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1 PORTABLE ‘H GH RESOLUTI ON SCANNI NG ELECTRON M CROSCOPE
COLUWMN USI NG PERVANENT MAGNET ELECTRON LENSES 5 FIELD OF THE %E%F%\I
The present invention relates generally to scanning el ectron nicroscopes,
and nore particularly to a portabl e high resolutlon scannlng el ectron

m croscope col umm usi ng per manent magnet eI ectron | enses. BRI EF
DESCRI PTI ON OF I ' opes
A N e
particul ar set of r Te as an

el ectron gun for injecting high speed beans of el ectrons I nto one end

of a colum. Magnetic lenses in the columm focus and sweep

5 FIELD OF THE INVENTION

The present invention relates generally to scanning electron microscopes,
and more particularly to a portable high resolution scanning electron
microscope column using permanent magnet electron lenses.

10

BRIEF DESCRIPTION OF THE PRIOR ART -

Prior art scanning electron microscopes are large and complicated structures,
15  each system designed for a particular set of parameters. A scanning electron
microscope has an electron gun for injecting high speed beams of electrons
into one end of a column. Magnetic lenses in the column focus and sweep
the beam, aimed at a specimen positioned in a chamber at the opposite end
of the column. The electron gun, column and specimen chamber of the prior
20 art are an integral assembly connected to a system of vacuum pumps and
drive electronics. A major disadvantage of these prior art systems is their lack
of flexibility. For example, if a specimen does not fit a particular SEM
chamber, a different SEM with an apbropriate specimen chamber must be
found. In addition to the inflexibility of the specimen chamber, prior art SEM
25 columns are also designed for particular applications. One design might be
optimized for high resolution at low primary beam voltages, while another
might be optimized for high primary voltages.  Currently, different
requirements of this kind demand the use of different scanning electron
microscopes. A primary contributor to the lack of flexibility in SEM systems is

30 the size and complexity of the SEM column. Columns contain magnetic



the beam ainmed at a specinen positioned in a chanber at the opposite end
of the colum. The el ectron gun, colum and speci nen chanber of the prior
20 art are an integral assenbly connected to a system of vacuum punps and
drive electronics. A major disadvantage of2 these prior. art systens is their
| ack of flexibility. For exanple, if“a specinmen does not fit a

particul ar SEM chanber, a different SEM W n appropri ate specj nmen
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al l ow the passage of the high speed electrons. The large internal volune of
5 these structures naturally requires a large, conplicated vacuum system

Any Electromagnets in early systems were a problem due to inadequately
10 regulated power supplies which caused current variations and corresponding

magnetic field variations. As a result of this, early attempts were made to

desigh permanent magnet system which were found to provide stable

magnetic fields. These attempts were abandoned for most applications,

however, due to their inability to provide adequate field strength. Subsequent

15 designs utilizing better regulating circuitry wére exclusively electro-magnetic.

A glance through a typical textbook on scanning electron microscopes will

reveal the bulky, complicated, inflexible nature of these prior art systems,

which could easily fill a large room.

20 In view of the current state of scanning electron microscope systems as
explained above, there is clearly a need for a smaller sized, less complicated,
and more flexible scanning electron microscope system and system

components.

25



attenpt to reduce the size of the electromagnets results in high current

| osses I n the magnet coils, which then require bul ky, conplicated

cool ing systens. El ectromagnets in early systens were a probl em due
to inadequately 10 regul ated power supplies which caused current

vari ations and correspondi ng magnetiC field variations. As a result of
this, early desi gn permanent nmagnet system which
wer e found t%@%éf@?gﬂﬁ?ﬁvgﬁﬂg%etic fields. These attenpts were
abandoned for nost applications, however, due to their inability to

provide adequate field strength. Subsequent 15 designs utilizing better
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t hrough a typical tex on scanni ctron mecr scopes

reveal the bldllen%Othﬂeé eof, Frob‘é eesdlhﬂomafoumpedﬂot happligations ahtough
syst ens, could easily fill a |large room 20 In view of the

current sbat grovisioneeihamgasilyeteplaceable 560 cplumy.st ens as expl ai ned
above, there is clearly a need for a snmaller sized, |ess conplicated,
and nore flexible scanning el ectron m croscope system and system

conponents. It |235a further object of the present invention to provide a reduced size, lighter

weight SEM column.

10 ltis s still further object of the present invention to provide a reduced size,

lighter weight SEM column that can be easily replaeed in a SEM system.

It is a still further object of the present invention to provide a portable SEM
column and electron gun assembly which is easily removable from a SEM

15 system.

Briefly, a preferred embodiment of the present invention includes a
detachable, portable SEM column that is easily disconnected from the
electron gun assembly and specimen chamber of the system, allowing
20 different column designs to be used in a given SEM system. As an alternate
design, the electron guh and column are configured as a single detachabile,
portable assembly. The column of the present invention contains a
condenser lens and an objective lens, both designed employing permanent
magnet elements fer primary field generation. Relatively small coils are used

25 for scanning and precise adjustment of focus.



3 SUMVARY OF THE | NVENTI ON It is therefore an object of the

present invention to provide a SEM system all owi ng a choice of probe
resolution for specific applications through 5 - provision of an easily
Fepl aceabl e SEM col um. It is a further object of the present
invention to provide a reduced size, |lighTer wei ght SEM col umm. 10
It is s still_further object of the present invention to provide a reduced
si ze, I i%ﬂléﬁ qgﬁ%ﬁ P'BQM&HHEDPMW@AQ be easily replaced in a SEM
system It is astill further object of the present invention to
provi de a portable SEM colum and el ectron gun assenbly which is

easi | y renovahe)REsiowdSEM sﬁﬁﬁ%ﬁh a removabits 'SEN GoluinR f er 1 ed
enbodi ment of the present 1 nventi'on I ncludes a
FIGURE 2 shows a two part removable SEM column.
5 FIGURE 3 is a detailed cross section of the internal structure of the SEM
column. |
FIGURE 4 illustrates an alternate method of constructing a large, thin,
cylindrical permanent magnet from sections.
FIGURE 5 shows an altemative detector location, and a prior art pole piece

10 arrangement.



det achabl e, portable SEM colum that is easily disconnected fromthe

el ectron gun assenbly and speci nen chanber of the system allow ng 20

di fferent colunnm designs to be used in a given SEM system As an alternate
design, the electron gun and colum are cgnfigured as a single detachabl e,
portabl e assenbly. The colum of the pres®nt invention contains a
condenser |l ens _and an objective |ens, both desigped enpl oyi ng per nanent

magnet el enerPESCRIPTIONQF THE RREEEBRED EMBOBIMENE | y snal| coils are

used 25 for scanning and precise adjustnment of focus.
4 BRI EF DESCRI PTI ON OF THE DRAW NG FIGURE 1 shows a SEM system

i th - Fl t t EM
col um. 5 Preed i ABTEIGURE T of e SR B Bindin of MR ERsEnt v
of the SEM jnvefidrn!®-illustrated, SHOWirfy 4 |detaciaits, porablee'SEMecoRhiPct @f

constructing a large, thin, cylindrical permanent nmagnet from
sections. 5 installedRh dn SEMvsystemal 2 etheayarictisdesmpoments asfavhicin ararsthowmr i or

art pole pi eCire1 block diagram form. The column 10 is attached o a specimen chamber 14
and an electron gun 16. Flanges 18, 20 and bolts' 22 are shown as a method
of attachment of the specimen chamber and electron gun, but other methods
know to those skilled in the art are also included in the spirit of the present

10 invention. The SEM system 12 also includes a vacuum pump 24, connected
to the specimen chamber 14 by vacuum line 26 for evacuating the specimen
chamber 14 and column 10, and a vacuum pump 27 and line 29 for
evacuating the electron gun 16. A display 28 is connected to the column 10
via cable 30 for view of the detected image. Voltage supply to' the electron

15 gun 16, scanning and focusing current, and bias voltage are all provided by a
power supply or suppﬁés indicated as console 32,' with supply lines 34, 36

and 38.

In operation, any one of a' number of columns 10, each designed for a
20 different application can be used with the SEM system 12. This represents
considerable savings in cost and space over prior art systems, each of which
was designed for a particular narrow range of operation. In application, the
system 12 will allow, for example, a facility of small means to significantly
expand their range of research.
25 |
An alternate design includes an integrated column 10 and electron gun 16
assembly Which is replaced as a unit. In some cases, this is beneficial,

allowing the use of optimized gun-column combinations.



1 0 arrangenent. : 5

DESCRI PTI ON OF THE PREFERRED ENMBODI MENT Referring now to FI GURE 1 of
t he drawi ng, the concept of the present invention is illustrated,

showi ng a detachable, portable SEMcolum _10 5 installed in an SEM system
12, the various conponents of which are sNown in block diagramform
The colum 10 is attached to a specinen chanber and an el ectron gun

16. Flanges 14 furﬂmeraﬁnphﬁatl@rs and bensfitabthe a@t%mrﬂe% isothat it allows %wb%tttumt of
t he speci nen @}}E and e ron 8@1 but ot her r{e 8 w to those
SKi 11 od in o P epepiien chambel My qr{oareonpnodate diteront ﬁ!’és%?ﬁc'm?" |
I nventi on. es 2 c t

to the speci %@g%%ﬁﬂ&ﬁ)} %héveg%)((‘}tdr]n{:l ﬂ Z@efor ggypym?“ ﬁqth@a@gcf'ﬂden
chanber 14 anghdothpifbatdd. de@é%ahlé’%ﬁ%ﬁhme@?h@%ﬂlblw péssisle. Prior art
evacuating the electron gun 16. A display 28 is connecfed to the colum 10
via cabl e 530 éalummiseareoimudhe nmitreebulisy andh gemplicaterh dusuttptiyeit aelidrces| aret r on
15 gun 16, scanning and focu5| n&fcurrent and bias voltage are all

provi ded by aelectromggngis, wiligh urtheshulle and samplicationto emdue 9t h

ly |
supply lines water?éoolmg requirements.

Referring now to FIGURE 2 of the drawing, the flexibility of the present
10 invention is ilIustrated more clearly by showing only the electron gun 16,
specimen chamber 14 and a column 40. The column 40 of FIGURE 2 differs
from the column 10 of FIGURE 1 in that it is shown having a top portion 42
removable attached to a bottom portion 44. The method of attachment shown
is with flanges 46, 48 and bolts 50, but other methods of attachment are aiso
15 included in the spirit of the invention. It is also well understood by those
skilled in the art hdw to vacuum seal the various fittings and part
interconnections, for example by the use of O-rings, etc. which are not shown.
According to the present invention, any of the SEM parts 14, 16, 40, 42, 44 or,
combinations of them can be replaced as required for a particular
20 measurement. Dashed outline 44’ symbolically represents replacing the
lower portion 44 of the column. Dashed outlines 14’ and 40’ éimilarly

symbolize the replacement of the chamber 14 and/or column 40, respectively.

The intemal construction detail of the SEM column is shown in FIGURE 3. I
25 is a cross sectional view taken along the center line of either of the cylindrical
columns 10 or 40. For clarity in illustrating, various details that will be
understood by those skilled in the art are omitted, such as the flanges 18, 20,
46, 48, electrical connectors, vacuum details, etc. A variety of methods of

providing these details will be apparent to those skilled in the art and need



and 38.

designed for a 20 different application can be used with the SEM system
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separability of the top and bottom portions.

The condenser lens 52 provides demagnification of the electron beam. The
main field strength is provided by two cylindrical shaped permanent magnets
56, 58. All of the parts (54 - 74) making up the magnetic circuit are cylindrical
in structure. The condenser lens has an outer magnet structure 55 including
permanent magnets 56 and 58 in contact with cap pieces 60 and 62 and
center cylinder 64. Caps 60 and 62 have holes 76, 78 for passage of an
electron beam from gun 16. A pole piece cylinder 66 is suspended within the
structure 55, and has a cylindrical bore 67 therethrough positioned in line
with holes 76, 78 for passing the electron beam. The cylinder 66 is
positioned relative to the caps 60, 62 to form first and second magnet gaps 80
and 82 in which a magnetic field exists _for the purpose of condensing the
electron beam. Two cylindrical coils 72 and 74 are positioned around the
cylinder 66. Electric current is passed through the coils 72, 74 for the
purpose of adjusting the level of demagnification/condensing of the primary

electron beam’s spot size.

Exceptionally performance of the condenser lens 52 is achieved due to the
novel structure described above, and the following novel combination of
design features/choices. Saturation of the iron in caps 60, 62, center cylinder
64 and pole piece cylinder 66 is avoided by designing an adequate width i.e.

cross section of the material, the actual dimensions of which can be

atively



el ectromagnets, which add further bulk and conplication to the system due
to wat er cooling requirenents. Referring now to FIGURE 2 of the
drawing, the flexibility of the present 10 invention is illustrated nore
Clearly by showing only the electron gun 16, speci nen chanber 14 and a
colum 40. The colum 40 of FIGURE 2 diffé&rs fromthe colum 10 of
FIGURE 1 in that it is shown having a top portion 42 r enpvabl e

attached to adesignedidgtarmingd sby qorapwier heimulation.t ackhiee limensigns of the
ith fl 6, .48 50, but .oth t hod f attach , |
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part i nterconnecti ons, tfor exanple by the use of Orlngs: etc. which

are not showngiameter BA§ 80GnhRCand thid)Reight +£ bf thed@iddnear 16y 1s7563 . SFhé
parts 14, 16, 40, 42, 44 or conbinati ons of them can be replaced as

requi red ffor separate paleapie2é cylindei 68 provideSdwioedaps 80 and 82, foyming twal | y
represents replacing the - | ower portion 44 of the columm. Dashed
outlines 14' eendenserdensesyr [Whis novelsarrapgement ik prefersde although anpmore

hanb 14 d/ | 40, i |v. The, i | i
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20, 46, el'ectrical connectors, vacuumdetails, 'etc. A variety of
met hods df0  axisB4oareciedaced byepositioning tive permanentpmagneétst far frions thes bptic ed

in the art and need
axis 84. The tuning coils 72, 74 are placed around the cylinder 66, and
between the cylinder 66 and the magnets 56, 58. This positioning makes
conservative use of space in the design as shown in FIGURE 3, since the
magnets 56, 58 and éccompanying retumn path cylinder 64 are positioned as
15 far from the optic axis as is practical, consistent with the design objective of

the smallest and lightest weight structure for easy replaceability/portability.

Another useful feature of the condenser lens design is the provision of an
adjustable bypass of the permanent magnets 56, 59. The bypass circuit
20 includes cylindrical extensions 92 and 94 surrounding the magnets 56 and
58. The circuit also shows slip rings 68 and 70, positioned between the
magnets 56, 58 and the extensions 92 and 94. The magnetic slip rings 68,
70 can be adjusted from position 86 to position 88 (indicated by dashed
outline). The positioning of the slip rings 68 and 70 provides additional
25 adjustment to the magnetic field and correéponding demagnification of the
lens. The lens coils 72 and 74 work in combination with the slip rings 68 and
70. When the slip rings are in position 88, they complete a magnet circuit

bypassing the magnets 56, 58 and thereby minimize the magnetic field in the



7 not be described in detail. The el ectron gun 16 and chanber 14 are

al so shown without details, the design of these being fairly standard,
except for the detachabl e feature. FIGURE 3 shows a condenser |ens 52
Housed in the top portion 42 (FlI GURE,2) and an objective |lens 54

occupying the bottomportion 5 44. 0 coUrse, both |lenses 52 and 54 are
al so included in the colu 10 of FI GURE 1, the only difference

bet ween col urBfPfo Eﬁ‘ﬁi usg| qf #et soravs 39 amllevarlous qifes methods, of securiag: the and
bottom porti . The. cor [0\ . i fication of
he. ol ect ron THER58. 70 RS HERE Blpa@l i hrotbKIRindil ™Y (o
cylindrical shaped pernmanent magnets 56, 58. Al of the parts (54 -
74) making up the nagnetic circuit are cylindrical i'n structure. The

condenser | erffo heemararizet ehe mepndénsdr Uehsir ethBS novel udonmbination pirclodemnt
magnets 56 and 58 in contact with cap pieces 60 and 62 and center

cylinder 64. mymaneot magnets forpinvasydield produgtivpn rplaced inytheouten magnetic

el ectron beamfromgun 16. A pole pjece cyl|inder i s suspended withjin the
structure 55,eHiB R%E‘- 2 pple mqecsﬁm&rew%b PF?Z‘P@?’EM dwehgagg,i fUIRG JCOlIS | i ne
wth holes 76, 78,for. passing the electron beam, The cylinder .66 is

posi tioned re?lﬁ??@eb?tg}%ﬁﬁehl‘%p?g%@'e@ Y’ﬁmpgfrﬁ"?q r ?e'éﬁaiugéc%ﬂﬁ' m&n gaps

80 adjustable bypass circuit for variably bypassing the permanent magnets.

10 The objective lens 54 includes a tapered objective lens pole piece structure
95 including a cylinder 96 having a bore 98 therethrough for passage of an
electron beam. The outer diameter 100 tapers as it approaches the
specimen 94. The magnetic field extending from the end 102 retums by way
of a tapered, cylindrical return path 104. The pole piece cylinder 96 extends

15 further towards the specimen 94 than does the return path 104. The resulting
complete pole piece structure 95 including the end portion of cylinder 96 and
portion 104, is of conical shape, having a minimum diameter closest to the
specimen 94. This structure 95 allows space for the specimen to be tilted
while retaining the required closed proximity of the specimen to the end 102.

20 As with the condenser lens 52, the objective lens 54 is also designed to
generate the magnetic field primarily through use of a permanent magnet or
magnets, which are positioned as far away from the pole piece as is practical.
FIGURE 3 shows the objective lens 54 with a single cylindrical magnet 106 in
the outer cylindrical return path 107, and a tuning coil 108 positioned

25 between the pole piece cylinder 96 and the outer return path .107. A top
portion 110 of the lens 54 is integrally connected to the pole piece cylinder
96, and makes contact with the permanent magnet 106. The bore 98 through
the cylinder 96 opens into an enlargened bore or cavity 112 in the top portion

110. The cavity 112 encloses a detector 114, such as a microchannel plate



and 82 in which a magnetic field exists for the purpose of condensing the
20 electron beam Two cylindrical coils 72 and 74 are positioned around

t he cylinder 66. Electric current is passed through the coils 72, 74
for the pur pose of adjusting the | erd of demagni fi cation/ condensi ng
of the primry el ectron beam s spot size. 25 Exceptionally
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cyl i nder ece C 'S av ni'mg an
adequate width i.e. cross section of the material, the actual

di mensi ons of which can be

8 desi gTieallehstcoilm 08:=df the abjegtiviedens 5diis ased for adjustingj therfecos of die t he

structure of FIGURE 3 are a preferred enbodi ment, and can be determni ned
directly &ronbearcgeethe specimens94ir fiasusingsean alsa-be ashiayed byt varying:the |

Separat e pol conmruneh S hail 16cB5Hch slord o SHES 55 o The Socdion By her, °
condenser | engghientd's3, 83) 76 if FIAUKE ™ Ard Shei' bVt AbdVi Y sBebifién
chamber 14. Protrusions 122 from the objective lens 54 and protrusions 124
from the chamber 14 symbolically .represent apparatus for sealably joining
10  the column to the chamber. When the lens 54 is lowered into position on the
chamber, the distance between the end 102 of the conical pole piece
structure 96 and the specimen is typically about 2 mm. This close proximity
places the specimen within the magnetic field of the objective lens 54. In
such a condition; the lensare commonly categorized as a single pole
15 objective immersion lens. It should be noted that a variety of different designs
of the single pole objective immersion lens, condenser lens, and collection
and deflection systems of the potable SEM column are possible within the
general novel characteristics disclosed herein. Although the preferred
embodiment of the condenser lens 52 and objective lens is shown in
20 FIGURE 3, the main requirement to accomplish the novel objective of the
present invention is the design of a compact, portable SEM column using
condenser and objective lenses having their primary field strength provided
by permanent magnets. In addition, the lower part of the column (including
the objective lens) is designed to be detachable from the specimen chamber,

25 and the objective lens must provided high spatial resolution performance.

It should also be noted that the portable SEM column design is not
dependent on the electron gun 16 type. The portable concept is compatible

with a variety of different sources, such as a thermal field emission source, or



conventional single gap/lens magnet can al so be used. The placenment of the
magnets 56, 58 in the outer portion of the magnetic circuit, away fromthe
gaps 80, 82 is an inportant feature. It was found that stray fields on the
optic 10 axis 84 are reduced by positionjng the permanent magnets far from
the optic axis 84. The tuning coils ¥ , 74 are placed around the
cyl i nder 66, and between the cylinder 66 and the magnets 56, 58. This
posi ti oni ng nalwsmal tungsters hharmal emitiee As digeussedrintretergaee da FIGURBVH i n

I RE 3. o e S8R 2, TERSkR o P e SERRIN el Bk e
neight ot ruct biBstE SUES  PRsdll BF el fehanical ridfient”Yacllin phis "
feature of ! heydeidEifg ditforisinal be (RIALROC AN vithinthe capaBifiyist 20! e

bypass of the permanent™ magnets 56, 59. The bypass circuit 20 es

cylindricd ethoseskilied inthezt, 24 explained abuyet hFhepdoaiot diectly dnvolve thé.
The circuit also shows sli.p rings 68 and 70, positioned between the
magnet s 56, S8indamartal desigmef thespmposad postabkheoltimymetic slip rings. 68,
70 can be adjusted fromposition 86 to position 88 (indicated by dashed
outline). The positioning of the slip rings 68 and 70 provi des additional

fhe U %] one Tnibrb igidbagR Tl Te), 16 hrd hef e AR R MBS BOHb WAt Tn 7,

! 68 and _ e < Ll |
L hagnet ol r combinétion, AR imfer’s, KBGLRHT Ui 1230 ° IO HicBondrel, RAE 7 °
magneti ¢ fg el defedtdr'¥14 collects secondary and back scattered electrons from the

specimen 94.

Due to the improvement in permanent magnet materials over the last few
decades, the design of the permanent magnets 56, 58, 106, given the basic
15  structural concept of FIGURE 3, is within the capability of those skilled in the
art of magnet design,” and certain variations to the structural details of
FIGURE 3 will be apparent. These variations are included in the spirit of the
present invention. The preferred material for construction of magnets 56, 58
and 106 is currently neodymium-iron-boron which has a coercive force which
20 can be as high as 9X10° A/m, which for a magnet 2.5 cm high corresponds to
a coil strength of 22500 AT. This excitation strength is much higher than that
required by conventional SEMs in their normal mode of operation. The coil
excitation in a standard objective magnetic lens required to focus a 25 keV
beam onto a specimen 5 mm below the pole piece is typically about 1000 AT.
25
Permanent magnets are remarkably stable. After over 100,000 hours of use,

the change in field strength is less than a small fraction of a percent.



9 gaps. The use of set screws 90 and various other nethods of
securing the rings 68, 70 in position will be apparent to those
skilled in the art. To summari ze the condenser |ens, the nove
conbi nation includes 5 permanent magnetg _for primary field production
pl aced in the outer magnetic return igth, a pole piece cylinder with
preferably two gaps, tuning coils pl aced between the pol e piece

cyl i nder and dhets areawide yariety q{mja)emthat permanenitraagnrets gaahe madeand ftor

o ey 2P e, ApmRaan, dOr HRrmanRe! Jnagedt mariiasters to %"ﬁliqugﬁqmg .
EZL%”derTh?oE?”eé s FRftaliipie, (R & 4HB dofl HATERAE pimafent magfied 54,0

The magnetic f5geli@sexs Yedbved 'dboveh e eiliddicdl %Hgﬁ\&s%d{@bs consﬂﬁcl%d
tapered, cylindrical return path 104.. Thé pol e piete cylinder 96 extends 15

further to§ar fion lsegments whictd Avhdrarplaceds togetherfomm thatdylihfrcalThragnets.
resul ting conpl ete pole piece structure 95 including the end portion
of cylinder 9&ughda magnehd27 constracted fromfoursegmeants A2@ds shewnriy RIGHWRENum
di aneter closest to the specimen 94. This structure 95 all ows space
for the speC|ﬂen to be tilted whil e retaining the required cl osed
proximty of the specinmen to the end 102. 20 As with the condenser |ens
52, the objective lens 54 is also designed to

With the dimensions of the preferred embodiment of FIGURE 3 (drawn to

10  scale), NdFeB grade 35 permanent magnets 'produce a maximum axial field
strength of 0.71 Tesla at the center of each gap 80, 82 in the condenser lens
52, which is able to produce a focal length of 1.9 mm and a demagpnification
of 1/20 for a 25 keV beam. The total magnification of the condenser lens is
thus 1/400. When the slip rings 68, 70 are pushed to the positions 88 to

15  minimize the effect of the permanent magnets 56, 58, the maximum field
strength falls 0.14 Tesla, giving a focal length of 1.9 mm and a magnification
of 1/20 at each gap 80, 82 for a 1 keV beam.

The maximum axial field 'strength for the objective lens is typically 0.26 Tesla
20 which focuses a primary beam having energies 1 keV and 10 keV at the
working distances of 0.8 mm and 3.9 mm respectively. For these conditions,
the chromatic aberration coefficient is around 1.0 mm at 1 keV while the
spherical aberration is approximately 2.2 mm at 10 keV. These aberration
coefficients are relatively low, around 10 times lower than conventional
25 objective lenses operating at a working distance of 5 mm. This means that
the SEM column of the present invention has a high spatial resolution. The
magnification of the objective lens is typically smaller than 1/100 so the total

magnification for the whole microscope falls below 1/40000.



generate the magnetic field primarily through use of a permanent nagnet or
magnets, which are positioned as far away fromthe pole piece as is

practical . FI GURE 3 shows the objective lens 54 with a single
cylindrical nmagnet 106 in - t he outer g§lindrical return path 107, and a
tuning coil 108 positioned 25 between the“pole piece cylinder 96 and the

outer return path 107. A top portion 110 of the lens 54 is integrally
connect ed to tMeepdhe SBE@H@Q‘, 94| i (!@,mbarded oNith aRgelpairer lmm.aelecupm arge

0 t he d 9
D o emod Weliadied: and. sisged 59 m}#vtﬁ@glsasc'am Moy 6 releB R, 8, °
112 | h
167 " Cger o Bekkbddiidhbd m#* S66Shdity = olBcRioRS 2 1R6H dHoft q'é%‘.“l"‘glfé"""alﬂ%’es

cavity 112 al gtween tﬁ@@h@sm fanaatheaeﬁéémfeﬁ 84 Styphly less Ftﬁéh td aiigd this vay
of extension 120. [ens coil 108 of the obj ective | ens 54 i's used

for adjust$ng sebendamelectfonshmll gpirab eprthe mbjdutivedens bere 98 anddbe soligetedn
al so be achieved by varying th speci nen 94 height, i.e. position
al ong t he opt ibysthexmicrgchanpel pwetdeiactgr 14e This deﬂeétmrwsalsq cmablqeofu n

25 from the SBPLRIE,BasHsRanellathpas ! Seoril peno8 AP ddg oCirtiatsy’ °"°
can also be used for this purpose, either close to the axis 84, or further away
from it. The use of altemative detectors known to those skilled in the art are

10 also included in the spirit of the present invention. In the case of the micro-
channel plate detector 114, it has a small hole 126 at its center so that the
primary beam can pass through it. As electrons travel from the specimen, the
sharply decreasing magnetic field gradient over the first few millimetres
collimates the secondary electrons, while the small field strength further up

15 the lens bore 98 will cause them to spiral out radially.

An example of an alterative type of detector is illustrated in FIGURE 5,
wherein a scintillator detector 132 is placed to one side of a specimen 134. A
primary beam 135 is shown impinging on the specimen 134. Electrons 137
20 ejected/emitted from the specimen are detected by detector 132. Such

variations in detectors are included in the spirit of the present invention.

Although a preferred embodiment of the present invention has been
described above, it will be appreciated that certain alterations and
25 modifications thereof will become apparent to those skilled in the art. ltis
therefore intended that the appended claims be interpreted as covering all
such alterations and modifications as fall within the true spirit and scope of

the invention.



fromthe chanber 14 synbolically represent apparatus for seal ably joining
10 the colum to the chanber. Wen the lens 54 i s—towered rnto position on
t he chanber, the distance between the end 102 M“M‘“um“m‘ e

pi ece structure 96 and the specinmenqigs typi calﬂ l S
close proximty pl aces the specinen within the magrfetitc fietd of the
objective lens 54. In such a condition, the | ensare commonly

categori zed mm;#ngl e pole 15 objective imersion lens. It should be
noted that a varrety of different designs of the single pole objective
| mrer sion | ens, condenser |ens, and collection and defl ection systens
of the potable SEM colum are possible within the general novel
characterfstifs difséamfing fschion miofbédupedsystén danprivingd enbodi nment

of the condenser |ens 52 and objective lens is shm ing}zo FI GURE 3, the
mai n requrenment ta) aceospdcimbntdmamiserel obj ective of the pr esent

I nvention is the design of a conpact, portable SEM col um usi ng
condenser3and obj d)t i van elesttsnigani ng their prinmary field strength provided
. by permanent nmagnets. In addition, the |ower part of the columm (i ncluding
the obj ec#ive | en®) is ajpertaplescanning electiem micwscopencolumnripeci nen chanber,
25 and the objective | ens nmust provided hiqh spatial resolution

per f or nan@e. d) |t means torgospesiing,said electran gur tosaidgalumBiEandol um
design is_not dependent._ on the el.ectron gun 16 type, K The pojtable
concept i & conpati®l e meaanrﬁa@gmm/am dgiCPPB?@n‘% %FQ@E?“

Bfh as a

t her nal fj7eld eni ssi on rce..

san speclmoern chamber;
8 whereby a first said column and electron gun assembly can be readily
9 replaced with a second said column and electron gun assembly of same or

10 different design.

11
1 2. A system. as recited in claim 1 wherein said second column is

2 designed for a different electron energy level than said first column.

1 3 A system as recited in claim 1 wherein said means for connecting said
electron gun is a means for rapidly connecting and disconnecting said
column from said electron gun;

whereby a first said column can be readily replaced with a second said

column of same or different design specifications.

4, A system as recited in claim 1 wherein said column includes an upper
portion containing a condenser lens and a lower portion containing an
objective lens, and said column includes means for disconnecting said lower
portion from said upper portion;

whereby a first lower portion can be readily replaced by a second

O A WO N =2 OO0 A ODN

lower portion of same or different design specification.



a normal tungsten thermal emtter. As discussed in ref\FI—GUR? Erenceto

and FIGURE 2, it is possible to nake the SEM col um “mr,muﬂ‘mr

el ectron gun. Details of the mechanical arrangenent;
systemdriving electronics will all be ungerstood and within the tapability
of 5 those skilled in the art, as explainéd above. They do not directly

I nvol ve the fundamental design of the proposed portable colum.

The predef]) ecki on go 1 S £ K beam
cohibi Pat 1 of SYRRM 451 Corlel I S 1° WBfarbin? 84 TR Fiath.c

pI ate 10 et t from

Phat® 10 2% BehdingbifefiPhbffiy PN inditit Hbkns( Apiing o fiiBfe

mat eri al s pvefiefdTor daflagnfiitation of dAEIE&Fon baamd?@h%lwtelécmn@rmanent _

magnets 56, 58, 106, given the basic 15 structural concept of FIGURE 3, is

within thegcapability of those skilled in the art of magnet design,

and certain variations to the structural details of FIGURE 3 will be

apparent. fTheSe vaA systemsasaeeitedin cldim 5 wherein saidréalumhn fulther includeseannt

invention. The preferred material. for construction of nagnets 56, 58 .

and 106 i L cuobjectivg lers bhavingna ipeomabeniomaghet means f@rcsuppbfir\gaafmetmu ch

20 can be as hi h as .9X10[err] A which for a magnet 2.5 cm hi gh

correspond® t feldf or fecusing sajdelegjran Beamps00 AT. This excitation strength
I's much hlgher t han t hat

7. A system as recited in claim 5 wherein said condenser lens includes

1
2 a) a cylindrical pole piece means having a bore therethrough for
3 passage of said electron beams; and
4 b)- a magnetic circuit including
5 i) gap means between said pole piece and said return
6 | path; | _
7 ii) said permanent magnet means spaced outwardly from
8 ~ and around said pole piece means; and
9 iii)  tuning coil means positioned between said pole piece.
10 means and said permanent magnet means for adjusting
11 said demagnification.
12
i 8. A system as recited in claim 7 wherein said condenser lens further
2 includes bypass means for adjusting the effectiveness of said
3 permanent magnet means, and thereby adjusting the strength of said
4 magnetic field.
5
1 9. A system as recitéd in claim 6 wherein said objective lens includes a
2 magnetic circuit including



required by conventional SEMs in their normal node_of operation. The coil
excitation in a standard objective magnetic |ens regui red to focus a 25 keV

beam onto a specinmen 5 mm bel ow the pole piece is t H',lm"!“ﬂnﬂm}u)ﬂ gguf\'sl'
1

25 Per manent magnets are renmarkably stable. Af

of use, the change in field strength‘ﬁs l ess .than a stal'l fradtion of
a percent. 12 There
are a wide variety of ways that permanent magnets can be, made and it

is quite cdmon fol)per RBrBAer pedieBtinelding-2 fapared magnatiq eylindsr diaving a
designs. For exanple, instead of the solid cyljndrical, permanent ghet
56, 58, 106 as- des D0l BipcRyBiRENS, Aad ¥ thpretylon s esae (tbsaid
constructe 5 fromse nts which when placed together formthe
cylindrical nmagnets. %?g%{?pnb%a'ﬁagnet 127 constructed from four segments

29 | h [ . | ' 1 h d
120 o8, 1, £ BFE . aufr porign oY S B A el "Gt SRS/ ©
magnets prpduce a mexi ”gﬂ&ﬁﬁﬂz for %nfdiﬁlhg said pféi"rhﬁﬁﬂithrr&bngt Tedi®s! anat shie

center of each gap 80, t he condenser | ens
' 8 outer portion having a tapered magnetic cylinder portion; and
9 c) gap means between said inner portion and said outer portion.:
10

1 10. A system as recited in claim 9 wherein said objective lens further

2 includes objective lens tuning coil means positioned between said inner
3 portion and said outer portion for providing adjustment in focusing said
4  electron beam.

5

1 11. A scanning electron microscope column comprising:

2 a) a condenser lens;

3 b) an objective lens; and

4 c) means for rapid connect and disconnect of said column from a
5 specimen chamber.

6 | _

1 12. A column as recited in claim 11 further comprising means for rapid
2 connect and disconhect from an electron gun. |

3

1 13. A column as recited in claim 11 wherein said condenser lens includes

2 a) a cylindrical pole piece means having a bore therethrough for
3 passage of said electron beam; and

4 b) a mégnetic circuit including

5 ) gap means between said pole piece and said return
6 path;



52, which is able to produce a focal length of 1.9 I on
of 1/20 for a 25 keV beam The total nagnification of t ns i s
thus 1/400. When the slip rings 68, 70 are pushed to Bmg Fm&m $ to 15
m nim ze the effect of the permanent nagngts 56, 58, sl e*

strength falls 0.14 Tesla, giving a focal "1 ength of _.’L 9 mMmmand a
magnification of 1/20 at each gap 80, 82 for a 1 keV beam The

maxi num a field strength f.qr the obj ectlv lens is t 'caH( ?%6 Tesl a
20 which focuses a pri ﬁ'g § q%*éﬂ%g@‘?eg‘ef%e%p Py %Wktr%e
wor ki ng digstances of Io0 8 mMm 41 ?lﬁl q Léve%% For (ihese condi tions,
the chromatic aberration coe&%1 & % Jrg%' i}ogﬁﬁ CE F°ARP 2" keVv while the
spherical gberration is; ppr rakjon
coefficients are relati v iﬁHig:rsgﬁﬂéari%ﬁHs 90&%%?%2%%&3}%%&%&% 25
obj ectiveyd enses operati ng aﬁ\eﬁn’é’%iﬂ Q&id as R t%a%hat he hé forBdiustih at

the SEM colum of the present invention resol ut’ on.

magni ficatf on of the objecti yﬁdkﬁ’iﬁa?ﬁiﬂéatmrpm ly smaller than 1/100 so the
t ot al magni fi cation for the whole m croscope falls bel ow 1/40000.

13 12

1 14. A column as recited in claim 11 wherein said objective lens includes a

2 magnetic circuit including

3 a) an inner pottion including a tapered magnetic cylinder having a

4 pole piece means and bore therethrough for passage of said

5 electron beam;

6 b) an outer portion connected to said inner portion; said outer

7 portion having a tapered magnetic cylinder portion; and said

8 outer portion containing said permanent magnet means; and |

9 c) gap means between said inner portion and said outer portion.
10

1 15. A column as recited in-claim 13 wherein said condenser lens further

2 includes bypass means for adjusting the effectiveness of said permanent

3 magnet, and thereby adjusting the strength of said magnetic field.

4

1 16. A column as recited in claim 14 wherein said objective lens further

2 includes objective lens tuning coil means positioned between said inner
3 portion and said outer portion for providing adjustment in focusing said
4 electron beam. |

5

1 17. A column as recited in claim 11, said column including an upper

2 portion including said condenser lens and a lower portion including said



VWhen the specinen 94 is bonbarded with an el ectron beam ele

reflected and ejected fronmiby the specinen and they are referred
backscattered and secondary el ectrons. For short V\olm\m un' ﬁiw

bet ween the end 102 and the speci men 94, %plcally

secondary electrons will spiral up the obi ctive 1ens *bofe b8 and be

col l ected by the m cro-channel plate detector 114. This detector is

That  ri iy saPiaete gy e’ safy BRI RikBiGa b fof Wieobhe I séig uRF °

close to t no&ﬂﬁﬁnﬁﬁmgad Eﬁ%@dm?ﬁﬁ%/ fromit. The use of alternative

det ectors ose he art are 10 also included in the

spirit of ghe presﬁﬁéré Srﬂr'étoﬁbv%e'rr% fi6n <@ bef relalfly %Fh%ed with apaeﬁeﬁa

plate detector 114, as a sm ole 126 at its ten so that
primary beam piaver rtbfeamb drtd|ffé\%neué§§hcspéctfrcamh from the specinen,

t he sharply decreasing nmagnetic field gradient over the first few
mllimetrés collimates the secondary electrons, while the snall field
strength further up 15 the lens bore 98 will cause themto spiral out
radially. 8 An exanple of an alterative type of detector is
illustrated in FI GURE 5, " wherein a scintillator detector 132 is placed
to one sid of a specinmen 134. A primary beam 135 i s shown i npi ngi ng
on the specinen 134. Electrons 137 20 ejected/emtted fromthe specinen
are detected by detector 132. Such variations in detectors are
included in the spirit of the present invention. Al t hough a
preferred enbodi nent of the present invention has been descri bed

above, it will be appreciated that certain alterations and 25
nodi fications thereof will becone apparent to those skilled in the art. It
i's



therefore intended that the abpended c:I:ai ns be interpreted as covering all
such alterations and nodifications as fal'l'within the true spirit and scope

of the invention. CLAI M5 1 1. A scanni ng el ectron
m'croscope system conprising: 2 3? a speci nen chanber; 3

b) an electron gun; 4 c) a poft abl e scanning el ectron

m croscope columm; 5 d) means for connecting said el ectron gun

to said colum; and 6 e) means for rapid connect and di sconnect

of said colum from 7 Sad L.ren chanber; 8

whereby a first said colum and el ect r@gaﬁgtsenbly can be readily 9
replaced with a second said colum and el ectron gun assenbly of sane or 10
different design. 11 1 2. A systemas recited in claim 1 wherein said

second col um PEORTABLE HIGH RESOLUTION SCANNING ELECTRON MICROSCOPE
COLUMN USING PERMANENT MAGNET ELECTRON LENSES

A detachable, po'i‘table SEM column that is easily disconnected from
the electron gun assembly and specimen chamber of the system, allowing
different column dé’sign's to be used in a giQen SEM system. As an alternate
design, the electron gun and column are configured as a single detachable,
portéble assembly. The column of the | present invention contains a
condenser lens and an objective lens, both désigned employing permanent
magnet elements for primary field generation. Relatively small coils are used

for scanning and precise adjustment of focus.

FIG. 3.
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1 3.
said 2
said 3
columm can be readily rep
di fferent design specific
wherein said columm inclu
|l ens and a | ower portion c

el ectron gun is a

colum fromsaid electron d
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1 6. A systemas recited in claim5 wherein said columm further includes
an 2 objective |lens having a pernmanent magnet neans for supplying a

A system as

recited in claim5 wherein said cond

magnetic 3 field for focusing said el
cylindrical pole piece nmeans having g

NSeisS BBRST HASIBEEe!s
boreFEm&neEbrough

2 _ a) a
for 3

netic circuit

passage of said electron beans; and

i ncluding 5 ' i) gapcseans betmee_qﬂ
return 6

magnet neans spaced outwardly fro

pol e pi ece neans; do9 nusll"l i) tuning
bet ween said pol e
magnet neans for. ad
1 8. A system-as
2 i ncl udes
-per manent magnet me

recited in v
ypass 4 for: adj | ngT2he
ns, and t\dgreby: ]

hi d pol e piece and said
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16 3 a) an inner portion including a yfinder

+having a 4 - pol e piece neans and bd fi passage
of said 5 el ectron beam 6 1%?h§gﬁ%&hﬁ§§?ﬂg%ftlon
-.connected to said inner portion, said outer 7 Borti-din
cont ai ni ng said permanent magnet neans, and said 8 . outer
portion having a tapered magnetic cyllnder portion; and 9 c) gap

means between said inner portion and said outer portion. 10 1 10. A
systemas recited in claim9 wherein said objective lens further 2

i ncludes objective lens tuning coil (3Bans positioned between said inner 3
portion and said outer portion fge providing adjustnment in focusing said 4.
el ectron beam 51 11. A sca el ectron m croscope col um conpri sing:
2 a) a condenser | b) an objective lens; and 4

c) means for rapid. c ct necj, of said colum froma 5
speci men chanber. 6 1 S ed in claim1l further
conpri sing means for rapi 132 .

FIGS
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2 connect amnd di sconnect from an el ectron gun

‘jeCjted in claim1l wherein said condenser |en
tylindrical pole piece neans having a bore the

passage of said electron beam and 4 b
I ncluding 5 . 1) gap nmeans Pfgwe
return 6 pat h; : :

17 7 ii) said pernmanent nagne
8 and around said pole pie
iii) tuning coil neans positioned between sai

nmeans and sai d pernanent m
said demagnification. 12 1

31 13. A columm as
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'3

5 i el ectron beam 6 b) an outer portion connected to

said-iﬁnef‘portion; said outer 7 portion having a tapered
magneti c cylinder portion; and said 8 outer portion
contai ni ng said permanent nmagnet neans; and 9 C) gap neans

bet ween said inner portion and said outéZﬂiortion. 10 1 15. A colum as
recited in claim13 wherein said condenser lens further 2 includes bypass
means for adjusting the effectiveness of said permanent 3 nagnet, and

t hereby adjusting the strength of said nagnetic field. 4 1 16. A colum
as recited in claim 14 gpyherein said objgctive lens furgher 2 includes

obj ective lens tuning cpt—meamrs—posttitdne ) d inner 3 portion
and said outer portion jor providing ad nt in focysing said 4
electron beam 5 1 17.}§ A colum as rqcited in claim11, said colum

i ncl uding an upper 2 pértion including sgifZl condenser {l ens and a | ower
portion including said % 16 5s
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3 objecti veslens, and said colum including neans for disconnecting said
Lower 4 portion fromsaid upper portion; 5 whereby a first |ower
portion can be readily replaced with a second 6 |ower portion of same or
di fferent design specification. 7 8 9 3/3 :




