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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
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PERFORMANCE OF A VAIDRE HEATING AND TILTING
STAGE IN THE SIEMENS ELECTRON MICROSCOPE

E. F. Sturcken

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

I. SUMMARY AND CONCIUSIONS

A Valdré type heating_and tilting stage was constructed fér the
Stemens electfon microscope. The design characteristics and perform-
 ance of the stage are described.

The stage was found'ﬂo have rapidvtemperature responsé, smooth
tilting capability and negligible drift of the area under observation
at temperatures up to 1000°C,

The performancé of the hot stage was tested by employing it to.
obéerve the HCP to FCC transformation (417°C) of céld rolled cobalt
and the temperature4dependence of Bloch fype magnetic domain walls in
HCP cobalt.v With the spe01men at 450°C the transformation was complete
in a few minutes, The HCP grains nucleated heterogeneously and, in
éeéonds,~grew~to a grain size of about 0.5u. The transformation
temperatﬁre was used to calibraté the specimen thermocouple., Domaln
walls along [0001] were observed tp_widen and becamé-diffusevaﬁ 150°¢
and‘disappeared below'500°C as predicted from previous measurements
of,magnétization versus ﬁemperaturé versus crystallégréphic direction.
Theée measurements héve shown that the'maénefocrystalline energy favors
easy magnetization along [0001] from O to 250°C'and easy magnetization

along (1120) and (10I0) above 250°C.

Now at the Savannah River Laboratory, E. I. du Pont de Nemours and Co.,
Alken, South Carolina,
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An important_limitationéof ?igh temperature microscopy appears
to be the physical.iﬁstabiiiﬁy'of foilsiin the < 20008 thickness
fange. Even though devices and techniques can be developed to pre-
vent bending and“contaminafioné_the'high surface to'vplume'reﬁio of
the foils makes them inherently unstable. Cobalt has a low vapor
pressure (< lO-]fO atﬁ) and high melting point (1495°C); however foils
_of cobalt contracted, thickened and formed numerous'holes,at 700°C.
Procedufes for instailing the heating and tilﬁing stage in the

microscope are described in an appendix.

II. 'INTRODUCTIO.N |

The heatlng and tlltlng stage to be descrlbed was construcfed at
Berkeley frdm des1gn data prov1ded by Profs Ue: Valdre, Instituto di
FlSlca, Unlver31ty of Bologna, Ttaly. The design phllosophy and de-
131gn detallq have been discussed in several papers by Valdre.l -

.The present report glves only a brief summary of design characterlstics,
then empha51zes the solutions to several problems that were encountere&
during the construction and operation of @he stage.

The phase ﬁransformation'and magﬁetic doﬁain studles are of a
preliminaryenaiure.aeam;egended p?im;;ii; ﬁb tesé.tﬁe performee;e of
the heating and filting stage, The micrographe are not of the best
quaiity beeauseiﬁhe objective pole plece was a "home-made" one and

was not polished, heat treated and oriented to give ﬁaximum resolution,

It would have also been desirable to use an anti;contamination device.

g
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ITTI. DISCUSSION

A. Design Characterisfics

The heating and double-tilting specimen holder, Figs. 1 and 2, 1s
aééigned to haveia minimum loss in resolution, to t1lt at least 20 de-
grees in any direction, to be Inserted in the standard object stage
through the standard air lock and to cover a specimén'area of 0.8 square
millimeter. | | |
_ | The specimen is heated by clamping it to a platinum disc indir§¢tly
"heated by a spiralled7tungsten filameht; Wiﬁh this method the speéimen
temperature is uniform and independent of the speclmen, NoVSpecial size
or shapé of sample is necessary so the method.is ideal for foils pre-
paied by window: electropolishing techniques.)1L |

| The furnace section of the specimen holder is materially and mechan=
lcally designed so that it has low heat capacity and reaches relatively
high temperatures for a power Input of only a few watfs. The low heat
capacity and power input give the heating system fast fesponse and avold
possible ddmage to the mlcroscope. | _

The stanaérd object stage 1s modified, Fig. 3, to provide spring .
loaded push pins for heating and thermocouple contacts and push pins
and gears for tilting and.rotating,the_specimeﬁ, ,Theipush plns and
gears of the object stage are driven by a triple drive system, Fig. L,
which has two entrance ports for power and thermocouple leads and other'.
- devices. The drive system.is gcrewed into tbe front stereo hole of the
objective section of the_micrpscope. A standéfd cold finger may be
used as an anticontamination device in ﬁhe spafe stefeb'hole on the

right side of the objective section.
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Both(thévstage and the drive system are "universal" in that they
can be used Withithreebdifferent types of Valdré’specimen holders; the,
heating and‘double—tilfing holder,é the cooling and double-tilting
holder5 and fhe rotating double~tilting holdérg5 Only the former is
described iﬁ fhé_present report. | |

To accomodate the new specimen holder the specimen levél is raised
2 millimeters in fhe holder and‘the bore of the tob portion of the
objéctive pole piece 1s increased from 6.5 to 9,0 miilimeters. Valdré’
has shovfn2 the'resuiting pole plece to have a resolution of liﬁ.

. The magnification of ﬁhe'heating and tilfing stagé was determined
with a diffraction replica grating and found to be reduced from that of
the standaird Siemens double tilting stage by a factor of 1.3 to 1.k4
(see Appendix 2). | |

B. The Thermocouple

The thermocouple was made of 0,005 inch wires of platinum and
§latinum-plus lO%‘rhqdium alloy. The jﬁnction was kept small by em--
ployihg a hydrogen-oxygen torch with a hypodermic needle tip. A large
junctioﬁ will act as a "heat sink™ néar the Specimeno

To minimize the amount of bending during tilting, the thermccouple
wires enter the ball neaf‘one of thevpivot points, Figs, 1 and 2, on the
gimbal ringf The thermocouple‘junction is in direct contact with the
piatinum disk, Fige 1, on which thé sample is clamped. The junction is
press fitted and cemented (to keep it‘from moving during tilting) into
& hole drilled through the ball, Fig, 1, in which the disk is seated.
Because of the small clearance between the bali and the gimbal ring it

was necessary to machine a 0,003 inch groove in the ball to prevent the
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_ cracking but would also restrain the tilting action.
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thermocouple wires from jamming between the ball and the gimbal ring
and thereby_inhibiting'the tilting action.

" C. The Heating Element

The heating element was fabricated by Winding'BO_turh/inch of 0,003

inch diameter tungsten wire on a ,010" diameter mandrel, The filament

is spiralled to reduce the effects of the magnetic field produced by

the filament current.’
The A1203 filament coatihg, obtained from commercial sourceé, bque
of f several times during heating and'tilting and short—circuited the
furnace to the holder. The coating operation is critical becausé applying
thick coatings or "potting the filament" to insure electrical insulation,
ippreases the heat capacity and thefeby decreages the temperature responses
A'ééramic bonding element called Eccoceram‘CS* has been found resistant to
craéking. However, it is only good to a filament temperature of 1000°¢C
and a speéimen temperature of about 700°C, Experiments aré in progress on
a tough ceramic coating that will be good to a filament temperature of 2200°C,
‘The coating must not only be crack and témperature resistant, but it'muét be
applicable in thin coatings. Mounting the filament rigidly would eliminate
The electrical connection to the spiralled tungsten heating element was
a 0,010 inch diameter gold wire, Fig. 1, plated with about 0,002 inch of
nickel%* at the points where it was spot welded to the tungsten. Tﬁelgoldfis
quite flexible and takes a lot of bending without breaking., Experience
suggests that even larger diameter gold wire could be used without inhibiting
the tilting action, if i£ ﬁas desired to operate the holder at temperatures

higher than 1000°¢C. -

* Emerson and Cuming, Inc., Canton, Massachusetts.,
*% Private correspondence, U, Valdre,
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The gold wire leads are soldered to printed gold circuit boards, Figs. 1
and 2, which make contact with the COpﬁer push pins of the object stage

when the holder is Inserted in the stage.

D. Pt-Pt-10% Rh Components

To avoid magnetic effects and corroéioﬁ, the central portion of the
specimeﬁ holder was constrﬁcted,of a platinum plus 10% rhodium alloy,
.Fig. 1. However, the elimination of these prqblems_introduced anqther .
 Qné; namely, gailing between the ball and tubular lever, at the piﬁdt :
points of the gimbal ring and ball, and at points whefé the pushers and
countef-pushers‘contact the lever, Fig. 2. The:galling caused abrupt
and rough tilting action. | |
l Thé problem was eliminated by burnishing all of these parts with a
sblid molybdenum lubricant. It'may also be possible to use more rhédium'
in the platinum rhédium.alloy. HdWever, if thé alloy is made too ard it is
difficult:to machine. To>ensure dimensional*cohtrbl the alloy was machined

ciose to final dimensions then annealed and machined to final dimensions.

E. Miscellaneous

The rotation functions of the object stage and triple diive are not
used for the heating and double-tilting specimen holder, hence this drive
system was removed and stored and an "0" ring sealed plug, Fig. 9b,
inserted invits place.

” Because of the deliéate hature of the specimen holder it is eaéy to:
bend the heater and thérmocouple leads and cause them to short circuit
when screwing the holder into the threaded suspension in the éﬁécimen
air lock. Hence some sort of tool should be fabrlcated to grip the

specimen holder When performing this operation.
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IV. RESULTS

A. Time-Temperature Response Measurements

The time temperature response of the stage Was-continuously recorded
with a nillivolt.recorder. Time versus temperature plots for two heating
and cooling cycles'are'shown in Fig. 5« The specinen heats from room
pemperature to 825°C in about one minute and coole_from 8é5° to 200°C in

about six minutes. The,K power input for 825°C was only 4.5 watts.

B. HCP to FCC Transformation in Cobalt

The foils were prepared by cold rolling 0,005 inch cobalt strips
to a thickness. of 0,001 inchvthen thinning electrolytically by the window
5

me’chodl.LL Cobalt deforms predominantly by basal slip” hence the plane of
the foil had a strcng [0001] texture.

The tranemission electron microstructures and selected area diffrac-
tion patterns are shown; Fig. 6, for the foil at rocm temperature and
above the tranéformation temperature (45000). The room temperature SAD
patpern shows the HCP crystal structure, The M5O C SAD pattern shows 8
number of-FCC grains and some ring structure due. elther to small FCC grains
or residual HCP as~-rolled grains, Random indexing of the epots'in the
450°¢C SAD pattern showed that .a number of.grains have their (111) plane
.in the plane of the foil as m1ght be expected since they are predominantly
nucleated from HCP gralns w1th (OOOl) parallel to the plane of the foil.

The 1n1t1al rate of graln growth i1s very rapld. The order of mag—
nitude change in grain size, Fig. 6, between the as-rolled and transformed

cobalt took place in a few minutes.
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C. Temperature SeﬁsitiVity“of'Mégnetic Domains-in Cobalt

The cobalt foils were. prepared from .005 1nch cobalt sheet, of 99, 99%
purlty, cold rolled to -.002 inch ‘then heat treated in vacuum 3 hours at
.900 cC. Magnetlc domain walls of theIBloch type are shown by the out-of-
foous® method in Fig. 7. For a study of the application of the out-of-
focus method to nickel and CObait, the reader is referred to the work of
Silcox.7 In Fig. 7a. the domains are at room~temperature. .As the tempera-
Ature is increased to 150 C, Fig. Tc, the domain walls widen and become
- diffuse andvare difficult to show by the out-of-foéus method. Finally at
.a temperature‘Of 500°C?'Fig. 7&, the domains have disappeared_completely.

The thickening and diSappearance of the doﬁaine may be eXpleined by ref-
erence to the theory of magnetocrystalline eﬁergy8vthat is the part of the
,»free’energy that directs.the magnetizqtion elong definite crystallogrephiC'
direction of “easy magnetizatione" |
- For -hexagonal cobalt the magnetocrystalline energy, Ec, 1s given by
9

Stoner” as

. 2 .k ‘
E, = K, sin 8 + K, sin 2] . . (1)

where 9 is the angle the ﬁagnetization.makes With the c-axls and Kl and K2
are the anlsotropy conqtants. The equation agsumes isotropy in the basal
planeo The experimental data of Honda and Masumoto,l'O Fig. 8, and Sucksmith
and. Thom.psonll on magnetization versus temperature versus field strength for
[lOlO] and [1120] show that basal isotropy is. a good assumption. Hondawand“v
Masumotol have used the same data to plot the constants Kl.and K2 as &

function of temperature, Fig. 9. Note that, as the temperature is increased,

the energy, E_, available for easy magnetization along [0001] decresses until
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at 250°C, K, + K

1 2
temperatures, Fig. 8, the magnetization becomes difficult along [0001]

= 0 and the magnetization is isotroplc. At higher

' -and easy along [1120] and 1010].

Let us now offer an ékplanation»for the thickening aﬁd disappearance
of the domain wails. The foil n@rmal.of the'diffraction-pattern, Fig. 'fb,
is [I210] and [0001] in the plaﬁe of the foil; hence the magnetization is
maximum 1in the plane of observation, Note that, as expected, the tracejqf
the domain wall is along [000L1]. The Bloch type domain Qalls of Fig. 7 are
transition layers of'many atomic planes over which the spin gradually re-
verses_direction° The magnetocrystalline energy limits the width of this
transition layer (domain wall). At room temperature, Ecvin Eq. (1) is large
so the domain walls are shdrp, Fig. Ta. At 150°C, Ec is small and the ;
domain.wails are wide and difficult to obServe, Fig. Te. The width 6f‘the
wall also depends on the foil thickness and the component of magnetization
in the plane of the foil; however these factors were held consfant‘in the
present experiment. At 300°C, Ec is negative, magnetization is difficult
along foool], Fig, 8, and no domain walls are observable, Fig. 7d.," |

At these higher temperatures the easy directions of magnetizatidn are
the a-axes, hence domain walls should be observable along (1120) and (10I0),
however no experiments were perforﬁedvin the_pfeseﬁt wérk to observe them,
There may be complicating factors due to the increased number of "easy"

directions ([10I0], [1TI00], [0I10], [1120], [I2TI0], [2110]) of magnetization.
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D. Temperature Instabiliﬁy of Thin Foils

v During the high temperature tesps of the speeimen ho;der it was con-
sistently observed that the eobalt foils develeped many holes at tempefe-
tures of T700°C aﬁd higher, FEven at 1060°C the vapor pressﬁre~of cobalt
is only l.285xlof9 atm, S0 that high evaporatien rates are not eXpecfed,
nor do the holes apﬁear to be formed by tearing due to restraint or stress
~of some sort from the supporting grid. An example of holes formed in a
cold rolled cqbalt foil is shown in Fig. 10. There has also been evidence
that gold* and copper** behave similarly at about 500°C.

If one considers a foil sectlion 1 mm2 by 1500 R thick, it has a
surface to volume ratio 140 times the.ratie of a sphere of the same
volume, Since the surface eﬁergy ie quite high, the foil may thicken
and form holee, as the temperature is raised, to reduce its surface Energy.
It is also possible that a very high temperature excursion melted the sample
locally and_produced the holes. However, in the present study the good
agreement ef the.thermocouple.readings with the transformation temperature
of cobalt gives reasonable assurance that no temperature .excursions ere'
occurring.

If these observations are supported by furthef experiment, high
temperature studies on metals Will have to be performed on higﬁ energy

microscopes where the thickness of foils will be in the micron range.

¥ 'Private correspondence, M. Yokota, University of California, Berkeley.

** Private correspondence, D. E. Rawl and M. R. Louthan, Savannah .
River Laboratory, Aiken, South Carolina.
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APPENDIX I

A. Procedure for Installing the Heating and Tilting Stage

Thé.hot stage consists of five sectipns; the_speéimen.BOlder, the -
ijéct stage, the triple drive system, the speCiéliobjecfive pole pilece,
and the instruments for measuring heater current and volﬁage'andkthermo_
couple voltage. The sectiéns will be considered in the,ordef.that‘they
are installed in the microscope. Tt should be emphasized thét extfeme

cere must be exercised at all times as the device is very delicate.

1. Triple_Drivé System

Break the microscope column at the object stage level. Remove the
standard object stage and stereq drives. Clean aﬁd grease (with silicon)
the drive gaskets, the entrance port gaskets and the gasket of the main
shaft of the triple drive. Take the four electrical lead wires and the
drive wires of the triple drive and hold them togéther with a.piece of
electrical "spaghetti". Now, slip the leads and cables through the
front stéreo hole of the objectiVe secfion, Figs. 1la ahi 11b., Remove the
spaghettl and screw the lock nut of the triple drive paft of the way into
fhe steféo ﬂ;lé:. Now, separate the wires and place the ”wire positionef",
Fig.1lc, on the wires. Make éure that the engagement holes at fhé end of
the cables are vertical, the wire lead port is down, the right drive is
turned fully clockwise and the léft drive is turned counter-clockwise.
The drives are revérsed bécauSe, as seen in Fig. 3, one of the tilting

pins is. driven in by rotating avscrew clockwise and the other- by rotaﬁing

a screw counter-clockwilse.
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CAUTIONt Do not bend the electrical leads more than necessary to avold
breaking the soldered junction. When the drive is not in the mic%qscope,

v- seat.it with the electrical leads up.

2e Object Stage

Check thaﬁ-thé keys in the drive gngagemgnt holes, Fig,vllc, are
ﬁertical 50 the& Wiil engage pfopérly with the drive wires. A todlgiga
,Pféﬁided £o rotate the_keys. In§er£ the modified object stage in ﬁﬁe 
normal manner except that the triple drive lbck nut must be loosened and
-the triple drive backed out a short distance to éllcwfﬁhe:stagé to seat
properly; Now, carefully push ﬁhe drive~Wires into the key holes using
the wire positioner (held with tweezers) to center the wires for enﬁryx.
infto the holes. The lock nut on the shaft of the triple dfive, FiéQilib;
can now be screwed into %he stereo hole, Now plug the connecting ﬁires
into theAconheétion post, Fig..llc; and tighten down the screws., Connect
the electrical lead wire plug,'Fig. 13e, to the.plug on the drive system.
'bTﬁe’heatér leads connect to the left post holes, Fig. llc, The ihefmbcouplé
vibleads'cdnnect to the right post holes, Fig. 1llc, The platinum therﬁééouple
‘shotld be cornected to the third post hole from the left, Fig, llc. Use an
ohm meter to check that all leads are connected ?roperly and no short or

open circuits exist., Close the column.

CAUTION: Do not force the drive wires into the holes, If they do not

go in smoothy the keys and holes are not properly aligned.
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3% Objective Pole Plece

. Loosen the specimen drives,:rempve all apertures and bregk the
column &s showﬁ in Fig; 12. Use the tool providédvbvaiemens to remove
:tﬁé’standard objectlve pole piece and intermediate pole plece as shown
in Pig. 12, Twist the bayonet connéction, Fig.1l2, to separate the
standafd objective plece system from the intermediate pole piece system.
Now, eonnect the speclal objective pole‘piece, in the same mannef, to
the intermediate pole plece. Make sure that the fiducial lines on each
;.pieCe are mated together (rather than 180° apart) when the connection
is made., Insert the pole pleces back in the microscope, close the column,
insert all apertures and connect the specimen drives. Use a holely carbon
film to set the stigmator (see Siemens Instruction Manual) for the special

pole pilece.

CAUTION: Handle all parts with gloves and place a cover plate over the
column while the pole pleces are being exchanged. Remember to set the
gtigmator back to the original settings when the specilal pole plece 1is

‘removed.

L,  gpecimen Holder

Unscrew the central nut, Fig. I, of the specimen holder with the
tools provided. One tool screws the mit in and the otﬁér keeps pressure
off}the_pivot pbints of the gimbal rihg. Mount the specimen,vin theé
normal manner, between two molybdenum grids, drop it in the hole ahd:
tighten the nut down, Screw the specimen holder off of the mount and

Into the threaded suspension of the specimen air lock. The key slot
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| grooved on the body of the holder (not vlsible in Fig._l) must be vertilcal
and on the left. If the specimen does not insert into the object s{:age
easlily then the'kej 1s improperly allgned or the push pins for the‘heater
and thermocouple leads are not receding smoothly. After the specimen is :
insertéd use an ohm meter to read the thermocouple resistance (~1.50)

and the heater resistance (eO.9Q)Tand to check that the he&ter leads are
not short circuited to the holder or to the thermocouple leads. These
measurements are made at the ends of the connecting wires before they .

are.connected to the power supply and thermocouple bridge.

CAUTION: Do not drop the holder; its manufécture required more than
100 hours of preqision machining.‘ Do.no£ bend the thermoéouple and
heater leads on the specimen holder when screwing it into the air lock.
Sometimes a "potential’™ short circult can be produced that will not

show up until the specimen is tilted.

5. ' Power S@pgly and Thermocouple Bridge

Connect the heater leads to the power supply. Connect the platinum
thermocoﬁple lead wire to the negatlve post of the thermocouple bridge.
and the platinum plus 10% Rhodium thermocouple lead wire to the other
post. A standard reslstance is provided for calibration of the thermo-

couple brildge.

CAUTION: The furnace resistance 1s only 0.50, so apply the voltage very
slowly with the voltmeter switch set to read amperes. The maximum cur-

rent required to date was less than 2 amperes.
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APPENDIX IT

Magnification and camera constant calibration for the'heating‘and

tilfing specimen'holder.

Micrographs (a), (b), (c) and (d) are varying magnifications of a
'diffraction reﬁlica gratingvat 100 KV using pole piece Né.'} in the
Siemens electron microscope. The.proﬁector lens current was-set to the
calibration circle on the image‘screen. The magnifications read from the
magnification meter on the microscope were respectiVely hOOO,_8EOO,
) "lﬁ,éoo_and 19,600. The magnification from the calibration gratings afé 
fespectiveiy 3110, 6300, 10, 150, andg15,700.  Hen§e the magnification is
reduced byié‘fgétpr'of 1.3 téi;;h; These values are-approﬁimate sinée no
~actual lens currents Werevﬁeasu?éd; Thé:caméralconstants for the standard
‘double tilting and the heating‘aﬁa tilting specimen holders wereidetef-
| “mined with an evaporated gbid_fiiﬁ. The diffractidn patternS~ére sﬁ0wn'ih :
micrbgraphs (e) and (f). The camera constants are respectively 2;1 and'2;8.

(See micrographs on following page.)
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Appendix II

(f)

XBB 679-5447
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Flg, L. Specimen holder and components.

. e e

e

O 0 3 O &= W o
Ll

10.
- 3
12.
15,
1k,
15,
16.
17,
18.

Siemens size specimen clamping nut and platinum disk clamping nut.
Same as onej; Hitachi gize.

Platinum disk.

Ball; houses specimen, heater and thermocouple.

Gimbal ring and pivot screws.

Tilt lever.

Ring.

Tilt pusher pins.

Tilt counter pusher pins and springs.

Main body of specimen holder.

Gimbal mount.

Thermocouple and heater printed (gold) circuit boards.
Lever seating ring and screws.

Adjustable thread for screwing holder into air lock.
Clamping ring for adjustable thread.

Gold (0.010" diam.) lead wires to heater.
Thermocouple wires (0.005" diam.) Pt-10%Rh.

Threaded specimen holder mount.

Parts 1, 2, L4, 6 are Pt-Pt 10%Rh. Part 3 is platinum. Parts 5, 8,
9, 11 are 310 stainless steel (the counter pusher springs are piano
wire). The circuit boards are gold-plated fiberglass with a Delrin

screw for insulation. The rest of the parts are bronze.
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XBB 679-5511

Fig. 1
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XBB 675-3026

Fig, 1
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Fig. 2 Section views of specimen holder.

A is a vertical section, B is a horizontal section at x-x, C is a
horizontal section at y-y, D is a side view showing the printed
circuit boards, E 1is an end view. 1) Nut for clamping specimen to
platinum disk. 2) Nut for clamping platinum disk against heater.

3) Platinum disk. U4) Pivot pin for suspending gimbal ring. 5) Heater.
6) Ball. 7) Gimbal ring mount. 8) Counter-pusher pin for tilting.
9) Pusher pin for tilting. 10) Main body of specimen holder.

11) Tilting lever. 12) Positioning ring for lever. 13) Threaded
ring for screwing specimen holder into air lock. 14) Thermocouple
and heater printed circuit boards for electrical contact to object

stage. 15) Gold lead wires to heater. 16) Pivot pin for ball.
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XBB 679-5508

Fige 5 Modified Object Stage.

1. Pusher pins for tilting.

2. Spring loaded contact pins. These pins contact the heater
circuit board when the specimen holder is inserted.

3. Spring loaded contact pins. These pins contact the thermocouple
circuit board when the specimen holder is inserted.

4. Electrical connecting posts for heater and thermocouple
connecting wires (see also Fig. 9c).

5. Worm and gear to drive a rotating-tilting specimen holder
(see Valdre, ref. 3).

6. Object stage.

All parts are bronze except the Delrin mounts for the contact pins.
The copper contact pins (2) and the Pt and Pt-10%Rh contact pins (3).
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Full scale

| | | a|
2 3 4 8
mm

XBB 679-5509-A

Fig. 4 Triple Drive System.

. Tilt drives.

Rotation drive (see ref. 3).

Avgilliary porte.

. Electrical leads port. (Ports 3 and 4 are vacuum sealed
with "0" rings.)

5. Drive wires for tilting.

6. Positioners for engaging wires in object stage.

Te Main body of triple drive system.

8. Nut for screwing drive in stero hole of microscope.

=W
.

The Siemens stero driver (1), the drive connecting nut (8) and
the drive wires (5) are stainless steel. The rest of the parts
are bronze.
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XBL679-5207

Fig. 5 Time-Temperature Response Cycles of the Heating and
Tilting Specimen Holder.

Two complete heating and cooling cycles are shown. The power is
turned on to maximum value at time zero (points A) then turned off
completely when the thermocouple voltage has leveled off at its
maximum value for the power being used (points B). The holder
reaches a temperature of 825°C in about one minute. It cools from
825° to 200°C in six minutes.
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Fig. 6 Hexagonal to Face Centered Cubilc Transformation of Cobalte.

Figures 6a and 6b show the microstructure and selected area diffraction

(SAD) pattern of 80% cold rolled cobalt sheet at room temperature. The
diffraction rings dys dg’ d.5 and du are respectively the [1010], [lOil],
[1120] and [1012] planes of the close packed hexagonal structure.
Figures 6c and 6d show the microstructure and SAD pattern of the same
area after the foil is heated to 450°C. The SAD pattern shows spots

from many FCC grains and ring structure from either small FCC grains or

residual HCP as rolled grains.
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(d)

XBB 679-5442-A

Fig. 6
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Fig, 7. Temperature Sensitivity of Magnetic Domain Walls.

The domain walls are about 200 & thick and are imaged by the out-of -
focus method.6 The foil orientation (Fig. Tb) was maintained for

all three micrographs. The foil orientation is normal to [iQiO] and
the reciprocal lattice vectors shown are él = [2021] and ég = [0002].

Note that g. is parallel to the domain walls. As the temperature is

2
heated to 150°C (Fig. Tc) the domain walls, A, widen and become diffuse
and difficult to focus. Finally at 300°C (Fig. 74) no domain structure

is visible.
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(c) 150°C (d) 300°C

XBB 679-5443-A
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XBB 679-5444-A

Fig. 10.
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XBB 679-5445

Fig. 1l
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XBB 679-5446-A

Fig.12
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used 1in the above, "person acting on behalf of the
Commission” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








