /\
TR,

2] |l



Page. 4 A A >

o
m
=

—e High—k — ZrO,

High—bandgap — Al,O4

Leakage Current (Alcell)
m
=

—— High-k — Zr0,

High—k Alolofl H| A& High-bandgapg F7}5+07
High—k X 22| Boundary layerg S3lf &dsl= SAMMF Za Zro,etato| =2 =M MRol EM JM (2 30% Z)

A A=A 3-8 3}
208Hd &= 238}7] K-pop, K—high;‘

(74, AL, Fold, v, 47



Page. 5 IAAS

[z] (3) 2} 2| Capacitor ¢ - E8IEE Ax

ZAZ 237

Dielectric 18 19
constant

Leakage 4%x108 A/cm?2 51078 A/cm?2
current

. Zr02 ch et o —

°|_I'7 7§|I o I_O x'_-l -I g_jg EII-

i s da | B

ZYZ ZAT
25 ~ 33 25
107° ~10%A/cm2 102~ 108A/cm?2
ZAZ tH| Leakage A =

current EAM0|

Za L&

Leakage current
2243l 57}

A A A 3-8k
208 & 238}+7] K-pop, |< highz

(@) O
(%'—'Z_‘/\(—)]; x4 Oé] -, 001:01] o, I U

=, SHA |



A&H o2 AT F

1A AkshE A X0 /‘1 /\}% <<

W74, AAEA] <

DRAM Capacitor A Al E

ATAE 7EA AT A=E E4

SH° YSZE &%

A t3tet,

A A7) 58}
208+ &= 238}7] K-pop, K hlghz

(&4, Y2, Fax

7

-



Page. 6

[z] M2 MA xj=, ysze| S&

1. Band Gap §4

(b}
—e— Jptical band gap

50
—#— Porlion of cubic phass

49— "
48 \/

47t

Bandgap energy (V)

4.6

Z:'D: 1I.E 1I.4 1I:2
Doping cycle ratio (Y:Zr)

A relationship between bandgap energy and the

fraction of cubic phase in films

-Y dopingL 2 Ot ™37t E|HA monoclinicol A cubic A} & o]
FEO| Z7t0| et pandgap S7F

- cubic & &

75

470

465

460

" 55

450

{45

EE L

s

(94) @seyd 21gno Jo uonoel 4

=]

[lif

A 7

BAND GAP

449

£ro2 Al203 YS£(1:2)

7|&0| AH2 =2 Qe Zr022t H|==3%t Band gap



Page. 7 AA 7

M el
208+ &= 238} 7] K-pop, K-highZ=
Y] M=2 27 W=, vszol 57 (EA el o

=, Gl 7, +H 4, AR

2. Leakage Current §°d

Leakage Current

10 1.E-10
a0 = O 1E-10
=—#=D|gleclric constant . = 1.E-10
£ =+#—Leakage currenis density 10° a
E 25 at-1Mvicm a B.E11
5 * a
- [ 6.E-11
o 20 in
E " '__..--"""-."- h_?.
(4]
D 5| . B aE11
o woa
a , 3 2.E-11
1 —
—
L L L 10" 0.E+00 —
Zr0: 18 14 1:2 7r0z2 AI203 YSZ(1:2)
Doping cycle ratio (Y:2Zr) HE1 LE-07 1E-08 LE-10

A Comparison of electrical properties of MIM
capacitors using 10 nm-thick ALD ZrO, and Y-doped

ZrO,
- Y doping2 yttriume| 2 0|2 HX|E1} - YEH2 = Grain AO|E X[ ZSHA 240} Y:Zr(1:2)H| = 0| A
. 5 S22 sH0R 42 2ol
&2 WMI7]S8EE large atomic relaxation® F = -
- Oxygen vacancy@| charge stateE conduction bandZ - ABHLEZ YSI SYNE XV IAIRC =28 R
EM0| £ A2 E o|F 7ts5trt

O| 5 A|7 leakage current £4 7iM



Page. 8

[z] M2 MA xj=, ysze| S&

3. Dielectric Constant £

[(b) Stoichiometry

O/(Y+Zr)

Fro: 18 14 1:2
Doping cycle ratio (Y:Zr)

A stoichiometry of 10 nm-thick ALD ZrO2, as
functions of the doping cycle ratio, Y: Zr

(a)

0O
e —e—Diglecic conatant ] c
€ ’ s
T =#— Leakage currents density 10° a
E 25 at-1Mvicm 2
E //‘ %

o .
-
20 * w0 &

©

[ —
= 115 ¥ ) E
Q 3
10 — b

L L 1 " 1lJ'ﬁ

P {F 18 14 12

Doping cycle ratio (Y:2r)

A Comparison of electrical properties of MIM
capacitors using 10 nm-thick ALD ZrO, and Y-doped
ZrO,

- Y doping2 2 2I8l oxygen vacancy density 7}

- Oxygen vacancy F=Ho| XS0 X{H|E St AP =7} g}

A 7

Dielectric Constant

40

20 30

20

10

o Zr02 A1203 ¥SZ(1:2)
HE1 29 115 30

Hl<ot 78 d= aLOIX|T, vszo| +=2 S80| H
Z7] =0l YAY RE|2 A2 05 7ts
e il

20813 &= 2317] K-pop, K-high==
(e, HY S, ol x, &5, A H)



YSZ2] Band gap, Leakage Current, Dielectric Constant
Al 7HA B S 7)€ A 59 v g A3

dd 452 DRAM Capacitor 24 7FsA< 32l on,
TAHQA AA HES s B3k

22 4] 8 )

208+ &= 238}7] K-pop, K hlghz
(<A, AP, A

-



Page.

[z] YSzo| 7N =

Bandgap energy (V)

9

2 24

A=A

A A7) &g 3
208 d == 238} 7] K-pop, K-high==
(T, A9, Fod R, a5, -4 H)

1.Ye| =8 HE 23

51 5 10"
(&) o d (a) o “* {a) Rul10 nm-thick ALD dielectr
50 _—.—OD:iF.aI band glap g 30| —e=Diglectric constant » c i (b) R ick ALD dielectrics/Ru o a #T12 Yodoped 710, >
—#—Fortion of cubic phase {5 ¢ E —#— Leakage cuments density 10 3 Pl T ! ” —a=r 2
5 & . 0 g H-o=1 ; f E == 1:8 Y-doped Zrd:
5 o o at-1MVicm =) Rl i . L 5 © e )
4o . 1% o a5 ¥ a = : : o r —0=Zr0:
\ / 155 £ § / @ g 5 2 [
-4 : ]
I & o ' R = g @
ds Y T b= -...‘r."..“ & g E I O T TICTITTTTTY
> B [i7} ) - m
5 2 @ o~ o : o =
47l 8; i 15 ¥ ) E = 5 o 0
0~ A e -4 : a
s 3 i5 B o
4B . L . . 3 10 - (&) N & &) 10 ! . . L L
Z10: 18 14 1:2 R 10 2 1 o 1 2 -3 -2 -1 ] i 2 3
. . L L L 1 10 - - ]
Doping cycle ratio (Y:Zr) 210; 13 u \W Electric fields (MV/cm) Applied Voltage (V)
A relationship between bandgap Doping cycle ratio (Y:Zr) A |-V curves of MIM capacitors using 10nm-thick ALD A C-V curves of MIM capacitors using 10 nm-thick
energy and the fraction of cubic ZrO, and Y doped ZrO, Annealed under N, ALD ZrO, and Y-doped ZrO,, annealed under N,
phase in films environment at 800°C environment at 800 °C

oj2] HIo[HE &4

o= Zut veizZr= 722 HIE2 ySz7t @& I

Band gap, Leakage Current, Dielectric Constant £440| Z0tX|& A S &Qlg =~ QUC}H



Page. 10 2 A 1A

M RS
208 d &= 238} 7] K-pop, K-highZ
S =

(354, 892, FlR, &%, #A7)

[z] YSZo| TLH|EQl M

2.YSZe| E3iF 3™ MH

(b) ALD 378 7|H (c) Sputter 38 7| H
1M A3hE HX|of| SEE|=vsze| S 7| AEDN (=& 1 EX)

O| PLD, Sputter € 0| &3l Aot L9 =L X| 2ot +22 &

I:I
ot
nm —'|:—771I 38 7P%O 7|1Z2| zrO2 UMl 7ts



CEER

Page. 11

3. YSZe| A +x

Klo

-

Tt High-k X & 0| A] = High-k =& 2| Boundary layer

T =22 LHN U= ARO3

ol

e
o
o

o233

b, High-k =& AO[Of

XtO
= L=

T A FLHSEE

K

e A/203 High Band Gap
YSZ (High k)

e YSZ(High k)

3
mil %
otic o
SUE ~N
g © O
Kozu RuHl
=1 T
or MUK
BIkd MEK
o RE
KlKo XMKlo
~ R JFRr

o (neoyy) uaning abeyesy

Applied Bais (V)



A 7

Page. 12
A 353
208hd &= 23}7] K-pop, K high==
(4, AP, Fadlx, &, A

[z] YSZo| TLH|EQl M

4.YSZ/AI203 M & 7t E
A7) ——
(X10_6oc_1) — E o _I( C)
YSZ 10.4 20~1000
ALO, 7.8 25-800
Zro, 10.5 40~800

A SEM image of polished and thermally etched cross-section of
8YSZ/Al,O4 multlayer film after sintering

S M2 E MBS A2 E &80 ZrO, 20t Z2 YSZ2o| YA +E 7HX= A& =2
— YSZ2t AlL,O;0| €8 A EE 05 & = US

0x
Ot
rir
]
jo
ot
ro



Page. 13
A2 A) 383
208 d &= 238}7] K-pop, |< high==
(] Yszaiz03/vsz 215 4 (F54, 1AL, Fol 7, S, @4 7)
Deposition Deposition Capacitor
materials Method Structure

YSZ ALD
(Y:Zr=1:2) (PEALD)
Al203
ol 20 il S &
rl B0 122 T 7heh x| et 2o} & g} £2 7T 4= AO| 0
= Capacitance 0 ef2 FH SH b | =owceW ST NS 1x

Leakage Current 5



FREE

A8 2, M7|8AE N 263 X 25 ‘DRAM capacitorl| 27 31 2013
Ho Jin Chos 10& “New TIT capacitor with ZrO2/Al1203/ZrO2 dielectrics for 60 nm and below
DRAMSs”, 2007
Z’JE}, “Studies on Electrical and Structural Properties of ZrO2/Y203/Zr0O2 Dielectric Thin Films
for DRAM Capacitors” A2L{Stul CHSHR SSHAAL oH|=F, 2019
O, AXtE SEH 0| 2|3 DRAM Capacitor € Al-doped HfO2 5! Zr02/ZrSi04/Zr02 (ZSZ)
FHH 52 S E40| gtot A, FAO S D OS2l AALSHR| =&, 2018
X%, “DRAM Capacitor®| 78 & &4 2|3t ZrO2/AI203/TiO2 2tato| M7|H, 12X EH A,
Stel SSHEMAL S| BT E 1AM, 2019

8% “Al203-Hf02-Al12032} Si02-Hf02-Si02 21 = 2| X| 1= MIM ZHI{ A| E

B.-E. Park, I.-K. Oh, C. Mahata, C.W. Lee, D. Thompson, H.-B.-R. Lee, W.J. Maeng, H. Kim, Atomic
layer deposition of Y stabilized ZrO2 for advanced DRAM capacitors, Journal of Alloys and

Compounds, 2017
A 2 A) g3} 3}
208d &= 28}7] K-pop, K-high==
(T2, 09e, FelR, §7%5, AR



	슬라이드 번호 1
	슬라이드 번호 2
	슬라이드 번호 3
	슬라이드 번호 4
	슬라이드 번호 5
	슬라이드 번호 6
	슬라이드 번호 7
	슬라이드 번호 8
	슬라이드 번호 9
	슬라이드 번호 10
	슬라이드 번호 11
	슬라이드 번호 12
	슬라이드 번호 13
	슬라이드 번호 14
	슬라이드 번호 15
	슬라이드 번호 16

