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ABSTRACT INTRODUCTION
 

Recently, study of insulators and water 
contain ig specimens has increased w ith wide 
spread use of SEMs. Authors developed Natural 
SEM operating at a low vacuum (l-270Pa). A 
st a ble low vacuum condit ion which is not 
influenced. by external factors such as outgass ing 
from the specimen and a simple changeover 
function to and from high vacuum mode were 
realized by a real time low vacuum control 
funct ion and indpendent low vacuum evacuation 
system. 

Resu Its co nfirrncd tha t a cha rgi ng 
phenomen on ca n be reduced through 
applications for insu lat ors, biological and food 
spe cime ns. Fu rthermo re, X-ray genera tion area 
can be reduced to 10 11m or Ie s at lOOPa. It is 
expe cted tha t a capabili ty of non-destrucive 
observation a nd a nal vsi s will contribute to 
expanding applica tion fields of SEMs. 
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Scanning Electron Microscopes (SEM ) 
ha ve been used as indispensable observation 
tools for microscopic surface morphology in 
various fields of science suc h as electronics, 
mater ials science and biology since they were 
commercialized more than twenty years ago. 
Recently, observation of specimens containig 
water, oil and the like without preparation has 
increased. Authors have developed "Na tural 
SEM" providing a low vacuum specimen 
chamber (l-270Pa) in order to allow microscopy 
of such specimens. 

The fea tures of Natural SEM are (1) to 
reduce a char ging phenomenon, (2) to minimize 
shrinkage or deformation of hydrated specimens 
like biological tissues and (3) to allow microscopy 
of specimen withou t preparation . In the low 
vacuum condi tion, primary and backscattered 
e lectro ns ioni ze ga s mo lecules by mutual 
co llis io ns as show n in Fig. 1. Posit ive ions 
genera ted here ma y reduce a charging since these 
ion s neutralize negative cha rge s on the specimen 
surface [1J [21. Flu id in the spec imen vaporizes 
rapid ly in the con ventional SEM specimen 
chamber due to high vapor pressure. The low 
vacuum condition protects the specimen becuse it 
regulates vaporization of fluid and temperature
rise on the specimen surface (3). Authors have 
developed 3 types of Natural SEMs, S-2250N, S
2360N, S-2460N and will report here 
instrumentaion and some applications. Table 1 
shows comparison of each instrument. 

DEVELOPMENT OF NATURAL SEM 

1. Low vacuum system 
Authors have designed the system to 

allow a s tab le observa tion and an easy operation 
w i tho u t influence of outgassing from th e 
specimen. The system also allows a high vacuum 
mode for conventional scanning microscopy. 

1) Vacuum conditions in the specimen 
chamber can be controlled 1-270 Pa, 
2) An automatic adju stment is provided 
to allow stable vacuum condition. 
3) The operation modes include high and 
low vacuum modes with a touch of a 
button. 
4) An independent evacuating system 
permits use of one oil rotary pump 
exclusive for low vacuum evacuation . 
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Table 1 Specificational comparison of Natural SEMs 

S-2250N S-2360N S-2460N 

Resolution (High Vac.) 4.5nm 4.0nm 

Resolution (Low Vac.) 8.0nm s.nnm 

Magnification Range 20-200k 

Accelerating Voltage O.5-25kV 

Display Monitor 9 inch CRT 12 inch CRT x 2 

Photo Recorder Common Use Exclusive 

With Monitor 9 inch CRT 

Image Memory Option 512 (Buffer) 

1024 x 2 
Vacuum Range 1-270Pa 

Vacuum Indication Analogue Meter Digital Display 

Vacuum Control Knob Operation Menu Operation 

Th e vacuum system of a tu ra l SEM is 
shown in Fig . 2. The column and specimen 
cha mbe r a re se pa ra ted by a sm all aperture 
(orifice) to facilitate differential pumping. In the 
high vacuum mod e, the column and specimen 
chamber are evacuated with an oil d iffusion 
pump assisted by an independent oil rotary 
pump. Cle an vacuum is available without back 
st ream of oil mist. A changeo ver operation for 
high/low vacuum mod es is performed with ease 
by electromagnetic valve design. A fine vacuum 
ad jus tment in the low vac uu m mode is carried 
out by a motor dri ven needle valve. In practical 
op ra tion, a desired vacuum condition is easily set 
with a simple ad justment of the control knob (Fig. 
3 a) (S2250N, 5-2360 ) or a menu selection on the 
screen (Fig . 3 b) (S-2460N). In add it ion, the 
vacuum in specimen chamber is monitored by a 
pirani guage at all times and it is kept constant by 
a real time vacuu m feedback system even with 
heav y ou tgassing specime n. 

2. Backscattered electron detector 
Secondary electrons which are ord ina ri ly 

used for SEMs are unable to rea h detector in the 
low vacuu m condi tions due to loss of energy by 
collisons with gas mol ecules. a tu ral SEM forms 
images by detecting backscattercd electrons (BSE) 
whi ch ha ve alm ost the same energy as primary 
electro ns. A scint illa tor type de tector (Robinson 
Detector) or a semi cond uctor solid -sla te detecto r 
sho wn in Fig . 4 is commonly utili zed for 
de tection of USEs. The fo rmer has ad vantages for 

high s nsiti vity a nd fas ter response time. The 
latter ha a capabi lit y of displaying a tomic 
contrast imag e or to pog ra ph ic image by 
manipulating signals. The Robinso n Detec tor has 
been employed for Na tural SEM. 7t enab les easy 
focusing, brightness and contrast controls. Both of 
these d etectors can be acc o mod a tcd 
simultaneously when necessary. 

3. Image di splay system 
A flicker-free TV-scan di splay ass ociated 

with a realtime slow to TV scan con vers io n 
system using frame memories a re adopted for 
S-2460N. Since conventiona l SEM depends on an 
after-glow image on viewi ng CRT, image 
brightness is in sufficient for o bserva tion in 
normally lit room as shown in Fig . 5 a. TIle frame 
memory-based real time scan con version function 
provides qu ality images as shown in Fig. 5 b. This 
design allows microscopy without a need of dark 
room facilitv . There a rc three se t of frame 
memory systems includ ing one 512x512 pixel 
buffer and two 1024 xl024 pixel precisio n 
memories as shown in Fig. 6. The system allows 
versa tile ima ge record ing techniques in adi tion to 
conve n tio na l pho tographic ca meras . Besid es, 
image p rocess ing functi ons such as cont ras t 
ma nipulat ion, split screen di sp lay, image
 
in tegration arc also incorporated.
 

4. X-ray microa nalysis 
X-ray analysis in low vacuum cond itions
 

will result in loss of spatial resolution due to
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a) Dr i ed seaweed b) Seaweed soaked in wat er t or 30minutes 

vacuum 13 Pa 

Fig. 9 Observation of water contained specimen 

electron scattering by gas molecules [4] [5]. But, it 
is useful from a view point of nondestructive 
analysis for insulators in spite of some restrictions 
[6). Natural SEMs allow accommodation of 
Energy Dispersive X-ray spectrometers (EDX) 
and Wavelength Dispersive X-ray spectrometers 
(WDX) as shown in Fig. 7. An X-Ray take off 
angle of 30 degrees is available for WDX and 
mostly for EDX. However, the use of WDX is 
recommended only in the high vacuum mode 
because the system use a gas flow detector, which 
is usually energized at a high voltage. 

APPLICAnONS 

1. Observation of insulating materials 

Photographs in Fig. 8 show uncoated SiCh 
powder (about 5 11m in diameter) taken with the 
S-2250N at 1.3 - 270Pa. Defective images with 
unusual contrast and disorder of image caused by 
charging phenomenon are visible in vacuum less 
than 13 Pa (Fig. 8 a, b). However, charging was 
remarkably reduced at 130Pa as shown in Fig. 8 c 
and a stable observation was possible. Although 
any defective image by charging was not 
observed in 270Pa (Fig. 8d), SIN ratio of the 
image was slightly dropped. This problem was 

caused by scattering of primary and 
backscattered electrons because of a short mean 
free path. 

2. Study of specimens including water 
Micrographs taken with a dried seaweed 

and the same soaked in water for 30 minutes at 
13Pa are shown in Fig. 9. An observation under 
saturated water vapor pressure (about 2700Pa) is 
impossible since the operating range of Natural 
SEM is 1-270Pa. Although water in the water
soaked specimen was eva ported, some pits which 
were supposed to have water contained were 
observed without shrinkage or deformation . 
Fig. 10 shows microsgraphs of a growing point of 
morning-glory continuously observed at 130Pa. 
Authors confirmed no major damage to the 
specimen for the first 5 minutes. The observation 
of mold in Fig. 11 was stably practiced without 
specimen preparation. 

3. X-ray microanalysis in the low vacuum 
condition 

Fig. 12 shows an experimental result of 
relative intensity for low energy X-rays. 
Intensities of O-K and Ti-L lines declined at 50 Pa 
or higher. The X-ray absorption by gas molecules 
was increased as the pressure rises. On the other 
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Fig. 11 Observation of mold (at BPa) 
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Fig. 13 Plot of relative intensity (Cu Kn) as a function of distance from copper specimen 
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hand, C-K line increased in intensity, but the 
reason has not been cleared yet. 

Change of relative intensity of Cu-ke line 
depend on the vacuum condition and the 
di stance between specimen and primay beam as 
shown in Fig. 13 (The intensity when the beam 
irradiated on the specimen was defined as 1). 
From this result, it is assured that undesired 
X-rays were generated when the pressure 
exceeded 100Pa even at a distant position of 10 
urn from the specimen. Fig. 14 displays an 
analytical result of processed cheese at 100Pa for 
an additive "A" and a fat globule "B". 

CONCLUSIONS 
A charging phenomenon was reduced at 

vacuum condition over l00Pa. It was comfirmed 
that image quality, analytical accuracy and 
vacuum condition are closely related . Therefore, a 
stable low vacuum system is desired . Natural 
SEM have met these requirements by the real 
time vacuum control mechanism and exlusive 
evacuating system for low vacuum. Natural 
SEMs do not allow observation and analysis 
under saturated vapor pressure of water, but it is 
quite significant that a nondestructive study of 
wet specimens and insulators are perfomed 
without pretreatment. It is expected that these 
new SEMs witl make contributions for expansion 

of application fields for SEMs. 

RESUMEN 

Recientemente, los estudios de los 
especimencs de tipo aislantes 0 los que contienen 
agua, se han incrernentado debido al arnplio usa 
de los mlcroscopios de barrido arnbientales, 

Los autores han desarrollado tecnicas que 
operan a bajo vacto (1 - 270 Pa), Una condicion 
estable de bajo vacio se logra debido al control en 
tiempo real de la funcion de bajo vado y a la 
creaci6n de un sistema de cvacuacio n 
indcpendiente. De esta forma, se evita la 
influencia de factores externos como la 
degasificacion de la muestra y de la funcion de 
carnbio tipica al funcionamiento en condicion de 
alto vacfo, 

Los resultados han confirmado que el 
fenorncno de carga se puede rcducir cuando se 
estudia (caracterizan) muestras aislantes 0 

muestras biologicas 6 de alirnentos, Aun mas, el 
area de generacion de rayos X se puede reducir a 
10 J.J.m para 100 Pa. Se espera, de esta forma, un 
aurnento en cl campo de aplicacion de la tecnica 
de microscopta electronica de barrido que 
perrnitira la observacion y el analisis de las 
muestras en una forma no destructiva . 
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