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Learning Objectives

ATo describe basic principles of
Scanning Electron Microscopy
techniques for microelectronic device
fallure analysis
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Outline

AFundamental theory of SEM imaging
and analysis

APractical tips for getting a good SEM
iImage

ARecent developments and new
features for SEM of semiconductors
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SEM vs. optical microscopy

SEM

High resolution ( few nm)
Large depth of field
X-ray elemental analysis

Requires vacuum

Best on conductive samples
Poor TV rate imaging

Low contrast on defects
Difficult to navigate

May damage devices

Optical

Resolution ~ | /2 ~ 250 nm
Very shallow depth of field
Color, phase contrast
Bright field / dark field

No vacuum

conductive or insulating
Live image

High contrast from defects
Easy to navigate
Dielectrics are transparent
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SEM principles

Objective lens
Secondary

electron — Amplifier

detector

e beam

..'

Sample TV Monitor
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Sample SEM image

200 mm Mag = 50 x

16 November 2009 ISTFA 2009



Scanning principles

The image perspective is as if you are
looking down the column

The detector provides a
of 1 Il luminationo to the

The image should always be viewed with
the detector at the top
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Deceptive images

Mag = 30,000 x
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Deceptive images

Mag = 30,000 x
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Deceptive images

Detector at top Detector at bottom
(correct image)

1 mMm Mag = 30,000 x 1 mm Mag = 30,000 x

These are images of the same object!
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In-lens secondary electron detector

In-lens

Objective lens
\ 7 detector
Secondary .
» Amplifier p—
e beam electron P
detector
Sample TV Monitor
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Secondary electron detectors

In-chamber detector In-lens detector

2mM —  Mag = 5,000 x

In-lens detector: Less topography, reduced charging (?),
better signal from deep holes
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Magnification

TV Monitor
Sample L

Magnification = ——
I

To increase magnification, decrease the raster area

- -

100x 1000x
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Maximum useful magnification

Pixel size = 0.2 mm
e beam _’l |_

Diametgr d

Mag = M

Sample TV Monitor

Beam diameter d when translated to the monitor
has diameter d*M
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Maximum useful magnification

Image in sharp focus Image not in sharp focus
d*M<0.2mm d*M>02mm
| | | |
d*M-.. d*M
Au ,‘6
XX XX XXX XX XXX XX XXX X XXX XXX XXX

M =0.2mm/d

Ford =5 nm, the maximum useful mag is 40,000 x
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Polaroid Mag v.s. Screen Mag
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Polaroid Photo
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(9cm x 11.5 cm)

Video Monitor
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Digital Images
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What Is the true mag?

Computer Monitor Always use a micron marker
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Brightness

| current 41
Brightness = =
area x solid angle P2 d? aZ
a

\

| = beam current

d = beam diameter

a = convergence angle
p=Pi~314 i :

16 November 2009 ISTFA 2009

18



SEM Cathode Comparison

Source: Tungsten L aB Schottky Field Emission
Vacuum: 105 10 108

(torr)

Brightness: 10*° 106 10+8

(A/lcm?sr)

Resolution: 10 nm 5nm 1 nm

Lifetime 40-100 200-1000 >1000

(hours)
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SEM column

Cathode
Wehnelt

Anode plate

C———

Condenser lens
(ABeam Curren

Scan colls

— Objective lens
((AFocuso0)

" Final aperture
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Effect of lenses and apertures

4|

P2 d2 a2

Brightness =

Lenses decrease d butincrease a

Apertures decrease a but also decrease |

We wish to have small d, small a, large |
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Electron Beam-Sample
Interaction Products

backscattered
electrons

e beam

e

\ |

e-

secondary
electrons

X-rays
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Electron energy spectrum
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Secondary electrons:
topography contrast

i\ |

# of secondary electrons

0° 90°
Tilt angle g—
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Secondary electrons:
material contrast

Secondary electron coefficient ~ 0.1 for most materials
Exceptions: Carbon ~ 0.05

Gold ~ 0.2
Secondary electron coefficient strongly depends on
surface roughness, sample cleanliness, tilt angle
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Edge brightness

e beam

Al line

oxide
A ( { |  [— Mag = 10,000 x

X-section of sample
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