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AN ARTI FACT- FREE SCANNI NG TECHNI QUE FOR CHARG NG SAMPLES I N

CHARGED PARTI CLE BEAM SCANNI NG APPARATUS ' FI ELD OF THE

| NVENTI ON The invention relates to a new scanning technique for the
charged particle beam scanni ng apparatus which significantly reduces the
occurrence of specinen charging. The invention utilizes nodul ation of the
charged particle beam The invention also enploys variabl e scanni ng
patterns for the charged particle beamin order to reduce charging
artifacts caused by prior charge deposited on the speci nen being anal yzed.
The invention perfornms anal ysis of specinen signal data to detect the onset
of speci nen charging The inplenentation I nvol ves conput er - based scanni ng
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algorithns to vary the scannl ng pararreters i n order to reduce charging
artifacts. BACKGROUND OF THE | NVENTI ON

FIELD OF THE INVENTION

The invention relates to a new scanning technique for the charged particle beam scanning
apparatus which significantly reduces the occurrence of specimen charging. The invention
utilizes modulation of the charged particle beam. The invention also employs variable scanning
patterns for the charged particle beam in order to reduce charging artifacts caused by prior charge
deposited on the specimen being analyzed. The invention performs analysis of specimen signal
data to detect the onset of specimen charging. The implementation involves computer-based
scanning software which controls the operation of the system hardware. The hardware consists
of a charged particle beam modulator, scanning elements and signal acquisition and processing
unit. The software incorporates adaptive algorithms to vary the scanning parameters in order to
reduce charging artifacts.

BACKGROUND OF THE INVENTION

Charged particle beam-based apparatus have greatly revolutionized the study of microscopic
matter. These apparatus offer very high resolution of up to 500,000X compared to optical-based
units, which only give magnifications of up to 2000X. To date, such apparatus bave been
extensively used in the areas of semiconductor failure analysis and biological research. These
devices operate by scanning the particle beam over the specimen in a raster pattern in order to
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DISCLOSURE OF THE INVENTION

It is the object of the invention to produce a technique that addresses the problems discussed
above. In this invention, charging control is achieved by controlling the amount, the placement
as well as the time for successive doses of the charge for a given pixel. Reducing the amount of
charge used while maximizing the signal derived from the dose is the principle at work at the
front-end of the invention, i.e. at the point or pixel level. Selective deposition of the charge
based on the charging behavior of the sample is used at the frame data level. Variable scanning
patterns are utilized that are derived based on real-time analysis of the sample signal, as opposed
to static raster scan and continuous irradiation of conventional techniques. This has resulted in
the development of a technique consisting of the following main features: (i) a beam modulator
for controlling and minimizing the charge dose, (ii) a noise control processor for Signal-to-Noise
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varied to reduce particle beam deflection artifacts for severely charging areas of the specimen.

DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION

Fig. 1 describes the main components of a typical charged particle beam scanning apparatus.
There exists a source of charged particle 1. Deflection of the primary particle beam 2 is achieved

- by the scanning elements 3. The particle beam is conditioned by the lens arrangement 4 before it
impinges on the specimen 5. In this invention, an additional component, the beam modulator 6
is used to provide control of the charged particle beam.

Fig. 2 describes the main components of the new invention. 11 shows the charged particle
apparatus' main housing. The beam modulator driver 12 generates the signals for modulating the
particle beam via a beam modulator 13. Manipulation of the beam position is performed by the
scanning element 14 which are driven by the scan generator 15. The resultant analog signals
from the specimen are enhanced by the noise control processor 16 which is connected to a
computer 17. The entire sequencing of these processes is performed by the scanning algorithm
18 running on the computer. The desired specimen information is displayed on the output device
19.
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In this algorithm the scanning node is initialized 31 at the start. The
sanple is then scanned 32. The sanpl e being scanned is continually analyzed
for charging 33. If charging is detected, the scanning paraneters are

nodi fied accordingly 34 and scanni ng ‘proceeds on. Wth this algorithm the
particle beamw ||l scan in a manner that will mnimze charging of the
speci nen.



CLAIbB What is clainmed is: 1. Scanni ng beam appar at us adapt ed
to control charging artifacts, whereby the anount and | ocati on of the
charged particles deposited varies according to the charging properties of
t he specimen, conprising a beam nodul akor, scanning el enent, noise control

processor, data storage and algorithns for overall systemcontrol and
data anal ysis and data processi ng running on a conputer. 2.

Scanni ng beam apparatus as set forth in claim1l wherein control of charging
artifacts is achi eved through digital control of the scanning
apparatus, fromthe nodulation of the charged particle beam the
position of the charged particle beam the processing of the speci nen

i nformati on obtained, display of the specinen information collected and
performed under control of the software residing on the conputer. 3.
Scanni ng beam apparatus as set forth in claim1l wherein control of the

anount of the charged particles is achieved by the use of a beam
nodul ator or simlar thereof, and the nodul ati on of charged particles
i nvol ves controlling the wdth, iqgﬁaé' as well as the shape of the
pul se. 4. Scanni ng beam appar set forth in claiml wherein
control of the location of the charged particle beamis achieved by
controlling the scanning signal applied to the ' scanni ng el enents.
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1. Scanning beam apparatus adapted to control charging artifacts, whereby the amount and
location of the charged particles deposited varies according to the charging properties of
the specimen, comprising a beam modulator, scanning element, noise control processor,
data storage and algorithms for overall system control and data analysis and data
processing running on a comiputer.

‘What is claimed is:

2.  Scanning beam apparatus as set forth in claim 1 wherein control of charging artifacts is
) achieved through digital control of the scanning apparatus, from the modulation of the
charged particle beam, the position of the charged particle beam, the processing of the
specimen information obtained, display of the specimen information collected and
perfonnéd under control of the software residing on the computer.

3. Scanning beam apparatus as set forth in claim 1 wherein control of the amount of the
charged particles is achieved by the use of a beam modulator or similar thereof, and the
modulation of charged particles involves controlling the width, intensity as well as the
shape of the pulse.

4, Scanning beam apparatus as set forth in claim 1 wherein control of the location of the
charged particle beam is achieved by controlling the scanning signal applied to the
scanning elements.
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5. Scanni ng beam apparatus as set forth in claim 1l wherein the specinen

i nformation is processed by the noise control processor to maxim ze
the information content while reduci ng the effectsmlllllumltmﬁimml
other interference, so as to enable further reduction in

artifacts through mnimal use of charggd particle during expo ure.
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10. A netiaaré QntAiAs GhOEMATH Je3bribias b prpertids0fth spdeahé th time
anal ysi s of e franes stored are p ormed using the anplitude and
spectral in at%-on of the franes, the source of the anplitude

I nformati on being any tine and frequency domai n anal ysis and
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control an can be a tered y the operator, said programed con roI

bei ng achi eRFEHHYPERE- use of analog as well as digital neans with
the use of third party parts and devices of electrical as well as
mec hané_c al R3h&héd of charging detection of the specimen at both frame and pixel data level, using

analysis of the information contained in the multiple frame-store, in which absolute and
relative analysis of the frames stored are performed.

10. A method of charging analysis as set forth in claim 9 wherein analysis of the frames
stored are performed using the amplitude and spectral information of the frames, the
source of the amplitude information being any time and frequency domain analysis and
computation method.

11.  Scanning beam apparatus adapted to control charging artifacts as well as facilitate studies
in the properties and mechanisms of charging in such a manner that all fundamental
functions and operations of the scanning apparatus resides under programmed control and
can be altered by the operator, said programmed control being achieved by the use of
analog as well as digital means with the use of third party parts and devices of electrical
as well as mechanical nature.



