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The quali ty of the image is affected not only by fixation of the m a t e r i a l ,  but also by the con-  
ditions of i ts  s tudy in the scanning e lec t ron  m i c r o s c o p e .  I f  the sp rayed  l a y e r  of ca rbon  o r  
heavy  me ta l  is thin the re  is the r i s k  of charg ing  the spec imen  during rapid  scanning with the 
e l e c t ron  beam,  and this  i n t e r f e r e s  with the quali ty of the image .  The study of biological  ob-  
j ec t s  is bes t  c a r r i e d  out at two nominal  va lues  of the acce l e r a t i ng  voltage (for example ,  10 
and 4 kV), fo r  in this way e r r o r s  during in te rp re ta t ion  of the r e su l t s  can be avoided. Ne i the r  
the th ickness  of the l aye r  of ca rbon  or  heavy me ta l  o r  different  nominal  values  of the a c c e l -  
e r a t i ng  voltage can affect  the re l iab i l i ty  of the informat ion  obtained if in each  concre te  case  
the phys ica l  bas i s  of image fo rmat ion  and the e x p e r i m e n t a l  conditions a re  allowed for  in the 
ana lys i s .  Museum m a t e r i a l  fixed in o rd ina ry  fo rmal in  can be used  for  study in the scanning 
e l ec t ron  m i c r o s c o p e .  
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To obtain a high-qual i ty  image of a biological  object  in the scanning e l ec t ron  m i c r o s c o p e  (SEM) a 
n u m b e r  of speci f ic  diff icul t ies  have to be ove rcome  that  a re  not m e t  with by w o r k e r s  us ing the SEM in 
o ther  f ields of  sc ience  and technology.  To p reven t  charging,  f i lms  of ca rbon  or  a heavy me ta l  (gold, s i lver ,  
pal ladium) are  usua l ly  sp rayed  on its sur face  [2]. It  is r e c o m m e n d e d  that  the th ickness  of the l aye r  sp rayed  
on the su r face  mus t  not exceed  200-300 ~ otherwise  the fi lm would d i s to r t  the m i c r o r e l i e f  of the surface  
of the object .  However ,  sp ray ing  a heavy me ta l  on the sur face  of a biological  object does not only p reven t  

Fig. 1. D iagram showing e m i s s i o n  
of e l ec t rons  f rom an object  under  the 
influence of a probing  e l ec t ron  beam.  
S 1) Emis s ion  of secondary  e l ec t rons  
induced by probing e l ec t ron  beam;  S 2) 
e m i s s i o n  of secondary  e l ec t rons  induced 
by e l ec t rons  re f lec ted  f rom the depth 
of the object;  EB) e l ec t ron  beam;  D) 
de tec tor ,  O) object .  

charging  of its su r face .  Even a s s u m i n g  that  the sur face  
of the object  is not charged,  the probing beam,  as it 
pene t r a t e s  much  deepe r  into the organic  object  than into 
the me ta l s ,  causes  dis tor t ion of the sur face  r e l i e f  it is 
intended to inves t igate .  Consequently,  another  r ea son  
making it e s s e n t i a l  to fo rm a film of heavy me ta l  on the 
sur face  of the object  is the a t tempt  to inc rease  the r e -  
solving power  of the ins t ruments  and to reduce dis tor t ion 
dur ing the study of biological  objects  on account of an in-  
c r e a s e  in the e m i s s i o n  of secondary  e l ec t rons  f rom the 
su r face .  

The object  of this communica t ion  is to d iscuss  c e r -  
ta in  p r o b l e m s  connected with d is tor t ion of the t rue  m i c r o -  
r e l i e f  of the sur face  during a change in the conditions of 
emi s s ion  and, in pa r t i cu l a r ,  a change in the acce l e ra t ing  
voltage and th ickness  of the f i lm sp rayed  on the sur face  
of the object ,  i .e. ,  p rob l ems  that  have been encountered  
during the study of human and an imal  cel ls  and t i s sues .  

Ao V. Vishnevski i  Insti tute of Surgery ,  Academy of Medical  Sciences of the USSR, Moscow. (P re -  
sented by Academic ian  of the Academy of Medical  Sciences of the USSR,A. A. Vishnevskii . )  T rans l a t ed  
f rom Byul le ten '  t~ksper imenta l 'no i  Biologii i Medits iny,  Vol. 79, No. 1, pp. 90-93, January ,  1975. Or ig inal  
a r t i c le  submit ted  June 27, 1974. 

�9 19 75 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

91 



Fig.  2. Biological  objects  in the r a s t e r  e l ec t ron  mic roscope :  a) 
a lveolus ,  REM, 600 x .  Acce le ra t ing  voltage 4 kV; b) a lveolus ,  SEM, 
600 • Acce le ra t ing  voltage 10 kV. Aluminum pa r t i c l e s  of conduct-  
ing glue lying beneath the object  examined;  c) under  an acce l e ra t ing  
vol tage of 4 kV the red  ce l l s  appea r  flattened, SEM, 2000 • ; d) under  
an acce l e r a t i ng  voltage of 20 kV the red cel ls  appea r  biconcave,  SEM, 
3000 x;  e) r ed  ce l l s  shaped like a p e s s a r y ,  SEM, 10,000 • A c c e l e r a t -  
ing voltage 10 kV. 

To examine  the causes  of d is tor t ion  of the su r face  m i c r o r e l i e f  of biological  objects  in the SEM it 
mus t  be r eca l l ed  that  o ther  types  of radia t ion a r i s i ng  when the probing beam acts  on the objects  will a lso 
affect  the image qual i ty .  The intensi ty  of the seconda ry  radia t ion is a function of the a tomic  number  of the 
e Iement  of the object  and the ene rgy  of the in te rac t ing  e l ec t ron .  Usual ly  depths f rom which secondary  
e l ec t rons  a re  emi t t ed  is l e s s  than 500 A, in the case  of re f lec ted  e l ec t rons  a 1000 ~ (lp}, and for  x r ays  
5000 A (5 ~). The g r e a t e r  the ene rgy  of in te rac t ion  between the e l ec t rons  and the lower  the a tomic  weight 
of  the m a t e r i a l ,  the deepe r  the e l ec t ron  will pene t ra te  into the spec imen .  

Pene t ra t ion  of e l ec t rons  into the depth of biological  objects  is cons iderab le .  For  example ,  for  an 
organic  subs tance  such as cel luloid it is 6 p. [1]. The pene t ra t ion  of e l ec t rons  inside an object cons ide r -  
ably  r educes  the degree  of con t ras t  of the image and the reso lv ing  power  of the ins t ruments ,  in which an 
image  is f o r m e d  in s econda ry  e l ec t rons .  A dec r ea se  in the reso lv ing  power  of the ins t rument  is an un-  
de s i r ab l e  phenomenon,  but one that  does not lead to e r r o r  in the in te rp re ta t ion  of the image for  the inves -  
t i ga to r ,  who s imply  does not find the individual detai ls  because  of the lack of con t ras t  of the e lec t ron  m i c r o -  
g raphs .  A m o r e  se r ious  danger  is a fa lse  in te rp re ta t ion  of the image as obtained.  The cause of the fa lse  
in fo rmat ion  is the appea rance  of addit ional secondary  radia t ion as a r e su l t  of e l a s t i c - s c a t t e r e d  (reflected) 
e l e c t r o n s  f r o m  the depth of the object  (Fig. 1). 

The d e e p e r  the probing beam pene t r a t e s ,  the m o r e  e l ec t rons  a re  ref lec ted ,  and the m o r e  informat ion 
is added on account  of e m i s s i o n  f rom the sur face  caused  by the re f lec ted  e l ec t rons .  

The r e su l t s  of  a study of lung t i s sue  using two nominal  values  of the acce l e r a t i ng  voltage (4 and 10 
kV) can se rve  as  an i l lus t ra t ion  to these  facts .  T i s sues  sec t ion  10p thick were  used.  The th ickness  of the 
sp rayed  l aye r  did not exceed  100-150 A. An alveolus is shown i n F i g .  2a under  an acce l e ra t ing  voltage of 
4 kV, andin Fig. 2b under  an acce l e r a t i ng  voltage of 10 kV. The cons iderable  di f ference between the images  
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is explained by the fact  that  the subjacent  s t r u c t u r e s ,  i .e . ,  a luminum pa r t i c l e s  contained in the conducting 
glue used  to fix the sec t ion  to the m e t a l  gr id,  can be seen  in Fig. 2b. Dis tor t ion  of the sur face  of the bio~ 
logical  object  when studied in the SEM is difficult at p r e sen t  to i l lus t ra te ,  fo r  biological  objec ts  a re  not 
exact  l i kenesses  of each  o ther .  However ,  as even the s imple  ana lys i s  of the image of a red  blood cel l  in 
Fig. 2c, d, under  different  a cce l e r a t i ng  vol tages ,  shows the apparen t  pe r fo ra t i on  through the red cel l  (Fig. 
2d) is the resu l t  of d is tor t ion caused  by the fact  that  the con t ra s t  of the image is due m o r e  to the emi s s io n  
f rom the gr id  than to the sma l l  depth of the dep res s ion  of the bioconcave disc of the red cel l .  

The different  shapes  of the image of red  ce l l s  studied under  acce l e r a t i ng  vol tages  of 4 and 10 kV is 
de te rmined  not only by d i f fe rences  in the s ignal ,  but also by the degree  to which the subjacent  s t r u c t u r e s  
a re  v i sua l ized .  The dist inct ive shape of the red cel l  (Fig. 2e) could be the resu l t  of the a r r a n g e m e n t  of 
the hemoglobin inside it. Where the re  is no hemoglobin the m e m b r a n e  appea r s  Mtranslucent." 

To avoid a m i s i n t e rp r e t a t i on  of the seconda ry  e l ec t ron  image obtained in the SEl~, on the d i scovery  
of a new fo rm or  an in te res t ing  sur face  defect ,  it is e x t r e m e l y  impor tan t  to compare  the r e su l t s  of the 
study under  low and high acce l e r a t i ng  vo l t ages .  

If  the sp r a yed  l aye r  is too thin, this  could also lead to a reduct ion in quality of the image .  Poor  qual-  
ity of sp ray ing  is eas i ly  detected when objects  a re  studied on a te lev is ion  s c r e e n  (with rapid  scanning).  
The appearance  of luminous en la rged  a r e a s  in the r e su l t  of charg ing  of the spec imen ,  and if slow scanning 
is used,  poor  quality of sp ray ing  may  be e x p r e s s e d  as a loss  of c la r i ty  of the image ,  o r  it m a y  not be noted 
at all .  The r ea s on  for  the d i f fe rences  in th is  mani fes ta t ion  of poor  quality sp ray ing  is that  if the subjacent  
s t r u c t u r e s  a re  charged  and fast  scanning is used,  the charge  is unable to " leak away,~ whereas  at  a low 
scanning speed the charge  on the in terna l  s t r u c t u r e s  can lead only to worsening  and ins tabi l i ty  of the image 
or  to the appearance  of a r t e f a c t s .  

An i m p r o v e m e n t  of con t ras t  can be obtained by obse rv ing  the objects  at an angle of 30-45~ this  is 
p a r t i c u l a r l y  impor tan t  when i so la ted  ce l l s  a re  studied, for  the t h r e e - d i m e n s i o n a l  qual i ty of the image is 
improve  d. 

Unsprayed  objec ts  can be studied under  an acce l e r a t i ng  voltage of 4 kV. Obse rva t ions  in this way 
does not de t rac t  f rom the quali ty of the image at magni f ica t ions  of up to 700 t i m e s .  

We found no s ignif icant  d i f ference  in image quali ty when dif ferent  m a t e r i a l s  were  used  fo r  spray ing  
(gold, s i lve r ,  carbon) ,  and this is e x t r e m e l y  impor tan t  because  of the t r emendous  dif ference in cost  of 
these  noble me ta l s  and carbon.  However ,  if  only carbon is sp r ayed  on, and no noble me ta l  is sp rayed  
ove r  it, the con t ras t  of the resu l t ing  image is s l ightly reduced and the r i sk  of  v isua l iz ing  the in terna l  
s t r u c t u r e s  of the ce l l s  and t i s s u e s  a r i s e s .  However ,  this  does not affect  the r e su l t s  obtained by the e x -  
aminat ion of biological  objec ts ,  for  in each  concre te  case  the r ea sons  for  obtaining a p a r t i c u l a r  image of 
the ce l l s  and t i s s ue s  was analyzed f rom the standpoint of the phys ica l  bas i s  of image fo rmat ion  and a l low-  
ing for  the e x p e r i m e n t a l  condit ions.  By ana lys i s  of this type it was a lso  noticed that  hea r t  va lves  and 
blood v e s s e l s ,  if  fixed in fo rmal in  and kept for  a long t ime  (1-2 yea r s )  were  pe r fec t ly  suitable for  e x a m -  
ination in the SEM within a range of magnif ica t ions  of 100 to 3000 t imes .  

Pathologis ts ,  h is to logis t s ,  and morpho log i s t s  a re  well aware  that  museum m a t e r i a l ,  fixed in o rd ina ry  
formal in ,  can be used  for  study in the SEM a f t e r  a long per iod of p r e s e r v a t i o n .  

Image  quality is thus affected not only by fixation of the m a t e r i a l  but a lso  by the conditions of  i ts  
study in the SEM. With a thin l aye r  of ca rbon  of heavy me ta l  sp rayed  on it the re  is the r i sk  of charging 
the spec imen  during rapid  scanning with the e l ec t ron  beam,  and this spoils  the quality of the image .  Bio-  
logical  objec ts  a r e  best  studied with two nominal  values  of the a c c e l e ! a t i n g  voltage (for example ,  10 and 
4 kV), in o r d e r  to avoid m i s t a k e s  when the r e su l t s  a re  in t e rp re t ed .  
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