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Technique oM SEM TEM AFM
Resolution 300 nm 10 nm 0.2nm 0.3nm
Magnification range 2-2000 20-1x 10° 200-2x 10° 1000-2x 10°
Can observe surface, or bulk Surfaces only “bulk’, but very thin films, surface
if transparent less than 0.2 mm
Specimen environment ambient High vacuum High vacuum Ambient, high
Vacuum or fluid
Radiation damage none little severe none
Specimen preparation easy easy very difficult easy
Chemical analysis no, unless connected yes, X—ray yes, X—ray and no
to mRaman electron Energy loss
Can detect molecular orientation yes no yes no
% Fiamsni
=1 Michndt Znd M
TEM —_— = s A
! 3 deflacior tols ""-
’ BB oo S sze S
Condercard [Conderser T | B . U LA _i"'-h 3y
‘:":?:m' — | = inpiar s ot
Bbmmen Colls = - k \
B : | : Sconng ods j’
, TEM , 'p_ X (','_._ Sttt .-:-_.-.-.;'-.I
DD ECThve Ll | ._1:,_7.-;.._ s oy _:p-_‘-.h
o | T S Dffracoan Sper = e =
, (electron dif— el o [ .25
| Intamradiels Long 2 o7 -3
fraction ED) | o
P2t Lers . s
Shum —— P
. | " PR
lyotropic system EE  Scmenlimaps <7 i e
1
1 -
22 TEM 2. TEM
TEM
’ ’ (objective lens)
« 2 ,
’ ’ TEM
, LaBs
Field Emission Gun (FEG) 50—100 ,
FEG
' 23 (TEM Resolution)
TEM
, (condenser lens) 0.6l DE
X=Y ddiff :T (1)! dchromalic = Cc a ?qmax (2)!
' d spherlcaI: Cs a3 (3)
(tilt)
o ,a:
tilt 2 , Cc chromatic aberation constant, Cs
3 spherical aberation constant, E
13 4 2002 8 505



. Chromatic (aberation)
100 eV

leV 0.2nm

(spherical abera—

tion) TEM
, TEM

, 400 kv 0.17
nm . 500
kv MV (-0.1

nm) ,
24 (Contrast Mechanism)
contrast
. Contrast mass contrast, dif—

fraction contrast, phase contrast
Mass contrast

(beer's
), , Staining
contrast
Staining
, contrast
. Diffraction contrast
contrast phase
contrast
contrast
contrast
, contrast )

contrast

lamellae, hexagonal, cubic
contrast mass contrast phase con—

trast ( 3). Staining
phase

contrast contrast

3. Mass contrast phase contrast
hexagonal : Inset ED s

RuO, staining mass contrast , col—
umn . TEM
solution spreading

bilayer
contrast
phase
contrast
(phase shift)
, contrast
function , contrast  fo—
cusing
contrast focus in—focus
under—focus
25
TEM
~50 nm ,
TEM
1) Thin Solid Film
— Solution Casting
— Surface Tension Spreading
( , phosphoric acid)

506 Polymer Science and Technology Vol. 13, No. 4, August 2002
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Staining Agents

Polymers
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Unsaturated hydocarbons, alcohols,
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2.7 Cryo-TEM & FF-TEM
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( 3 ).
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