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el ectron m croscope corurm I's established to the value common in the
el ectton ni cridechaydlinghifs spedmen withéin elvecuvorpresenisstiop of pebieras. The

anton 1 o WhleBel pastHERE b SIRIPE L £ RERTRY 18y peciEIolR pBRiE™
i cr oscopefors amekhctdimiakieGan e prdaced. Whcolbetvdtibrodf spdetmbnsifremalhiong t he
passage of the el ectron beam nevertheless, it estaplishes
different gaseous substances may Isak within a vacuum ot the miicroscope should be
carefully considered in advance. Nonconductive samples within a vacuum
20 accumulate static charges on their surface, making thus precision microscopy
practically impossible. This problem would be solved by coating such specimens,
which, in some specimens such as semiconductors, may entail their destruction and
thus it is practically impossible to carry out their nondestructive analysis.
A series of experimenis has been carried out to observe specimens in which
25 the vacuum of the microscope specimen chamber was separated from the source of
the electron beam to enable the observation of the specimen while maintaining
sufficient vacuum in the region of the electron gun. Patents US 4,785,182 and
4,880,976 by James F. Mancuso et al. describe a secondary electron detector to be
used in gaseous atmosphere. In this case the vacuum of the electron gun and
30  electron microscope column is established to the value common in the electron
microscopy. This part of the electran microscope is then separated from the
specimen chamber by a pressure reducing diaphragm, which is substantially a lid

enclosing this part of the electron microscope. A small orifice is made in the middle of
the lid enabling the passage of the electron beam, nevertheless, it establishes
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detected 25
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photon signal is usual %/ very weak and the quality of the pr oducedsl mage i s
| ow. WO 98/2297 apphed for by Leo Electron Microscopy Limited, describe
another system, in which negative voltage is applied to a sample holder and this
20 voltage repels secondary electrons emitted from the sample by the primary electron
beam into a collision zone in a specimen chamber, in which the collisions of the
accelerated secondary electrons and gas molecules in the gaseous medium triggers
a cascade of collisions and thus generate an amplified signal of secondary electrons,
which is detected in the microscope. This signal comprises photons generated by
25 the collisions of the accelerated secondary electrons and the gas molecules in the
gaseous mediurn and it is detected by a photo-multiplier, to which the photons are
conveyed via a light guide.
Nevertheless, this system has not solved thoroughly the problem of choking
the secondary electrons signal by the back-scattered electrons signal. In addition to
30 it, the photon signal is usually very weak and the quality of the produced image is
low.

UK Patent No. 2367686 by Leo Electron Microscopy Limited, describes

another system that uses a detector chamber having a different vacuum value than
the specimen chamber, both chambers being separated by a thin Al foil that should
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Subject matter of the invention
The stated shortcomings of the previous state of the art are noticeably

eliminated by a secondary electron detector, espedcially in a scanning electron

25 microscope, where the subject matter of the invention consists in the fact that the
secondary electron detector is constituted by a sensor situated in a detector
chamber, to which a vacuum pump is coupled to create a vacuum inside the detector
chamber, while the detector chamber is closed in its wall near to an aclive surface of
the sensor by a diaphragm featuring high resistance to a transmission of gas and low

30 resistance to a transmission of the electrons. All its remaining walls separate in a

A vacuurﬁ—tight manner the interior of the detector charmber from an ambient medium,

This diaphragm featuring high resisiance 1o the transmittance of gas and low

resistance to the transmittance of the electrons is constituted by an electrically

conductive grid to which at least one bias voltage source is connected.
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In all the above described embodiments, the electrically conductive grid is
20 outside the detector chamber preferably covered with an input screen, preferably of
hemispherical shape, connected to a low voltage source of 50 to 500 V or preferably
of 80 to 150 V.

Brief description of the drawings

25 The invention will be described in detail according to the enclosed drawings,
where Fig. 1 shows the preferred embodiment of the secondary electron detecior
fitted with the capton diaphragm according to the present invention, in the specimen
chamber of the electron microscope, Fig. 2 shows another preferred embodiment of
the secondary electron detector with a copper grid, according to the present

30 invention, also in the specimen chamber of the electron microscope, Fig. 3 shows the
sectional view of the capton diaphragm used In the first exemplified embadiraent of
the detector according to this invention and Fig, 4 shows a preferred embodiment of
the secondary electron detector with a metallic disk, according to the present
invention, also in the specimen chamber of the electron microscape.
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20 guide 4 has its output 5 sifuated outside the detector chamber 3 and its passage
through the wall of the detector chamber 3 is vacuum tight. The detector chamber 3

is located in the specimen chamber 20 of the electron microscope. Front panel 3 of
the secondary electrons detector 1 fitted with hemispherical input grid 18 is near to
the specimen 21 in the specimen chamber 20.

25 The secondary electrons detector 1 in the first exemplified embodiment works
as follows: The electron beam 22 accelerated in the electron microscope strikes the
surface of specimen 21 and the impinging electrons cause the emission of the
secondary electrons from the surface of specimen 21, the energy of the emitted
secondary electrons being only a few electronvolis, while the back-scattered

30 elecirons have the energy of several klloelectronvolts The back-scattered electrons
are scattered to different directions and only a neghg\b\e number of thern have the
chance of passing through orifices 13 in capton dlaphrag.}m 1= , as the electric field of

the hemispherical input grid 18, to which a potential of 80 V is applied, has itself a
negligible energy by comparison with the energy of the back-scatterad electrans. By
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with an energy of approximately 10 keV. The scintillations produced by the
secondary electrons striking scintillator 7 are then transmitted through the light guide
4 to the photo-multiplier, on whose output a signal appears, whose value is in
proportion to the number of secondary electrons emitted from the surface of the

25 specimen 21,

In experiments carried out with this arrangement, the capton diaphragm 12
was used, It was made of a capton foil 0.125 mm thick plated on both sides with
aluminum and subsequenfly holes were drilled into it of a diameter of 0.15 mmin a
square matrix of 10 x 10 holes with a spacing of 0.5 mm. The pressure in the

30 detector chamber 3 was established by the vacuum air pump 40 to a value of less
than 7 Pa. With this arrangement, a satisfactory image was attained even with a
primary beam current in the order of tens of pA.

Fig. 2 shows the second exemplified embodiment of the seéondary electron
detector according to the present invention. This embodiment differs from the first
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second e Wi f\,ﬁﬁg)@h f E8Nthedsiéatfitaily accor di ng
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2004/ G5968ndpctivecgrid 03/i9twassl ina sikenplieldid elegidoyelagr obj0 KMot & that a
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oo enpinebRe SE iRl , Sh i BEE S el BnSER REBb bt Brthe 1 1

grid 11 ige@ntallyesbriduativevgeid 11} wosbicastralys tHeessbidnidereelectbas ges thef the two

coatings of the capton diaphra 12, npeyertheless, 1the electrically
conduct | valliges 43 rmaae n BeediabacindGHee ognd i bier endodhs eamdiger 1o
KV on they |Gopk 8Gthe tgérgﬁ]&ts%igsr @fﬁcmﬁ@?‘s%lal?ed &Ath *ﬁbdaciméﬁtﬁb%a‘apmﬂﬁ

| enses is—also create ectrically conductive grid 11,
ent r aions dibghragootRiwith the edficemil i, mhere the captohi dephregindddanust hcheoated

el ectricall onduct i rid j d.further S G It | : I n
i ow of - iibbeBHRR wi Teftnbr beBEP ieorERa B s BRun b babRrkiustte e
capton 1Q-.1ﬁ1ia%@,hé@géntbaﬁw idgieagins M2casmidedwbene curentegiper glidaiavegm 12
must be coated on both sides and the inner walls gf t he orlfl_ﬁe_g 13 nust
retai n t Heueh apAleHaiiecl e amg elrdices I3iadhe amga ehthg Aihrderal1 SN npar ed
to the c e ' ' of

or' 11 es HHE R rERRRR BRI & AanElfigant Ghpldt WehiaGhd B8RO0

t echridl ogpurreit noppdrapidsrachievena sigmpt by ode apterdygerthantthe captatur r ent copper
grids achj.eve a signal by one order higher than the capton diaphragns 12.
Fig. 4 s @ghr e exenplified enbodi nrent of the secondary el ectron

detector 1 acwigédui b ahbbep eRESPlifisWRRbLPRentSF M5O Belondarl idldatdrmi th t he
e by deiosiord SEHTEINGL the present Invention) Sensor 3 is Htiad with the metalit disk
23 1o which the high voltage source 9 and the current detector 24 are connected.

20 The exemplified embadiment shown in Fig. 4 works as follows: both the
secondary electrons, after having passed through conducting grid 11 and being
accelerated by the high voltage from the source 8 and the electrons released in the
course of ionization of the residual atmosphere inside the detector chamber 3 along
the secondary electron path strike, instead of scintillator 7, the metallic disk 23 from

25 where they are conveyed to the current detector 24. The signal detected by the
current detector 24 corresponds to the signal of the secondary electrons emitted from
the specimen surface.

Fig. 5 shows the fourth exemplified embodiment of the secondary electron
detector 1 according to the present invention. This embodiment differs from the

30  foregoing exemplified embodiments by the fact that the sensor 2 is designed-as the
light guide 4 between whose input 6 and the diaphragm 11 the ionization grid 25
connected to the ionization voltage source 246 is arranged. In this embodiment, in an
analogous way to the foregoing embodiments, the secondary electrons are drawn
into the detector chamber 3, where they reach the electric field of the ionization grid



20 The exenplified enbodi nent shown in Fig. 4 works as follows: both the
secondary el ectrons, after having passed through conducting grid 11 and
bei ng acwel2esseed1by t he hi gh voltage fromthe source ®carar2oiz@oalsact r ons
rel eased in the course of ionization8f the residual atnosphere inside the
detector chanber 3 along the secondary electron path strike, instead of

scintil | 2&dsy which M%ymteaéﬂtmctadi tsﬁhéaomzatmnzgndxﬂﬁrle thisegrrangeroentyfyed to t he
current detector
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in the casphidgmigh the captors diaphragm 12 was applied and it
20
Industrial applicability of the invention

The present invention may be utilized for the production of electron
microscopes, especially scanning electron microscopes, in which a higher gas
pressure in the microscope specimen chamber is required due to the character of the

25 examined specimen.



appears to be the nost effective state-of-the-art arrangenent, with the
added advantage of avoiding the technol ogically demandi ng production of

t he capt owoO 2de4zpsbevagns 12, 20 I ndustrial applicability @®CTid?2003r00€138i on The
present invention nay be utilized for 9t he production of el ectron

m croscopes, especially scanning electron m croscopes, in which a higher
gas pressure in the mcroscope speci nen chanber is required due to the
character of the 25 exam ned specinmen. WO 2004/ 059691 PCT/ CZ2003/ 000033 9
CLAIMS 1. A secondary el ectron det ectokA bMp%ci ally in a scanning el ectron
m croscope, 5 characterized In that it is conprised of a sensor (2)

| ocated in a detector chamber (3), to which a vacuum punp (10) is coupled
to produde A seeandary deﬁraﬂede‘cbetodeaw@maﬂyarharsbennmg)electm guereseepe,chamber

3) b I d 10.t t 2
by a 81 apnralirertezsd gt gds CpRbriPal s 25! B IenBlf Sipeledigis ana &
| ow 1 esi st fenber @),1t6 R 8VeL0ull puklp 1 ®ES b@ﬂﬁled\@h'dr@d@éé alvta&uumml m ng

wal I s vacuumti gh t separate the interior of det ect or chanbe

from the sunsidariié dgtastor Gh&lﬁﬂ@ft(?:) dhe tetectercahanabsr (8) beingoHosrd @cﬂ"@rwiﬂ
claiml1, characgterized in resi stance
to the t r arf$&A° gg?}be]agtfv %@%%oof tﬁ§ s%%iﬁ?@%%@ﬁ#gh?%@@ﬁnﬁ b gijl’nsm ssion
of el ectrongsistarentstd truﬁsmnsbwnaof cRiseid 4 Y tesistance!td avmrgm:slsn(nﬂ bf t o

whi ch at | east one soqur (16, ,17) of bias voltage |s con

secof@ary e@'@%‘ﬁ'@m“@é’?«?ﬁjt@rreﬁ?a”&’f’al"}‘ﬁ@V@HHVE@@@%’ raig ﬂf%i“ rﬁgofthe

el ectricall I ﬁgﬁﬁ% . 20 4. The secondary
el ectron de ec Bf‘ef#ﬁxb%ﬁ (ﬁ]ﬂ'cﬁlﬂ Q%%%H(rz?e rz 3 n&?ﬁat "the electrically
conductive grid (11) is constituted by a di aphr agm (12) made of

el ectricgll I nsul atin terial proyi.de

di aphr ag% 'Pf/‘f) S§ANdE elgpganﬂeh{storp q;fSCY%I %ﬁ&&f{%ig‘%}%&% d@i’fa n the

si de near tfaafufgI88PRJh fedistanth 10 thb tidhemissioe 6Pgas anadis low eesistahtado (15)
applied to its reverse side, where the first conductive coating (14)

S
el eclifi cal Ithe inasamigsien of gectars bceansiiutesh Byieni sfectrically conductive gnd (11)
to which at least one source (16, 17) of hias voltage is connected.

3. The secondary electron detector of claim 2, characterized in that the electrically
conductive grid (11) is made of copper.
20
4. The secondary electron detecior of claim 2, characterized in that the electrically
conductive grid (11) is constituted by a diaphragm (12) made of electrically
insulating material provided with orifices (13), the diaphragm (12) being fitted with
the first conductive coating (14) on the side near to the sensor (2) and with the
25 second conductive coating (15) applied to its reverse side, where the first
conductive coating (14) is electrically insulated from the second conductive
coating (15).

5. The secondary electron detector of claim 4, characterized in that the diaphragm
30 (12) is a capton diaphragm.

6. The secondary electron deteciar of any of the foregoing claims 2 to 5, charactes
rized in that the source (16, 17) of bias is a source of bias of 50 to 2000 V.



coating (15). 6. The secondary el ectron detector of claim4, characterized
in that the diaphragm 30 (12) is a capton diaphragm 6. The secondary

el ect r on wetzeetwspeogf any of thO foregoing claino 2 to 5pCtheamenstonso33ri zed

in that the source (16,17) of bias isla source of bi as of 50 to 2000 V WO

2004/ 05969 /| C22003/ 033, .1 The secpndar, ¢ tecto

ol ai m o, TG ERGIORRY olareneteie’ Qhdlnte B Sharactyed fn 1l OISRt (&

sour ce of bL Sof‘bﬁ"clzé@&%g%fls%dr@eBﬁﬁla‘é\m&aggfw&@%ww‘w el ectron det eCtOf
of any of the foregoing claims, characterized in that the sensor (2)

consists of a light-guide (4), between whose input (6) and the

s conndet (P BB BisthioR drtsetof St SRPLERblsBR i it ctfardb Rt Nt
| i ght 5gui dethat tipsersbr (2) e@wstc@fehxghpgutd@(m);l hetwbeawhamunpuﬂ(@)@ndthe
secondary el ectron detector of

i,zed in mat the |ight
gﬁl de (4) ¢lectggally gon%ve@ad.(ﬁﬁb%nm'@f@w@ Zg I'Sdf“ﬁ'?n@‘?ét hidse surface
that Is negt cfé&?t tﬁh%bfﬁﬁ@%ﬁfﬁ?ﬂéﬁéﬁhygﬁ?gé' ‘Jvrﬁléjt%e'h%f bbbl 4§‘

conductive coat ge source I'S conhec

15 10. The Iead&tmmeypmwanmltmharemwdt or of any of the foregoing clains,
characterized in that the sensor (2) is constituted by a PIN di ode. 11.
Secondary el ectron detector of any of the foregoing claims, characterized

in thet ot MEhes§ESHdary bldcohidet@dombit daitn BE chlakhdtefized i63Rht tHeOligMtiguid

hi gh a volta%e source 20 (9) and a current detector (24) are connected.
12.The secdfdis 3t its isput equideed vitha srntilgjordi) weoswpWirnegiat issneqy, to the

Char act et idtiBaln} @kl SHATLS) £ HeY viRNE UERUUSMY ddbilih). 8 vANE B

out si de the an | nput “screen

connect ed tmgtavbldnge/sd)mmgqg)smwmae(:m@) of 25 50 to 500 V. 13. The
secondary el ectron detector of claim 12, characterized in that the

el ectrically conductive grid (11) is outside the detector chanber (3)

covengd 4oiThe gétondany el%@fr@ﬁ @e(éle%n oﬂMHyC«iT the f6renbRet @dims) digattenzed ihage
source (19) of 80 to he secondary electron detector of claim

12 or 13, dhaﬁﬁ@ti&ﬂsﬂééﬁ)lﬁwnaﬁtutﬁﬁ@yﬁﬁ'ﬂﬂtdl@@e een (18) is of heni spheri cal
shape.

11.8econdary electron detector of any of the foregoing claims, characterized in that
the sensor (2) is fitted with a metallic disk (23), to which a high a voltage source
20 (9) and a current detector (24) are connected.

12.The secondary electron detector of any of the foregoing claims, characterized in
that the electrically conductive grid (11) is covered outside the detector chamber
(3) with an input screen (18), which is connected fo a low voltage source (19) of
25 50 to 500 V.

13. The secondary electron detector of claim 12, characterized in that the
electrically conductive grid (11) is outside the detector chamber (3) covered with

an input screen (18), which is connected fo the low voltage source (19) of 80 to
30 150 V.

14, The secondary electron detector of claim 12 or 13, characterized in that the

input screen (18) is of hemispherical shape.



