Appendix A

Procedures for Monitoring in a Few
Commercial Systems

The main monitoring tool addressed here is the Schottky plot. At
the end we will briefly address the recording of (part of) the facet
emission pattern in the Quanta 200F scanning electron microscope
(SEM).

Key to useful Schottky plot data from commercial systems are
creating a field-free zone between the extractor and the beam-
defining aperture (or at least zero lens effect), and making the beam
path free from obstructions from the beam-defining aperture to the
entrance aperture of a Faraday cup on the stage.

The apertures that can be used as beam-defining apertures for
Schottky plot recording are for the:

NOVA NanoSEM: the 2nd extractor aperture (acceptance half-
angle 3.45 mrad)

Quanta 3D FEG: the aperture after the CO lens (acceptance
half-angle 1.99 mrad)

Quanta 200F: the decelerating lens aperture (acceptance half-
angle 1.34 mrad)

For the Quanta 200F the zone between the extractor and the
beam-defining aperture can be made field free by turning off the C1
and C2 lenses. The objective lens is then used to focus the beam into
the Faraday cup aperture.

For the Quanta 3D FEG the zone between the extractor and the
beam-defining aperture can be made field free by turning off the CO
lens. For both the NOVA NanoSEM and the Quanta 3D FEG, to ensure
a free beam path beyond the beam-defining aperture, the C1 and
C2 lenses are used to make crossovers, with the C2 lens crossover
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onto the decelerating lens aperture. Note that when the extraction
voltage is changed, the lens effect between the extractor and the
C1 lens is also changed. It may be required, for each data point, to
manually optimize the settings of the condenser system (C1 C2) to
get all current through the decelerating lens aperture.

A.1 Recording Schottky Plots in Quanta 3D FEG
and NOVA NanoSEM Systems

e Log on as “support” so that you are allowed to change the
voltage settings of the electron gun.

e Vent the chamber.

e Puta Faraday cup on the stage (e.g., the one on a standard FEI*
test sample).

e Free the beam path:

o Remove the “insert” from the objective lens, if present,
and leave the “insert” inside chamber (check the manual;
use the designated tool).

o Change to the largest aperture on the strip (1 mm
diameter).

e Connect the Faraday cup to a current meter.

e Pump down the chamber.

¢ Bring the stage to a working distance.

e Change the configuration in “8_system configuration” to high
vacuum mode.

e Quanta 3D FEG: go to spot 4.0, 10 kV beam energy; NOVA
NanoSEM: go to spot 6.0 (the condenser systems of these
machines are calibrated to give a focus on the decelerating
lens aperture for these settings).

e Switch on the beam.

e Optimize the crossover position.

e Focus on the aperture of the Faraday cup in “quad 1” (top-left
window).

e (o to the TstEGun window. Check the “advance view” box, if
not checked.

*FEI Beam Technology Division, 5350 NE Dawson Creek Dr., Hillsboro, OR 97124, USA.
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Write down any relevant parameter values (date, system,
heating current, heating voltage, gun pressure, total emission
current, Coulomb tube (CT) current, extraction voltage,
suppressor voltage, C1 lens setting, etc.).

Turn off the beam.

Change the operating mode from OPERATE to SERVICE. (N.B.
The software Software can return a message, which you can
“hide”).

Check the C1 lens voltage. Set it at the same value as it was in
the OPERATE mode, if it has changed.

Turn the beam on by pressing “HV on” in the TstEGun window
(either of the two buttons).

Change the ramping speeds for suppressor and extractor
voltage from 0 V to 10 V for both up and down. Press “set
speeds” to confirm.

Go from scan mode to spot mode and put the spot inside the
aperture.

Write down Ve (“Actual” value), Vg, ("Actual” value), Iy
(FEG emission), I, (current meter), and the time in a table.

1. Change from spot mode to scan mode.

2. Reduce V,, with 100 V.

3. Change Vg, proportional to the V, change. This is to
maintain the same field form around the tip (e.g., going
from a 5.0 kV and 500 V to a 4.9 kV extraction voltage
requires a suppressor voltage of 4.9/5.0 x 500 V).

4. Gotospotmode and putthe beam inside the cup (optional:
check that the crossover position is still optimal).

5. Write down Vey, Viup, Trotal Ieups @and the time in the table.

Repeat the above five steps for the desired number of voltage
settings. Check at one of the lower extraction voltages if the
crossover is still looking OK and if all of the beam still goes
into the Faraday cup.

Bring back the settings to the settings of OPERATE mode.
Beam off.

Bring the extractor and the suppressor voltage back to the
settings of OPERATE mode (see the top part of your filled out
source monitoring work sheet). Wait until the values are
set.

233



234

Appendix A

. TST Gun FEG application
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e Change ramping speeds of the extraction and the suppressor
voltage from 10 to 0 (do not forget to press “set speeds”).

e Change from SERVICE mode to OPERATE mode.

e Set back the aperture number from 1 mm to what it was
before the measurement.

e Beam on and check the system by imaging something at high
resolution.

e Beam off.

e Vent the chamber.

e Take out the Faraday cup.
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Put the “insert” back into the objective lens.

Check Part I1I on the source monitoring sheet.

Pump the chamber.

Set the system configuration back from “high vacuum mode”
to the setting that belongs to the “insert.”

Log off.

Analyze the data and extract the field enhancement factor. Has
it changed with respect to the last time, and what is the field
strength the source is operating at?

Recording Schottky plots in the Quanta 200F system:

Log on as “support” to be able to change the voltage settings.
Vent the chamber.

Put a Faraday cup on the stage (e.g., the standard FEI test
sample).

Free the beam path:

o Remove the “insert” from the objective lens, if present (see
the manual), and leave the “insert” inside the chamber.

o Check if the blanker is present? Set it to the largest
separation: setting 4.

o Change to the largest aperture on the strip (number 1, 1
mm diameter).

Connect the Faraday cup to a current meter.

Pump down the chamber.

Bring the stage to a working distance.

Switch on the beam.

Set the source tilt to zero.

Focus on the aperture of the Faraday cup in “quad 1” (top-left
window).

Go to the TstEGun window. Check the “advance view” box.
Write down any relevant parameter values (date, system,
heating current, heating voltage, total emission current, CT
current, extraction voltage, suppressor voltage, etc.).

Turn off the beam.

Change the operating mode to SERVICE. (N.B. The software
returns a message, which you can “hide”).

Turn the beam on by pressing “HV on” in the TstEGun window
(either of the two buttons).
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e Change the ramping speeds for the suppressor and the
extractor voltage to 10 V for both up and down. Press “set
speeds.”

e Turn off the CT (clear the box) (means it goes to ground
potential).

e Change V/; in the “Target” column to the V., value (press the
set button or use Enter to confirm) (N.B. By doing this the
potential on the C1 lens becomes zero with respect to ground).

e Change HV in the "Target” column to the V,, value (press
the set button or use Enter to confirm) (N.B. By doing this
the potential on the extractor becomes zero with respect to
ground).

e Go to the TstEOptics window. Open the xT_
ObjectiveLensOutput window (objective/final lens) and the
xT_CondensorLensOutput window (C2 lens).

TstmdlOptics - [TstMdlOptics1] ) ] | sop | Hidewl | swopu [ X]] [BE[]
-8 x

[ Fle view UserData Advanced Window Help
&l (|| \@| E[-|=]] 2
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|D.33308981 0559408

rs
:‘ |7 Clase | I
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L]
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=
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e Set the condenser lens excitation (C2 lens) to zero. Watch the
image of the Faraday cup aperture and adjust the objective lens
setting if you start to lose track of the hole.

e If necessary focus a little bit by optimizing the objective lens
setting.
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e Go from scan mode (full frame) to spot mode and put the spot
inside the aperture.

e Check the current meter reading to make sure all current is
going into the cup.

e Check if the alignment of the aperture on the stick is such that
all current passes it: do this by changing its alignment and
monitor the current reading from the cup and maximize it.

e Write down Vg (“Actual” value), Vg, (“Actual” value), Iy,
(FEG emission), It (bottom right in the TstEGun window), I,
(current meter), and the time in a table.

1. Change from spot mode to scan mode.

2. Reduce V,,with 100 V.

3. Change Vg, proportional to the V¢, change. This is to
maintain the same field form around the tip (e.g., going
from a 5.0 kV and 500 V to a 4.9 kV extraction voltage
requires a suppressor voltage of 4.9/5.0 x 500 V).

Set V¢, to the same value as the extractor.

Set HV to the same value as the extractor.

Set the condenser lens excitation to zero.

If necessary focus a little bit on the aperture with the
objective lens.

Go to spot mode and put the beam inside the cup.

9. Write down Vey, Viup, Tiotan Iets Leup @and the time in a table.

N o U

®

e Repeat the above nine steps for the desired number of voltage
settings.

e Turn of the beam.

e Bring back the extractor and the suppressor voltage to the
settings of OPERATE mode (see the top part of your filled out
source monitoring work sheet). Wait until the values are
set.

e Change ramping speeds of the extraction and the suppressor
voltage from 10 to 0 (do not forget to press “set speeds”).

e Change from SERVICE mode to OPERATE mode.

e Setback the aperture number from 1 to what it was before the
measurement.

e Beam on and check the system by making a high-resolution
image.

e Beam off.
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e Vent the chamber.

o Take out the Faraday cup.

e Put the “insert” back into the objective lens, if required.

e Pump the chamber.

e Log off.

e Analyze the data and extract the field enhancement factor. Has
it changed with respect to the last time, and what is the field
strength the source is operating at?

A.2 Imaging of the Facet in the Quanta 200F
System

The Quanta 200F extractor accepts part of the total facet beam: its
acceptance half-angle is ~66 mrad (3.8°). If the C1 lens is turned
off (same voltage as the extractor) or collimates the beam, the beam
intensity profile in the CT behind the C1 lens is part of the facet
emission pattern.

The intensity profile of the beam in the CT can be measured by
scanning the beam across the CT aperture by using “gun tilt” and
collecting the current through the aperture in a Faraday cup on the
stage.

The gun tilt can be changed manually in the TstEOptics menu
under “Gun tilt,” with a maximum range of -1 to 1 for both x and y.
The “Gun tilt” setting determines which part of the beam is selected
by the CT aperture. This is done by changing the settings of the two
sets of deflector plates, which are positioned somewhere along the
CT. Because there are two sets of deflectors the pivot point can be
maintained at the same height. This is done automatically when
changing the gun tilt.

The divergence or collimation of the facet beam leaving the
extractor can be tuned by changing the spot number (which changes
the C1 lens setting): the part of the beam that is scanned by changing
the gun tilt settings increases with increasing spot number. If the
beam diameter at the CT aperture becomes smaller than the aperture
size the recorded image will start showing the shadow image of the
extractor aperture.
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Procedure to Characterize System
Performance

The performance of a probe-forming system can be characterized if
the following parameters are available:

Source: practical brightness, FW50 energy spread, extraction
voltage, virtual source size (B, AE, V., d,)

Column: spherical and chromatic aberration coefficients of
the final lens (Cs, C¢)

Gun: spherical and chromatic aberration coefficients of the
gun lens (Csg Cc,)

Target: beam energy (V)

Key is which probe size contributions are dominant at the desired
probe current level?

Approach: Calculate the parameters below and follow the scheme to
find (1) which probe size contributions are dominant for your system
at the probe current of interest, (2) the optimum probe size, (3) the
associated half opening angle of the beam, and (4) the magnification
of the virtual source.

-18

Calculate 1,,=1.08-10"B (I for which d, = d))

AR c 1/4
_ -5 _
Calculate 8¢y =1.99-107 [C; e and &, =8.46-10 8( S J

3/2
p A
3/2 32 3/4 2
Calculate i, =2.72-10"9CL;EV and |, = 1.50.10-4%/2V
Cg ! Sg

(I for which d, = d¢,) (1 for which dy = ds,)
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I 2V
Calculate I, =% and I, =[ A% ]

o Jin
(1 for which d; = dgg)

Is the desired probe current below I,;?

Oca>08sa:  dcbalances dy — d,, from Table B.1; azand M from
Oca<0sp:  dsbalances dy Table B.2

Is the desired probe current between l,; and the smallest of (Iisglicg)?

6ca>0sat dcbalances d, — d,, from Table B.1; ezand M from

6CA < 6SA: ds balances d[ Table B.2

Is the desired probe current larger than the smallest of (Iisg licg)?

IICg > IISg:

Oca>Osar dc balances dgg — dj, from Table B.1; ovand M from
Oca <6sar dgsbalances dg, Table B.2

licg < Iisg:

desired probe current smaller than I¢gs,?

Oca>6sar dc balances dgg — d,, from Table B.1; ¢ and M from
8ca<8sp: dgbalances dg, Table B.2

desired probe current larger than Icgs,?
dcg balances ds; — d,, from Table B.1; @ and M from Table B.2
Table B.1 Optimum total probe size d, for the desired probe current for a

balance between dy, dj, d¢, or dsg, and d or ds. Also given is the
figure of merit (fm) for column and source

dc ds
fm fm fm fm
d, (m) column source d, (m) column source

1 1 1

d V28 — — 1.156 = ]
A CA CC SA CS

1/4 3/8

I 1 B I 1

d, 2600| — - — 1546, | — - B
I \/— (;A[IAl j CC AEZ SA(IAI j CS
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dc ds
fm fm fm fm
d, (m) column source d, (m) column source
1/2 3/4
a o[ Loved g (1) L ke
R Cleg AR M Tagg CCeg  AE
11 3/2
I 1 v¥*Bd? I 1 ap 2
ds, \26,,| — etV 1758, | — vitBd?
Sg CA [ Inss ] CcCsq IAE SA Tus, CSCSé4 t
Table B.2 Optimum magnification of the virtual source, M, and optimum
half opening angle of the beam at the target, o, for different
regimes in which two balancing contributions dominate the
total probe size
dc ds
M Ofp,opt (rad) M Op,opt (rad)
4 6.62:107" 6.18-107"
g ) N ) N
d, 66210 ( 1 )" d, 4631000 1 )"
d, 22 —_—| — 0.80—= e
d, \/Z Oca \Un d, \/Z Osp Ly
1/2 3/4 1/2 1/4
g (e ) (Y] esz10™f S Ihce s 662207°( 1 ]
e | =& 5 208 |2 208 Y |
¢ Ceg Vo ﬂ%\ Tacq d, Ly \/Z‘SSA Incg
11 1/4 3/8 1/2
g ol 1 6.62~101°[ I ] ) (Vi) 662107 1 ]
s 2082 | s 8 20e 20 |2
& dv IAI 1 \/ZéCA IASg CSg Vp MSSA IASE,’
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