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Outline

e FIB Overview

 FIB Operation

 FIB Applications
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overview
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Ebeam vs. lon Beam

e Beam Interactions

+ -
Column | lon” Beam Colunm - P Electron Beam

Klectrons
X- Rays
Clusters

Flectrons BSHectrons,

lons X- Ravs

Ili'lllﬁ-I Photons Photons
- 0-2008D @>
Sample N Sample
¥ /
Milling as it scans sample sur}%{ce No damage as it s/eéns sample surface

N\ .. 7
Note difference in interaction volume
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Applications of Focused lon Beam (FIB)

1. lon beam lithography
2. Image Analysis
3. Film Deposition

4. lon Milling (Dry Etching)
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Electron Column
lon Column
Vacuum Chamber

I,
e

Typical Configuration of FIB

Door
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Typical Configuration of FIB (continued)

lon column (lon pump showing)

Electron Column

Pt Gas Injection
System (GIS)

Stage motors

FEI Quanta 3D system
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Typical Configuration of FIB (continued)

Omniprobe

Tungsten Gas Injection
System (GIS)

FEI Quanta 3D system
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Typical Configuration of FIB (continued): O
_degree tilted

lon Column

FEI Quanta 3D system
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Typical Configuration of FIB (continued): 52
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Typical Configuration of FIB (continued):
User Interface

B T microscope Control 2 | step | Hidew | stopul | X|
Fle Detectors Scan Beam Patterning Stage Took  Window  Help Pages
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Detectors

Contrast 342
4 _ B
Erightness 506
4 [ B
Statug

Specirnen Current 48,45 pA
lon Beam Current 0.15 na

Chamber Pressure:  2.08E-5 Pa

Ao

© 2018 The Pennsylvania State University Focused lon Beam 11

Www.nano4me.org



Typical Configuration of FIB (continued):
User Interface
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= peration
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What i1s Eucentric Point ?

/O GIS

+ Eucentric height =15mm WD below

e-column pole piece and 30mm
from | column

All equipment is pointed to one central spot !!
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What Is Eucentric Point ? (continued)

« All aligned:

— “Eucentric” is a point
In the stage height
control (“Z”) where
the sample’s image
does not move when
the sample is tilted.

15 mm SEM WD

— SEM imaging is used i plane
to find the physical
point.

IMAGE
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Eucentric Point (continued)

SEM:I ng

IB: Cutting

52

52

38
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Eucentric Point (continued) — 52 degree
tilted Images

20 pm Feesyl i ' 20 ym

sEG 1500k | 153 mm | ETD [ S2° 2000 £4.0 pm FEl Quanita 30 i'etla.‘,:'::': .00 k) .8 mm |64.0 pn { FE| Quanta 3D

SE image m IS foreshortened. The lon mage E‘ - Appears to

upper part of the image is at a longer WD be looking straight on.
than the lower portion of the image.
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Eucentric Point (continued) — 52 degree
tilted Images

cet it mag HF W 10 pm CH 1]
P | 1500k | 151 mm | ETD | 52° | 3000% | 427 pm FEl Guarts 30 <o 130, . . X FE! Quanta 3D

SE image can look into the milled lon image is doing the cutting
area. and “looking” down in the

sample.
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Eucentric Point Finding Steps

e “Eucentric” is the point on the height of the stage in which
the sample stays centered as the stage is tilted.

e It's assumed you are at about 15 mm WD (having done a
Z<>FWD and moved the stage previously)

« Only after finding the eucentric point, you have coincidence
alignment of the beams!
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Eucentric Point Finding Steps (continued)

* You will perform the following steps in the upcoming slides:
— Start at ‘O’ degrees tilt

— Note a feature of interest and bring to a feature of
Interest (e.g., center of crosshairs)

— Tilt the stage to a positive 52 degrees
— Watch the image move either up or down on the screen

— Adjust the “Z" height on the specimen door to bring
feature back to the center of the screen

— You may have to do this several times at higher and
higher magnifications to get perfect eucentricity
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Fine Alignment of lon Beam

H T microscope Control l}l Start | Stop | Hide Ul | Stop UI |£|
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We just set up the sample to face the
lon beam

E-Beam

lon-Beam
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lon Beam Operation

e The ion beam will damage your sample when viewing. Itis
Important to use a small beam size when imaging!

 When getting ready to mill with a large beam current, you
must focus quickly and in as few of scans as possible!

e While milling or depositing a film, you can highlight Quad 1
(SE column) and take a photo (F2) or click “snapshot.”
or. It will pause the lon beam and grab a quick SE image to
see status of the lon milling operation.
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Film Deposition (Pt)

e Pt. deposition can be used for many applications.
— adding a conductive layer to a non conductive sample

— setting up a pattern, to prevent “curtaining” with the
FIB

— adhesive attachment for mechanical testing

- This tutorial will cover the second point: making a
protective shield for further processing
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Film Deposition (Pt)-continued

Gas Injection System

lon Beam

Www.nano4me.org © 2018 The Pennsylvania State University
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Film Deposition (Pt)- Find Deposition Spot

Click on the
third Icon -
the
Patterning
Page

This page
controls:

Patterning
type
including
size
Progress of
mill or
deposition
Gas injection
End Point
Monitor

Www.nano4me.org

{2 | stop Hide UI Stop Ul

Ele Detectors Scan Beam Patterning Stage Tooks Window Help

H xT microscope Control

o &

R ) |3seex FaN

Basic ]Advanced ]

Mame |Va|ue ‘
Application

X size Oprm

Y size Opm

2 size Opm

DwellTime 0s

Rel. Int. Diarm.(%) | 0%

Eeam Electran
TotalTime 0s

Frogress

Remaining Time : 0:03:23

Overall Progress s
CCS Line Progr. s
Gas Injection

Orvarvigwr I Details ]

In Gas Type Heat Flow

OEFtdep Cold
OMscW Caold

End Paint Manitor
Graphs IOptinnsl Scahng]
46.4

[nA]

Status

Specimen Current: 4749 pA
lon Beam Current: 0.15 [
Chamber Pressure:  2.08E-5 Pa

— LT 4 o
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Film Deposition (Pt)-Warm up the Pt Source

47 microscope conrol 1Y ] | sw | weu | su |x

Ele Detectors Scan Beam Patterning Stage Tools  Window  Help Pages
W@ Y [ Jroww Jom AR B |4 5 ] [s12e492 O g~ Il m @ N A
Pattern
e - M Hoe ==
. - 4 | |
 Double click | =

Basic lAdvanced ]

“cold” to toggle T —
on *warm’

e -This heats the Cre—
Pt. Gas

Remaining Time : 0:03:23
Overall Progress sy
CCS Line Progr. s

deposition
system.

Gas Injection

Orverview I Details |

In o Heat Flow
OEPtdep Caold
OMsCH Coldl

End Paint Monitor
Graphs IOptmnsl Scahng]
45.4

[nA]

Status
Specimen Current: 47,49 pA
lon Beam Current: 0.15 nA

H‘\!’ Sp(:)t \;"\,'fD Slg T]it HF\}"V r\ﬂag 5 Charnber Prassure:  2.08E-5 Pa
29.98 mm|SE 0.0 °|21.33 ym|12000x| <5
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Film Deposition (Pt)-Insert Pt Gas Injector

*Click on click
box under
“In”, to inject
the GIS
needle

*Check Quad
4 to see that
the needle
appears to
be inserted

properly

Www.nano4me.org
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Chamber Pressure

Specimen Current:  55.03  pA
lon Bearn Current: 3.01 n&
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Film Deposition (Pt)-Define the Deposition
Area

Select , -
“Rectang Ie” Ita Patterning gta.ge Tools  window Help | . | — ‘ St |ﬂ oo Pages
) W& G [soox  [sookv [sore ] B B e[« sors | g [102axes4 N4+ . e i ) [BR)
Draw a rectanglé — | |l | e
on the frozen lon >
) . ‘m HIDE| == | I =
Image by clicking e =i
and dragging the L i RST T
left mouse | A
button. Basic lAdvanced] e T
MName |\falue | _ EE%;E:E _
Make the Applicatin:un ptdep ioen S.EUEZWDmB?anV
rectangle about X size 1.0 m e
Y size 1.00pm o [—
10 X 1 X 1 Z size E00.00nm °D“et N
Micron in X,Y, DwellTime 200.00ns e tes s
Fel. Int. Diam.(%)  150.0% o
and Z values. teL =
Increase mag so TatalTime 0:05:47 “:j”‘*”]&a‘ |
rectangle fills |
large fraction of
screen . I
Verity "Pt dep” Is o 2
HV |[Spotl WD [Sig| Tit | HFW | Mag Chamber Pressue: 15565 Pa
selected as 30.0 kv| 0.0 [29.98 mm|SE |0.0 °|21.33 um|12000x| 48

application on
the “basic” tab
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Film Deposition (Pt)- Deposition Condition
Setup

[ Set Ion Cu rre nt H 5T microscope Control L 0 | stop | Hisul | swepul | X] (Mo & &

Ele Detectors Scan Beam Patterning Stage Toolks Window Help Pages
to 0.10 nA for ﬁ@@ |D/“?‘l|9.\y_{-|.a|i| S Ll?“lozzlxaaél QaW|m'|L“.M|. @@
dep. '

e UnPause and | [l i) & .
quickly focus, e F .

| 500x
bl

EXITRERL
B

i i i Fosition ™y 9.37pm
I & I ' l : »' 5 ¥ : Rotation oo
I a ea 4 r ! Enabled Yes
5 ; GasType Ptdep
. . /
S h ft” : i Overlap 74) |-50.0%
I IS i F J g | | Overlap™ (%) |60.0%

necessary, A\
move image | HU AN e
so that it is still

aligned to

SEM image.

Oversiew | Details |
* Re-alignment
of the
deposition e o .
pattern box EIAY ¥ - P |
may also be e WA N oo =o 2
necessary. | ‘

—End Paint honitor
Graphs |0ptmns| Scahngl
45.4

Chamber Pressure:  1.55E-5 Pa

& 8
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Film Deposition (Pt)-Start Deposition

e Start the Dep (& <7 microscope Control (] | | o | vieew | soru | (- o o [SEE)

Fle Detectors Scan Beam Patterning Stage Tooks  Window  Help Fages

by CliCking the B Y [0 [wow [zom ] A B |4 soms 0@ |1004xm84 n b’ _.Pamm@ ]
“Start” icon

mUA

* Note the
various
parameters in
Pattern menu.
These will
become more
Important to
you later, but
Its good to get
exposed now,
while you are

- A L

1 -Rectangle 1

Basic Advanced l

Name |\/a|ue -
Position -10.63pm

Position 9.370m

Faotation oo

Enahled Yes

GasType Ftdep

Overlapx (%) |-50.0%

Overlapy' (%) |-50.0%

Pitchi 303.75nm

Pitch’ 303.75nm
ScanDirection | Bottorn To Top
YolperDose  |5.000e-Tum3/nC| ¥
Progress

Total Time : 0:02:16

Overall Progress
Current Progress

Gas Injection
Ovenview | Details |
In Gas Type Heat Flow

MRt dep “Warm Closed
W=CM Cold

End Paint Manitor
Graphs ]Options] Scahng]
434

waiting for a
deposition. .

Specimen Current 5503 pA
lon Bearn Current 3.01 nA,

H‘V’ Spot \fl'\u,“D Slg T]]t HFU\J I\nag Chamber Pressure:  1.55E-5 Pa

30.0kv| 0.0 [29.98 mm|SE|0.0 °[21.33 um|12000x] Ka¥A
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Film Deposition (Pt)- Deposition Progress
Check

* You may o microscope Conrol a1 N TSI EEEET

Ele Detectors Scan Beam  Patterning Stage Tooks  Window  Help Pages

e O 00 o 7| [ p M aﬁlil 50 s LI@‘I1024><854 o *’T|m"uhm.m| ® | @@

take a quick

peak at the [0 ] e ==

depositions,
as it

1 -Rectangle 1
Basic Advanced |

Name Walue
progresses T
by using the S

GasType Ftdep

Overlaps (%) |-50.0%
Cwverlapy' (%) |-50.0%

Pitchi 303.75nm
Pitch'y’ 303.75nm
ScanDirection | Bottorn To Top
volperDose  |5.000e-Tum3/nC| ¥
—Progress———+—
Total Time : 0:02:16

Overall Progress
Current Progress
- Gas Injection

Owerview I Details I

“Snapshot”
feature.

e - Enable
Quad 1

e -Click on

In Gas Type Heat Flow
FEFt dep “Warm Closed
t e TS Cold Closed

—End Point Monitor
Graphs |Optmns| Scahngl
45.4

“SnapShot”
icon

[nA]

—Status
Specimen Current 5503 pA
lon Beam Current. 3m nA
Chamber Pressure:  1.55E5 Pa

& 8
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Film Deposition (Pt)- Images of Deposited
Film

Electron beam image lon beam image
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lon Milling

Ke /
y SEM:I g
 Metal deposition | | -
e SEM [ ]
e FIB [ 1
* Sample plane / FIB: Cutting
 Cross section | | '
 Projection of
sample plane to Cos 52
SEM image plane
. PrOJectlon.of Sin 52
Cross section
plane to SEM : 52
plane N\ . 52 7 |
« Cross section | 38
image surface : : :
e Stage at 0°
/
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lon Milling: Basic Step

[ J Start With & xT microscope Control i Siarl | Step Hide Ul Stop Ul |J—w

“Regl'”ar R @ = _ --;:.:__ & _ .-_ 2y i zase 0 8 : I FISE

Cross Section” §oi0 0 i BRI [

. Rectangle . a2

 Clickand draw____——— T e | cmmcossonn T T
a rectangular ; E :__..:.. : . e : .:. Cirgle _ \S/ia\ue

Advanced |
box on the TR o s e T
prepared A g B e
sample B s e s
« Align the
rectangle just
below the

Pt.dep area

e Set
“Application”
to “Si”, as
default cutting
parameters

Gas Injection
Ovenview | Datails |
4 | In Gas Type Heat Flow

@Ft dep Cold  Clozed
TSCh Cold  Closed

—End Point Monitar
- | Graphs |Opt|ons| Scalmgl
50

[nA)]

0

1] #Hime B0
- Status
Specimen Cutrent:  54.88  pA
lon Beam Current: 033 na,
Chamber Pressure 1.26E-5 Pa

A u
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lon Milling: lon Beam Setup

& xT microscope Control {ﬂ Start | Stop | Hide UI Stop UI |J .ﬁ & &
L4 I n C re aS e th e Fle Deftectors Scan Bearmn Patterning Stage Tools  window  Help Pages

sy
by ‘ 3 . .

ion beam ! 1024><E»4 .Panem‘@ .’7.-.
currentto 5 nA

L] T oe| ==
‘< LA
Secton

Section ﬁ

* Quickly scan s
and focus -
(you are S
milling as you L

scan)

e Pause as
soon as the

—Progress

Total Time : 0:24:10

Overall Progress 7
Current Progress
. Gas Injection

Ovenview | Datails |

- . - In Gas Type Heat Flow
I l I la e IS I n CEFtdep Cold  Clozed
TSCh Cold  Closed

focus

—End Point Monitar
Graphs |Opt|ons| Scalmgl

* Re-align the .
milling pattern
If necessary U
on the frozen TR

Specimen Cutrent:  54.88  pA
lon Beam Current: 033 na,
Chamber Pressure 1.26E-5 Pa

image
A%
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lon Milling: Milling

. #- 5T mieroscope Control R o | siop | Hdeuw | stopul |£|
* Verify that the

File Detectors Scan Beam Patterning Stage Teols Window Help Pages

B O [ AR O YE & s Mk eWIlg Le HeWdRE
rough cross - 7 > CIEEL T
section Is

! e
; o
10 X4.5X4

IE — [~
microns deep e
and aligned

just touching

the Pt. Dep
pattern.

o Start Milling

« Ifyou have a
BSD, you may
image live in
Quad 3 as the
sample is
milled.

[40K  |10ma

Frogress

Remaining Time : 0:03:23

Overall Progress s
CCS Line Progr. o
Gas Injection

Ovenview | Details |

In Gas Type Heat Flow

OEFt dep Cold Clos=d
COESCH Caold Clozed

End Point Monitat—————————
Graphs | Optionsl Scaling |
184

[nA]

-~ Statu
| | Specimen Current 4743 pA

lon Beam Current: 015 A
Chamber Pressure:  208E-5 Pa

? %
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lon Milling: Progress Check

* Milling has
now started

* Note time
remaining

« Take a break
for that time
period (tell
your boss its
an order)

* Ifyou are
curious, click
on Quad 1 and
then
“snapshot”.
That will give
you a quick
SE image of
your milling
progress

Www.nano4me.org

L | stop | Hdeu | swopul | X]

Beam Patferning GStage Tools Window Help

fa0ir  [10ma |D/|[?\i|C_D.\_T{-‘=ﬁ|L| 3 gk |[seez @M Il [ga-|ll B

o
Pages
ElCI=E e

File Detectors Scan

’g@ Q [ameex

DDDDDD

i
L] T e e
« EIRE AN
. | [
Basic | Advanced |
MName Walue
Application
X size Oprn
Y size Oprn
Z size Oprm
DrwrelTime 0s
Fiel. Int. Diarn.(3s) 0%
Bearn Electron
TotalTime 0s
Progress
Remainin g Time : 0:03:23
Orverall Progr [
CCS Line Progr.
Gas Injectio
Owerview |D tail |
In Gas Typ Heat Flow
Pt dep Cold Closed
COESCH Cold  Clozed
End Point hanitor
Graphs |Op1|nns | Scaling |
454
[na]
e e e e e o
330.4 #im 390.4
us
Specimen Curren t 4749 pA
lon Beam Curren 1t 018 14
Chamber Pressure 208E5 P
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lon Milling: Cleaning Cut

View the rough
. Ele Detectors Scan Beam Patterning Stage Took Window  Help
Cut Wlth the SEM W@ Q[ Jaoww [om |7 AR B |l 4] 35 ﬂ? |s120442 @ g~ Il m @ |

Click on Quad 2
and adjust ion
beam current to
0.3 nA

Select “cleaning
Cross section”
pattern

Scan and focus
with the ion beam
and then pause

Redraw a smaller
pattern on the
frozen ion beam
image

End Paint Monitor
Graphs IOptmns] Scahng]
45.4

Use a depth 1/3rd s
that of the regular i =3 B

Cross section
Start milling
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lon Milling: Cleaning Cut

. 4 xT micrescope Control i | stop | Hideuw | Stopul |ﬂ
[ VI eW the roug h Ele DCetectors Sgan Beam  Patterning 5tage “_rools Window  Help ) Pages
W@ Q[ Jaoww [om |7 AR B 4] 30 | @ |[si2ea2 @ g~ Il m @ N A

cut with the SEM

e - M Hoe ==

 Clickon Quad 2 eI T
and adjust ion e
beam current S
down to 50 pA

« Select “cleaning L
Cross section”

e Scan and focus
with the ion
beam and then
pause

[ CCS Line Progr. sy
|~ Gas Injection

Owerview I Details ]

In Gas Type Heat Flow

OEPtdep Cold
OMsCH Cold

End Paint Monitor
Graphs IOptmns] Scahng]

« Redraw a
smaller pattern
on the frozen ion ..
beam image

o Start milling
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lon Milling: SEM Image of the Cut

HV |Spot| WD [Sig| Tilt | HFwW | Mag |
20.0 KV| 4.0 [14.96 mm|SE|50.3 °|14.68 um|17631x
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FIB Grain Contrast
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FIB is more than four times as intense as that produced by backscattered
electrons in the SEM, and results in spectacular grain contrast, as can
easily be seen in the FIB image of aluminum grains in the image.

http://www.fibics.com/fib/tutorials/Grain-Orientation-Contrast/6/
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FIB Grain Images: W filament
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I plications
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Electrode Formation for Nanowires

1000 nm

2000 nm

Y. Long et. al, Appl. Phys. Lett. (2003)
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Cross Sectional TEM Sample Preparation

http://www.pdx.edu/cemn/fib-gallery
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