Version 01.01, 11/13/2009

ZEISS NVision 40 FIB/SEM PROCEDURE

SPECIAL NOTES OR RESTRICTIONS:

e You MUST be qualified to use the tool by NanoFab staff before using the tool
e You MUST have a Smart-SEM user account issued by a NanoFab staff member
e Always use the specimen exchange assembly to load and unload samples. If a

sample breaks or becomes stuck in the specimen chamber, notify NanoFab staff
immediately. DO NOT ATTEMPT UNASSISTED REMOVAL!

e If either the red OFF button light or the yellow STANDBY button light on the
plinth is illuminated, contact NanoFab staff. DO NOT ATTEMPT TO START
THE INSTRUMENT!

e ALWAYS TURN ON THE CHAMBER CAMERA BEFORE ATTEMPTING
TO RAISE THE STAGE. Failure to observe the interior of the specimen
chamber may result in damage to the FIB/SEM and the sample. Never move the
stage without viewing the chamber camera image when the sample is in close
proximity to the SEM column’s objective lens cap.

e When screwing the sample exchange rod into the sample holder, DO NOT
OVER-TIGHTEN.

SAFETY PRECAUTIONS:

e This instrument may generate radiation during operation. DO NOT remove any
cover panels, particularly those on the electro-optic column and the specimen
chamber.

e The maximum acceleration voltage is 30 kV.

e Keep the area in front of all ventilation openings clear to prevent fire hazard and
overheating of electronics.

e Do not bump into the specimen exchange assembly or apply pressure that may
bend the specimen exchange rod.

PLEASE REPORT ANY PROBLEMS TO THE FOLLOWING NANOFAB STAFFE

I.  Mike Hernandez — EXT 4590 — mikehern@nist.gov
Il.  Eileen Sparks — EXT 8065 — esparks@nist.gov
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I. Sample Prep

Always use powder-free gloves when handling SEM/FIB components!

Secure your sample to stub with carbon tape or adhesive carbon tabs or with bronze clips
on the special holders

Use carbon paint to ground sample surface to stub to prevent charging (if sample is non-
conductive)

Dry/heat carbon paint to remove solvent before putting into chamber

1. Startup

1. If computer is off, check to see if the
STANDBY (yellow) light button on
the column unit is on. If so, press the
adjacent ON (green) button and wait
for the system to re-start

ON STANDBY OFF

2. To access the instrument PC, log on to the Sun Ray client in the lab using your NIST
HSPD-12 badge or an available Sun Ray card and enable the tool. If PC is already
running,

Note: DO NOT forget to disable the tool in Coral when you are finished

3. Log on to the PC using your NIST network credentials, and launch the EM Server by

double-clicking on the SmartSEM icon 5

4. Log into SmartSEM software with your

NanoFab staff-issued username and

paSSWOI'd Eﬂ Welcome to SmartSEM
Uzer Name | Ack

(Ignore subsequent y stage error popup) = |
Password | m |

5. Watch for any errors reported in the EM Server window. Most errors are typically
cleared during server boot up, and the server display will eventually indicate the error
recovery. Should errors persist to the extent that tool operation is not possible, please
write the event description in the logbook at the tool, and contact an available NOG
staff member
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I. Loading the Sample

1. Mount sample stub(s) to holder using small Allen key to fasten

3. Click Exchange button (15) on the Hard Panel (image below). Airlock menu pops up
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4. Reply YES to the popup asking if you want to move RIEH{N LT [ZI
the stage to the Exchange position, and then click
OK when the stage position at exchange
confirmation window pops up. >

Stage at the Exchange Position

On the airlock control panel:

5. Press Pump and then wait for the
green Proceed light to illuminate
Press the Open butto
Press the Close button

6. Switch to camera view
by pressing Camera button (17)
Popup Warning says
‘Soft Vacuum Interlock...” Ignore...

When airlock gate valve opens, the chamber
camera view will get brighter

7. Attach rod (screw-on) to sample holder and
insert into chamber until it slides onto the dovetail on the stage

8. Carefully unscrew rod and retract it, making sure that the sample holder stays fully
attached to the stage dovetail

9. Retract rod all the way and fasten secure it in place with setscrew knob

10. Unclick Open
11.  Click Close

12. Wait for Gate to
fully close

13. Unclick Pump

14.  Click Purge

15.  When purged
(vacuum seal releases)
unclick Purge to stop flow
of nitrogen
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16. Remove exchange rod arm from the airlock (if desired) and replace it with Teflon
plug

17. On the airlock menu, click Resume Exchange (or press Resume button [15]) and
reply Yes to the popup: “Move stage to the center of Chamber?”

This will move the stage to the center of the main chamber, and open the column valve to
allow the electron beam to scan the sample

18. Click OK on the Resume Completed popup

The picture below shows the layout and description of the components of the SmartSEM
GUI:
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I1. Preparing the System

Version 01.01, 11/13/2009

1. Turn EHT on by clicking on the EHT “button” just below the SEM Control panel

area
3 :
Start™®
Estracton \ Target
|
Vent
EHT Taiget = Shutdown Gun
] EHT On

! Cnu:e.|'q.!‘ac:¢‘ |Eun:J|EHT: »

2. On the SEM Control panel, click the Gun tab,
and double click the EHT value window and
enter 5 kV

Note: For most applications, an EHT value of 5 kV
works best for SEM imaging during FIB work

3. Click on the Aperture tab in the SEM Control panel,
and select the 120um aperture [6]
and check the High Current box

Note: The combination of EHT= 5kV, aperture [6] and
High Current provides the best possible alignment
between the SEM and FIB images, and also generates
enough SEM signal to overcome the electrostatic
discharge noise generated by the FIB lenses
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If EHT value is not set, EHT display will read 0,
and no SEM image will be visible

Detectors | Scanning | Vacuum

Gun | Apertures | Stage

'.d-"'"'_.-._-_.—"""
g LI,

|ExtractorV = 4.72 k¥/

|Extractor | = 15970 pa

|Fill = 23704
‘Beam State = EHT Of

TDeleoe L Scamd. L DA,
| Gun | Apeitures | Stage | Wacuum |

Aperture Size
(7] 20,00 um - Stardand

(1 ]30000pm
(2] 7.500 pm
13 ] 10000 pre

Standard

|
[JEean Blanked

Apertuie Ahan

| tag / Foous |




4. Referring to the SmartSEM GUI
display, click on the FIB toolbar button
to launch the FIB Control panel

5. On the FIB control panel, confirm that
the FIB gun pressure is <7.5 x 108 Torr

6. If pressure is adequate, click the “FIB \

Gun On” button to turn on the FIB —

Version 01.01, 11/13/2009

e | List: 0%
| etm: 0%
FIE | Mk Off
1B Control
FIE | Shape| Mil | Batch | GIS || ian | Options|

Gun State, Emizzion curent, Source Lifetine

Notes: The FIB EHT will ramp up to 30 kV
and the Emission current should stabilize
at2 .0 pA

If successful, the FIB will achieve the
following conditions and display a green
background in the emission current display

Gun is OFF

0.0 pa 352,00 pah
BNk FIB UMBLAMEED
Gun ¥ alw
Gun Valve iz Clozed
Open

[FIB Gun Pressure = 2 70e-008 Torr

Aperture Status

window as shown below. Ide Inislized

If steady 2 .0 HA emission is not achieved, Lenses

through the above procedure click “FIB Condenser = 4237/

Gun Off”” to ramp the EHT down, and the 2= Gbiective = 36273V

click “Heat!” to re-establish LMIS flow.

\\ IFIB EHT = 0.00 kY
~
T Target = 30.00 kv
FIE | Shepe | Wil Bach | GIE | &gy | Oprions
G Blale. Emizson cunert. Sauica Listima |F|B E . Target = -E}\ -EHL Autol

| \ CL Adjust
FIB Emission Target= 2.0y

Gunake iz Open

Chase
|FIR G Prazaue = 5103008 mhae
Aperure §iahs
I Iriliafized

FIE EHT =30 00 kW
FIE EHT Tane: = 3000 kY

LFIE Esir.Targel =T 14 kY
1] |ani] k|

LFIE Supprezsor Taiget = 245
il

7] |

FIB Emiaon Tagal = 2.0pA

di] u b

[#] Aagulaie [=] FIE &uka Heating

~ 7.

After heating, click “FIB Gun On”

again and verify that 2.0pA emission is
achieved

Note: As the LMIS ages, it may require
more frequent heating cycles before

successful stable emission is achieved. If
three heating cycles do not restore the FIB,

contact an available NOG support staff
member and report the issue
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9.

10.

11.

12.

13.
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8. Referring to the SmartSEM
GUI, select FIB mode SEM in the FIB
Mode selection window

Note: the F8 function key toggles
between the SEM and FIB images

Click on the Detectors tab of the SEM | Gun | Apetues |  Stage
Control panel, click on the pull-down \Detectnm | Scanning | Vacuum
selector for Signal A, and select SE2 etectors

(|Sianala=SE2 |+ )| Collector Bias = 300
Set brightness level to about 50% and |2 W @)

change contrast until an SEM signal is Signal B = InLens
visible in the image area Signal = 1.000

[ Mising
Adjust magnification, using knob (1) on .
the Hard Panel until image is more Signal Adjust Input LUT Mode
recognizable. You may need to double- o BC = Off v
click FIB Lock Mags = Yes to toggle value © Transparert
to No, in order to lower SEM Eghtr-ess = 46.7% © Gamma
magnification. Follow up by focusing the < | () o]
. . erse
image, using knob (11) on the Hard Panel P r——TY
to image and orient the sample IE l-'h . 2 O User

At this point, note the working
distance (WD) display in the
image data zone

The WD should be 10mm or
further away from the objective
lens. If not, lower the stage
using the Z-control joystick and
refocus to insure the sample
moved away from the objective
lens (larger WD value)

You can switch to camera view
by pressing the Camera button
(17) anytime, in order to verify
the sample position.

Click view on the menu bar, and select “Crosshairs” from the list. This will display a
fixed set of graphics used as reference to adjust tilt-eucentricity and coincidence
between the SEM and FIB
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14. Find a feature on the SEM image that will be easy to re-find if moved away from the
current field of view, and center it using the X-Y joystick, or by pressing Ctrl+Tab,
and clicking on the feature with the ensuing small cross cursor

15. If the “Protected Z” checkbox is checked on | Detectrz | Scarning | Yacuum
the stage tab, click box to un-check. With | Gun | Apetues | Stage
feature positioned at the center of the _ . -—
crosshair graphics, tilt the stage to 10° by
double-clicking in the Go To display: g7 753 mn {8157 759 mm ﬂ

Y5634 mm  |55.945 mm

16. Enter 10 for the Stage go to value in the W EERC
ensuing popup and click OK 1[0 o .

Note: As the stage tilts away from 0°, it is likely Rl2216° |2z18° lf ]

that the image will shift in the Y-direction, [10.000 [nommm (M

sometimes by a large distance

17. Using the M up/down arrow buttons on the ) \
stage navigation joystick panel, return the a |
feature to the center of the crosshair graphics Cancsl

by pressing and holding the appropriate button

Note: Press the M button w/arrow pointing in the
direction that the feature moved (in reference to the original center position)

18. Refocus the SEM image and repeat the above procedure three more times, increasing
tilt values to 20°, 40°, and finally 54°

19. To test the accuracy of the current eucentric position setting, tilt the stage back to a
lower tilt value and make sure that the feature of interest stays at (or very close to) the
center of the stage. If the feature moves substantially away from center, return to 0°
tilt and repeat procedure.

Note: The established eucentric position should be valid for any position along the X-axis
of stage travel (post adjustment). Any substantial travel in the Y-direction will modify the
eucentric position, and will require re-adjustment

Once the sample is tilted 54° it must be
raised in the chamber in order to
achieve coincidence between the SEM
and the FIB optics. The coincident
point is defined as the position in the
chamber where the SEM and FIB are
both focused on, and scanning the same
area of the specimen.

|

Coincidence Point
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For the NVision40 the coincident WD is just slightly less than 5mm from the SEM

objective lens’s bottom

20. In order to arrive at coincidence, double-click the WD display in the data zone and
enter 5 for the WD value in the
popup. The SEM image will go out
of focus.

21. Press the Camera button (17) on the
Hard Panel to switch image to
chamber view, and confirm that the
stage is not in very close proximity
to the SEM and FIB lenses

22. Switch back to the SEM image by
pressing the Camera button again,
and begin moving the stage closer
(up) to the lenses. The stage Z-
travel motor speed is linked to magnification. The lower the magnification, the faster
the motion. As the image begins to come back into focus, increase magnification and
continue moving the stage up until the sample is in focus at 5 mm WD

23. On the data zone, double-click FIB Lock Mags = No to toggle value to Yes (if
necessary)

FIB Conbral X

24. In order to reduce the amount of material
removed during FIB imaging, select a low FIB

FE | Shape W1 [Baich | GIS | 2ign | Oplions

pilng roges / imaging probe current from the Mill tab of the FIB

E— o2 / Control panel. Use a probe current < 80 pA
Bl + SEM | | Il On

Apertuies ldie Aperiue ninElised

25. Toggle between SEM and FIB images using F8.
The position of a reference feature of interest may
be shifted in the Y-direction by a substantial
amount between the two images. In SEM mode,
move the reference feature back to the center of the
crosshairs (if necessary)

ad Feirk Disieciee

Uss Erd Poinl Detection =Ho |« |[EPD =01 B

= |?| -

Auiba Step o me

0. 23
Imsong  30KEW50 pa
Hilirg F0E2 A
R
[ Dizplay Element Trace

td g Nudpe Cartrals irah Image whilke milkng
'* | Girab FIE Frame

Gran SEM Frame
e Ee s b Y]

O0L07: 18 [rem ]
Probe |
26. Toggle to the FIB image, and using the Z
control joystick move the reference feature to the
7 center as needed

SEM mode

FIB mode
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Notes: Any shift in the X-direction cannot be corrected via mechanical stage motion. Use
the Shift X and Shift Y knobs (7 & 8) on the Hard Panel to adjust the SEM image’s X-

direction position relative to the FIB image.

Be very careful moving the stage in the Z-
direction when at 5 mm WD. Moving the
stage up in close proximity to the lens may
bring the sample in contact with the lens.
If this occurs, you will hear an audible
touch alarm and see a warning popup. If
this happens, open the panel configuration
bar, and click on item Specimen Current

Monitor. When the popup appears click on/

the SCM On check bhox to silence the alarm

[Specimen Current Monitor

[50:

|SCM Status = Off

[JscMOn Spot

At this point turn on the Camera and carefully lower the stage away (Z joystick
downward motion) from the lens until the highest point on the tilted sample is clearly
below the level of SEM lens. Next click stage on the menu bar, and select Stage Initialize.
Reply yes to the popup and wait for the procedure to execute and finish. If stage
initialization fails, discontinue using the tool, and contact a support staff person.

27. The FIB is capable of milling or
depositing material on a specimen. The
FIB Control panel allows the user to
select separate FIB probe currents f
imaging and milling

The user must define and plan the procedure
in order to use the FIB efficiently. In order
to deposit material, the gas precursors must
first be out-gassed. The out-gassing
procedure is part of the FIB Daily Adjust
procedure

Key parameters for successful material

deposition are:

e Setting the milling object’s resolution
pixel fill factor to about 70% (under
100% is critical). Pixel fill factor can be
set by changing the milling pixel
resolution and/or changing the FIB
image magnification

FIB Comtrol x

(FIB | Shaps Wil |Balch | GIS_ | Algn | Options|

Miling Progresz

[ Lise: 4%

[ e 75%

Mil + SEM w | Milk: ©n

Aperture: Wle Aperture: Intialised

End Foirt Deteclian

= Erd Part Deteclion = No | s [EFD = OF

Tirne
[01:23
Imaging | SRASD pA. v]
Wilirg | 2EMI e OOtO1:18 e
Fiobs | SOHWE
Diizplay E lemert: Trace
Milirng Muwdae Coriok Girah Imaoe whils miling
@ Greh FIE Frame
[+]
4 [[1250 &
: ] Hudge Diepth Corbak

e Using a probe current of (or just under) 5 pA/um? of deposition area
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e Set probe dwell time to 0.4 uS for Pt and 0.8 uS for C deposition

e Make sure the GIS needle is safely inserted before deposition process starts

28. To execute the aforementioned daily adjustment procedure, click the tab to open the
panel configuration bar, and click on the FIB Daily Adjust item. This will launch the

following panel

FIB Daily Adjust FEX

Craily Adjustments

For best results each of these task should
be completed daily. Y'ou can alzo uze the
Eucentric axiz and coinicidence settingz
wheneser pou move to a sample area with
different height.

Click on a task to begin;

Operation Last Completed;

Eucentric Axiz

Coincidence

£/4/2009

Outgas

These tazks help ensure a good guality
beam zhape. Y'ou need to select which
probe curents you want ko align.

/

Select Probes | d—

6/5/2003

E/4/20039
E/5/2009

Wieekly Adjuztrment

Objective lens conditioning
iz hot required on this

system
Contral
[ b arlk, ] [ Imit Aperture
[ ] Crosshairs [ ] Reduced
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As previously mentioned, perform
the precursor outgas procedure by
clicking on the “Outgas” button.
This starts a macro, which allows
you to select a precursor to outgas
and execute the procedure. If a
precursor has NOT been recently
out-gassed, an asterisk will appear
next to the precursor’s name. In this
case, carry out the procedure.
Otherwise, skip Outgas.

The condition of each FIB probe
current determines not only
efficiency, but also the quality of the
milling process. In order to insure
that the probes to be used are in the
best working condition, click Select
Probes and populate the popup list
with the desired probes.
Subsequently, click on the now-
active Focus/Stig, Beam Position,
and Aperture Align buttons, and
carry out the procedure for each
macro for all selected probes

The dates to the right of each macro
button indicate the last time the
procedure was carried out. If the
date is within one week, it is likely
that the probes do not require
adjustment. However, there is no
guarantee that the previous routine
included the currently desired probes
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29. Once setup is successfully

s . | List: 0%
completed, choose a milling object | s
by clicking on the drop-down : v mikor @

button on the left side of the FIB

toolbar b
[] Fine Ractangle
30. Select the desired shape type, and & Fine Trapezium
click and drag the cursor on the FIB | Auta tlav farker
or SEM image to draw and size the == Coarse Line
shape on the image L3 Coarse Rectangle
L Coarse Trapezium
31. Upon drawing the milling object, | Show Properties
the Shape tab on the FIB Control
panel will become active. Use this
GUI to input the desired values for
the defined milling object. Up to 16 |FB | Shepe | Mil | Batn |GIS | Alen | Opliore
separate objects can be added to a
Clicking Mill will begin milling each o .
individual object in the order they \ Wit (um) 15.00 '
were added to the list Height (um) =00
\ Centerd (prm) -1.00
. A Centery (pm) 000
32. The milling process can be imaged B |Auto (75.000000) ~
and monitored by checking the box |0
for Mill+SEM mode in the Options 2
tab of the FIB Control panel ‘Silicon ]
Angle (0.0
Milling Current B |2
Track WD il ~
| FIE | shape | MIl | Blach | GIS | Algn 'Ilpt'nnsl = o ~l
W anua Miling Options
Enzble 'ore-chok' nfling mode. This mils 2
D:hq:l; immedalel fpon eddng i ko the list on |
the mling page. .
Shape Conliols Ligt Corindlz
Dmﬂfiﬁﬂ& irud:ilc'_:l:';ltq mm I_:SEH muﬂ: ][Ihis [Latep [[ Bp |[Awolocd] [Cead)[ add |
& maghiricann fcls L e | Fl]
Ilark [ &f Load. Fieacy [ [n13
Sawe a tilf imace fle =1e each element has besn miled [u] [&] [N—I |
DN:Izl:hd rrter o layeir should be 1 for iz ml_:n:E I:P m_:uk [ Hige EE'HEIDJ‘I‘L [ - E
[rumber ol lapers pecomes non edlable wioen this ophon s : -
enchlzd| | RedlmeFIE Soalng iz Enzhied
Llzer Opbors

{Enable 1edtimAPcaing of the milig objecis}
Dinh:n changng be magrificston n FIB :
imods

D‘Mﬂan milivg switch o Mil+SEM mode
[otkierwic= juzt swinch b3 Wil mode)|

|Elr1En:I =

F Show waming when wsng bwa poml
clianment

I GIS Aot Palk
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[T 33 More complex milling objects can be

defined by clicking on the Batch tab of the

FIE__| Shepe | Mil | Balch | Gig i
FIB Control panel
Pre-defined scrpts
iy 'B,m,,,m,. mmm_._f 34. Af_ter cllc_klng the Batch tab_, click on
Quick ASP muomatedcross seston e 7.4~ FeatureMill. This will open an untitled
FindEucentric Wizard to aid ipding-seeeTle

doikiemial =it Feature mill image window and the current
Aulo Satnple Prep | Cross seclion & TEM sample | active FIB image will be captured and

Adjust Shift Carr | iling probe current aignment | displayed in this window

Lz Dalinad Opetalion:

Ta busil st of op=dalions bo peram |
single lask you may use ke opsishon
manage.

You can draw any of
the text and/or

geometric shapes
available

fle Edit Add Chordlist View Action Halp____..____

You may also select a BMP or DXF CAD file
to import

g o u The scale/size of the object can only be defined
by overlaying a grid pattern of a specified pixel
density and calculating the size using the

known image pixel size.

Note: The system is capable of advanced lithography through a Raith ELPHY Quantum
system. However, the separate lithography system’s operation is quite complex and
instruction for that system is available separately, and beyond the scope of this document
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Other/General
Experimental FIB milling rates for this tool are illustrated in the following graph
Experimesntal data an Si (courtesy of Dr. Juns Lau - MSEL)
*

7 ’_/"f
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E /‘/
2 5 7
] /”/
S 4 e
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.E‘I 3 /"/
E 2 /.f’/
Y
1 "/F‘/
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o] T
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milling current (nA)

When SEM imaging is important, make sure that the SEM aperture is well aligned,
and that focus and astigmatism correction are properly adjusted. To align the SEM
aperture, press the Wobble button (13) on the Hard Panel, and eliminate image
movement by adjusting alignment knobs X (4) and (5). Press Wobble once more to
turn off
Occasionally you will hear a popping noise (FIB gun valve closing) if the FIB
scanning is idle for more than 5 minutes
Tilt correction on the SEM image (to correct Y-direction image foreshortening due to
tilt) can be implemented by double-clicking the item on the data zone and inputting
the appropriate value
o0 Enter 54 for vertical measurements on the sample’s tilted surface
o Enter 36 for vertical measurements on a milled cross section surface (90° to
the 54° tilted surface
0 Horizontal (X-direction)
measurements are not affected by
tilt

:H;isa Hed@cﬁﬁn -

Shutdown Gun

Unloading Sample EHT OFF

Turn Camera on, and using the Z stage
control, lower the stage so that the
sample is clearly below the SEM and
FIB lenses. Click the “All” button on the
lower-right section of the SEM Control
panel, and left click on the EHT off popup
to shut off the electron (SEM) beam

i

Left Click to execute

% | MB: Contrast = 50.0% | Fine @
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11.

12.

13.

14.

15.

16.

17.
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ON the FIB Control panel, go to the FIB tab and click the “Off” button to shut off the
FIB

If the airlock exchange rod was removed during the specimen loading procedure,
remove the Teflon plug form the airlock and replace it with the rod

Click Exchange button (15) on the Hard Panel, and reply yes to the popup

Press CLOSE button (to release) press PUMP button on the airlock control panel, and
wait for the proceed light to illuminate

Press OPEN and wait for the airlock gate valve to open (the chamber camera view
will get brighter when the valve is fully open)

Insert exchange rod into chamber and attach it (screw-on) securely to the sample
holder. If the rod does not slide easily, loosen the setscrew knob to allow the rod to
slide

Retract the holder onto the airlock dovetail stage, completely unscrew the rod from
the holder, and fully retract the rod until the ROD STATUS light on the airlock panel
stops flashing

Press OPEN Press (to release) and press CLOSE on the airlock panel

Wait for airlock gate valve to fully close and Press PUMP (to de-activate pump)

Press PURGE and open the airlock when pressure reaches atmosphere. Press
PURGE at this time to turn off N2 gas flow

Remove sample form airlock, close airlock, and press PUMP. On the airlock menu,
click Resume Exchange (or press Resume button [15]) and reply No to the popup:
“Move Stage to Center of Chamber?”

Click File on the menu bar, and select Log Off

Confirm your choice in the ensuing the popup

Click the red X on the EM Server window to shut down the server

Click Start and log off the PC Note: If you do not log off, Windows will lock the PC
after a few minutes of inactivity and the next user will not be able to use the tool

without

Disable the tool in Coral from the Sun Ray client terminal. Alternatively, launch
Coral on the instrument PC and disable the tool there before logging off
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