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GATAN'S HOW-TD NEWSLETTER FOR ELECTRON MICROSCOPY

2k GIF — High

Resolution [nmging

he Csatan |r||.a=_'i.r||: Faleer (CalF™ ) allowes

users to employ engergy-Filiered vransmis

sion electron microscopy to ohtain valu-
.e|!1|¢.' inhsrmation in a *:-|'I.II|.IJ.!'| -Inl'l'- il ARt
fram inclasocally scarrered elecreans, Armong i
MANY ¢ .|}'l.:||!:l|||!i-.".. the L:1F can be used in com-
] ional .||1J|_l.'-.'.'. 0 produce |||1_'_|1|'|' SCMsITIVE
clemental and chemical maps brom a large
numiber af pisels in less than a minute,

|.'|1 iy o, we have sed OUD detectors with
3 |lower number of :_1i~:q|'. l|:.'pi{.||'.:.' 1024 %

YOLLEEE 4, [550E 3 - SEPTEMBER 1847

1024). Rec .'|.'.|:. we  have |||a.|.-r||-.-1.||-|.|. ]
:".L'!_'..lh..m COIY camora wich X048 x 2048,
24 wm pixels into our GLE More pixels offer an
increased Hekd-of-view lor a given image reso
lution. Even in applications thatr do not requine
j.lli:l\.' data sets, |l'.|_;l:-.'l CICDs are beneficial for
|;l':-:-'.'|' can be hinmed | ;:-:l'.||l-.'|] |||-.;q.'|||r|l imio
'-.|:|'r'-u: !1::-.-.'|-." fia |mni:5

gain and grve heetter |l-.:-i|1| spread-lunchion per

L IRAGLjEnt F'I-\.':|I:II.'I..III|. i

1 e |
bormince than single pivels,

To take hull advaniage of the increased number
of independent image points, the new GIF also
uses redesigned electron url-.w o provide

R pHros el |-l.'|l;-1| mance in both the im Iping anid

confinued on pege 5




Gatan

EFTEM

AurtoFilter Software

Automatically characlerizes and optimizes GIF electron-optical performance

iether placed in-column or post-

column, a TEM energy hilter repre-

SETIEE @ -:gu:lr'iu..mr expansion of the
electron OpEICs af a TEM System. As such, it
it critical eo the overall IJ:|'|:|I.'_i|'||:,'_ i'u.'ll!-l.'-l mance
of the r.'rll.'l!_"_'."jliitl'rl:'il TEM (EFTEM) system
that the optics of the encrgy filter are prrecise-
]'| ||.|||-€J-I'I .ln-li I|§l1r|.|'||-|'l||. II'l e l;J.'«‘I."\ Culy F"-Il:t'n =
vial aberrations are paricularly important o
control: 1} image J.smnium. 21 chromatic
imaging aberraions, which can blur filrered
images taken ar non-zero energy loss, and 3)
spectrum aboranons ar the t‘lll:rF'r-'rl:Il.'l.lil'lil
slit, which result in non-uniform ENErgY
sebection 1 hliered i:l:l..lp"..

The q.h.||i.;|1;.: T .|l.:.-|.'ui|:t_; and u:lrn:u:inF thigse
elecoron-opucal defects hes in efficiently mea-
suring them in o way that isolares the imaging
propemnies of the encrgy filer from those of
the TEM svstrem as a whole. Garans new
AutoFilter™ software package for EFTEM
IFETLS I:II.H ll::l][l'1lFL' 'ﬂ"ll]:l il:l“.'ili!,:ﬂ.'l:l.l II.IIIiI:It'_
algorithms that harness two critical pieces of
hardware |n|;::|._-|r.||. to the Laaran [m.'l!_'.inp Filter
(GIF). This Gatan-exclusive, patent-pending
technology helps ensure that you will abways
get the best results our of your Garan EFTEM
SYSICI, CVEnl il Y anent '::I..I'..[i:r‘ the world's
CXPETT 0 l.'ll.l,'rg:-'-l}lh.‘rih; electron OpEics,

The GIF hardware thar enables AuaFilier 1o
work i III.'I:.'_"iL consists of: 1) an entrance
aperture rod that includes a precision-fabricat-
cd 25<hole mask. and 2) a retractable. contin-
wously adjustable, calibrated energy-selecting

slit. Baoth of these devices are rl:l:ill.']:..' undet
computer control .|F|.|,|'. enabling the tuning
proc cdures oo run fully Jumm.lli..'J.rl:l:

Images of the mask, with s square 5 x 5 armay
of holes (Fgure 1}, permic filier-specibhc image
dsrorions w e -_||~|.Lr.1cu-ri:-.'-.! o dth onder.
With the addition of beam-energy variation,
sanch THETL alsin allow I1||l|:|--|p:.1..i.lh. cliromaric
i|:|.1t1'.r|£; aberrations o be measured 1o the same
high order. By retracting the entrance mask and
...'-:lillo.unj; an image wh'-h' scanning the specorum
formed ar the energy-selecting slit across ong of
its edpes, the sit-plane spectrum aberranon hig-
ure can be charcrerized wo arbicrary order. The
resulting “isochromaric surface”™ (Figure 2)
di.n:..||_l.' shiomas the Jq:rl.'i: e which every |'|';:.;|_-] in
an cncrl-_':.'-ﬁhcn.'l.l IIMEARE B .JL1u.1]|i_l. ket (i
precisely the mme energy-loss mnge, Such auto
mared measurements by AuteFilter provide the
feedback needed by its mning algorithms o
auromatically adjust the lenses of the energy hil-
ter to correct any detecred imaging defects. By
quantitatively tracking the imaged mask-hole
positions |:I'I.'i.l|:1'.'l.' Th IEI.' sileal sjuare rricd) while
'-'.1r_.'inF the relevane |:|u4.|:imp-r-||: .1n1; 'i-'l.'.'ilul"ﬂlf
lenses of the GIF, AutoFilier J'Imiu.'-':.' and cffi-
ciently comrects image distornens through 2nd
order (Figure 1) and chromanc aberrations
through 1st order, each in abowr 30 seconds. By
rracking the 2-dimensional polynomial form of
the isochromatic surfoce while VALYIng the
ENIGLNCE OfFics of the GIE AuraFilier -.||.|:||.|'-i|j.'
achievies sochromanc t”qi;n,u,l 17T 'i|1|3 1o within
1.5 eV over the entire image hield (Figure 2),
also i bess than @ minuee, W




Specimen Preparation

PELS

Applications for the Semiconductors

he Garan Precision Erching and Coating
System (PECS™) i :|1'tigm:d ooy eshein
clean, artifact-free,  well-delineated
erched specimens and these fearures have been
demodistraied in a recen applicarion where it
was used to erch and coar an unencapsulated,

state=of-the-ar semiconductor

The objectives were:

1. Observe the DUENESIEN Erain siruciure,
2, Evaluate step coverape.

3. Derermine ||:'n|.'r unibormicy.

4. Ascerain -L'ILIII prl:rllilc.'._

The semiconducior cross section was atiached
to a stub with mounting wax and mounted
onto a standard pelishing block. The sample
was polished using conventional lapping tech-
I1ir.|luﬂ. Unce the polishing was complete, the
SO, WEIJ‘I sample artached, was removed from
the block and inscried directly into the PECS
without removal and reloading of sample. The
sample was etched for 5 min ar 6 KeV with a

skl e

narmal (90%) beam J:Lgh’ and rotared at a con-
stant speed of 30 pm to ensure even erching
along the cross-sectional surface. It was ;muﬁ
with Au'ld for 30 sec in a working vacuum of
approximately 1 x 1077 Torr. The images were
obtained on a Philips X1 30 field emision
SEM COURESY of Marcrials Analyns Group of
Sunnyvale, California.

You can see from Figure | that euching with
conventional chemical processes docs non
bring out the tungsten grain structure and the
Sep cveTage, |.1:|.'|.': ||.ni|'.|11'rr1ir}'. and erch pro-
files could be more cleardy delineated for
analysis. Figure 2 shows a sample that has
heen |:r|.|1nJ.:u1|.[ coated in the 'ECS and the
grain structure and all other parameters are
n.:|l|‘.‘.]r|§|-' defined. With the PECS, vou do not
get over eiching as in chemicl processes, will
not introduce amifacts due w preferential
etching. and will not have residues from pol-
ishing compounds, debris from cotton swabs,
ete. It eiminares the need for chemicals and
disposal considerations, You have more con-
trod over the ctch rate and can easily have
reproducible results. Specimen handling is
greacly reduced with the PECS. The stage is
configured 1o hold standard SEM smubs and
climinates the need to wansfer the sample
from the polishing stub 1o another |'||:||||;E'r,
Eeching and coating are performed in the
SUME  VACULm ::h.:mli'u:r and rthis eiminates
additional handling of the specimen. The spe-
cial airlock prn'.'iﬁm substantially increased
sample through-pur. Last bur nor least, the
unit has Very u.'r:r-l-rfcul.“}' features. W
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DigiScan and IMAX

1 1
coCTiEly, SCIETLINE |'\-|||I| !'l_:_!-_; L bl
achark il LIRNRENEESSELFIE I L LTEELL
ETIAEIEAN I"I'II' ITIRENLI M SO CTIL N

using an SEM For the IMAX 30 movaie enits
tled 4 Million ':'l-.-ll-.q.:_;l:-.'-:'. CIMAK 3D s an

extenston o the traditsonal formae that allows

i
INE JLIGEIETIOE T & [NNINEE ||||||l||'\.|':| | Mg Es
i ||..:._l.' PIRCCINE SCTeen (up (o SOEICS
i I I
gt with the aid of special viewi 18 FLISSE

| he poa
pr wliice |||_'_:| resalution, 313,
RECLEHCT VICWs thire

f
I ¥ -
| of this SEM movic Project was (o

I.I\.'\llll.' IMILRYIL

1izh Ficraspace of micro

SCLALNIL CTOLERITS |I!|| Ln]m e et

|:'.I.ili.' "ll 1'.' I |..|!1-\." AlE l.'-.':l |.|'Il'-'.|| .||Ili IIJ':.
ppeared both on the covers
numerows fourmals and maeasnes. In

wvatem called thic

he developed o parented
Multe-Detector Color Synthesizer (MIDCS)
far i quiring color images in the SEM. The
MDCS wses  muluiple
detectors arranged around the sample stag
; ane mixed o produce coldior
"'-l "'.: '|""|_'-'\.'\-"' |:|:I !|| Lot '.l.u.l..l
has been using a Gatan DigiScan system wath
|.'|:!\||.|| ."-1|.,:l\.|lr;|'.|lr'\l|| (14

st
II|.'| i.

ind

. Lizy
sepondarv-clectron

1} 1
LLHMCLT '.I|_'J":.I|| [ERaR

¥
VEATH: LY d

CEHFECT IMiPes i buks

ETEL AutoScan

igiSean is a device that produces digital
SEM or STEM. The Digihcan

MDCS becauss
[ECTONS [roces-
sl L

irriage curig acogu

JITAEEEE O A

il\..l\.'..l lOF COnPecTimg o i

L &ifg i1l COHITARNGE ITERIT phie di

i
LLN] L171 CLNIARY L LFITAEN] TR |I ECLDLY G188

it and viewed as a oolo

HELIEAD]

lo generace the 300 effecr, a LECY Srerecobcan

1) was ..I.l\.l'\-l\.!l Li Ll'\ll!l\.-\. I BT

MDHCS
wolftware necessary for acguiring

dara was wrinten in |!::_'|||.'

fod pairs ol an
IIII\ STHITITE Was

and a Digiscan

outhired with ar
Mot of the
LERE MY IE
.".'.l-.l--!_....'|: sCTRpFLINLE langare.

th puxel resolution
1"|"w- L 1

PELTLLICTS =l "'.illil'lll.l'll.' AIRRTIARI0REL :I.'I\.IIIIIIII'.

10 (ISl UTag

NERNE NCLESSElY R0

was employed—similar in principle (o tha
Afeer the
movic sequence was acguired, th
copied to [hgical Linear Tape and sent
|"lh:, ll.:"-., .!.II-.“. 'il..l\. SR Il;.,lllul-;.l [ |||I. |I'||

colinel.

used o produce cartoons CHATITE

-
files Wrg

Four Millkon i|-l'.:'-. ests is currently show-
ing ar several IMAX theaers around the LUSA,
['his s the first tume thar colored, high-reso
lution, 313 SEM image sequences kave been

created for moton picouncs, W




continued from page 1

spmtmm?}' modes. Some lenses are now
magnetically rotatable 1o allow precision spec-
trum :|-1'ig,nm|:m with the energy-selecring slit
and to ide more accurate image alignment
with the CCD. Ocrupole elements now correct
for third-order chromatic aberrations. Finer
control of the lens-current power supplics bet-
er addresses the higher alignment require-
mients of the |algﬂ CCDs, As a resule of these

improvements, the dectron E:in of the GIF
his igible geometnic and chromaric aberra-
LI, ¢ remaining image distortions are
under 1% and weal cheomatic aberraion are
less than a single pixel.

These newly incorporated enhancements take
full :d:'!.l:n::ﬁ: of the latest developments in
automated Fleer mning and make the GIF more
straightforward to align and easier 10 operate,
L]

D liltali‘*'hc r-::riraih

New —DigitalMicrograph
on the PC!

igialMicrograph 3.2 is the upgrade o
versatile DigitalMicrograph 2.5, It
is available on bath Macintoch and I'C

platforms. DigialMi
designed to run on Wi

h 3.2 for the PC i
5 95 and N'T oper-

ating systemis,
l]iﬁ:':a]Hi:mgn h 3.2 has many new features
such as imp image display and manipula-

tion, extended plug-in support, and expanded
interfaces with uﬁs:r applications. The new
image "document” in DigitalMi h 3.2
fearures a “page” upon wh?:h mu]u';pt i‘:m{-.n

can be manipulated and areached just as easily
as annotations. New page-lavour capabilities
allow images to be stretched o fit the page
more precisely. Multiple d%r 11_r5c3, such as
raster, spreadsheet, surface plot, and a new dis-
play type, the surface model, can be placed an
the same page. Zoom is enhanced o allow for
continuous gooming. The scale bar can be
adjusted to display a specific linear value and
the actual display size of the scale bar isclf can
be varied.

DiggealMic h 3.2 for the PC currendy
m;?l rrs pr:g-l?rl:.-. for the MultiScan and the
Biobcan cameras. Evenmually it will suppornt
many types of plug-ins to allow for easy exten-
sion of DigitalMicrograph through Gatan,
third parties, or ones own sofrware develop-
ment. W
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DriltalMlcrﬁirﬂph
Plane Dodging with DM

odging—-the practice of sweeping 2 mask
D;L-u.'ms-i a sheet of print film during the

printing process allows a phnmg‘.',r.mh:r
o compoiaaid ’.ﬂl.' LACYER Ei.t;lﬂ'i.h FOf I.'lf'II1E'_ [l
.'-:|t'l.'u'thmlum in a scene long after the picture
has been taken. It is an art, the desired end resule
requiring skill and many tries in establishing the
r?ij:: combination of sweeping speed, fully
uncovered time, print film type. and exposure
brightmess.

With the advent of digital photwography, dodging
becomes a science, or ar least a more tustworthy
tonl of wience.  Since the :li.ﬂ'il'.ﬂ image 18 com-
posed of numbers, the dodging mask E';u:-m.:--. a

numerical function of position,  Onece applied,
the funcrion can be recorded with the image, thus
documenring exactly the method by whicﬁr;l. r-
ricular resuly was obrained. In additon, the E:u-

ihility of mathemancs provides an endless choice
of techniques for bringing out the desired image

==

The script described here realizes one very sim-
ple approach. The idea is to subtract a linear
nmpp}mm the log of the image and then rake
the ¢5|.|1|;|-r|¢'n|:i.1] :'}t]u: resule.  This mimice the
muliiplicative effect of varying the exposure
time with the dodging mask under an enlarger.
A multiplicative approach is appropriate for
compensating clecron micrographs of speci-
mens of varying thickness since 1El-n[h COntrast
variations and average intensity tend o be pro-
il-url;:il:rlul tor the inverse of the thickness,

Thas :».-l..:ri.|,l1 1% :.‘In'idl:\d iAo [ P.ll:l:.. Till.' ﬂhl
[s.plane dodge .l.|.:1uli places four annotations
onto the image to be dodged and then stops
with a message 1o position the boxes over arcas
in the image wht&. to the judgement of the
dodger, should be of similar image intensiry.
The boxes can also be reshaped and resized 1o hit
into odd-shaped arcas. Aher the boxes have
been ndju:.l;m:l. the d-::IIJEi:IIE |.L.ri|!ll [s-pl;n:
dﬂd-ﬂll." can be run. Tha SCTIpH firids the conters

6]




and of the three arcas and does  whether the result should overwrite the original
ﬂwlm;:kmhmn It queries the user  or be placed in 2 new image.
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