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Typical INLO Ga FIB TEM Preparation

Pt or C deposition / protective cap
Sample at litt out around 20um x 10um

Grid thinning overtilts around 1 to 1.5°

Electron transparent window around Sum x 5um

Viost samples can be made in a few hours
Most w be N a few Ul

PHIB TEM Sample Preparation

1. Differences between Ga and Xe
» Beam profile
* Depostion

nanobubble formation

)

- />\'3:,,,\

» Perfecting the PFB TEM samg

» Pushing the lboundaries of large area liftouts
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Beam Profile Differences Between Ga and Xe

Ga

Current

Total Diameter

1.1 pA 7 nm
7.7 pA 9.8 nm
24 pA 12.9nm
40 pA 16 nm
80 pA 21 nm
0.23nA 38nm
043nA  83nm
0.79nA 77 nm
2.5nA 133 nm
9.3nA 249 nm
21 nA 400 nm
47 nA 820 nm
65 nA 1.4 um
Helios G3

Xe —
3% » °
1.0pA 69nm o
30pA 69nm 4
10pA  92nm °
30pA  120nm £ .
100pA 180 nm ; [ a B °
0.30nA 260 nm g® | , ° ]
1.0nA 340 nm o3 " b !
40nA 530 nm
15nA 930 nm 6
60 nA 1.7 um m‘; s ‘ T L L
0.20UA 3um o 10 10

0.50uA 4.5um
1.0uA  6.5um

tal dlamet N

25UA  7.5um

Helios G4

Beam Profile Differences Between Ga and Xe

Ga

Xe
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Beam Profile Differences Between Ga and Xe

.-,'.o. mag O HV curr dwell HFW det | tilt WD
%6 6505 x 30.00 kV 0.23nA 300.00 ns 63.7 pm ETD 52.0° 13.0 mm

Beam Profile Differences Between Ga and Xe

efe | 5/24/2018 HV curr |det mode mag @ HFW WD tilt ——20 um—

e
Voo 3:50:48 PM | 30.00 kV 30pA ETD SE 1999x 104 ym 16.5mm 52.0°




10/31/19

Beam Profile Differences Between Ga and Xe

Beam Profile Differences Between Ga and Xe
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Beam Profile Differences Between Ga and Xe

18 HV curr det mode mag @ HFW WD tilt
PM 2.00kV 0.20nA ETD SE 4000x 51.8uym 4.0mm 52.0°

18 | HV curr det |mode |mag @ |HFW WD tilt —T 1) E—1
PM 2.00kV 0.20nA ETD SE  10000x 20.7um 4.0mm 52.0°
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Beam Profile Differences Between Ga and Xe

Ga recipe doesn't work for PFIB

% | 2/2/2018 HV curr det mag m WD tilt I e L L —

13 2:52:36 PM 10.00 kV 0.40nA ETD 6500x 4.0 mm 53.5° 5.00 ps
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1. Differences between Ga and Xe
° aYaloe ’ H*
* Deposition
- Xe nanobubble formation

- Limited precursor options

1]
I D

Xe Nanobubbles in W Deposition
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Problems with 12kV W Deposition

BkV SEM

4KV SEM

Al thin flm on Si substrate

%, 8/20/2019 HV curr det mode mag B HFW WD tilt dwell
13 4:16:05PM 5.00kV 0.40nA ETD SE 2500x 829um 3.9mm 58.0° 5.00pus

%, 8/16/2019 HV curr det mode mag = HFW WD tilt dwell [— L
2 2:53:48PM 4.00kV 0.40nA ETD SE 5000x 414pm 39mm 57.0° 5.00pus

Significant Curtaining from 12kV W Deposition

&00 nm
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PHIB TEM Sample Preparation

1. Differences between Ga and Xe
e Beam profle
« Deposition
- Xe nanobubble formation

- Limited precursor options

2, Projects
» Perfecting the PFB TEM sample

« Pushing the boundaries of large area liftouts

Pt Deposition Meets PHIB

5

!
i
\

mag B det mode WD HV HFW — et U 1L}
. 2500x ICE SE 4.0 mm 10.00kV 82.9 um Helios G4 PFIB UXe
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Pt Deposition Meets PHIB

Pt only / steel

Depositions that do
work with PFIB:

« W

* Pt + C (MultiChem)
» capless

<
¢
i
\

mag @ det mode WD HV HFW  —— et (A 101}

1 2500x ICE SE 4.0mm 10.00kV 82.9 pm Helios G4 PFIB UXe

Ron Keley says. ..

Ugly Sample, Beautiful STEM Imaging / EDS
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PHB TEM Sample Preparation

1. Differences between C

. M profile

* Deposition
- Xe nanobubble formation
- Limited precursor options

2. Projects
» Perfecting the PFIB TEM Sample

» Pushing the boundaries of large area liftouts

Si

a HFW

@ HFW WD tilt dwell F——10um—— curr det  mode g E WD it
M 3.00kV 0.40nA ETD SE 00x 51.8um 4.0mm 52.0

curr | det nag @ d
kV 16nA ETD 500x 59.2um 4.0mm 55.0° 5.00ps
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Si Sample Thickness EELS

—_— 25
—IrBwW
= 2
&
4
g 1.5
K]
=
) A
Si 2
=
& 05
Min /A = 0.2 i
% ) 8 [ —
Distance (um)
— all 1 I
Thinnest are 36 nm
Thickness ranged from 140 nm to 35 nm

6300
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Al on Si (2) Preparation

5k SEM

300 kV BF

Relatiye Thickness (t/A)

0.2

Al

0.4 0.6 08
Distance (um)
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Alon Si(2) HR-STEM

—————120.0 1/nm

but not in the ir
the quality of the sample

acial layer, sr

Lessons Learned from Round 1

It is possible to make a high guality 30-40 nm thick sample using PHB.

®)
,/‘
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Lessons Learmned from Round 1

Next round.

W/ Al / Siall uniformly thin

e 50-80 nm final thickness

Al on Si (4) Sample Preparation

det mode mag @ HFW WD tilt dwell —a4um——
A ETD SE 8000x 259pum 4.0mm 56.0° 5.00ps

16
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Al on Si

Relative Thickness (U/A)

EELS Thickness Measurements

08

| 2 3
Distance (um)
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Al on Si (5) Sample Preparation

v curr jet mode
3.00kV 0.40nA ETD SE

g @ HFV WD i jwell  ——5 um——
6500x 319um 39mm 58.0° 500us

High Quality Sample

18
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Al on Si (5) EELS Thickness Measurements

elative Thickness (t/A)

Rel
o
©
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| essons Leamed from Round 2

* More dep to get ROl to dead center of sample”?

PHIB TEM Sample Preparation

2. Projects
» Perfecting the PFB TEM Sample
» Pushing the boundaries of large area liftouts

20
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Single Crystal Steel Tensile Specimen

Can we use PFIB to make a site specific sample with an electron
transparent region as large as a conventionally prepared sample”

Single Crystal Steel Sample Preparation

HV c de \/mag @ |HFW WD  m—101 1 | % 8/11/2018 | HV curr di de magm HFW WD tilt  —1 Ll A —]
w4

% 8/11/2018 curr det mod tilt v et mo T dwell
s 4:2955PM 1.00kV 0.40nA ETD SE 1000x 207 pym 42mm 54.0° 32:01PM 1.00kV 0.40nA ETD SE 75x 276mm 42mm 54.0° 10.00 ps
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Single Crystal Steel Sample Preparation

HV cur | det ‘mode |magm|HFW WD tilt ——100 um—— a |8 18 HV curr det |mode magm HFW WD tit |dwell | |——500 um—]
12.00kV 30pA TLD Custom 350x 592 um 16.5mm 0.0° % M 2.00kV 0.40nA ETD SE  75x 276mm 4.1mm 52.0° 10.00 us

Single Crystal Steel STEM

curr  det [mode mag @ HFW WD tilt dwel
M 20.00kV 1.6nA ETD SE 2500x 829um 40mm 57.0° 5.00us

—10 um—]

‘ Electron transparent window is 53 um x 41 um ‘

22
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Single Crystal Steel EELS Thickness Measurements

4355 s
I 15

40.05375 CORRERE T I

tive Thickness (v2)
& - i

Q
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Conclusions

* Despite larger beam profiles, high quality TEM samples can be made
with PFIB

* New geometries, precursors, and milling strategies should continue
to be explored to perfect the PHB TEM process

* PFIB is pushing limits of “big samples” to include larger electron
transparent regions, rivaling conventional preparation methods

* These technigues work on a wide variety of other more challenging
materials — porous, heterogeneous, insulators — let's chat!
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