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AB~TH¡\CT: Tht, ,lbsorbcd current image in a Seanning Eleclron .•.•Iiero.

s('oP(' (SE.\l) is srudied. In panicular (he hYPolhesis oí

Johnson anJ I\:ammararh about lhe relationship helween the
contra ...•t in this imaging mode and lhe sample resistiviey is

l('st(,d from a quantirative poinl oí vi('w. Ir is concluded

lhal the Johnson and I\:ammaralh mechanism can nor explain
th(' hi,gh eonlraSl differencc obscr\'cd whe..n s('veral clcmenls

are prcsent in a sample. A mechanism is propus('d 10 explain
ti\(' propcrtlcs oí the ahsorheJ ima}!:('.

l. I~TRODUCTION

TiJe ab~orbcd Currcn( image in a Scanning Electron Microscope (5 EM)
15 s(il! no[ \\'('11 under~tood. A[ rhe preseot time only limited infonnation can be
found in (he.' current litcrature ahout (his ima,ging moJe. According [O Kimoto1
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and otht'rs2•3 (he contrast produced in rhe absorlH,d current mude can be de-oÍ

scribcd by the equation:

I _(¡I¡tl)
() .;;

( 1 )

where 'a.liJ' and I~ are in[('nsiti('s of absorbed, backscat({'[ed. secundar}'
e!cc[fon signals, respectively. and lo i...(he inten ..•ity of rhe incidenr bcam.
Since 'o is a constall( rhe contras( tu he ohr,lined according tu (1) i s a mixture

of rbar obrained in backsC<Ht('ring and '.,<,'condary {.lectron modes. IJOWe\TT ir
is well known thar (he a[Omic number contras[ is ('nhanced when sampies are

observed in the absor1l('d currl'l1t mm!t-. This (¡¡el has l){'cll J,l,.'idely us(,d in
routíne allo)' wUfk hu( no satisfacrory t'xplanation has beco given. Johnson
and Karnmarath3 hine sr<ltcd thar (he ¡nneas(' in ;\(urni(' numh('r conrrasr in

(he absorbed O1ode could he [(,lat(.tI (O (he sample's dectrical propeuics. Thus

local diffcrences in (.'lectrical resistiviry of rhe variolls species presenr in a
sample will produce diffe[('nces in contra'>t. Thosc .lurhors I}()we\'cr do nor
show any quanrirarivc rcsult 10 suppon their hypothesis. In [he pres('nt work
wc intcnd [() dctcnnine in a 4uantitari\"(' way whethe:r or I~O[ [he eiecnical
propenies can produce tI'e extr.l ¡¡romic numt)('r COlIstrasr as sugge.<;(eJ by
Johnson <\fld Kammarad', \re: intend as well ro lie[ermin(' (he I'H'ch.lnisms rhat

could be in\"ol\"cd in tI'c ("onnast of absorbed current imaf:t's.

11. EXI'EHI.\tENTAL TECIlNI(JIJE

Sarnples for r!l(' experilllellt w<'re prepared by vaCUllIH cvaporarion of
scveral m('tals and insularor.s. r\ hif:hly polisl,t'd alllllliniulll di.se was lls{.d as
suhstratc. Ir was OhStT\"ed tll.\( tI'e slIh.'.;rr;l({' <lid flor presellr .1llY ropowaphical

dctail up [() a ma~nificarion of (x) 1000. '111(' deposiu'd matcria!.s w{'re Al.
Pd. Au. eu. Sn, Ag. NaCI aud KCI. Thl'sl' matl'fials \Vere deptlSi(ed as rows
Iying p.1ral1el ro each othl'f aioll,g thl' subsrrare. Scvera! preliminary tcsts de-

rermined that thi." arran,gl'llll'n[ was the moSt convenient for the dcpositco Ola"

teriaIs. Tia' IIlcan thicktl<'s.s of the dcposited films was about 2 j..Lm for metal s
and S j.1.m for insulators. A Monte Cario calculation of [he penetration depth
of the electrons fur the various materials usc-d in tltis cxperiment was per'"
forroed. The valu('s ohtaincd for the maximum penerration of elecrrons v.:ere :
0.57 ¡1m, 844 Jl., 0.24¡Lm, 0.I9¡Lm and O.40¡Lm for Al, Au, Ag, Pd and Sn,
respectively, ano 2.4/um and 2.3jLm for the NaCI and KCI. respectively_ lbus
in all the cases no contribution from rhe substrate to rhe signal inH.'flsit)' ';fas
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cxpeeted. ln the ~1unte Carlo calculatioll rhe r(.'dltliquc dcscribed by \1urata"
was used. Tlle acc<",lcration voltag<.' in tlll' Monre Carlo calculation was rakcn
as7.5kc\'.

Sampl('s \\,('f<-'obsef\,(,d on a .srandard 'SEM. Durin,i-:(!le llbSCf\'ation the
samplc was tiltcd tu the angk rhat producl'~ <lm<lxirnulllIH'ight in the si,gnal
intellsiry fm rh(, reflective mode, Thc magnification during th(' obser\'ation
was ( .•..) 50. Tll(' signal int('nsil\" pwfil(, \\,;\~ llbs('n,(.d in rhe wave form mtmi6

tur and phllto,graphed in a shoft pcrsistance eHT. ~ka .••urt:lnl'n rs of si,gnal in6

tcusity \\'er(' perfonncJ Ofl rrinted phut¡)~r;\pJ¡s.
The signal inrcnsiry of rh(, eu was rakell as th(' I.cro It-n,l, Titerefore

rhe intcnsiries \\'('rc [('portcd [('Iari\'c [O the copp('r (which \\'as_presenr in all
dH~samplcs). \\'e define tI,c contrast h<.,t\\'een t\\'o elel1leuts <l," la-lb where
la and 'b are the inrellsiries of e<lch dcml'nt relatin' [O thar (lf eopP('r.

The samplC' conraining th<.'NaCI and KCl films was n)\'('r{,d with a Au- Pd
film [O [('produc(' rh(, usual \\'orking condirions in the obs<"f\'arion of in,"ulators.

Several sourc('s of error such a." rh(, nois(' in rhe signal, irre¡zularities
in rhe intensity profilt- on the ooundary o('tween two (,kments •• , ('re., were
calculatcd. TIH: total error obtailH.d is indieated in eaeh cas('. Sampl('s were
cxamined by s('condary electron ima.'!:(' ro mOlke ~ur(' rhar no topo.'!:raphic con-
trast was pr<-'sent.

111. HE~lI LT~ ANIJ CONCLUSIONS

The int{,(lsiry uf rhe si.'!:nal for the scv('ral imaging moJes is presented
in Figure 1 in lIisto,gram fonn. Ir sllOuld be noted that the values for KCI and
NaCI can not be flirecdy compared with rhe ones for metals bccause their in-
tensiries could not be normalized due ro the prcsence of (he Au- Pd coating on
these samples.

The pair Pd-A~ is very important because the atomic number.s are
close rogcther (Z~ 46 and 47, rcspc'ctivcly) and the resistivities differ by
almost an order of magnitudc (lO.H JL O cm aod 1.59 J-L U cm, respectively).
This pair let us test directly rhe hyporhesis of Johnson and Kammarath since
a small aromic numhcr contrast is expcctcd in this casc. This is expcrimcn6

tally observed in Table 1 where the contrasr betwcen pairs in the differ<'l1tmodes
is given. As can he seco the contra, .••t uf Ag- Pd is ZCf() wirhin the experimental
error for the reflexive mude. Ilowevcr in the ('missive mode A¡z has a somev.-hat
higher intensiry than Pd due to its higher yicld uf eicctrons. On the other hand
for the absorbed mode the signal of Pd is Icss in tense (on the negative axis)
than rhat of Ag. 'This laner is not in agreeml'flt with the canplementary nature of che
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Fi~. 1. Inrcnsity (in arbirrary unirs) of ,he emissive. rc-flcctivc, and absorprive
signals fOf sev<-"ral materials.

absorptivc and cmissiv(' modes and ...•('('ms {(l suppon (he hyporhcsis of Johnson
and Kammarath. The extra contr<lrlS( obscrved ror (his pair in TabIe 1 is noe

due to topography oc atomic numher. l10wever ir should be notcd thar rhe
contrast obscrvcd in tltis case is flor cnough (O cxplain rhe high contras( dit ...
ferenee usually obscrved in aIlo)' work.

In Figure 2 l!le image contrast is plotted versus rhe difference in atcmic
number fOf 5('\'("ra1 metals. Fi~ures 2a, 2b and 2e show the cmissive. reflexive
and absorpdvc imag<.'s, resp<,'ctivdy. As can he seco in this Figure in rhe
emissive mode the eontrast ¡nereases \vith the dilferenee in atomic number.

Thcrc is nut a simple relationship bctween contrast and atomie number
differenee.
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TABLE 1
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Contrast (in arbitrary units) bctwecn (iiff('f('nt pairs of eiements in each oper-

arion mode.

EMISSIVE HEFL ECTl\'E ABSORPTlVE

Sn-Au 0.30 t 0.02 0.47 t 0.02 0.24 t 0.02

Sn- Ag 0.52 t 0.02 0.18 t 0.02 0.53 t 0.02

Sn- Pd 059 t 0.01 0.19 :t 0.01 0.51 t 0.01

Au- Ag 0.22 :!: 0.01 0.29 :!: 0.01 0.29 :!: 0.04

Au- Pd 0.29 t 0.01 0.28 t 0.01 0.27 :!: 0.01

Ag- Pd 0.07 :!: 0.01 0.01 t 0.01 0.02 :!: 0.01
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Fig.2a. E.missive ~odc. C.olltrast bl'twecn metals (in arbitrar}' units) versus their
ddfe.reo~e In ~(Omlc o~mbcr f/.'1Z). Thc y-axis represcnts (he signa1 io-
renslty In arbltrary UOltS.
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g. 2b. Rdlel:ive mode. Contrase between metals (in arbitrary unies) versus rheir
difference in atomic number (/j. Z). The y-aJ:is represents the signal in-
tensity in arbitrary uniese
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Fig. 2e. Absorptive mode. Contrase between meuls (in arbiuary units) versus
their difference in atomic number (/J. Z). The y-axis represents the
signal inrensity in arbitrary units.
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Of thc thrce op('ratioll modcs onl)' for the case of the reflc.'xive mode

can a general tcndcncy [O produce <1 srraight linc (excc..'p[ Ilc..'.lr [O the origin)

be ohsef\"ed. As can bc..' SC.'c.."1Iin F i,l;ure 2c {he contras[ in (11(: ahsorpti ve mooe
in creases more strongly with lhe Jifference in atornic numbn rhan thar of the

emissin' modc.'. The pnillts arc..' somewhat less seattcred. 'liu:"'> indic.llt'S a more
ddincd depcndc.'nc{' ld Contras( (ln atomic numb{'f in rhi ...•mode.:. \\ 11<.'11plots of
conrra .••l n"r. ••us sl.'veral pararnl.'tcrs such as mean free patlt of the ('I('etrons,

numhl.'r of aloms per 1I1l1t \'olumc. resistivity and atomic radii ,tr(' made, the
rl.'Sultanl cunes arc \'cry cornplica{('d. ~o dirl.'c[ informa[ion ahout rhe role of
thost' diff('ft'nr paralllctcrs can be obtainc..'d.

The r{, .••ults can be t'xplainl.'d hy the follo\\'in.c: mechanism: in the for.

matioll of lhe ahsorbed currl.'nl image all lhe backsc:lue[c..'d eIeclrons are con.
triburinJ.,:. On lhe ol!Jn halld the .••econdary image contaill." unly a porrion of
rhe backscaul'red (,leetrllIlS wllid~ arc lhose thar s[rik<, direnly Ofl lhe collector.

Tlle missing part of [he .••iFnal produces rhe differCllCl.' in conlrasr hetween the
absorbed and <.'misin" modes. ThclI equarion (1) can nor he applied dir{'cdy to

rhe an.t1ysis of tl'o .•.•e ••ignals. The resistiYity of rhe sample !las ohs{'rvable
<."ffece•• only 01'1 lhe Cootrast. Ilow('\'('[ this is a minor conrribution since a high dif.

fert'flq: of r<.'si~yiri<.' ... i ....requir('d to product, a small Ji(ference in r!le contrasto
\\'{" C;1I1 tIJen ('onclud{' frolll rhe experimental resul(s tlla[ the non com.

pleffi{1ltary nature of rile absorheJ ami dlC emissin' imag(:s S{"eOlS (o he more r('!<u{,J
[o rhc.: Fl'ometry (¡{'r •••.c.'u] sample and col lector rhan [o lhe c.,lecHical propl.'ftics
of lhe san,-I

Tht. author. ...•••.¡sh ro rhank Dr. D. Dingl{.y of Bristnll1niversity fm many
\'aluablc di .••cussions.
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H ¡:SU~1 EN

Romeu and Yacamán

Se estudia las propiedades de la ima~{'n d(, ,-lcnrónes absorbidos en

un microscopio de Barrid'l. La hipó('si ...•de J ohnson y Kammarath sobre la re-
lación entre el contraste Je la imaFef) }' la resistividad de la muestra es exa-

minada desde un punto de vista cuantitativo. Se C('nc1uy<.' que el mecanismo
propucsw por Juhnson y KammaLHh 110 ('S ad,.cuado para explicar el experi-
mento y se propone un m('c.luismo alternativo.




