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SEMIAUTOMATIC PREPARATION OF SPECIMENS FOR 

TRANSMISSION ELECTRON MICROSCOPY 

C.K.H. DuBose J. 0. S t i eg le r  

ABSTRACT 

A rap id  expansion i n  the use of transmission e lec t ron  
microscopy a t  the O a k  Ridge National Laboratory has l e d  t o  
the  development of new equipment designed t o  produce speci-  
mens of a var ie ty  of mater ia ls ,  o f ten  a f t e r  neutron i r r a d i -  
a t ion,  i n  a quick and r e l i a b l e  manner. Specimens a re  cut, 
i n  a hot c e l l  if necessary, t o  a thickness of about 20 m i l s  
and a maximum diameter of 1/8 i n .  These a r e  f i r s t  "dimpled" 
on both s ides  by an e l e c t r o l y t i c  j e t  technique t o  reduce the 
thickness of the center  of the specimen t o  about 2 m i l s .  
The shape of the dimple bottom i s  control led by varying the 
current  density;  and under appropriate conditions large,  
flat-bottomed dimples can be formed. F ina l  pol ishing i s  
accomplished i n  a standard e l e c t r o l y t i c  pol ishing c e l l  i n  
which breakthrough i n  the dimpled region i s  detected by an 
extremely sens i t i ve  photocel l  device. 
piped t o  the specimen and the l i g h t  t ransmit ted through the 
hole i s  del ivered t o  the photocel l  by a f iber -opt ics  system. 
This system provides a s m a l l ,  in tense l i g h t  beam and a l so  
el iminates  in te r fe rence  from thermal f luc tua t ions  of the 
pol ishing so lu t ion  and rad ia t ion  e f f e c t s  on the  photocel l .  
Activation of the  photocel l  stops the pol ishing ac t ion  i n  
the f i n a l  s t ep .  

Incident  l i g h t  i s  

With t h i s  technique, extremely small holes can be 
detected, which usual ly  a re  surrounded by reasonably la rge  
areas  t ransparent  t o  100 kv e lec t rons .  The technique i s  
extremely rapid compared t o  standard techniques using l a rge  
f o i l s ,  and it  does not require  close a t t en t ion  of the opera- 
t o r .  I t s  semiautomatic nature permits handling of radioact ive 
mater ia l s  with l i t t l e  rad ia t ion  exposure. It i s  now possible  
t o  go from bulk sample t o  a f in i shed  specimen i n  about 30 min. 
F u l l  d e t a i l s  on design of the equipment and operations of the 
technique are included. 
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IIVTRODUCTI ON 

An increase i n  t h e  appl ica t ion  of transmission e lec t ron  microscopy 

t o  a large number OP meta l lurg ica l  problems a t  t h e  Oak Ridge National 

Laboratory has led  t o  t he  development of new equipment and techniques f o r  
preparing t h i n  f o i l s  of a wide va r i e ty  of mater ia ls ,  o f ten  a f t e r  neutron 

i r r ad ia t ion ,  i n  a quick and r e l i a b l e  manner. Standard techniques, such 

a s  Bollman’ o r  window2J3 a r e  slow, demand c lose  a t t e n t i o n  of an operator,  

and require  f o i l s  i n i t i a l l y  1/2 i n .  square by 10 m i l s  t h i ck  a s  s t a r t i n g  

mater ia l ,  which precludes s tud ies  of many i n t e r e s t i n g  engineering mater ia l s .  

I n  designing t h e  equipment we have kept i n  mind a number of require-  

ments of t h e  Metals and Ceramics Division. Since i n t e r e s t  i s  increasing 
i n  s tud ies  of i r r a d i a t e d  s t r u c t u r a l  and f u e l  mater ia ls ,  any equipment 

must be capable of  working with specimens having r ad ia t ion  l e v e l s  up 

t o  severa l  roentgens per  hour. 

s p a t i a l  l imi t a t ions  of research r eac to r s  make it des i r ab le  t h a t  t h e  

technique be capable of using bulk specimens on which other t e s t s  a r e  

run. The technique must be appl icable  t o  a wide va r i e ty  of mater ia l s  

and must be simple and r e l i a b l e  enough t h a t  it can be used by technicians 
having l i t t l e  t r a i n i n g  i n  e lec t ron  microscopy. 

The expense of r eac to r  i r r a d i a t i o n s  and 

This repor t  descr ibes  i n  d e t a i l  t h e  technique t h a t  has evolved from 
our experience. The technique cons i s t s  of t h ree  separate  operations. 

F i r s t ,  a wafer about 1/8 in .  i n  diameter, o r  square, by about 20 mils 

t h i ck  i s  mechanically cut  from a bulk specimen. Next, a j e t  of e lec t ro -  

l y t e  i s  used t o  produce depressions on opposite f l a t s  leaving an area 

about 2 m i l s  t h i c k  surrounded by a th i ck  r i n g  of unpolished mater ia l .  
Final ly ,  t h i s  piece i s  inser ted  i n  a standard e lec t ropol i sh ing  c e l l  where 
it i s  i l luminated from one s ide  by an in tense  l i g h t  beam transmit ted by 
a f ibe r -op t i c s  system; when a hole i s  formed by fu r the r  polishing, t h e  

t ransmit ted l i g h t  ac t iva t e s  a de tec tor  which s tops t h e  polishing ac t ion  

and sounds an alarm. 

‘W. Bollman, Phys. Rev. - B O ,  1588 (1956). 
’R. B. Nicholson, G. Thomas, and J. Nutting, B r i t .  J. Appl. F%ys. - 9, - 25 (1958). 

3H. M. Tomlinson, Phi l .  Mag. 3, - 867 (1958). - 
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JET POLISHING 

A number of j e t  polishing techniques&'* have been reported f o r  

machining or dimpling specimens f o r  e lec t ron  microscopy. 
employ a f i n e  j e t  of e l e c t r o l y t e  t o  remove material from a l imi ted  area. 

Gravity, air  pressure, or mechanical pumps have been used t o  force  t h e  

e l e c t r o l y t e  through t h e  or i f ice .  No d e t a i l s  have been reported on t h e  

nature  of t h e  polished surface; dimples have genera l ly  been described as 

d i s h  shaped. 

They a l l  

D i f f i c u l t i e s  with cont ro l  of e lec t ro ly t e  flow rate w i t h  mechanical 

pumps and w i t h  corrosion of hypodermic needles l ed  us  t o  a l l  g l a s s  sys- 

tems using air pressure,  as shown i n  Fig. 1. The u n i t  i s  b u i l t  around 

an erlenmeyer f l a s k  t h a t  serves  as a storage reservoi r  f o r  e l ec t ro ly t e .  

A thermometer por t  i s  b u i l t  i n  f o r  measuring temperature, which i s  con- 

t r o l l e d  by a hea ter  tape  or l a r g e  d ish  of a cooling l i q u i d  i n  which t h e  

e n t i r e  assembly may be placed. Air pressure a t  about 2 ps ig  forces  t h e  

e l e c t r o l y t e  up through a tube containing a platinum wire cathode and out 

through an o r i f i c e  approximately 20 m i l s  i n  diameter. 

t o r  pos i t ions  t h e  specimen with respect  t o  t h e  je t ;  specimen-to-nozzle 

d is tances  are on t h e  order of 1 / 2  in .  

platinum-tipped tweezers or i n  a spec ia l  Teflon holder which allows more 

reproducible posit ioning. The specimen i s  s e t  i n  a beaker which i s  
at tached t o  t h e  reservoi r  f l a s k  by a check valve, so t h a t  when t h e  

pressure i s  removed t h e  e l e c t r o l y t e  w i l l  flow d i r e c t l y  back t o  t h e  

reservoi r .  

A micromanipula- 

The specimen i s  clamped i n  

4P. R. S r u t t ,  Rev. Sci. In s t .  32 411 (1961). 
-J 

5R. P. Riesz and C. G. Bjorling, Rev. Sei. Instr. 32 889 (1961). 

6G. Blankenburgs and M. J. Wheeler, J. Ins t .  MetalF92 -2 337 (1963-64). 
7Eugene S. Meieran and David Thomas, Trans. A I M E  227 

8G. R. Booker and R. S t ick ler ,  B r i t .  J. Appl. Phys. l.3 

9R. St i ck le r  and R. J. Ehgle, J. Sci. I n s t r .  40, - 51871963). 

- 
-, 
- 

284 (1963). -7 - 
446 (1962). 

-f 

l0L. I. VanTorne and G. Thomas, Rev. Sci. I n s t F  -2 36 1042 (1965). 

"R. C. Glenn and R. D. Schoone, Rev. Sci. I n s t r .  35, 1223 (1964). 
12R. D. Schoone and E. A. Fischione, Rev. Sci. I n s G .  -1 37 1351 (1966). 

- 
- 
- 
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Fig. 1. J e t  Polishing Rig. The u n i t  i s  constructed from standard 
laboratory glassware. See t e x t  f o r  d e t a i l s  on operation. 



5 

Conditions f o r  j e t  pol ishing a r e  general ly  d i f f e r e n t  from those 
f o r  standard electropol ishing.  
t h e  e f f e c t s  of t h e  pol ishing var iables .  

I n  t h e  following sect ions we w i l l  d i scuss  

Voltage 

Current-voltage cha rac t e r i s t i c s  of standard low res i s tance  e lec t ro-  

pol ishing c e l l s  i n  which electrodes a r e  on t h e  same order of s i z e  as t h e  

specimen a r e  of t h e  form shown i n  Fig. 2. A s  t h e  voltage applied across  
t h e  c e l l  i s  increased, t h e  current  a l s o  increases  t o  a point  where it 
remains r e l a t i v e l y  independent of voltage ( the  so-cal led pol ishing 

plateau-region CD). 

an increase i n  voltage and gas evolution usua l ly  occurs. 

specimen usua l ly  occurs a t  voltages below t h e  plateau (AB) and uneven 

pol ishing or p i t t i n g  above it (DE). Reasonably good pol ishes  can be 
obtained across  t h e  p la teau  although a t  t h e  low vol tage end specimen 

edges a r e  polished p re fe ren t i a l ly ,  while a t  t h e  high vol tage end t h e  

specimen centers  receive t h e  bes t  polish.  

p la teau  a r e  dependent on t h e  e l e c t r o l y t e  and on t h e  electrode configura- 

t i o n ,  disappearing as t h e  r e s i s t ance  of t h e  e l e c t r o l y t e  increases  and 

as t h e  cathode s i z e  decreases.13 

Above t h e  plateau, cur ren t  increases  r ap id ly  with 

Etching of t h e  

The nature and extent of t h e  

The s i t u a t i o n  i s  qu i t e  d i f f e r e n t  for t h e  j e t  polishing r i g  described 

here. 

depicted i n  Fig. 3 i n  which current  always increases  with an increase i n  
voltage.  Surfaces i n  the path of the  e l e c t r o l y t e  are polished over t h e  
e n t i r e  range of voltage; t h e  shape of  t h e  polished region is, however, 

very sens i t i ve  t o  the  voltage, as i s  shown i n  t h e  i n s e r t s  i n  Fig. 3. 
A t  low vol tages  t h e  centers  of t h e  polished regions a r e  p r e f e r e n t i a l l y  

polished, c rea t ing  t h e  well-known dish-shaped depressions. A t  i n t e r -  
mediate vol tages  pol ishing i s  uniform over t h e  cross  sect ion of t h e  j e t  

leading t o  flat-bottomed dimples. A t  high vol tages  t h e  current  dens i ty  

i s  highest  a t  t h e  perimeter of t h e  j e t  giving r i s e  t o  depressions t h a t  

a r e  crowned a t  t h e  center  and low a t  t h e  edges. Dimples produced by t h e  
j e t  polishing u n i t  described here are about 1/16 in .  i n  diameter. 

A polishing plateau i s  never observed, but r a the r  t h e  behavior 

~~ ~~ ~ ~~ 

13Pierre  A. Jackquet, M e t .  Rev. 2 1 157 (1956). - 
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Fig. 2. Schematic Illustration of the Dependence of Current on 
Voltage Applied Between the Specimen and the Cathode(s) in a Low- 
Resistance Electropolishing Cell. 
polishing in CD, and pitting and rapid gas evolution in DE. 

Etching occurs in the region AB, 
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Fig. 3. Anode Current vs Applied Voltage fo r  the Jet Polishing 
Unit Shown in Fig. 1. Polishing occurs at all voltages. The shapes of 
the polished areas are shown in the inserts. 
less steel. 

Data are for type 304 stain- 
See Appendix A for polishing solution. 
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With t h e  j e t  technique it i s  possible  t o  work a t  what would normally 
be considered high vol tages  for electropol ishing.  
prevents buildup of t h e  viscous anolyte  t h a t  cont ro ls  polishing under 

conditions of lower voltage. Mater ia l  i s  removed a t  a r a t e  of a f e w  m i l s  
per minute. 

The j e t  evident ly  

Specimen-to-Nozzle Distance 

The dimple shape i s  l a rge ly  a funct ion of current  density,  f o r  

s imi la r  behavior can be obtained a t  constant voltage by varying t h e  

specimen-to-nozzle dis tance,  The r e l a t ionsh ip  between these  var iab les  

i s  i l l u s t r a t e d  i n  Fig. 4. Figure 5 i s  a p l o t  of anode current  aga ins t  

appl ied vol tage f o r  severa l  d i f f e r e n t  dis tances .  The a c t u a l  value of 

current  f o r  a p a r t i c u l a r  vol tage also depends on t h e  loca t ion  of t h e  

cathode with respec t  t o  t h e  t i p  of t h e  nozzle. 

W n 0.40--- 
0 z a 

0.05 - 

n 
"0 5 10 15 20 25 30 35 40 45 

SPECIMEN TO NOZZLE DISTANCE (mm) 

Fig. 4. The Effect  of Specimen-to-Nozzle Distance on Current and 
Shape of t h e  Polished Region. Data a r e  f o r  s t a i n l e s s  s t e e l  (see Fig. 3). 

. 
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APPLIED VOLTAGE (D.C.) 

Fig. 5. Wfec t  of Specimen-to-Nozzle Distance and Solution 
Temperature on Current-Voltage Charac te r i s t ics  f o r  t h e  J e t  Polishing 
Unit. Data a r e  for nickel.  

Pressure o r  Flow Rate 

The voltage-current c h a r a c t e r i s t i c s  a r e  r e l a t i v e l y  independent of 
t h e  flow r a t e  of e l ec t ro ly t e  although t h e  q u a l i t y  of t h e  pol i sh  i s  
general ly  poor a t  extremely high o r  extremely low ra t e s .  

r a t e s  of flow (50 ml/min a t  2 ps ig )  a round, uniformly polished dimple 

can be obtained, Fig. 6. A t  low flow r a t e s  t h e  polished region becomes 
t e a r  shaped, and a t  very high rates inc lus ions  cause t h e  star-shaped 

e f f e c t  shown i n  Fig. 7. A t  high r a t e s  splashing a l s o  becomes a problem. 

A t  normal 

Elec t ro ly tes  

I n  many cases e l ec t ro ly t e s  used f o r  standard e lec t ropol i sh ing  can 

be used f o r  j e t  polishing although temperature ranges f o r  obtaining 

good pol ishes  of ten  a r e  s ign i f i can t ly  d i f f e r e n t ,  

en t  solut ions produce b e t t e r  r e s u l t s  o r  a r e  more des i r ab le  from a sa fe ty  

standpoint. Since t h e  high vol tages  used i n  j e t  pol ishing can cause 

arcing, so lu t ions  containing alcohol  and perca lor ic  ac id  a r e  p o t e n t i a l l y  

dangerous. 

we have found t o  be successful.  

I n  many cases  d i f f e r -  

Appendix A l i s t s  e l ec t ro ly t e s  and polishing conditions t h a t  
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Fig. 6. Macrophotograph of J e t  Polished S ta in l e s s  Steel.  Note t h e  
confinement of t he  pol i sh  t o  t h e  a rea  i n  t h e  pa th  of t h e  j e t  and t h e  
flat-bottomed nature  of t h e  dimple. 

Fig. 7. Dimpled Area of a S ta in l e s s  S t e e l  Specimen Containing 
Large Second Phase P a r t i c l e s  t h a t  w a s  Subjected t o  a High Elec t ro ly te  
Flow Rate. 
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Procedure 

. 

The technique because of i t s  s impl ic i ty  i s  extremely reproducible 

and easy t o  apply. Once pol ishing conditions have been determined, a 

specimen should be polished u n t i l  t h e  j e t  pol ishes  a hole through it. 
The thickness  divided by t h e  time t o  cause per fora t ion  g ives  a good 

estimate of removal r a t e .  

or mounted i n  a holder and ca re fu l ly  posit ioned with respect  t o  t h e  jet .  

Both s ides  should be dimpled u n t i l  a thickness  of about 2 m i l s  i s  l e f t .  

This eliminates t h e  p o s s i b i l i t y  of mechanical damage from t h e  j e t .  By 
cont ro l l ing  t h e  r e l a t i v e  t i m e s  of pol ishing from each s ide  it i s  possible  

t o  se l ec t  sec t ions  from about any depth i n  t h e  specimen, t h e  only l i m i t a -  
t i o n  being t h a t  s u f f i c i e n t  mater ia l  be removed t o  eliminate regions damaged 

by t h e  cu t t i ng  operation. 

it d i f f i c u l t  t o  reproduce j e t  geometry and electrode placement i n  t h e  two 

j e t s ,  leading t o  d i f f e r e n t  polishing conditions on t h e  two s ides  of t h e  

specimen. This could be overcome by using d i f f e r e n t  power suppl ies  f o r  

t h e  two sides,  but  t h e  d i f f i c u l t i e s  associated with defining t h e  polishing 

condi t ions make use of t h e  s ing le  j e t  ea s i e r  and more desirable .  

The specimen should be clamped with tweezers 

We have t r i e d  some double j e t  r i g s  but found 

The technique has the  advantage t h a t  it requi res  a minimum amount 

of handling and a t t e n t i o n  by t h e  operator. The specimen does not need 

t o  be masked; it can be clamped i n  tweezers or held i n  a simple holder 

and aligned with respect  t o  t h e  j e t  i n  a matter of a few seconds. 

Figure 6 shows t h a t  t h e  polishing i s  confined t o  t h e  area of t he  path 
of t h e  j e t .  Once pol ishing conditions have been defined, specimens can 

be handled rout ine ly  i n  a matter  of a few minutes. 
have used it on specimens reading up t o  10 r/hr with only s l i g h t  exposure 

(few mil l i roentgens)  t o  the operator.  

I n  addition, we 

FINAL ELIZCTROPOLISHTNG WITH A UGHT DETECTOR 

. 

A s  w a s  mentioned e a r l i e r ,  samples a r e  obtained by electropol ishing 

t h e  dimpled wafers i n  a standard electropol ishing c e l l  u n t i l  a hole 

forms. 

and de tec tor  t o  h a l t  automatically t h e  pol ishing ac t ion  a t  t h e  time of 

We have adapted t h e  c e l l  s l i g h t l y  t o  incorporate  a l i g h t  source 

. 
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. 

perforat ion.  

it did requi re  severa l  unique modifications. 

Although t h i s  seems t o  be a f a i r l y  straightforward operation, 

Polishing Cel l  and Cathodes 

The cathodes and l i g h t  source compete with each other for space i n  

t h e  c e l l  i n  t h e  sense t h a t  they should both face  t h e  surface being 

polished. 

submerged j e t s  containing the  cathodes normal t o  t h e  specimen surface and 

by i l luminat ing t h e  specimen with a beam of l i g h t  inc ident  a t  an  angle 

of about 45" from t h e  normal. 

Schoone and Fischione": solved t h i s  problem by posi t ioning 

We f e l t  t h a t  t h e  i l luminat ion system 

demanded t h e  highest  p r i o r i t y  and designed our pol ishing c e l l  around it. 
The c e l l  i s  constructed from a 90-mm c r y s t a l l i z i n g  d i sh  with two 

10-mm-dim tubes having o p t i c a l l y  f l a t  ends extending i n  about 30 mm from 

opposite sides, as shown i n  Fig. 8. The sample i s  then located midway 

between the  tubes t h a t  serve t o  introduce and remove l i g h t  from t h e  c e l l .  

The cathodes a r e  f l a t  p l a t e s  having c i r c u l a r  holes  equal t o  t h e  
outer  diameter of t h e  l i g h t  tubes and thus  fit around t h e  tubes i n  t h e  

manner shown i n  Fig. 9. 

have a s ign i f i can t  e f f e c t  on t h e  nature  or t h e  extent  of t he  pol i sh  as 

long as the  specimen i s  small compared with t h e  cathodes, which i s  always 
t h e  case i n  t h i s  arrangement. The cathodes a r e  mounted i n  a bar t h a t  

r e s t s  on t h e  pol ishing c e l l  which allows them t o  be adjusted w i t h  respec t  

t o  each other  and t h e  specimen. The negative lead i s  at tached t o  a screw 
on t h e  bar. 

We have found t h a t  t h i s  cathode design does not 

The e n t i r e  c e l l  normally r e s t s  on a hot  p l a t e  having a b u i l t - i n  

magnetic s t i r r i n g  device. For so lu t ions  requi r ing  a low operating tem- 

perature,  t h e  e lec t ropol i sh ing  c e l l  s i t s  i n  a l a r g e r  d i sh  t h a t  can contain 
a l i q u i d  held a t  t h e  desired temperature. 
platinum-tipped tweezers t h a t  can be posit ioned with respec t  t o  the  l i g h t  

beam with a micromanipulator. No masking i s  required i f  the  specimen has 

been dimpled a s  described previously. 

a specimen i n  pos i t ion  f o r  polishing. 

The specimen i s  gripped with 

Figure 10 shows t h e  assembly with 

14R. D. Schoone and E. A. Fischione, Rev. Sci. I n s t r .  37, 1351 (1966). - - 
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Fig. 8. The Fina l  Polishing Cell. Tubes having op t i ca l ly  f la t  ends 
have been inser ted  i n t o  the c e l l  t o  admit and remove t h e  l i g h t .  

1 

I 

Fig. 9. F ina l  Polishing Cel l  with Cathode Assembly i n  Place. 

. 

. 



Fig. 10. 
Note that the specimen is clamped by platinum-tipped tweezers. 
masking is required. 

Polishing Cell with Fiber Optics and Specimen in Place. 
No 
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Liight Source 

I n i t i a l l y ,  w e  located a s m a l l  bulb i n  one of t h e  l i g h t  tubes but 

found t h a t  with bulbs t h a t  would fit i n  t h e  tube we were unable t o  

obtain s u f f i c i e n t l y  high l i g h t  i n t e n s i t i e s .  This l e d  t o  t h e  concept of 
a high i n t e n s i t y  source from which l i g h t  i s  piped t o  t h e  polishing c e l l  

by means of a f iber -opt ics  system. 
The l i g h t  source, shown i n  Fig. 11, i s  bui l t  around a type DAH high 

i n t e n s i t y  project ion lamp (500 w). 
i n  a chimney, and cooling a i r  i s  forced around it with a r o t a r y  blower. 

I n  addition, a vacuum tube heat shield,  having a hole cut  out f o r  t h e  

l i g h t  beam, i s  used on t h e  lamp t o  enhance heat removal. 

prevents operation of t h e  l i g h t  without f irst  turning on t h e  blower. 

I n  order t o  prolong lamp l i f e ,  t h e  lamp fi lament i s  brought up t o  r a t ed  

current  gradual ly  with an unijunction t r a n s i s t o r - t r i a c  c i r c u i t .  A run- 

ning time meter i s  included i n  t h e  c i r c u i t  t o  allow replacement of t h e  

lamps before t h e i r  r a t ed  l i f e t i m e  of 200 h r  i s  reached. 

To d i s s ipa t e  heat  t h e  lamp i s  mounted 

An in t e r lock  

The l i g h t  beam i s  coupled t o  t h e  f iber -opt ic  bundle through a clad-  

g l a s s  rod, which absorbs enough of t h e  in f r a red  component of t h e  l i g h t  

beam t o  keep t h e  temperature a t  t h e  face  of t h e  epoxy-bonded f iber -opt ic  

bundle down t o  an acceptable leve l .  

t h e  pol ishing c e l l  where a l ens  system a t  t h e  end of t h e  l i g h t  tube 

focuses it t o  a spot about 1/16 in .  i n  diameter a t  a point  midway between 

t h e  l i g h t  tubes, Fig. 12. A f i n e  focus l ens  with a b u i l t - i n  aperture,  
focusing a t  1/2 in . ,  i s  f i t t e d  t o  t h e  terminal  end of t h e  f ibe r -op t i c  
bundle from t h e  l i g h t  source, as can be seen i n  Fig. 10. Another lens,  
l e s s  t h e  aperture,  i s  at tached t o  t h e  bundle leading t o  t h e  photocell. 

This second l ens  i s  focused on t h e  rear of t h e  specimen, thus  reducing 
t h e  amount of ambient l i g h t  reaching t h e  photocell .  These lenses  a r e  
a t tached t o  t h e  f ibe r -op t i c  bundles by means of an aluminum tube, approx- 

imately 3/4 in .  long and threaded inside.  

i s  wrapped with rubber tape,  and thus can be self-threaded. 

The bundle t ransmits  t h e  l i g h t  t o  

The metal  end of t h e  bundle 
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Fig. 11. Eight Source. See t e x t  f o r  description. 
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I n  our i n i t i a l  experiments, cadmium-sulfide c e l l s  were located i n  
one of t he  l i g h t  tubes t o  receive and de tec t  l i g h t  t ransmit ted by t h e  
sample. Two d i f f i c u l t i e s  prevented successful  operation: (1) temperature 

f luc tua t ions  i n  t h e  pol ishing so lu t ions  l e d  t o  f luc tua t ions  i n  t h e  out- 

put of t h e  photocel l  that in t e r f e red  with normal operation and (2)  t h e  

cadmium-sulfide c e l l  was sens i t i ve  t o  a f a i r l y  narrow range of wavelengths 

t h a t  were heavily absorbed i n  many of our standard pol ishing solut ions.  

We overcame t h e  thermal f luc tua t ions  by ex t rac t ing  t h e  l i g h t  from t h e  

c e l l  by another f ibe r -op t i c s  system and obtained broader response by 

using a photosensit ive f i e ld -e f f ec t  t r a n s i s t o r  t o  de t ec t  t h e  t ransmi t ted  

l i g h t .  The wide spec t r a l  response of t h i s  de tec tor  (S i l iconix  P-102, 
which has usable s e n s i t i v i t y  of 0.4 t o  1.1 p) ensures that absorption 

Fig. 12. Polishing Cel l  i n  Operation. The l i g h t  beam can be seen 
s t r i k i n g  t h e  specimen. Notice t h e  focusing ac t ion  of t h e  l ens  system. 

Light Detector and Control ler  
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bands on pa r t i cu la r  pol ishing so lu t ions  have minimum e f f e c t  on t h e  

operation of t h e  con t ro l l e r .  The f i l e d - e f f e c t  t r a n s i s t o r  i s  used i n  a 

source follower c i r c u i t 1 5  t h a t  i s  nonc r i t i ca l  i n  adjustment, ye t  has a 

photosens i t iv i ty  which approaches t h a t  obtainable with photomultiplier 

tubes. Several s e n s i t i v i t y  ranges a r e  provided t o  accommodate var ious 

polishing solut ions with d i f f e r e n t  op t i ca l  dens i t ies .  Output from t h e  

de tec tor  c i r c u i t  d r ives  an op t i ca l ly  coupled meter r e l a y  with la tch ing  

contacts.  

a hole forms i n  t h e  sample, t h e  meter r e l a y  contacts  open t o  de-energize 

a power r e l a y  and s top  t h e  polishing act ion.  An alarm can be sounded a t  

t h e  same time. A schematic diagram of t h e  e l ec t ron ic  c i r c u i t s  i s  shown 

i n  Fig. 13. The r e l a y  switch, shown i n  t h e  schematic, i s  used t o  h a l t  

t h e  d i rec t -cur ren t  flow t o  t h e  specimen when pol ishing i s  completed. 

I n  t h i s  way t h e  d i rec t -cur ren t  supply i s  l e f t  on which prevents any emf 
feedback t o  t h e  specimen as would occur i f  t h e  e n t i r e  power supply were 

cu t  off. The e n t i r e  assembly i s  shown i n  Fig. 14, 

When t h e  meter reading goes above a prese t  l i m i t  a t  t h e  t i m e  

The p o t e n t i a l  a t  which f i n a l  pol ishing i s  accomplished i s  very 

c r i t i c a l ,  and w e  have incorporated a char t  recorder t o  determine more 

r e l i a b l y  t h e  pol ishing curve. By recording t h e  specimen current  while 

increasing t h e  applied voltage a t  a constant r a t e  t h e  proper pol ishing 

p la teau  can be establ ished within a few seconds. 

recording showing t h e  plateau i s  shown i n  Fig. 15. 

A t y p i c a l  char t  

Pro c e dur e 
a. 

. With t h e  l i g h t  source on, t he  specimen i s  placed a t  t he  midpoint 
between t h e  lenses  
w i t h  t h e  micromanipultor u n t i l  a m i n i m u m  reading i s  recorded on t h e  

l i g h t  meter coupled t o  t h e  photocell .  

switch i s  provided t o  compensate f o r  d i f fe rences  i n  l i g h t  transmittance 

of various e l ec t ro ly t e s .  The e lec t ronic  zero ad jus t  should be used t o  

s e t  t h e  pointer  near midscale. The cutoff pointer  should then s e t  

s l i g h t l y  above t h i s  reading t o  prevent minor f luc tua t ions  from cu t t ing  

The specimen i s  then more accurately posit ioned 

A range or s e n s i t i v i t y  se l ec to r  

15M. Shipley, Solid S ta t e  Design 5, 28 (Apri l  1964). - 
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Fig. 14. The Polishing Cel l  and Controller.  Leads t o  d i rec t -cur ren t  power supply, r e l ay  DOX, 
con t ro l l e r ,  f i e ld -e f f ec t  t r ans i s to r ,  f i be r -op t i c  bundle, and hot p l a t e  with magnetic s t i r r e r .  
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Fig. 15. Portion of S t r i p  Chart Used i n  Determining t h e  Polishing 
Plateau. 
current  i s  recorded. 
making t h e  determination by eye. 

Voltage i s  increased slowly as a function of t i m e  and c e l l  
This method i s  considerably more s e n s i t i v e  than 

off t h e  voltage. 

t h e  r e l a y  switch and appl ies  a direct-current  voltage t o  t h e  c e l l .  
polishing conditions have been determined, t h e  meter may have t o  be 

readjusted t o  compensate f o r  changes i n  t h e  o p t i c a l  propert ies  of t h e  

polishing c e l l  from bubbles generated by t h e  polishing act ion.  

case, use t h e  e lec t ronic  zero ad jus t  t o  br ing t h e  pointer  c lose t o  t h e  

cutoff pointer.  

may occasionally give a f a l s e  alarm. 

The r e s e t  button should then be pushed which energizes 
After 

I n  t h i s  

Light re f rac ted  by bubbles t h a t  c o l l e c t  on t h e  specimen 

After perforat ion of t h e  sample, we use a standard washing technique 

of warm (55°C) d i s t i l l e d  water, Versene i n  water, d i s t i l l e d  water again, 

and f i n a l l y  e t h y l  alcohol. 

SUMMARY 

. 

. 

The techniques described here have evolved during t h e  past two years 

from experience i n  our laboratory.  

appl icable  t o  a wide var ie ty  of mater ia ls  and t o  be extremely rapid as 

well  as r e l i a b l e .  

They have shown themselves t o  be 

Their semiautomatic nature has permitted rout ine 
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handling of specimens having r ad ia t ion  l eve l s  up t o  severa l  roentgens 

per hour by technicians having no p r i o r  experience i n  e lec t ron  microscopy. 

Since s t a r t i n g  mater ia l  requirements a r e  not very s t r ingent ,  approxi- 

mately 20 m i l s  t h i ck  by about 1/8 i n .  i n  diameter, specimens may be 

prepared from bulk pieces on which other observations or  t e s t s  have been 

made. Although t h e  e lec t ronic  equipment i s  qu i t e  sophis t icated,  both 

t h e  j e t  polishing and photo de tec tor  u n i t s  can be b u i l t  f o r  a combined 

cos t  of w e l l  under $1000. 

authors.  

Detailed drawings can be obtained from t h e  
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APPENDIX A 

Elec t ro ly tes  and Polishing Conditions 

Direct  Current Temperature Removal Current 
Material Solution, Pa r t s  (ma/mm2 1 (V 1 ("C) ( m i l  s/min ) 

Je t a  C e l l  J e t b  C e l l C  J e t  Cel l  J e t  C e l l  J e t  

S t a in l e s s  S tee l  

Nickel 

Uranium Ni t r ide  

Hastelloy N 

Tungsten and 
W-Re Alloys 

uo2 

Aluminum 

60 H-jPO,$ 48 

86 H3PO,$- 31 

40 H2SO4 

10 g r  CrO3- 
5 H2SO4 

4 H 2 0 -  4 C2H5OH- 18 

60 H,PO,$- 37 H3P04- 79 
1 H3Po4 1 H3P0,: 

40 H2SO4 56 glycerol- 
7 H20 

250 H 2 G  16 
32 g r  Na3P04 

2.5 gr Cr03-10 H20 
53 H2SO4- 2 

4 ~ ~ 1 0 4 -  5 ~ ~ 1 0 ~ -  50 
6 H2O- 95 C2H,0H 
35 CzH50H- 
5 butyl  
cellosolve 

10 160 2.5 100 60 3 

5 100 85 80 1 

15 125 50 RT RT 4 

n, 
wl 

10 250 11 100 80 5 

2 400 12 m RT 1 

0 .2  150 9 RT 40 7 

4 325 18 RT 10 4 

?Flow rate: 

bArea of dimple: 3.14 m2. 

Area of 1/8-in-diam disk: 

50 ml/min a t  2 psi. 

20 m2. C 
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APPENDIX B 

PARTS LIST (See Fig. 13) 

. 

R1,  R2, R3 

R4 

R5, R7 

R6 

R 8  
R9 

R10 

R 1 1  

R12, R 1 7  
R13, R 1 8  

R l 4  

R15 

R16 

R19 

R20 

R21,  R22 

R23, R25 

R24 

R26 

Q4 
D1, D2, D3, D?t 
D5 

=, D7 
D8, D9 

T1 

Resistor,  22 kilohm, 0.5 w, 5$, carbon composition 

Resis tor ,  18 kilohm, 0 . 5  w, 5$, carbon composition 

Resis tor ,  15 kilohm, 0 .5  w, l$, deposited carbon 

Resistor,  820 ohm, 0 . 5  w, 15, deposited carbon 

Resistor,  6 .2  kilohm, 0.5 w, l$, deposited carbon 

Resistor,  5.6 kilohm, 0.5 w, 14, deposited carbon 

Resis tor ,  1 .8  kilohm, 0.5 w, l$, deposited carbon 

Resis tor ,  10 kilohm, 0.5 w, 5$, carbon composition 

Resistor,  750 megohm, 5.0$, Victoreen " H i  Meg" 

Resistor,  5000 megohm, 5-05) Victoreen " H i  Meg" 

Resis tor ,  499 kilohm, 0 .5  w, l$, deposited carbon 

Resis tor ,  5 megohm, 0 .5  w, l$, deposited carbon 

Resis tor ,  50 megohm, l.O$, Victoreen "Hi  Meg" 

Resistor,  500 ohm, 0.5 w, 5$, carbon composition 

Potentiometer, 10 kilohm, 10-turn, Bourns 3500s-1 

Resis tor ,  22 kilohm, 0 .5  w, 5$, carbon composition 

Resistor,  33 kilohm, 0.5 w, 5$, carbon composition 

Resis tor ,  2.2 kilohm, 0 .5  w, 5$, carbon composition 

Resis tor ,  5 . 1  kilohm, 3 w, 5$, Ohmite 2801 Brown 

Capacitor, 500 pf, 50 WVDC, e l e c t r o l y t i c  
Capacitor, 500 pf, 25 WVDC, e l e c t r o l y t i c  

Capacitor, 0 . 1  pf, 200 WVDC, Mylar 

Transis tor ,  photosensit ive,  f i e l d  e f f ec t ,  

Transis tor ,  uni j unct i on, 2 N167 1B 
Rect i f ie r ,  100 PIV, 1 amp, IN4002 

Diode, zener, IN4742A 

Diode, IN270 

Rect i f ie r ,  400 PIV, 1 amp, IN4004 

Transformer, 115 v: 15 v, 100 ma 

Devi 1 

Si l iconix  P-102 
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T2 Transformer, Sprague 11212 

K1 Relay, 115 VAC, DPDT, General E lec t r i c  CR2790E 1OOA2 

K3 Relay, time delay, l m i n ,  Heineman BN4-522-XBX 

11, 12, 13, 14, I5 Lamp, neon, Dialco NE2J 
Meter re lay,  10 pa dc, s ing le  high setpoint ,  

op t i ca l ly  coupled, Assembly Products, Inc. 

503K Compack I 
Flexible  f i b e r  op t ic  l i g h t  guide, 72 i n .  long, 

approximately 6000 fibers, nominal 1/4-in. diam, 

with metal end f i t t i n g s ,  LGM-5-72 (two each), 

and one image conduit c lad rod, 1/4-in. diam X 

12 i n  long, CR-2-12. American Optical  Company 

Lens holders with lenses,  one Fine Focus 17-183 

and one Standard 17-210. Farmer E l e c t r i c  Products 

Company, Inc. 

Octal tube shield,  T12-2027H, In t e rna t iona l  Electron 

Research Corporation 

Triac,  200 PIV, 10 amp, General E lec t r i c  SC4OB 

Thermistor, 300 kilohm, VECO 53A9 
Lamp, high-intensi ty  proj  ection, Sylvania DAH 
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