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A nEZOELECTRIC THIN- SEC'l'IOHIHl 

ATTACHMENT FOR A STANDARD MICROTCJo!E 

IN'l'RODUCTION 

The development or the electron microscope to the point or 

practicality has opened up many fields of su~roscopic research 

previously unrevealed. Electron microscopy is a relatively new 

science since commercial instruments have been made available in only 

the last ten years . 

Because of the physical anrl electronic nature at the electron 

croscope, severe restrictioDJ!J are imposed on the types ot specimens 

that can be viewed directly in their original fcnt . They are subjected 

to the bcxn.bardm&nt of 50 Kev electrons, pressures of 1o· 5 J1U11 Hg . , and 

can not be ewer 0 . 1 micron in thickness . It woold seem that this 

would ll.m1t the usefulneSB of the instrument, but microscopists have 

developed numerous techniques in specillen preparation, iDclu:iing 

freeze drying, shadow casting, replica technique, and staj rd.ng, that 

circ\Dilvent most li:mitaticms. · It bae been repeatedly deiiOllstrated that 

the versatility of the instrument is limited only b;r the ingenuity of 

the operator . 1-fuch has been wrl.tten on electron Jd.croseopy but eaeh 

dq brings Dell problems in technique which require new methcrls in 

their solution. 

Electron m:leroscopists are repeatedly contronted w1th the 

problem o! rerder1ng the specimen thin enough to enable the electron 

beam to pass through it . The art of cutting thin sections far use 



2 

with the light microscope ha& become a t-GUtine procedure through the 

years 'by the development or relat!vely inexpensive commercial 

m1crotomas . '1'he ·thinnest section avail.able, however, frQIII. the 

methods developed here, are mucb too thick tor electron microscopy, 

the thinnest being in the order of one to five m!.crons. Commercial 

microtcmes especially suited to electron microscop1 have recently 

been made available but they are costly due principally to the high 

degree of precision Jnachining required in their manufacture .. 

It is the purpose or this paper to describe an t.nupens1ve device 

tor adapting a standard microtome to produce thin sections s'Ui table 

for .eleett-cm microscopy.. Basically the unit replaces the mechanieal 

feed by the calibrated piezoelectric expansion of a rochelle salt 

crystal . The thickness of the sections is deter:mined by the -magnitude 

of the applied voltage increments . 
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THEORY 

Certain insulating solids change shape when placed in an electric 

field, and conversely, produce an electric field when subjected to 

m.ecbanical stress. The former is cal.led the converse piezoelectric 

effect and the latter, the direct piezoelectric e££ect. These 

phenomena were discovered experimentally by Pierre and Jacques Curie, 

in such crystals as quar1iz and rochelle salt, in the- year 1 880. 

It was the converse effect that 1.J&S used to produce a calibrated 

feed mechanism for determining the thickness of the slices pr<Xiuced in 

a microtane. This device ~s an advantage over the thermal expander 

used on some commercial microtomes, in that it is time independent. 

The dielectric properties of rochelle salt have been canpared to 

the ferromagnetic properties of irm.. It is ferroelectric in the 

temperature range from ...ta•c to +24•c, knor...rn as Curie points, which 

accounts for the strong pie~oelectrie properties at room temperat~e 

(2, p.8). Rochelle salt is unique in that it has both an upper am 

a lower Curie point. 

The equations for the coi'IV'erse effect in teroms or strain are: 

Xx • dt18x + d21Ey + d31Ez 

YY • d1~x + d22Ey + d3~s 

z, •d13Ex + d23Ey + d33Ez 

Y • d1 ~.E + di\!.E + d")1.E 
Z q.][ ~7 -"+z 
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Zx • d15Ex + d25Ey + d35Ez 

x • d16Ex + d26Ey + d.36Es
7 

where Xx • noru.l strain in X direction 

E • electric field in X direction 
X 

In rochelle salt, only d14, d
25

, and d.36 differ .from aero. The 

piezoelectric equations then reduce tot 

Y• • d14Ex 

Zx • d25Ey 

X • d.,..:_E'1 .,..,. 

For X-cut crystals we need consider only the constant d14 since an 

electric f'ield applied in the x-direction wUl produce only a shear in 

the x-z plane. To obtain a un1t that would expao:i only along one 

arls, i.e. a normal strain, a 45• X-eut crystal lias used in the 

expander wd.t. The effect in the normal direction is effectivel7 

halved.J thus the equation becmest 

where s • linear expansion (norul strain) 

The value or d is a function or temperature and stress so that the14 

unit must be Calibrated for the particular temperature aM 

installation 1n which :lt is to be used. 
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DESIGN CONSIDERATIONS 

lfumeroue factors were considered in the preliminary design . 

To be of practical use it was felt that certain requirements would 

have to be satisfied. It was essential that the accuracy of the feed 

mechanism be independent o~ machined surfaces or bearings which would 

impose expensive if not impossible requirements in macb1n1ngJ sinc.e 

the tolerances would be in the order of 0.01 micron. The crystal had 

to be rigidly mounted to min1mise errors due to vibration but also 

free to expand as the voltage is applied. It was desired to use the 

light microtome to provide the cutting action vithout modification. 

To m1:r:dmize power supply stabilisation problems, the control voltage 

must be kept belO&J 200 volts. 

One unfortunate characteristic of rochelle salt is that the 

piezoelectric effect is dependent upon tem.peratve w1th the effect 

dropping off sharply above 24•c. It was at first thought that perhaps 

a less tell.perature depelrlent crystal eould be substituted but it was 

found that the piesoelectrlc ·effect is too emall 1D all other Cr"J'stals 

to be of use here. Rochelle salt has a piezoelectric constant in the 

order or 100 times its closest rival am therefore is the logical 

choice ror the expaneion unit. 

It will be shwn later when the calibration curves are eomd.dered, 

that temperature variations can be essentially igncred belor.r a 

temperature of 22•c. Thi.s is not an unreasoaable temperature require· 

ment am should be well within the range of an air-co!¥'11tioned 
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laborator:r,, Since it is rec.emmerded that the electron microscope be 

operated under these same temperature conditions, there shoald be 

11ttle dif:ticulty from this standpaint . 
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DESCRIPTION OF M!tHANICAL PARTS 

As a result or prel:hdnary design considerations, the device 

sham in Figure 1 lllas constructed . The r ·oohelle salt crystal is 

1" X 1/2tt X sa and is shown full siZe in the figure . It vas chosen 

as large as practical to insure ma:xt.mum strength and ma.x1mum pieao• 

electr.tc effect and it c<mld stUl be aounted easily on the microtome .• 

The X-out eryst.al as ohtalned was coated nth thin metallic foUs 

on oppesite faces w-hich make clqse c«ttaet with the sur!'ace or the 

crystal.. The crystal was 1nitiall7 coated 011 an areas no-t protected 

by the conductive coating w1th ceresin vax. 'l'h1s was to .reduce the 

tendency tar the .crystal to lose 01" accept moisture· ·which e0tlld 

de.str01 it . Be£ore assembly the cereSin wu: aid couiuctive coating 

were. removed fran the portion of the crystal that was to be eeaell!ted 

into the t'Ur11ed brass holder . The T&rious eanponents before assembly 

are shewn in FigtJre 2 . r.e.ds were cemented to the metal f1>il witb 

silver paint and the crystal. was cemented into the holder with 

Eutectic eeme.nt. The exposed ern of the CI7staliS free to expand 

when a potential is applied. 

A brass plate fitted with a tapped brass pl-ug was cemented to the 

fre:e end of the crystal . Small specimen hal.ders alld a mirror tor 

calibration were made to screv into this plug. A water jaeket was 

fitted over the crystal and fastened to the brass holder with small 

screws . This· allwed the temperature of' the Q1'7etal to be accurately 

controlled and it also a.fforded a protective sheath to the crystal. 

http:eryst.al
http:electr.tc
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FIG . 2 C OMPONEN'l'S OF SEC rl'I ONH1G A'l'l'ACHMEN'l' 
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By mountiDg the specimen holders directly on the C1"7stal, the need 

for precision machin1ng was eliminated and it was felt that eiDce the 

specimens were of the order or oae ma. in cross secticm, the stresses 

imposed on the crystal would be negligible . The crystal was then 

calibrated for various temperatures . The results of this will be 

discussed later . 

The strength of the crystal wu checked by" deliberately 

breald.ng it in a testing maehllle . A force was applied to the 

specimen plug at right angles to the pr:lneipal axes ·or the crystal. 

which corresponds to the direction or forces encountered in slicing 

specimens . The long moment arm or the 'ID'lSUpported eixl of the cr.rstal 

caued 1 t to fracture at the cemented joint under a 14 lb. load . 

The possibillty of getting an illlPulse of several pounds hen cutting 

collodioo impregnated specbaens is not too remote . It became apparent 

that the c17stal would have to be elim1nated fr the cutting shear to 

redllee the possibiltty of crystal breakage. 

A secODd crystal was mounted as be.fore for further calibration. 

en a potential vas first applied to the crystal, 1 t shattered 

apprOJd.mately one-fourth inch below the sl11"face or the Celle!lted jolnt. 

It was then discOYered that the Eutecti.c cement ued to fasten the 

crystal in the brass holder expalded appreciably upon setting and 

exerted a tremendous pressure . The slight trausverse motion caused 

~ the expa.oiing crystal caused it to break. 

The cry-stal holder was redesigned and is shOifn in J'igure 3. 

It is made to clamp directly into the origiDal specimen holder 

http:breald.ng
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supplied with the light microtOM . The heart of the unit which 

tranSIII1ts the motion of the crystal to the specillen conaists of two 

saall brass blocks connected by two phosphor bronse springs . As seen 

1n the figure, one block is rigl.dly fastened to the frame or the 

holder and the other rests against the end of the crystal . A SJU.ll 

brass plate is cellented to the front end o~ the crystal to protect it 

and also to provide a rigid flat surface . The l011er block exerts a 

slight tension upon the crystal through the leaf springe, causing it 

to follow the motion ot the Cl7stal uaetly. It is drilled and tapped 

to take the calibration mirror. and specimen holders . All ot the 

shearing forces are absorbed by the mechanism without restricting the 

c17stal in any way . The back end or the crystal is cemented to a 

brass plate which is scrwed to the frame of the holder . Leads are 

brought out through insulating tel"'linals soldered into the frame 

members . The UDit is shown mounted in a light microtCIIle in Figure 4. 
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FIG . 4 SE CTIONI NG A.TTA.CHHENT I N ST.~-,LL.I!.D IN NfiCRO'lOMl:!: 
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ELECTRONIC EQUifMENT 

Awell regulated 200 volt parer supply was used to calibrate the 

expander unit . The output potential was applied to two Helipots 

connected in series as iJ¥i1cated in Figure 5. One was then used as a 

voltage divider supplying a potential to the cr;rstal that was variable 

.from zero to 100 volts . The applied voltage was read directl.T frOIIl 

the veruler attached to the Helipot in steps or 0 . 1 volt . A one 

megohm resistor was connected in series with the crystal to protect it 

f'rora excest!dve charging currents . 

One ot the crystals was accidentally damaged by over-heating 

which lowered the resistance of the crystal to approximately 100,000 

ohms. Since this was not discOYered 1mmediately, erroneous data was 

taken, whtch was later discarded . A O-S milliammeter was cODDected 

in series with the crystal so that any temency ror current to flw 

could be detected . 
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OPl'ICAL SYSTEM 

The expansion unit was calibrated by an optical interfer ter 

using a mero\ll'"Y lamp and filter to ()btain monochrcnatic light of 

5460A wavelength . The syst~m is shown in Figure 6. .An optical flat 

was cemented to threaded brass stoek which tit the threads or the 

specimen holder, The flat was given a thick silver coating. A second 

nat nth semi .. tral'l8parent coating o! silver 11as eeaented to an 

al1llldnum holdM'" which was constructed to fit the wre holder on the 

microtome . The app~atus is shOlfn in Figure 7. 

The fringes resulting frcm th eonstruc·tive and destructive 

intet-terence of light reflected between the ·two silvered sur'faces 

are observed with a micro~ope. A shift of one friuge indicatee a 

change in the length of tbe c17stal of one•halt wavelength or the 

light that is used . It was found that ·changes in length could be read 

vitb an accuracy of approximately 0 . 1 fringe . Alignment ot the 

optical flats 1tas facilitated b;y the three studard mounting screws. 

that hold the· expansion unit 1n the microtome . 
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CALIBRATION 

Measurements were Jl&de to determlne the depeldence ot the 

caUbrati m upon temperature and crystal history. It took approx

imately one-half hOU1" tor the unit to cane to temperatve equ111\rium . 

The crystal was first given a histary by increasing the potent1a.l. 

to 60 volts, reducing it to -60 volts aDi then bringing it back to 

zero . This voltage cycle was then repeated tar a te~~perature ot 

16•c and then 24•c with readings taken in one volt variations . The 

results are shown.in Figure 8. The result is a hysteresis loop 

analogous to that foum tar terroiu.gnetic subataDces . 

In praetice the voltage will not be reversed during a cutting 

cycle . It was foum that this could be done without hampering the 

cal:l.bration if the voltage was first increased to 60 volts aDi then 

brought back to sero. The eff'eet ot this operation is to bring the 

crystal to point ttA • on the graph in Figure 8 . Increasing the 

potential then causes the deformation to follOII the curve sh011n in 

dotted lines to point "B" . 

In calibrating the crystal ex:pana1.on at a particular temperatve, 

readings were estimated to oue- tourth of .tr1nge . The maximum 

posa1.ble error in reading was therefore one-eighth of a friuge. In 

checking the reproducibility or the calil:rati.on CllrVes, :1.t was fourd 

that in no instance did the total deviation trca the curves in 

Figure 9 exceed one fringe . For this reason it is assumed that the 

variations were pr1mar1l.;y due to errors in reading. 

http:calil:rati.on
http:ex:pana1.on
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The linearl.ty of the Heilpot is within o.s.. A ver.rd.e:r adjus.t• 

ment allODred the voltage to be read accurately to 0.1 volt. Errors 

caused by' voltage readings can theretc::re be ignored. 

It takes a :tinite time for the crystal to ex.pa.Dd and cane to 

equllibrium after the voltage is varied. It was t'owxl that when the 

potential was varied in steps or one volt, it took fr• 10 to 15 

seeonds for the eeyetal to reach equilibrium., When u!dag the Wl'lt to 

produce thin slices, therefore, 1t w1ll be necesaary to wa!t 

appraximate~y 15 seconds between ope.rations. This time interval is 

independent of temperature variations within the range investigated. 

http:ex.pa.Dd
http:linearl.ty
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CONCLUSIONS 

'l'he unit appears to fulfill the requirements that were initially 

set, vis . , inexpensive, silrlple, rugged, an::l easily used in conjunction 

with a stamard light 11d.croto.me • 

The slopes of the calibration ClJM'es shown in Figure 9 are 

nearly equal for teutperatures belw 22•0 iii the lOW'er 25 volt range . 

Between 17 and 2) volts. each eurve has a liuear p«"tion which has a 

slope ot 1 . 9 ! 0 . 1 fringe per volt. Since the curves do not coincide, 

these linear portions of equal slOpe do not occur for the same range 

of voltages . 

A curve representing the me~ of the calibration curves was 

drawn &Dd is shON'n in Figure 1 0 . The slope of the linear portion of 

this curve between 17 and .30 volta is 1 • 9 fringe per volt . Each 

calibration curve has a linear portion which coincides with a portion 

of the mean curve witbtn 10%. The curve favors the higher operating 

.temperatures in the low voltage range ani favors the lover operating 

temperatures in the high Voltage range . This curve is indepament or 

temperature in the rabge spec1t1ed am can be used to determine 

specimen thickness when great accuracy ts not required . In the range 

represented by this curve it is possible to obtain rrca 30 to 100 

sll.ees depending upon the thickness required . In practice one need 

only sort out the slices that are suitable tor electron microseow. 

In most instances the actual thlclme.ss of the slices is un:f.lllportant . 

In eases where great accuracy ie desired, the original caUbration 

http:thlclme.ss
http:11d.croto.me


24 

I. 
t .. 

I j . 11, ir1" ... --r-· . - -· "7 -~ -: f-j ,.:.:. 

-~ i . ;I .. i ·· -, -- r- ·-:c ·· · ;-: · ·· ,.:..-= ~. : · f4 
.) - ...L..J ___:_ ___ -~_;_ - · :~ ~j- ... '- i~~ . : 

• I I . : I .• 

·-; -·-.. 
1 

- r-· - ..;- : . · :.· · ~ J - --!· I ;... ... ; ..... 
1-J'-4-j,, ~-t .. .. ... .:...v·~ .:- ~- -.... 

.. ..J._ r--.1 1/ - . f· ....... ; .. ,-1.:.;-.·.
I I ··1 .. 1 I •• ! . . · 

. . '! . . ..... 
-+--1---t--1-~ -~~ - :  -+· ~f- ~ ·,c:. >: .. . .. : .I . . . ... 

1--+-+-4-- 1--H I--1HH.,.:.·c.t' ~...;·4' _,:·-+·-' -l···:.....·+· ':.....'' +. ·~=-r :_: ~ ] · 1 ~2 .> .. ... 
. ··I . J .. . . .. 

,__;f--1·--1 -t-+---~-'-+-+--~--'-~---';:;...-~.-'--JI~:.: -j~:. =- ·· - -f · ,' .: -·:
d " . . : . . ..... :· 

" ..:.::.:.:. 

1--1--11--if-· 1-.:..t--l-. .!1 -··~ -~ ---1~~-i- ·· 1 

- +'...l .1 >:-- ~ ::: _·: ...::~-~_:_ ~ :c... 
.. I .: • I ., . ,,:·;,:·,,: .· .I ..:· 

- -+-+-+-.,.+!'-.· i___ ~.:~ ..L .-t....__.__;. LJ ---·~-+-+-+·""+-+--! 
· l· ·I· 1/!. ...·.-:: .. 

I . T ; : ! ·;"· .. !",;! ' ::· . : ". 
.. . - .: .... _j_, • -----t-+-'+--F"F+-'-1--+-'-'l---'+--1=-f.!'.:.:..j" 
I i l / ... .. . ! ·:·::·:.; :~;;:; 

......... . 
.!___ ~+--!'-+-+-+-+-..+· -~::+·_;· ~= ~:;~::~:: 
1 1 .= ·_:, -- .. == n ::·= 

FIG . 10 TEMPERATURE INDEPENDENT CALIBRATlON CUhVh 



25 

curYes can be used. With reasouble care, tolerances should be 

vithin 10:C prOYiding taperature raains constal'lt . 

The effect of teaperature variations on 0#3" ODe calibration curve 

can be appron:mat~ly detel"JJd.ned from the caliwation curves . SiDce 

the thickness of the alice is deterained by the. slope of the curve, 

the errors d1ae to taperatve variation w1ll be directly proport1oDal 

to the deviation of slope fl"oa the calibration curve . This can be 

illustrated by asSUIIS.ng a taperature change fra 16.5•c to 1e•c 

during a slicing operation. For a particular voltage setting, the 

slopes o! these two curves can be compared to det.l'Jid.D.e the JIUiJINJrl 

possible variation. Errors tr011: sero to 1~ occur in the 15 volt 

to 25 volt range with an average of abo.xt 2()% . In practice large 

variati-on 1n temperature dwiag a sl1c!llg operatiOD. is rather remote . 

Figure 11 shows the light Jd.crotome aodUied for ultra- thin 

seoticm:J.ag. The u:p&Dier UD1t is claped into the specimen holder 

m:l a glass lad.fe is i ..talled in the aodified knite ho1der . A Sllall 

tray conta1DI.Dg a 50:C alcohol solution is Cell8nted to the glass lmite 

for catching the sections as they are cut . 

http:conta1DI.Dg
http:seoticm:J.ag
http:asSUIIS.ng
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FIG . 11 l•~ICRO'l'OHE SET UP FOH SLlCING 
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