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Developing a standard recipe of thermal
ALD Tantalum Pentoxide(Ta20s) film
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. Introduction




Motivation of studying ALD Ta>0s
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Prior art of ALD Ta2Os recipes

Precursor: Ta[N(CH3)2]s or PDMAT
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Prior art of ALD Ta2Os recipes

Precursor: Ta[N(CH3)2]s or PDMAT
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Prior art of ALD Ta2Os recipes

Precursor: Ta[N(CH3)2]s or PDMAT

Plasma Enabled ALD/

Parameter Stanc_iard Ral?ge
Setting varied 0
PDMAT dose time 3.0s 0.5-8s ’%
Ar partial pressure 30 mTorr ;’%
Plasma exposure time 2.0s (iDi=5sS
02 partial pressure 7.5 mlorr
Plasma Power 100 W
Deposition temperature 2265E 100 - 225 C
Bubbler temperature 65 C
S.B.S. Heil, et al, J. Vac. Sci. Technol. A, 2008.
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. Development of thermal ALD

Ta20s recipe
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Thermal ALD control parameters

Constant

Parameters Values

Ar carrier gas flow | 20 sccm/60 sccm

Ar plasma gas flow |40 sccm/200 sccm
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Thermal ALD control parameters

Constant

Variable

Parameters

Values

Parameters

Values

Ar carrier gas flow

20 sccm/60 sccm

Process temperature

150 - 300 C

Ar plasma gas flow

40 sccm/200 sccm

Precursor dose time

0.6 - 3.6 sec
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Thermal ALD control parameters




Finding thermal ALD Ta2Os
Drocess parameters

Steps Control variables

a. Process temperature
b. Precursor/water purge time
c. # of cycles

A. Find a baseline recipe w/
max. purge time




Step A: Finding a baseline recipe

Process |Purge|Growth
Temp. | Time | Rate
[C] [s] |[A/cyc]

Test Nonuniformity # of Nonuni.

Left/Right/Top/Bottom/Avg. |Cycles Indicator

PL6| 200 | 20 | 022 | 217 23 163 284 219 | 100

PL6 | 200 40 0.42 100
LH2: 60050 40 0.21 100
TH3 | 150 (100 e 0x80) 100 > 10 %




Finding thermal ALD Ta2Os
Drocess parameters

Steps Control variables

A. Find a baseline recipe w/ 3 LIocess [Rinneiat s .
. b. Precursor/water purge time
max. purge time

c. # of cycles
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Step B: Finding water dose/purge time

Test R alo Beatom IO Nonuniformity # of

Dose | Purge | Rate :
# Time[s] | Time[s]| [A/cye] Left/Right/Top/Bottom/Avg. | Cycles

50
2650

50
(2700)

0
(2750)

50
(2850)

50
(2900)

PL7 1 120 0.56

TH6 | 0.06 120 0.59

Tkl G2 120 0:99

TH8 | 0.06 120 0.51

TH10| 0.00 10 0.49
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Step B: Finding water dose/purge time

Test ngtseer ‘Ii\:lartge; Glgoa\;veth .Nonuniformity # of
# Time[s] | Time[s]| [A/cye] Left/Right/Top/Bottom/Avg. | Cycles

PL7 1 120 | 056 50
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TR e nia e o G e aiiEo o0
(2700)

i e i o 90
(2750)

TH8 | 006 | 120 | 0.51 2
(2850)

10

0.49

3 - A N LAY 3 R U
% At i re e FAETS TPl
. 4 )| ~ ? -I f._ ‘ ,‘-‘;‘,ﬁ L .

pod g |

Se.
?‘ "'f‘ L
Us YUl e



Step B: Finding water dose/purge time

Test ngtseer ‘Ii\:lartge; Glgoa\;veth .Nonuniformity # of
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Step B: Finding water dose/purge time

Test ngtseer ‘Ii\:lartge; Glgoa\;veth .Nonuniformity # of
# Time[s] | Time[s]| [A/cye] Left/Right/Top/Bottom/Avg. | Cycles
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Finding thermal ALD Ta2Os
Drocess parameters

Steps Control variables

a. Process temperature
b. Precursor/water purge time
c. # of cycles

A. Find a baseline recipe w/
max. purge time
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Step C: Finding precursor dose/purge time

Test

PL7

TH12

TH16

TH18

Precur.
Dose
Time[s]

0.6

Precur.
Purge
Time[s]

120

Growth
Rate
[A/cyc]

0.56

............................................................................
............................................................................

............................................................................

Rl st s TH_,1\9 i

Nonuniformity
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Step C: Finding precursor dose/purge time

Test Precur. |Precur.|Growth Nonuniformity # of

Dose | Purge | Rate :
# Time[s] | Timel[s]| [A/cyc] Left/Right/Top/Bottom/Avg. Cycles

PL7 0.6 120 0.56

TH22| 06 | 120 = 045

...........................................................................
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Step C: Finding precursor dose/purge time

Nonuniformity
Left/Right/Top/Bottom/Avg.

Standard thermal |
ALD AlI203, 50 cycles!

Standard thermal

- " T _,'_'-'_,.; ot -" - ey - e - '..:" - — Al ) A ¥ ': ¥ ny
o T A e el B bl ot DAY i I ot s e RN o i R

?.‘:’.‘-,.._ ~ o s |



Step C: Finding precursor dose/purge time

Test Precur. | Precur. Growth Nonuniformity # of

Dose | Purge | Rate :
# Time[s] | Time[s]| [A/eyc] Left/Right/Top/Bottom/Avg. Cycles

50
2650

PL7 0.6 120 0.56

200
i O 6 _________ o 120 ______ 045 _________________________ (3900)
50
L R RN 1 W s LA (4000)

Standard thermal 5
TH24 ALD Al203, 50 Cycles 0.91

Standard thermal
TH25 ALD HfO2, 50 Cycles 1.07
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Step C: Finding precursor dose/purge time

Test Precur. | Precur. Growth Nonuniformity # of

Dose | Purge | Rate :
# Time[s] | Time[s]| [A/eyc] Left/Right/Top/Bottom/Avg. Cycles

50
2650

PL7 0.6 120 0.56
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0
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Finding thermal ALD Ta20s
Drocess parameters

Steps Control variables

a. Process temperature
b. Precursor/water purge time
C. # of cycles

A. Find a baseline recipe w/
max. purge time

=3 Flnd approprlate Water a. Water dose t|me
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Step D: Growth rate & process temperature

Test Terrg:reasttsjre Gg;\:gh Nonuniformity # of
# Left/Right/Top/Bottom/Avg. Cycles
[C] | [Afyc] i 2 .
0
50
50
TH30 2G5 0.51 (4735)
TH31 D c 68 111 174 | 164
et e s E . Sl ;.r.;.',: _ | | | | | : (870)_*




Step D: Growth rate & process temperature

Process Growth Nonuniformit[%]
Temperatur[C] | Rate[A/Cyc]
150 0.46 10.4
1748 0.57 90.67
2{0[0) 058 512
250 0.52 4.47
275 BFax 4.74
300 05 4.54




. Characterization of thermal
ALD Ta»20s films




Stoichiometry of thermal ALD Ta2Os

TH22T
"D Ta 4(22.7 eV) (1) O 1s(531.8 eV)
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Stoichiometry of thermal ALD Ta20s

TH28T
50,000
(P Ta 4f(22.7 eV) (DO 1s(531.8 eV)
37,500




Stoichiometry of thermal ALD Ta20s

Atomic Concentration Table

Sample #

Ta 4f

O 1s

Ta:O

Thickness
[A]

Precursor
Dose/Purge
time [sec]




Surface roughness of thermal ALD Ta20Os

TH28T




V. Future works




Future Works

Goals Tasks

S e LK SeRORLa Check precursor dose/purge time
conditions of thermal ALD Ta b purg

B. Find a standard recipe of Egnv(\j roattheercgzontrol parameters(i.e. O
- PEALD Ta |
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Stoichiometry of thermal ALD Ta20s

TH22T

Ta 4f (22.7 eV) O 15 (531.8 V) C 1s (285 eV)
14000 14000 14000
v 10500 10500 A 10500
= AT o
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Stoichiometry of thermal ALD Ta20s

Atomic Concentration Table

Sample

Ta 4f

O 1s

Ta:O

Eailis

Thickness
[A]

Precursor
Dose/
Purge

time [sec]




