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ABSTRACT

3ince the Ptolemaeos’ discovery that glass has magnifying power, human desire to see the unseen with
nalked eves hag lead to the inventions of a series of microscopes. Since the Jansgen's firet compound
microscope in 1595, through the Abbe’s non aberration microzcopy, various microscopes using different
principles are now being uged in various biomedical researches, The dizcovery of electron by Thompson in
1897 haz lead to the first invention of microscope using electron az an illumination source, the electron
microscope, in 1931, Now we can see the objects ag close ag 0.05 nm uging 1 MV FE TEM constructed in

2000, Inthis review, the authors reviewsd the predecessors® effortato develop better microscopes.
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Fg, 2, Eobert Hoole and Johannes Faber, Robert Hoolte {up-
per left) first introduced the concept of condenser lens
ayatemn (lower diagram). Johannes Faber (upper right)
firat used the term “microscopiom™,
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Fig. 3. Two important concepts in understanding resolution.
Upper left figure shows two Airy disks just contact,
leaving pin holes still separated, meaning that they are
resolved. The pin holes of two disks on the upper right
overlap each other, thus two disks are unresolved.
Resolution is often represented by the equation given at
lower part; a hand-written equation by Abbe.

Fig. 4. Scientists contributed to the development of light micro-
scopes. Lister (upper left), Airy (upper right), Zeiss
(lower left), and Abbe (lower right).
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Fig. 5. Scientists discovered major theories used in the electron
microscopy. Roentgen (left), Thomson (middle), and de
Broglie (right).
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The first experimental proof. total magnification x17.4 431

Fig. 6. First electron microscope made by Knoll and Ruska
(lower left). The upper figure shows the first experi-
mental proof that electron-irradiated specimens can be
imaged using electron lenses. Lower left is the Knoll’s
first electron microscope. The design of the pole piece
is shown (lower right).
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Fig. 7. Drs. Knoll (upper right) and Ruska (upper left), and
Knoll’s design of scanning electron microscope.
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Fig. 8. Electron microscopic images by Marton taken for the
first time from the biological samples.

Fig. 9. First commercial TEM made by Siemens (upper left).
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Fig. 10. Diagrams of Ardenne’s secondary electron detector
and secondary electron generation from specimen sur-
face.
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7] (electron multiplier) S
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Fig. 11, Contributors to the invention of SEM. Ardenne (upper
left), Zworylin (upper right), MchMullan (lower leff),
and Oatley (lower right).

st A o] oF (McMullan, 1995).

2% 73R AL SAlokild T oz oaz
V0adimir Kosma Zworykin®] 193873 X5 RCAAF] A
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Fg. 12, Diagram of the SEM by Zworykin. The four elec-
frogtatic lenges were uged to obtain 2,000 magnifi-
cation.
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Fig. 13. McMullan’s diagram of SEM and first 3 -dimensional
image obtained from SEM.
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1942  Zworykin 10 min 50 nm

1952 McMullan 5 min 50 nm =
1955  Smith 25nm

1965  Pease & Nixon* Snm

TEM=} 2] 98¢ $44
43} 10KV, 45 A3
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McMullan &7 7§4

SRR K ISR
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Z
A2 WAL FAAA A 3R o]mA

4 =9 Py =Yoz AEAe B
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high resolution®] 74 %9]

* Pease & Nixon (1965). v}2 AFx= &9 A4 F=x
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Fig, 14, *3tereozcan”, the first commercial 3EM made by
Cambridze Instrument Company based on the Oatlay®
SEM modsl.

Fig, 15, First commercial High voltage electron microscope
(HU 630) made by Hitachi (left) and Hitachi’s first
commercial FE-3EM (HFS -2 (right).
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Amsist ol o4 AFAN AL FEHA
3 22 AL Table 6+l Aol sheiet.

4) ZREASOIAEAMS 1M FE-TEMZX]

197004 = 3.0MV (HitachiAb2] HU-1000) =x29F
AR A ] FpEE 15um A=Y T YBA
2o o] sbgEtA FHelon, 1972 = 28]
¥ FAHEAEE A E e & 4 3le FE-SEMe] 7
2 (HitachiAb2] HFS-2)8+] FARRAAIARA o2 A
=z WREFE Y A ZA)| T (organelles)e] ko]
7hestAl et (Fig 1), 19843+ 2] 23l
T HAAFHY 0.1nmE SHEed 0.072nme] B35S

Table 6. 49§} Hop) o] 451 BARA2) WD H7

2 H #

1934 B.L Martons] 5233 2la2 HE

1935 Max Knoll2] SEM #2)5)¢)

1938 M. von Ardenne (=4)%) SEM =2od

1940 Q#8) BM 7)-Hitachis]s] HU-1 A2k

1942 Vladimir Kosma Zworykin (=) 4] op&] SEM 72

1949 W@=k=e] EM 7Jt-Philipss)+) EM100 (5 m) )=+

1962 o= Cambridgs A}&) SEM 483}

1965 500KV TR0 (HVEM) 71 -Hitachi HU-
300

1966 SEM A%
1966 1MV TeFRabain]@ 7=t -JECL =} Hitachi
1969 SEM %7 -15 nm (Hitachi, HSM -2)

b= 2d (H-800/200kV, Hitachl)= "3ty o
1985 de] 2 B =2 Aol At 7R T A=
g #AAAFIZ ALdz= dwt FE-SEMEY 19
Frbe 290 42d2E el FAAAU|A
9 2ol 07um oloh weere LT Do
lens SEMe] 7= o)A coated vezicle T2 oFF ZF
2 Fz= JAFHd FAFde] b Aol IR
198934} > SEM %%<| ob]g} TEM= FE-TEMo®]
M et o] 2= 1990w 4] specimen cham-
berd] FF=E HAFL=E b, A2 charge—up
FAAbS WhR|EF e 74 Al B coatings FFA| Svw
Fake] 733 low vacuum HEX natural SEMe| 232
2oy A 23 FA4EARAA ] AgE o (JECL
AR TSM-5400LV), 19959 48 2AF g3 =
o] 14m, 7 140ton, 7p&Hske] 3.5MVA HH
e 2ugAARAE o] ARG, 19974 = et
T g 2 gle 5 Fo| dopsle Az #F
o] 7}%3 ESEMe| Philips (XL-30)4Fel] &8t 7)
AE ot 200004 9AR < 1MV FE-TEM#]
W REEe] 00498 nm7bA] A" go=
ST B faw AAEEAe] AT A4S
9 woz AR A ile FE= ol el
2Jet oA

Had oFeld AAETAL AT L Table
DU
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Table 7. 2)28) BAWT) A% 92

g B s

1970 3.0MV 27532503 (UHVEM) 7)< -Hitachi
(H-1000)

1972 FE-SEM 7J&-Hitachi (HF3-2), 2% 5Snm/3A)
1 nim

1986 In-lens SEM 72 —Hitachi (8-900), 2} 0.7nm/
A 0.5nm

1989 FE-TEM 7)t-Hitachi (HF-2000)

1990 LVSEM == NSEM, VPSEM 7)-JECL (J3M -
3400 LV)

1995  3.3MV 279924 9)7 ~Hitachi (H-3000)
1967  ESEM 7)-Philips (XL -30)

2000 1M FE-TEM 7J%--Hitachi (H - 1000FT)
2003 © L ¥E)A e 95 29w o

Fg, 16, The first TEM (HM-3) introduced into Korea (left),
which was donated to Kyungpool National University.
The first purchazed TEM (HS-6) in Koraa, which was
matalled at Seongloyunlowan University,

5) FH HAIHOIA £o AA W HE

ZR e A Akashi A=} A o] opit &3}
el CEMWHA 2 2 Al &3t v} 5l AA
T ArbEn A et A slvle shA =
Well A AHEHe Hy2e] dAxdn AL gFezy
B =5i% 7 elct

AN AAE A Selbebd] =99 99
& 299 G 95 Sehied =98 Hx
2 ZAAFr]7 2 1956d+] =43 Hitachirhs] HM-
3z oA $ho}(So & Uhm, 1997; Kim, 2002). o] 7]
32 %A ARG 49T 2400 DLAA $5
& ST ATHEA QeoeyE s394
Aoz A%dud 47 £43% LA A

Fig. 17. H-600, the most widely distributed TEM in Korea
(left), and the recently infroduced 3EM (2-4700) into
Koreairight).

Table §. =4 H=}5E0)4 = =i}

g B %

1933 Hz 7le=y ST 8 E ¥4 HM-
3, Hitachi

1952 FlEzel (£ 77)2d TA) SM-C2, Shimazm

1961 =49 5= =% (3= $18,000) 1 HS -4,
Hitachi

1964 ARgE T =90 TRE-50, Akashi

1962 el e F 2)=pE  HU-11-E, Hitachi

2003 A 1520 =3

2zt AaAgALaTE (AR AF5
2#H3 ol 974 52 “Hitehi 40739
WEM 7] (Inomata, 1997)] 1957%3 ¢
R A2z 7S gloA =Y d=e A3
A FAe AT gl A HE JadgAddT
adf B2 HM-38 23 S 23 1958d=
d A" AFde dA Hdot wEkA Feivier
#Hzx =Ud=e 19561de] ofdet 1958d 22 57
Hc}(Fig. 16),

Ha% A7 FRFEATad A ST
e F4¢ ShimazuAbs] SM-C27F T w2 =945
dot FHax= Fojsid =43 2492 19613 AT
=tz 4 18,000 2 E F3 FTY3H HitachiAle]
H8-67] %ot (Fig. 16). o] 3 Fzdst= 3 M
Sz S =R 1970906 ol=elAT
F23] =Y £=7F SIbEe] 2003 FATEA] e

-3 _11—::_'&1%

i
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Ls20d A= =4 Aew ZalEd, Al
g63c], o=l 3979, AF4| 1407, W 80,
e 409 A=l dA] 3 Feloh =W
=93 TEM 7|5 2« 7173 the] 4AA" =zda
HitachiAk2] H-600¢)cF (Fig. 17). SEM| st =
AEoE HE2Ie] O AdgE A gepslr] 84
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