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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
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A 1000°C TILTABLE SPECIMEN HOLDER FOR THE 650 kV HITACHI MICROSCOPE
William Worthington, Robert Sinclair+ and Gareth Thomas

Inorganic Materials Research Division, Lawrence Befkeley Laboratory
University of California, Berkeley, California

.-A new 1060°C specimenfholder'has been developed fof thé HU-650
electfon microécopé and‘is intérchangeable with other holders of thé
tecgntly‘designed and installed Orthogonél Drive Tilting Stage.l (Fig. 1)

: ..Thé.SUCCéSS of;tﬁé Orthogonal Drive Tilting. Stage set metalihrgical'
rééeérchers to inquire about the possibiiity of incérporating facilifies
’for high temperature Qbrk into this design or a dééign véry similar. The.
réqui;emgnts for a high tempéfature device were drawn up and are as
foilqws:

‘1. To be an Orthbgonal.Drive Tiiting Stage_type_of motién system .
with ali original design criteria maintained.l |

2. . Be capable of heating standard (3 mm diam.)'metéllurgical
speéimené to 1000°C.

3, Geometry aﬁd>materials should.be_such that stggé and microscope
‘components shall nét be damaged by heat from_thg specimen holder.v

b, vThe'electric curreht'ﬁo the heating‘elementvshall impart a
minimum effect upon the miéroséope electfon beam;

The Orthogonal Drive Tiléing Stége for the HU—650.electron miéroscope
lends itself to modification for high temperature‘work very readily. The
‘eriteria: finénéss of tilt'transiatioﬁ, tilting rénge reduired, repeat-
ability and low maintenance aré met With this aesign. One modification

is necessary to the étége‘inner‘bone as shown in Fig. 2, Part C,
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4Figure 3 iliustrates the‘modification,in more detail. Three beryilium-'
copper contact fingers are mounted close to the top of the inner cone.
These contact fingers are coupled together by a 0.020 in.—dlam. gold
wire. An insulated, braided copper wire is soldered to the gang of
'three contact fingers and is brought outbof the.stage area at a con-
venient location{ The copper wire is the power lead-in wire. fhe stage
body'(ground).serves as the other power‘lead. The three beryllium_
copper contact‘fingers and connecting 0.020-in, diam, gold wire are
inSulated fromfthe stage inner cone by alumina (A1203). Ihe alumina is
‘sprayed on in a moiten statek(refer to:page 8 for a description Ofv
this spraying process). 301E alumina powder (-400 mesh)’Was used giving
gOOd density and duite adequate thickness uniformity.

A special specimen holder cartridge aSSemhly Was,deyeioped.‘_This
'cartridge:is-interchangeable‘with others made for the.Orthogonal Drive
Tilting Stage but-with some unique features° | | |

1. Electrical. conductors are added to the cartridge to transmit
energy to the f11ament w1nding of the high temperature specimen holder.
tip.. |

,2. A special high temperature_specimen holder tip with wound,
filament furnace was manufactured. |

On the cartrldge body, three 1ong1tudina1 grooves and one circum-
ferential groove (Figs. 1 and 4) are machined Alumina is: sprayed into'
these grooves. A gold band is fit tightlygover the circumferential
grooﬁe.- A set of three.0.020 in,'diam; wires are spotewelded to

'.beryllium—copper contact fingers and sprayed with aluming. - These gold
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wife/beryllium;cépper édntaétvfinger'assemblies are individually spot-
wélded to the circﬁmfefential gold band ;nd'carefully laid into the
longitudinal grooveé. Miniature screws secure the contact fingers to
.the cartridge body. A final coating of alumina is‘sprayed over the
1ongitud%nal grooves jmﬁlaitiﬁgthe gqld'wires.and ﬁpper ends of the
‘contact fingers. The main body of the cartridge is thence complete.

In desigﬁing ﬁhe épecial high temperaturevspecimen’holder tips
various matepials‘were experimented with; One bf*the”"tip" assenblies
has a platihpm_body with 5,0.003 in, diém. tungsfen.wire filament

{winding.’ The first layer of tungsfen wire is wound clockwise over a
_thih layer of alumina (sprayed on). Another layer .of alumina is
sp?ayedlbver the-first layer'df filament ﬁindings. A second IAYér‘off
filamgnt wiﬁdingé is'ﬁound counte:clockWise over the insulated first -
la&er and then sprayed]with alumina; One end of the'tungstgn filament
Windiﬁg is'spot—welded tolghe platinum bddy {prior to the winding and
spraying); The.qther end of ﬁhe tungsten'filameﬁt winding is spot~
welded to a platihﬁm Band (Fig. 4). The platinum band serves to couple
the filament wiﬁding to the electri¢ current via the three beryllium~
copper contaét fingérs of the»carﬁridge body. The exﬁerior of the ﬁigh
temperaturenspécimen holder tipbis threaded (6 mm x 0,5 mm). This
external thread alloﬁs adjustment of the elevation of the specimen with
respect to the'electroh mic?oscope beam focus point and/or the gymbal
akes of the Orthogonal Drive Tilting Stage. As this elevation adjustment
is made theAplatinUm band acts much likg a slip-ring. The platinum

- band remaihg iﬁ contact with the beryllium-copper contact fingers through

the 1 mm of allowable elevation adjustment. Since the specimen holder
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cartridge assembly is 'removable (thrb_uéh airlécig)- from i:he microécobé
at any time during thevcodrse of specimen Observatipns, eiévation ad-
justments can be made if necessary, at these fimes.'
A specimen ﬁold-down plate and cap (Figé} 1 and 4) we*evmaanaétured
of‘tantalﬁm.  | | | |
A second(higﬁ fempérature_specimen ho1der tip asgémbly was.maﬂdfac—
tufed. The body of the assembiy is molybdenum. The filamént’winding
material is 6.003 in; diém. taﬁtalum, All oﬁher features érg,the same,
| Heating.éhafacﬁeristics'Qf theffwo "tip"_éSSeﬁblies are illﬁstréted
 graphically on pages SLand 6. |
1Eva1ﬁa£ipn of the higﬁ temperaﬁqfe gpecimen'holder égsembiy to dafe,
indicates‘thét it is opefgtiﬁg well, Teﬁperatureé approaéhing i600°C
'haQe been heldAfopvseﬁéfal hoﬁrs and the full fahge of temperatures have

been used'with excellent repeatability; The need for refinements will
be deterﬁined_as the evaluation with use continues. Exploitation of the
interchangeable "tip" design will allow researchers to have their own

"tip" assemblies with,berhaps;_features quite different than the original

deSigna
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--ALUMINA'SPRA§1NG‘-7

Two plasma—typé}Sprayipg mgchines,were exﬁefimeqtedbwith in the
eafly stages of thié prdjéct. They are: |

1. 'Tﬁe Plasmatron Co; (Subsidiary oflcdetel, Inc.) plasma. spray

‘ machine; | | |

2. Tﬁe BLH Elégtfonics, Inc. (sﬁbsidiary of Baldwin, Lima and

Hémiltﬁn Cofp.)-gokidé Ceramic Spray machine}

The macﬁines‘opératé by the sé@e"principle eSseﬁtially. An atomiéing
'fiame within the.Body of a speéial gun melts, in. this case alumina, and
blows the‘molten parficleé against a ﬁroperly prépared1su£face‘whefe they
solidify. |

Best results were obta'inedeith the Plasmatron Co. machine using

their 301 E type alumina.pbwder..
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Figure Captions

1. Explbded View of the High Température Specimen Holder and
Tip Assembly.
2. Orthogonal Drive Tilting Stage with High Temperature Modificationm.

3. Inner Cone of the Orthogonal Drive Tilting Stage with High

~ Temperature Modification .

Fig.

4. Partial Section of the High Temperature Specimen Holder and -

Tip Assembly.
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