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Design and Manufacture of an Electron Detector for Scanning Electron
Microscope

Jong Up Jeon® and Ji Won Kim®

ABSTRACT

Electron detectors used in scanning electron microscope accept electrons emitted from the specimen and convert
them to an electrical signal that, after amplification, is used to modulate the gray-level intensities on a cathode ray tube,
producing an image of the specimen. Electron detector is one of the key components dominating the performance of
scanning electron microscope so that the development of electron detectors having high performance is indispensable to
acquire high quality images using scanning electron microscope. In this paper, we designed and manufactured an
electron detector and conducted a couple of image capture experiments using it. In particular, scintilfator which
generates light photons when it is struck by high-energy electrons was manufactured and experimental studies on the
optimization of manufacturing condition was carried out. From experiments to evaluate the performance of our detector,
it was verified that the performance of our detector is equivalent to or better than that of the conventional one.

Key Words : Scanning electron microscope (FA+ 2+8 1] %), Electron detector (A 27 & 71), Secondary electron
(°12F 2}), Back scattered electron (REAFRA L), Scintillator (A1 @ ©] E1), Photomultiplier tube (37
24

1. ME 2343 19 Fo Ak SEM & FA3E o

7B 84 F ANERRH wEg AXEs Az

ulo]m3 2 W YxrlEo] nlgHoz Wl WE AAZE 7 (electron detector)= SEM 9] A%

wet W FALAAEO B(SEM, sanning electron & FH$E F28 a4 29 oy, o, B

microscope)?l W £t FH3] FA%n Yo =EAME SEM Fule] ATl Salste Az

ool Fule A% 48 B uIA FY=m 3l s SEM £ ARSI 9 o) B d7e
T AAolt. t¥3s], A2 o olgd w4 T2 FYsgon a Az g8 sestna s

29 wFo 52 Fu|Qd SEM Fu|E Atz =EAME SEM & HAARZI|E M, A

stmzt e A7t S RR A7slEd d8  Fagoen, A¥Y AZ/E ojfste AEAY

o AFY: 20009927 ANEAY: 2008 19 229
#  wAAR: AR 7] AAERFER

E-mail: jujeon@ulsan.ac.kr Tel: (052) 259-2139
¢ 2ddYE dgd 71 A SRR g

53



A9 - A

C@FAYIGEHA A25A A4z

€ YAt B, 25719 FF F vjud 1
7lolz ABA HEQ Aldgo] Ei(scmtillator)‘E— 2}
A AR o

o, Azl Adddole e A5l
AgE TP

Electron Scintillating Material

beam >
Faraday cage | Electrode

Scintillator

Secondary Photocathode

clectrons .t
B

Photo Multiplier Tube

Sample -~ I Photons Photaclectrons
Corona

=50~ nag +10kV i
300V [ Light Guide Dynodes

Sccondary
clectrons

l Ampliﬁeﬂ

CRT

Fig. 1 Structure of a secondary electron detector and its
detection principle
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Fig. 2 Technical illustration of electron detector

Table 1 Part names of electron detector shown in Fig. 2

No Part name No Part name
1 Faraday cage 8 {PMT housing connector
2 Corona ring 9 PMT
3 Scintillator 10 PMT housing
4 Light guide 11 PMT connector
5 |Faraday cage supporter| 12 Circuit housing
6 Chamber bracket 13| Circuit housing cover
7 Fixing plate
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Fig. 3 Photograph showing an assembled electron
detector
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Fig. 4 SEM images acquired by changing the applied
voltages to faraday cage

Fig. 4(a)~(d)= & dlo] AolAd] QrtgEs A
ol =278 WEAIe EFEAINE AT Ax
ol ¥ M4E UNEFE HAHoE W
347 FHEust FHEE GAe] dFLE ¢ F
Atk ol el ADSLE sjeido] Ao]A ol
A7kE Al o8 A" A7Fo] o s
g4 o] olaARE AddolE Foz Fo T
71e Yol B ZeElA o BE oJAAAN T
57l & Rog woE)

hgog, £ AFY HEIE AMEEo ukA}
ARE ZEE & UTA Lolrz] Y3 saido]
Aol o] -50v o AL A e Adejoa A&
¥e FH39. Fig 4e)= 2 2R3 ATHo|Y. &
FALZEE, WALz dA4S ZHsE o



AEY LAY ASHLTYYR) A2 A A4 2

Aoix B A7) AE77F FEY 45E Holn
e Aoz Az
4. MEO[El2] R ¥ 23

B AT7odAE A=A AF Fdsto A8}
A HE7 FF T 224 FFY way
7kl Addole g Ngstnzt Aoy Al

ded Ao 3¢ d7E FY

AL R

4.1 MEEolEe Fx F HEEA

Aldeolel = Fig 5 o Uebd ule} go)
48 91587 9% ITO(Indium Tin Oxide) A= ¥
23 olAAAE FAlsz HEslE FFED F,
agln 7|gezRe] 71%E FIYIE Alvtold
FEZ FAEY. A8 EAT oaARE 2
2y & 58 110 AT A7kg nH el o
Addole] 202 s&Eo] FFE Lo KU A
Ha, o] W SA8% Fxpe ITO B3I Atslo]o
el T8l FgolE Jtolz Hoz Hedt.
weiA] Bk Ao 44S €71 AdAMe Az
A AgFEEol & PRI A} € ¥ F
£738¢ 7HAE IO AZ9) AFe] 2FHe
T} Fig. § © £ =FdA Astuz st Ad
olE o] HY H ATE RAFET

k|
s A

electrode

| 313 mm

Fig. 5 Structure of the scintillator and its dimension
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Table 2 Sputtering conditions
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W.P:1.EX10%-2
Arflow: 198 SCCM
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Fig. 6 SEM image of the section of a sputtered ITO
electrode
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Fig. 7 Measurement result of transmittance of a ITO
electrode
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Fig. 8 Transmittance of sputtered ITO electrodes for the

light with a wavelength of 420nm
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Table 3 Experimental conditions where the deposited

thicknesses of fluorescent powder are varied

Fluorescent Water Mass

powder(g) glass(g) ratio
al 0.1 0.002 100:2
a2 0.15 0.003 100:2
al3 0.2 0.004 100:2
o4 0.25 0.005 100:2
ol 0.3 0.006 100:2
o6 0.35 0.007 100:2
o7 04 0.008 100:2
ol 0.45 0.009 100:2

Table 3 & FHFEZ FHFA et A2 =
1& vEld Aotk FFETY & Az
ad wE Efde ¥=E A WA FFEL
3 R Fol 1002 9 H &S FARES &Y
t}. Fig. 10 & Table 3 9] ZA o2 A o|HE A
25k & o] SEM Fule] AE7)d Faso 3
APge BEAEE 53T 2AE YEd R
o FFELY FAN FAYEASFE oujAg &
EG2EV HH FHolAa AFHAIE ¢ F Utk
o|atH e FEE A FFE DA LA F
s FFEZY FAN FALE FALTE
PMT o] E€3l7]714 of B2 48T L3
A Hel o 2 AdUAE doivigdA =3, wet
A PMT 7tA] E28ts F28 o] 015 5o
AAA o2 JTEZJ2ET} Fopx| 1 o] AFHYA
£ Aoz Ao oldA sled uigh Zo
o ¢4 d4E€ @7 HiMe gREDY F
AE 7bFed kAl AzFstoor ok ey, P
229 FAE AYAA kA AF3E Az =
94€& 2o & 5 ¢lvh Fig 11 & FFET 0.02¢
o AddoleE AFdt] EEAUE AT 2
Holgt. agollA & F ARl wl¢ #e do| &
ARy FEH2EFL ofg Fo} AlHe 4ol
AdE BZHA F3; Yot ol A¥AARR
B & AT QoM FFETe HAY ¢ o

Fo0lg 3=AE & & Ao

Fig. 10 SEM images acquired by changing the deposited
thicknesses of fluorescent powder

Fig. 11 SEM image in case that the very thin fluorescent
powder(0.02g) is deposited
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Table 4 Experimental conditions where the mass ratios are

varied

Fluorescent Water Mass

powder(g) glass(g) ratio
B1 0.05 0 100:0
B2 0.2 0 100:0
B3 0.2 0.002 100:1
B4 0.2 0.006 100:3
g5 0.2 0.01 100:5
36 0.2 0.014 100:7
p7 0.2 0.018 100:9
B8 0.2 0.02 100: 10

Fig. 12 SEM images acquired by changing the mass ratios
between fluorescent powder and water glass
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Fig. 13 SEM images: (a) with our scintillator and (b)
with a conventional scintillator
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