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4 ALD tools: 2 thermal & 2 plasma

Sl k) Lesker
#| thermal 150LE
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Thickness measurement and mapping
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ALD processes on Savannah 200

/2.05

Tall

chamber
(23 mm tall)

A|203 0.85 1.0 1.03 1.04 | 1.08 0.93 | 0.96 0.82
/1.65 /1.65 /1.65 /1.63 /1.65 /1.55 /1.60
HfO, 1.14 0.95 1.16
/2.07 /2.02
Regular | TiO: 0.44 0.7
/2.29
chamber
(6.5mm tal) | ZNO, 1.35 1.83 1.49 1.28
/2.11
Zr0, 0.97
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ALD processes on Lesker LE

process TiO, 0.43
/2.00
Ta,0; | 0.47 0.53 0.63 0.78
/1.75 /1.99 /1.98 /1.93
Long water | Al,O, 1.06 1.03 0.78 0.93

pulse(1.6s)
EXPO
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ALD processes on Lesker Cluster LX150

T(°C) 350 300 250 200 120 110 100
Thermal Al,O, 0.85 0.91
/1.64 /1.65
Long water Al,O, 0.95
pulse(1.6s) /1.6
Al,O, 0.84 1.06
/1.63 /1.66
HfO, 1.09 1.23
/2.02 /2.00
Plasma process Sio, 0.96
/1.41
TiN 0.40 0.41
/165 pQ cm /379 uQ cm
AIN
GaN
Pt 0.6-0.8
/11 cyl (Nucl
delay)
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Comparison between different systems

T(°C) Savannah LE Cluster Cluster
thermal thermal  thermal Plasma
Al203 300 0.85 0.84 0.85 0.84
200 1.03 0.93 1.06
HfO, 200 0.95 0.98 1.09
Ta,Oc 200 0.55 0.53
TiO2 150 0.44 0.43
. Al203 GPC comparison
1.1 ®
1 Savannah’,--"i"""".‘"L~E~.1.5\0.— long water pulse
s i ..\.

../"’“:—-“-"\-.\.\-,
.~ ¢ Ny
.2~ LE150_regular water pulse '~
“e

»'®

® Savannah LE LE tongwater
1Q9uster Clt?ﬁgr_long water250e e s e Poly. (%nnah)

=+« Poly. (LE) = + =Poly. (LE_long water)
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Different gas flow design from Savannah
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CV measurement of MOSCAP for HfO2

with thicknesses of 1.0, 1.2 & 1.7 nm EOT

3.0 —m—————m—r——r——r—— 7+ 5+
3.5 nm HfO,{ 5.0 nm HfO,{ 7.7 nm HfO,. | Linear Fit (y=0.18x+0.64) R*=0.99
2.5 1.0nmEOT { 1.2nmEOT { 1.7 nmEOT - 4
“c 2.0} 1 £ 3 d(sio)=64 !
O - = ) _
I 1.5} ! ey / k=217 _
E o |
o 1.0F - 1..-//
0.5} d o
- 0 1 2 3 4 5 6 7 8
0.0l HfO, Thickness [nm]




PennState
Materials Research

Institute

How thick a cylinder of 25 gram TMA can deposit
Al203 film on Savannah?

8um




PennState
Materials Research

Institute

Regular thermal Al,O; process on Savannah

Aspect ratio can
be larger than
100:1!
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Coating multiple wafers on Savannah
Al203 170C

Thickness # 2 in A vs. Position Thickness # 2 in A vs. Position

700 ’c'ycles 5 49,03
2X 4 PN o
double side polished 4 / N e 746.21
S! wafers 5 ; i 743.39
Si spacer: 0.7mm = :

K] {4 - Outlet 7

> \

-2 \ ] 737.75

nAvs. 72 o
I731.59

7

2 / \ 727.93
:EJ, 0 724.28 §, 0
> >
2 \ ' 720.62 2
4 \// 716.97 4
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Precursor overtemperature damage

Tetrakis(dimethylamido)zirconium, TDMAZr,
Tetrakis(dimethylamino)tin(1V)

Pentakis(dimethylamido)tantalum

TDMAZr forms a yellowish thin crust on top when overheated
The precursor can be reused when poking through the crust
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Better temperature control
using self adhesive thermocouple & heating tape
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Stable Ta,O. process
Ta, O, static 200C 100 cycles

GPC: 0.63 A/cycle
Substrate: 150 mm Si
Native oxide: 1.15 nm

180911
Thickness # 2 in A vs. Position
9 64.24
e
6 | 63.95

Ta, O, static 200C 150 cycles

GPC: 0.64 A/cycle
Substrate: 150 mm Si
Native oxide: 1.15 nm
190605

Thickness # 2 in A vs. Position

97.45

97.05

<d>:63.23 £ 0.4 A (0.6% uniformity)

<d>: 95.9 + 0.5A (0.5% uniformity)
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PEALD Pt process

i Precursor: Me;(MeCp)Pt & O,-
4L plasma 70 Cycles (4.1 nm)
| Temperature: 300°C (hominal:332 °C)
- Pressure: 0.8 Torr
£ Others: srcl=src2=src4=10 sccm
< . src3=35 sccm
4 3f
GC> - Pt precursor: Src 3a (85 °C)
& dose/purge: 0.5 sec/10
= sec
— - 0O2plasma: Ar: 120 sccm
o 2 02: 10 sccm
% i dose/purge: 2 sec/5 sec
— power: 300W
8 tune/load: 34/55
o i
P or _ 35 Cycles (0.95 nm)
s nucleation delay: 11 cycles
|
|
! 20 Cycles (0.2 nm)
|

0 r L \w‘.-:- T l".: | r. . L 1 . . . L | L . L L ]
0 10 20 30 40
Time (minutes)

Curtesy: Bruce Rayner-KJ Lesker
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Thickness measurement of Pt film
100 cycles of Pt deposition

Thickness # 2 in A vs. Position

lear All Add Amp. Add Br. Add En,
T) R =
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200 cycle Pt deposition on Si & trenches

Bottom has less deposition than top
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Does Permeation through O-ring affect
ALD process?

Atmosphere
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TiN thickness mapping shows gradient related
to air permeation

Air permeation Air permeation
Thickness # 2 |_|£\ vs. Position Resistivity (Oh 1 vs. Position

9 121.22 9 0.0002645

6 % . 119.84 6 0.0002498

3 / ' 118.47 3 0.0002351
5ol 117.09 o 0.0002204
> \ >

3 \ \ _ 115.72 -3 0.0002058

-6 — . 114.35 6 0.0001911

9 6 -3 0 3 6 9 9 6 -3 0 3 6
X (cm) X (cm)

TiCl4 + H2:N2 plasma (3:1 ratio)
975W, 300 cycles, 300C Process Pressure: ~1.150 Torr

GPC: 0.394 A/cycle Substrate heater temperature: 400C (~321C using carrier)

Substrate: 150 mm Si TiCl4 Dose/purge: 0.1 sec/3 sec

Native oxide: 1.18 nm Plasma Dose/purge: 9 sec/5 sec
Cycle Time: ~17 seconds
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Solution: Double O-rings & differential pumping

Differential
Pumping ports

Primary g .
o-ring seal Secondar

Curtesy: Bruce Rayner-KJ Lesker
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Effect of differential pumping on TiN growth

Air permeation Air permeation

. vee 99.62
Thickness # 2 vs. Position
9 |—r& 121.22
98.90
6 119.84
98.19
3 118.47
Qo 97.47
80 117.09
>
96.76
3 115.72
. 96.04
-6 H 114.35 ‘ q
_ ] 5 97.3+1.28A1(1.3% ) 95.33
9_9 9 112.97 9 6 3 0 3 6 9
X (cm)
) - = . 0 (] O ° alg- - 0 () e
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XPS confirms extremely low O in TiN

100

90 -

80 -
£ 70 -
L — N
c 60 -
= — T
© 50 -
= —
S 40 - .
2 ” « N/Ti ratio = 1.08 — Si
8 * 4pp resistivity = 73 pQ-cm

20 -

10 - [O] = 1.4%!

0 T T T T T T T 1 T
0 10 20 30 40 50 60 70 80 90 100
Depth (nm)

Curtesy: Bruce Rayner-KJ Lesker
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BCI3 gas delivery system for BN deposition

BCI3: toxic & corrosive

To ALD
To exhaust
|_I\\AV12 PVO5
L/
[43]—([ My1y . PVO3
MV13 N2
O
PV02
DPGO2
9 L i PVO1 1
: v | MV03_N2
| DPGO1 =
: & O—® @ Mvo1_N2
e MV_BCI3 VO MV02_N2
Lo BCI5 I

¥
o [ ]
&
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BCl; gas delivery system for BN deposition

w
o

? ALD Valve ® sres ALD
G d ? Metering Valve BP valve
as delivery %
j O ¢I Tee into plasma
0 n tOO I V6 W gas bypass line
@ V1 to enable pump-
PG2 N ourge
2
5 {>.<}_| d5 @) é X—
regulator PGl V3 va V5 ? Gas BYP
S SO valve

Shut off valve pump
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Pulse height tuning using N,

1.08 200 ms,

Torr

ALD Valve

1.06 Metering Valve

m

regulator

e

1.04

—-—
]
3
'

1.02

0 500 1000 1500 2000 2500 3000 3500 4000 ms 4500
=@ Pressure-8_5 —@—Pressure_-19_20

Peak height is controlled by regulator

Steady sate flow is controlled by metering valve
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Thank you!




