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Life beyond HlL'V- liLt' life <Jftcr /1()- is noL :nu different unless one take~; 

advantage of p."lst cxperit'ncc and is n~cL'ptive to nc\v opportuniticso i\t first 
glance, the returns on pcrform:ing electron microscopy ut volUl[.;Cs greater 
than H!cV dimlnislt ruLlwr rilpidly :1s the• Cllrvcs \,•ilich describe the I.Jcll-
kno\vn <lclv."lnL"Igc•s of llVF~I nften tend tn\.·nnl:c: s:1tur<1liono llcH·.'cvcr, in o. coun-
try lvltlt :1 signHi.c<mt IIVJ·:i'l c:Jp:llli.lity, :1 good C:.Jo;c c:-~n be m.'Jdc for investing 
in inst:rtlillCllt:; 1,•ith a r:11Ji',e of m:1:·:imn:·1 :Jcr'r•]yrntinr. volt:q;cso In this 
rc~\.:Jrd, tl1~ lo5~lcV Kl\i\TlJS llVJ'Jl bcin)'. in!;LJllL•d in lkrkclcy 1viJl complement 
the other (,'iOKcV, HIL'V, :llld L:2t-!cV in:;lrtl:ncnts currently operating in the 
U,So One ethel ct~nsirlr•r:llion suggc;;ls til<lt L.S>lcV is an optimum voltage 
machine - it~_; :-~c~ditinnJl <Jrlvant:lgL'S m:1y he purchased for not much more than 
a lNcV instrument. On thL! other h:wd, tl1c· 3:1e\' llVUl' s, ~o:hicll seem to be 
operated Jt 2rlcV max]mum, arc much more '-'xpensivc. 

Since the main rnti01wlc' for con!;tructing the original llVE~!'s lv<ls the in-
creased pcnctr:.Jtion, this :.1spcct \,,ill hL! consiclcrcd first. In figo 1, reslllts 
are collated from a number of studies of usJblc penetration ns a function of 
accelero.t:ing voltuge for scvcc1l matcriiilSo For the p11rposcs of compurison, 
the foil thickness at high volt;1gc relative to that CJI lOOkV is plotted, 
These results must he Lrc;Jtcd \vith somL~ C:J\Jtion since the operating reflec
tion and diffraction conditions \vere nut ;ll.h'ilYS the s~1mc, JnJ it is knoHn 
that tllL•sc arc llllJ'Ofl:lllC p:namctcr~>ol,:: (~c:vertllele~;s, tile overall trends 
arc reliable und :it is clL'ar t!Jnt the ,ciJvanU\gcs in going to li·leV continue to 
LSNeV, but at a dLminishing rate. Th·o points must be horne in r.1ind, (l) 
l'Xperiencc b:1s slim,'n th:1t bulk as opposccl to thin foil bcil:1vior is observed 
in foils in excess or l-1Jitll thick, :111<1 (2) dislocation contrast diminishes 
before the m:1ximum foil thickness j s rc:Jcl1c<L Thus, in sludics of dislocn
Uon structures, foil thicknc'~;scs 1·:1Jicl! ;1re often J~s~; Lkm tilL' m.•::imurn lvill 
he l1<ltnr:d1v St']Cct:cd r,Jr nh~;t'rv:1t io11, i11 ntl~t·r lYl"-'!; of l.'r:pL~rimvnl~-;, 

however, the use of VL'rY tlii,~k foil:> i:; .'1 dcc.idc~d ;ulvant.1/',l'o For cxnmple, 
during in-:;Lll! O>;id:ltinn :;ltldiv:; of thin roil:;, SL'Il'ct:iVL' o:dd:JtiPll of O!lC 

compO!ll'nt o( on alloy c;ln lt•<~d tu :>CVL'rc• ::olutc! dt.•pJction of the matrix anJ 
non-bulk bcll.1vior. Sl'condly, the very high penetration in the light clements, 
such ;1:; Si, f:lcLUt:Jtc;; dirl'Cl ob:;t·rv<il~ i<lllS of interfaces, defects, etc., in 
mnlcrinl;; [or clcctroni.c dc~viccs and :;o1.lr energy npplications \vhe1·c l:1;cr 
thicknesses :1rc of the snme order as foil tliickncsseso 

A second importnnt :1dv:ml:1gc: of JIVI·::l':; i:: t.llL· grc:1Lly incrc:Jscd ,;pnrc in the 
spccim,•n ch:1milL'L Tl1i:; <l1lnlv:-; con::! :·:~<·t i<lll r)r "mi:;i-l:1b::" in Lli,_' nhjv.:t ivc 
pcll.c pi.L'Cc' for jlL'rformill)', :1 v:1r.ietv •11 in-:;ilu sludiv:;o lids <1Sj1L'Ct I..<S 

;1lrcady bL'<.'ll CXLQJJSlVt~!y dl'Vt'l<>Jl('d (;;,.,. ''·)',,, i'>11Ll(•r)) illld, \v.iLIJ L!JC );l"l':lt 
Ctlrrcnl inll·re:;t in l!lHll'r:;t:;tJHling tlll' IHII:1vior of m.cllc·ri<ils .'1L lli)~l1 lt'l"l'l'r.:J
tl!l'e and in ho:-:lilt' Cl1virnnmL'i1l~:, i;: l ih·l~· to be Jll!l"StlL'd [JJrtlHT in tile' 

next dcca,!co In particu.lar, by sacrificini'. some of the .increase in pcl:t~tra-

tion <ll: high volt:1gcs ii!Hl surrounding lhl' spcc.iJ:lL'n •-!iLl! :1 i_;:.Jc;c'ous ulviron
mcnt of controlled composit:ion, o. n111Ch better undCl:.st:lnding of gas-solid 
reactions and interfilcc behavior c:1n he :\nticipatcdo S1,·nnn 1,•as o:1c of the 

cnrly dcv,·lopcrs of C'nvironmcnt:Jl CL'll.·: for ~;tiel! studies, <JJHl in Fir;. :: 
S1.:ann and Tip,IH~s'LI L'xpcrinlL'nt:-~1 d;1t:1 c•l' )',:1s pn'ssurL' <lS a functiun of :Jcc..::le-
rating volt:q;c for scvcrnJ gzlSl'S li:lVL' ht·,·n c::tr;1polatvd to 1.5:lcVo The 
critcr:ion th:1t the m,1xinwm usable pn·~;·:tlrl', l'v, is that nt 1vllic:h l/1 0 == 0.1 
\v.lS usc~d, and till' pn'ssurc relative to l' ;1t HlOkV is ag:tin plott.l'd. For 

v 
;.~ci:n...-~ ~',:1~;~.~:~ t·!Jt• ill!~rl';l~~l' in pr,':~~1tll~l' ;11 ''('ii) 1 ' t·11 1. 1 <·~\\r i~: :tPj'~l't'<'i"hl;·. :1·i1l 



shoul.d be fc;l~·>ibl(·, llndl'r unrm;ll (non-t'llvironnlt'lll:d v••Jl) 11:;t· tiH: coltw1n 

ViiCtllllll i:.; :1!:-;u import.a111., :111d ,._l'l!::•·qtll'llL!v, tiH• l'.•·rLc·l<·y in::lnl!l!l'lll. l1;ls ht•t•n 
equipped with more efficient 50(~~/sL'C turbo-molccu"lar pumps. Thl~ nttain:1blc 
vacuum is •1.]()-6 torr in tlw sp~·c.inH'Il cll.1mhc1· {this c:m be illipl·ovt•d fun:1cr 
by auxili:•ry ion-pumping on a port in Liw ch;Jmhvr), ;111d lo-7 tllrr :"it t.hv 
b.:~sc of the ::tccclcr:-Jt:or tube. A good nccelcraU•r vncuum i,; :1l::o ,j,•,:ir;!hl~..·, 

since it i H kn01vn th:1t l !1v t:lmt• "intcrv;JJ b('Lh'Ct'll :1ccderator nm.J it i.)n ill)', 

is incr•~<:>scd ;:md the X-ray emissions decreased with improvement in vacuum. 

The nbility to simulate radiation damage in an IJVI.::i-1 has been exploited 
extensively in the past and is likely to continue. Hm.Jever 9 many of the 
heavier clements, e.g,, \.J, Au, lJ hnvP tllrcsllolcl energies for displacement 
damage, ET• in excess of Jt.!eV nnd co11ld not therefore he studied in this 
country. At LS~leV. ET i.s exceeded for all the clements in the pcrioJic 
t~lblc, ::mJ this added capnhHity could be an :1sH~t in future work. Hith 
increased emphasis on fusion systems \vlllch operate at higher temperatures 
and require ne\v cL1SSl:s of materials, rvfr,1ctor:: metal alloys \vhich h:.1ve high 
ET's (e.g. tlo = 870KeV) • \vill find increased npplication. Unfortunntcly, 

. rndiation damage is a double-edged g1vonl and in m:.ny npplications of high 
voltage microscopy it is an un11antcd comJllicating factor in tile experiment. 
Two solutions to this problem have been ~;uggcstccl. Operation at a voltage 
below ET- not good unless ET is high, or perform the experiment nt a 
temperature where tile thermal cquil.ibr.iwn concentr-ation of v:-~cancics exceeds 
the concentration of displ:~ccJ ntoms prmhtccJ under the condi.ti.ons of the 
observation. Values of these temperatures for a number of mct<1ls have been 
given by Bricknell and Ed in;~ton,5 Fortull:ltcJy, tills second option is more 
comi)atihle \vith in-situ high temperature studies of nwtcrials at high accele
rating voltnges, 

Pcrlwps the p,rci1test future potcntii1l for l!Vl'J>l's, hoh·evcr, lies in the 
inherent c:ap;:~bility for improvements in rt'solut ion, i.e., the C5 .\ effect. 
lloriuchi et al.-6 have graphically dcmonr;tratcd this potc!ntinl \<lith <:>:cellcnt 
"structure images" tnkcn at l~lcV with ;n; ial illumination on evaporated gold 

0 

film. L<ltticc frinp,c imngcs of the 2A sp:1ccd (:WO) planes nrc clearly 
resolved. lUr,h resolution \vas n high priority specification for tlic 
Bcrkelcv liVEN <1nd till' in:-:trunwnt \<l:Js dL·s:igtwd to :~cllicvt~ (1vith mod i.f i.cation) 

0 . 0 

J.SA point to point ('•·2.')/\ lattice) n•solution. Jn order to ;1chievc these 
resolution levels, scvcrnl dcsir,n improvements have been :incorporated in the 
instrument. Tilt' high volLl!~C gcn0rator \·J:ls huilt by the Emile !Iaefely Co, to 
nwre stringent spc'cific<~t:ions than e;n-licr models. Hire I>OutH.! resistors nre 
used in the voltage divider ;mel top,ethcr 1vitl! other clt:Jngcs improve the 
voltage stability to <5 x lo-6/3 min. at all the fi:wd voltages from 200-
lSOOkV. TI1e ripple voltage between SOOkV and lSOOkV is <J x lo-6. A de
tailed description of the systC'm hns been given by RcinholJ. 7 The objective 
lens is designed with' a high-rt•solution pole piece nncl top entry stage as 
\vcll as tl1e usual side entry syst<'m, ;Jnd the lt•n:; current stability is 
better than 3 x 10-0/) min. A nw~:~nlf.icnlion rnngc from SOX to >(>JO,OOOX ls 
proviJcd with roU!tion-fr('c imaging :1bov<' :;')QOX. 

ln addition to instrumental changes, the building to house the microscope 
h:~s been designed to prevent ambient ~~rouncl vlbr:1tions, and those resulting 
from future site development, from limiting the in!;trumcnt pcrformo.ncc. The 
microscope in mounted on :-1 100 ton ilh't·Ua block (of L2llz natural frequency) 
\vhich in turn :is supported on 12 air l'prings. Because of the vulnerability 
of its location, nn addition,11 4 seismic n•straint "tlevices are fitted Hhich 
actJvatc to restrict block motion in tilt' cvf•nt of nn earthqua],_r>. The system 
is dcsign<'d to protc·ct tht• inst:1llation from m;1jor d;wwgc> inn 7.0 earth-· 
qu:1kc \vith epiccnt:N· 0.') mile from the> h11Llding (e.g •• on thl~ !lay\·l~lnl F;wlt). 
A schematic tliagrnm of the vibration isoJ;llion system is sh0\<1!1 in Fig. J, ;mJ 
n pnnoramlc vlC\v of the microscope tmver anJ support fncilitics is given in 
Fig. 4. 
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!\ clivcr~;c n:;;l':JrclJ JlP'I~l":IIIJ i!; pi:IJJJ1Cll fpr Lil<· JH''.•' in::triJIII<'IIL i11C.lndin1', in-
~;iLII ~;Lillli<':; <11 )',;J~;-::<>iid rL•;JcliOII~i :111<1 pkl:;L' !LI11:;<lllil.:!il111:·,:;LI11i'•;~; (lf 
ccr:unics, g !.:1 s:;c:;, m i.ncr:JL; <1t1d o ~-iJ,:·r h<':II'J-:.;<'ns it LV<' Cl:llc·r j;J]_ s, r.:lc ros L l'liC-

liJr<.' ch.1r:1ctl:rir::lLion of :c:t.c•vls, f;oinr Cl'll:;, etc. ln tilc:.;c sludil's convc;t-
t.ion;l]. IIVI·:'l ilil:q•,ing tl:ciJniqiH':; <·!i]l h<· :tll)',l11l'11l<'d h'iLii ill[u,·:J:Ii.i(lil 1-r<,::J 

energy loss spectroscopy :md convergent IH•,Jm n1icroscopy. 

This projL'CL is :>iipportcd by the lliv.i:;in11 of ~hrcrliJL:~ Scicncc•b, Office• uf 

l'.asic Energy Sciences, U.S. Dc.p:trtment of Energy under Contract No. \.J-7405-
Eng-Ll8. 
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Plot of maximum usable foil thickness (r('lolive to lOOKV) Vl'rsus accelerating 
voltage for Si, Fe, stninlcss stN•L 
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Figure 3 
Schematic diagram showing vibra
tion isolation foundation for 
Berkeley 1.5 MeV HVEM. 
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Figure 2 
Plot of maximum usable 
gas pressure (relative to 
100KV) versus acceler
ating voltage for 
several gases. (Data of 
Swann and Tigue4). 
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_Figure 4 
Photograph of Lawrence 
Berkeley Laboratory 1.5 
MeV High Voltage Electron 
Microscope facility. 
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