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2.1 (Atomic Layer Deposition, ALD)

ALD (Atomic Layer Deposition)

. 1980
ALE(Atomic Layer Epitaxy)
ALE (ALD)
CVD(Chemical Vapor Deposition)
CVD (precursor )
(reactant )
(2]
ALD
(Self - limited mechanism) , 4
Figure 2.1 .4
(precursor pulse), (precursor purge),
(reactant pulse), (reactant purge)
, precursor
. Physisorb precursor

(Van deer Waals)

, chemisorb precursor



precursor purge
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ALD window
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r 3
Growth | Condensation Decomposition
Per
Cycle
ALD Window
Incomplete Reaction Desorption or Loss of
Surface Species
Temperature
Figure 2. 2. ALD process window



2.2 ZAZ(ZI'O 2/A| 203/Z|'O 2)

DRAM VA(OP
Al 203 ZAZ(ZrO 2/A| 203/ZrO 2)

Capacitor

leakage current

leakage current

ZAZ Lol
ZrO, 262 kcal/mol band gap 5.8 eV
A monoclinic, tetragonal
cubic
Figure 2. 3. table 2.1. . 1175
monoclinic , 1175 2370 tetragonal
2370 2750 cubic
monoclinic 20 , tetragonal 47
Cubic 37  monoclinic tetragonal
table 2.2. 1816
TiN ALD



(300 ) tetragonal ZrO,

[10]

ZrO, tetragonal DRAM capacitor
leakage current

ZrO, Al ,03

Al,O;  ZrO, grain boundary
grain boundary
leakage current 1
leakage current
Al,O;
p- type doping CB Offset leakage

current . Figure 2. 4. 2



Tetragonal Phase

O Zr

O ®)

monoclinic phase

Figure 2. 3. ZrO, [
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Coordination

Phase Space group T(K) Zr Oy 0,
Cubic Fm3m 2570-2980 8 4 4
Tetragonal P4, /nme 1400-2570 8 4 4
Monoclinic P2, /¢ <1400 7 3 4
Table 2.1.Zr0, 3 ()
Phase Parameter
Monoclinic
a 9.6532 A
b 9.7690 A
¢ 9.9621 A
B 99.21°
Tetragonal
a 9.5051 A
¢ 9.6383 A
Cubie
a 9.5187 A
Table 2.2. ZrO, (8]
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2.3 Y,03 ,
(Yttria - Stabilized Zirconia, YSZ)

Zr0, monoclinic, tetragonal
cubic
ZrO,

monoclinic (k=20) tetragonal(k=47)
cubic(k=37) 20 40 2

tetragonal cubic

[13]

(Yttria - Stabili zed Zirconia, YSZ)
ZrO, Y,03

Figure 2.5. Y,0s3

zr™ Y3 oxygen

vacancy . oxygen vacancy
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monoclinic ZrO, tetragonal cubic

o*

[11][14]
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YSZ (Yttria-Stabilised Zirconia)
Cubic Fluorite Structure

Figure 2.5. (Yttria - Stabili zed Zirconia,
Yysz)
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3.1
Si
Y('PrCp) »('Pr- amd) ALD
Y205 ,
Figure 3.1 . 5 nm, 10 nm, 15 nm Y,03
, 210, Y,0;
Al ,03 3
TiN
TiN
Figure 3.2 . TiN ALD
ZYZ(ZrO ,/Y ,03/Zr0 ) , DRAM capacitor
ZAZ
TiN
ZAZ ZYZ
leakage current ZAZ
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Sputter

[ ALD
AlLO,
5nm/10nm/15nm
ZrO, [5nm]
L Sputter
TiN TN
Si substrate Si substrate Si substrate

MIM
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} Sputter

- ALD

- Sputter

TiIN

Si substrate Si substrate

Figure 3. 2 TiN/ZA Z(ZrO /Al ,05/ZrO ,)/TiN MIM
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3.2 (ALD)

ZroO 2, Al 203, Y203

(ALD) . ZAZ, ZYZ

in- situ , Evertek

, (MKS, AX8560)
3. 3. ALD

4inch wafer

type . (chamber)

PLUS- 200 reactor
(reactor),

. Figure

traveling wave

precursor reactant

dry pump(EDWARDS, DP - 40)

20mTorr
Ar 200 sccm
Torr
ALD System Zr, Al, Y
Y('PrCp) »('Pr- amd) . ZAZ
ZrOZ, YzOg

20

0.47 6 0.2

TEMAZr, TMA,
ZYZ



150

precursor
(canister)
. TMA
(Chiller) 5

Zr, Al Y 200 sccm
MFC(Mass Flow Controller) 4 , pneumatic
valve manual valve

(ozone generator) 700 sccm

plasma
cell
by- pass rotary

pump(Varian, DS 202)
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X

INH! @ j 1?6 |
—fwed &‘[\ 29*[ Chamber

pumping\/

O,
generator

Figure 3.3 . ALD system
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3.3 , TiN

/ TiN

ZAZ

TiN TiN/Pt (sputter)

Ar (target)
PVD (physical

vapor deposition)

Si furnace(SELTRON , SHF- 150)
wet oxidation 1000 SiO,
(10°%  Torr ) (AMTA , ENDURA
5500) Ti TiN 5 nm, 50 nm
shadow mask dot
. TIN (20 nm)/Pt(50 nm) sputtering
Metal - Insulator - Metal (MIM) capacitor
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34 ALD Zro 2/Y203/Z|'0 2(2 YZ)
Zro 2/A| 203/ZTO 2(ZAZ)

ZrO, Zr source Figure 3. 4.
Zr[N(CH 3)C -H 5] 4(TEMAZr ) ,
TEMAZr carrier gas Ar

, TEMAZr canister source

60 , 150
260 g/Nm? Ar purge gas
sccm . 0.8 Torr
Al ;04 Al source Figure 3. 5.
(CH3):Al (TMA) , O3
TMA carrier gas source
TMA  canister 5 source
260 g/Nm?
gas 200 sccm
0.8 Torr
Y,03 Y source Figure 3. 6.

Y('PrCp) »('Pr- amd) (YERBA) ,
. YERBA Ar carrier gas source

YERBA canister source

24

O3

source

200

Ar purge
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130 , 150 . 260

g/Nm 3 Ar purge gas 200 sccm
0.8 Torr

Figure 3. 7. 2YZ ALD . ALD process
precursor(TEMAZr, TMA, YERBA) source , Ar purge, O3
Ar purge , 5 -5 -3 -5 ,05 -
25 -3 -5, 7 -30 -10 -10

250 C
ZAZ ZY7Z regular process
, Zr0,, Al,03, Y,03 ALD
M,N,K regular cycle
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N —
) 4

Figure 3.4 . Tetrakis(ethylmenthylamino) Zirconium,

ZIN(CH 3)C2Hs] 4

H3CN_ /CHs
Al

CH,

Figure 3.5 . Trimethy Aluminum, (CH  3)5Al

~

N\ N _cH
Y. i ; 3
\NT

S

Figure 3.6 . Y('PrCp) ,('Pr- amd) (YERBA)
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35 thermal stress

RT A(rapid
thermal annealing, ULTECH) . Z2r0,
, (Post-
metallization annealing , PMA) . RTA N,
600 30
3.6
ZYZ X- ray fluorescent spectroscopy
(XRF, Thermoscientific, ARL Quant )
(RMS
roughness) (Atomic  force
microscopy ,AFM) . (RTA) /

glancing angle mode X- ray diffraction

(GAXRD) . , scan step size, step
2A 0.02A 05
shadow mask TiN (20nm)/ Pt(40nm)
sputtering MIM (Metal - Insulator - Metal )
capacitor . Planar MIM dot
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contact (20 V) leakage
path . Capacitance Hewlett -
Packard 4194A impedance analyzer 10 kHz

, 4140 picoammeter
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4.1 Y,0; ALD

4.1.1 ALD saturation

amd)(YERBA) Os
saturation
/
Figure 4.1.
Fluorescence)
/ , /
7 - 30

- 10

- 10

30

Y('PrCp) »('Pr-

Y,03
. Si
saturation
ALD

ALD

XRF(X - Ray

saturation
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Figure 4. 1. ((a) , (b) , (€)
, (d) ) Y,0;
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4.1.2

Y03
Y203

Y,0;
14
Y,0;

ALD

ALD
figure 4.2.
incubation
/cycle
ALD
cycle
14

cycle

32



i GPIC: 1.|4A/¢;yclel

T 12}

=) i

o 8l

Q I

c

S 4t
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Figure 4.2. cycle
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4.1.3 ALD Processing Window

ALD ALD window
. 180 350
figure 4.3.
250 320
(250 )

insufficient reactivity :

(320 ) precursor desorption
ZrO, 250
Y,03 ALD
ZrO 2/Y 203/ZFO 2 250
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Figure 4.3.Y ,0; ALD Window
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4.2 Y,0, ,

42.1
Y,0; AFM(Atomic
Force Microscopy) figure 4.4. . Si
14 nm Y,0; RMS(Root Mean
Squared) roughness 0.3 nm roughness
0.295 nm 2%
ALD Y203
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AFM image

Figure 44 Y 203
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42.2

XPS(X - rap Photoelectron Spectroscopy)

figure 4.5.
Y 3d 157.1 eV
stoichiometric Y 5,05
O 1ls stoichiometric Y
(~529.0 eV) hydroxyl group

hydroxyl group

38

14 nm Y,0;
Y,03 3d5/2 peak
Y peak
203 peak

peak(~531.5 eV)
XPS



(a)

T
= measured

3d,,

Intensity [Arb. units]

i fitted Y 3d_
—Y,0, 3ds),

162 160 158 156
Binding energy (eV)

Figure 4.5.Y ,0;

154

XPS
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(b)
. mealsuredl I
fitted O 1s;
_Y203 .
— hydroxyl Y,0;

Surface-OH

Intensity [Arb. units]

534 532 530 528 526
Binding energy (eV)

(Q)Y3 d (b)O1s



42.3

14 nm Y,0;
XRD(X- ray diffraction ) . TIiN Y,03
TiN/Pt XRD
, 600 RTA(Rapid Thermal
Annealing) XRD RTA /
figure 4.6.
JCPDS 43- 1036 diffraction card cubic
RTA = 29.1 peak
Y,03 cubic
PCVD
cubic
ALD cubic

[16][ 17]
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Intensity [Arb. units]

20 30 40 50 60
2-theta (degree)
Figure 4.6. 14 nmY ,0; RTA / XRD pattern
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42 .4

15 nm Y ,0; J- VIC-V
figure 4.7. XRD
cubic /
. Capacitance Density 0V
5.78 fF/ ? 599 fF/ ? 0.2
fF/ 2 . Leakage current 0.8 V
1.28 10°° A/cm? 222 10°°
Alcm ?
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(@)

B Y,05(RTA)

Capacitance Density [fFfumz]
(=}

4 L L L
1.0 -05 0.0 0.5 1.0
Bias Voltage [V]

Figure 4.7. 15 nm Y,04

Leakage Current Density [Ncmz]
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. (b)

1 u T T T T T
| Y2 03
107 L = Y,0;(RTA) ]
10° ¢
Enmgy
....I. "an - I.Illl_..
10° } e . .
b .l
o
10 n
10 ¢ . E
|
1 u-H

15 -1.0 -0.5 0.0 0.5 1.0 15
Bias Voltage [V]

(a) C- V curve (b) J- V curve



Y,03 5 nm, 10 nm, 15 nm

Y,03 600 30
POT- EOT . Figure 4.8.
k 12 . XRD
/
Y,03
cubic
/ k 12

Y,0; Kk (10~15)

ZYZ ZrO, Y,0;
TiN TiN
5 nm ZrO, 5 nm, 10 nm, 15 nm
Y,03 POT- EOT curve . Al,0O4
TiN Al203
5 nm, 10 nm, 15 nm POT- EOT curve
. Figure 4.9. ZrO, Y,0s3
TiN k 12
, Al .05 k 8.5

set- up
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k=12 RTA

Y,0, thickness [nm]

Figure 4.8. Y ,0;

0 I L L
0 5 10 15 20

Y, O, thickness [nm]

Figure 49.(a) ZrO, Y,0;

/

k=12

0 5 10 15 20

Y,0, thickness [nm]

POT- EOT curve

5 10 15 20
Al O, thickness [nm]

(b) TiN Al ,0;

POT- EOT curve
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Y,0; Al ;05

. TiN
15 nm TiN/Pt
J- VIC- V curve J- EOT
curve . Figure 4.10.
capacitance density Y.03 Al ;04
09 fF/ 2 leakage current density Al ;04
0.8V 6.3 10 * A/cm? Y,0;3 1.86 10°°
Alcm 2
Y,03 leakage current Al ;04
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(b) J- Vcurve (c) J- EOT curve
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43 ZYZ ZAZ

4.3.1 10 nm ZAZIZYZ
ZAZ leakage current
ZYZ
10 nm ZAZ ZYZ
ZAZ ZYZ
TiN Zr0, 5 nm Y,0;
ZrO, 5 nm YA WA
ZAZ Y203 Al 203
Zr0, . J-V C-V
/ ZAZ ZYZ
figure 4.11. . C- V curve
ZYZ Capacitance density ZAZ 10 %
J- V curve
/ ZAZ ZYZ leakage
current 1- order
. J- EOT curve
) ZYZ
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t- ZrO,
ZAZ
ZYZ
ZAZ
ZAZ Y7

XRD( X- ray diffraction )
figure 4.12.

t- ZrO,
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Figure 4.11. 10 nm ZAZ ZYZ (& C - V curve (b)

J- Vcurve (c) J- EOT curve
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Figure 4.12. 10 nm ZAZ ZYZ RTA / XRD

pattern
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