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Digital Imaging

Desktop Imaging
for TEM

I s your transmission elecoron microscope a lean,
digital dara machine? Mare and more laborat-
ories are wrning away from the drudgery of dark-
room work and equipping their microscopes for digi-
tal image caprure. Digital imaging for SEM has been
the standard for years, with developments in both
hardware and software thar have opened up a world
of new possibilities for data acquisition and display
for transmission microscopes in the Alm-free libora-
tory. How can digital imaging change the way you
ise a microscope? Here are some key points to con-
sader when thinking of digial imaging for TEM.

Digital cameras simplify your work. The original
“slow-scan” cameras were primarily used in a static
sense, recording the image as an alternative to flm
after search and focusing the traditional way on the

Variable Angle PIPS new double-
DucPost for the PIPS
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microscope. Today, MulriScan™ cameras with

variable and fast frame rares allow you to do ev- |
tr}'llhlls an I:I!tr: r.i:lm|1|.|l::'r |n|;r|‘.|5l1:|r. L m:gni- |
fication sample scanning is simplified with “live |
time" fast frame rates, a subarea is used for focus- |

ing and slower frame rates immediately produce
a high quality image. Imagine being able ro sur-
vey your sample viewing images of comparable

quality to film,

Digital data is fast and flexible.

When you grab a digital image, there is no guess-
work about the image you have just mken; it is
immediaely displayed on the monitor for your
evaluation. The degree of order in a erysial can
iml‘l‘lﬁli:lu:]}' be asscssed with live Fast Fourier
Transforms. Automatic contrass cnhancement
hl’inEﬁ our the detail in low contrast or unstained
samples. All of the tools of the darkroom are elec-

smmt'h‘ﬂﬂmlﬂ
& human higacyobe
imaged with a Gatan
T84 MultSoan CCD
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Specimen Preparation

Variable Angle PIPS

Caatan :Il;uigru;ll the new Model 691 Variable
Angle PIPS™ (Precision lon l'l::l|i:|.h.i|1g System)
unit to produce high-quality TEM specimens with
large, clean, electron-transparent areas. Major fea-
wires of this new system include high thinning
rates, variable-angle milling, and double-sided
milling—all of which lead o improved specimen
|.|1:|.’|,|il1.".

In this new unit, variable angle ion guns replace
the fxed Jr.gh.' Euns in the previons PIPS. The
MW Eun .j..s.'&l.'mhh' contains a standard Penning
lon Gun (PIG) mounted into the longitudinal
axis of a romring cylinder. The gun centerline is

offset from the cylinder’s center of rotation at an
angle of 107, The gun angle can casily be changed
by rocating the cylinder externally about its lon-
gitudinal axis withour breaking the vacuum or
having to interrupa the high volage.

A full range of 0 — £10° milling angles provides

true double-sided milling, whether it is one gun
from the top and the other from the bomom:
both guns from the rop: or both guns from the
bottom. Double-sided milling (rop and bottom)
hias the J.1.‘|'I|'|J.I1|.HFI: ol 1.'|.r|lli|1|||.11.1:.|}' and simulea-
neously removing material from both sides of
the specimen. The results are cleaner specimens
by avoiding the redeposition of sputtered mave-
rials

To select the milling angle, you use a scale en-
graved around the circumference of each gun
knob, The ion gun assembly incorporates owo
spring loaded x, y micrometer drives 1o center
the beams on the a.|'||:'-|."|||.'|.-|:||. When the Eumns ans
properly aligned ar 10°, there is no further need
to realign the guns when used ar any other angle.

You can change the milling angle of each gun
independently, continuously, and reproducibly
while they are in operation, which means you
can thin the specimens under numerous condi-
rions to obrain borh quality and high thinning
rates.

The new variable angle-ion guns are particularly
1.,"1.1-!2!-1] for cross-sections doe to:

m larger thin areas with better surface finish

m lower differential milling rares

m fewer ion beam relaved damages

B |ess specimen contaminarion

m higher milling raves ar angles »4"

® improved beam alignment

m varicty of milling conditions

The Model 691 PIPS is a fully self-contained,
bench top unit with a clean, oil-free vacuum.
Good thermal contact between the ion gun and
the specimen chamber allows full funcrion of

the gun withour water cooling,

The variable angle fearure is standard on all new
PIPS and any of the older fixed angle PIMS can
be upgraded to the variable angle milling ver-
sion by an casy-to-install upgrade package. m




Specimen Preparation

New DuoPost

The new Duolost offers the following
advantages:
® Double sided milling down 1o 0°
# Milling rate increase
® One-step specimen mounting
by gluing or clamping
® Minimizing/eliminating
specimen contamination
® Long life expecrancy

Two new posts, glue type and clamping type,
permir simultaneous double-sided milling of a
specimen at 0°- 2107 The posts consist of a
pedestal with two extending specimen supporn
arms adapted to engage the edge of a specimen.

The suppart arms have a narrow profile, so the
majority of the specimen’s edge remains unre-
strzined and spaced from the pedestal. The dis-
tance provides for line-of-sight clearance for the
ion gun arrangement and permits the ion beams
to impinge upen both sides of the specimen.

=

The specimen is secured to
the post by seating it in a
recess in the support arms,
The depeh of the recess is
less than the height of the
Epecimen.

In the glue type post, the
securing means can be a
low melting point wax. The wax is disposed in
the support arms’ recess and the specimen is se-
cured by melting the wax, seating the specimen,
and then cooling the wax. The wax also pro-

vides the advantage of a heat transfer medium
from the specimen o the support arms, reducing

ion-beam-induced hear damage.

In the clamping type post, spring-loaded arms
engage an edge of the specimen to secure it. Use
this post when securing the specimen with wax
is undesirable.

Clamping knob

DuocPost clamp

Slide

DuoPost Loading Dock

Baoth of the posts continue the tradition of al-
lowing through-transmission illumination and
use of the PIPS Auto Terminator,

When the specimen is affixed to the posts, the
ion guns may be positioned in relation to the
imen without striking either the pedestal or
Eﬂ: pport arms. As a resulr, the posts may con-
veniently and efficiently be used in conjuncrion

with '|:|'|-|.' ion-beam modulaton SYFTEm aff 1.11"
PIPS.

When the DuoPost is rotated to a position where
there is line-of-sight clearance 1o the specimen
surface, the beam is ‘on’ and whenever the sup-
port arms enter the path of the jon beam, the
gun is "off”. This EFFE:I reduces specimen con-
tamination from spumntering of material from oi-
ther the support arms or the pedestal and pro-
vides high qualiry specimens as well as increas-
ing the post’s life expectancy. ]
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Disc Punch

Better Specimens Faster with Gatan

Gatan offers a full line of specimen preparation
equipment for the TEM marker.

{ &

Dimple Grinder

Loading the Specimen

1. Rotale the clamping knob
back 1o releasa tha clamp.

2. Insed the DuoPost indo
five CusolPosi slot.

3. Rotate the knob forward
ko lock the DuoPos! infe
e Dock and opon tha

clamping arm.

4, Place the spacimien on thea
shdi and move the slide
iowands the DuoPost.

5. Gantly rotale the clamping
knab fo chose the clamiping
anm.

. Retract the slide and rotate
the knob fully to release
the DunPost

7. Remove the DucPaost from

the Dock and irse iro
the PIFS
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Galan

Improving Cryoholder
Performance for
Cryomicroscopy

Methods to monitor and improve the
performance of specimen holders for TEM
cryomicroscopy

ne continuing goal ar Gatan is the im-

provement of the design and perfor-

mance of our produces vo keep pace with
design improvements in electron microscopes. A
case in point is the development of the 616 sys-
tem to quickly and easily rransfer cryospecimens
into the TEM. Gatan first developed the 626
cryotransfer system in 1980, and subsequently has
included the following design concepts: the
eryoshield and external shumer control, insulat-
ing antivibration mounts for the conductor, the
tapered clipring, zeolite pump, molded integral
hearer and silicon diode tem wre sensor, and
springloaded antidrift rod. A tool kit and work-
srarion were also designed for fast nml?]c E-Dading
while keeping good thermal nal:l'l|il].rn specimens

at low temperanre.

Cryomicroscopy at high resolution stll presenis
many challenpes. Although most cryoholders can
casily achieve 3.4 resolution, information per-
pendicular to the holder axis may be degraded
due to vibration. Ahsolute drift afrer mechanical
and thermal equilibrium as well as drifi afer
movement of a holder may cause loss of resolu-
tion in any direction. Methodology o examine
the response of side entry cryoholders o external
vibration has been described by Henderson and
Farugi (Ultramicroscopy 60:373-383, 1993).
Their study of six cryoholders allowed identifica-
tion of vibration modes due to the combination
of the microscope and goniometer, the holders
and goniomerer, and modes specific 1o the hold-
ers. Whereas the photomulriplier used by
Henderson and Farugi can be adapred o a mi-
eroscope o study vibranon response, a CCD cam-
era and appropriate software which we have de-
veloped ar Gatan can provide information on the
vibration and drift performance of a specimen
holder.

The drift performance of a Gaan Model 626-
DH eryoholder at ambient and low emperarures
can be measured by means of a routine scri

into DigitalMicrograph™ software. Standard
graphite-holey carbon and oriented gold calibra-
tion grids are good test specimens and are readily
available from EM supply companies. The digi-
tal images upen which the cross-correlation
analysis are hased are recorded on 2 Garan Model
794 MuluScan camera bottom-mounted to the
microscope column. The drift measurement
script run in DigitalMicrograph™ sequentially
numbers the sampling points and displays them
on the original image for easy reference 1o the
orientation of the sample in the microscope.

A representative result from running the drift
measurement seript is shown in Figure 1. Se-
quential measurements of relarive and rotal drift
are displayed in a results window of the sofi-
ware, allowing the user to determine whether
drift rares are increasing, d:ming. OF COnant.
The display of sampling points on the original
image tells the user if the direction of drift is
a]nng of at an angle o the axis of the goniom-
eter, and whether the holder has achieved ther-
mual :qui.|i|:rjum. The user can choose a number
of Oprions, inl:luding the number of measuire-
ments taken by the CCD camera, exposure ime
of the camera, the nme delay berween measure-
ments, image binning and image size. A copy of
this scripe is available to our customers by con-
tacting Gatan,

The possibility to judge specimen quality and
cryoholder stability online gives feedback thar
allows the user 1o optimize specimen holder per-
formance as an experiment is in progress. High
resolution images such as Figure 2 of the 2A
periodicity in the onented lattice are achiev-
able with md:y's Microscopes, l.'l'}"ﬂ-l'l-l:d':l{ﬂ and
digital cameras. Several pracuical suggestions w
achieve best cryoholder performance include 1)
remove any partsculates and excess vacuum grease
from the o-ring, 2) remove any ice nucleation
points on the inner surface of the cryoholder
dewar with a comon applicator, 3) disconnect
the remperarure control box cable from the
holder dewar when imaging the specimen, or
clamp the cable to the microscope column o
minimize transmission of room noise and vibra-
tion to the holder, 4) minimize air drafts around
the cryoholder, and 5) cject any ice crystals from
the liquid nitrogen in the dewar with lengths of
Teflon twbing.

Figure 1 showing a drift performance of less than
20A/min is demonstrated by the overlapping
markers on the image of graphitized carbon ar a
cryoholder temperature of -185°C, Drift mea-



Figure | Crerlappirg markers thawang orift

surement 15 based on the cross correlation of
SUCTEAIVE d:igil!:l] i!ﬂlﬂﬂ I:ﬂwn wi1|'| ]1:{_-.[} CAlT=
era. The positon of a central feamure is auro-
martically tracked and indicated by 2 numbered
cross on the ininal image. The number ) and
associated cross at the lower left of the annota-
tion indicare the first measurement point of the
serics. Measurements 1-9 are represented by the

Digital Imaging
conrinned from page |

tronically available for image enhancement,
dodging, and image montage a5 well as filters
to sharpen or uncover "hidden”™ information.
The archiving system can keep pace with high
image generation rates in a mult-user facility
and simplify record keeping, Annotate | images
and store all specimen information with the in-
dustry standard daca formars,

Digital images are

electronically portable.

Online microscopy gets results fast to the pro-
duction line or 1o the pathology lab, supplying
decizian- m:llcing data ahead of schedule. Wher-
ever vou are, vou can rapidly share vour images
with mll:—.agu:-.s across the room ar around the
world in a cos-effeenive, efficient manner. In-
nevations such as telepresence microscopy and

Figue 2 Afber opbrmizaton, the perormarce of 2 a
cryohokler refiects the resoiuton ol teTEM

cluster of crosses and annotanons underneath the
initial thres rq-.in:linf.,s-

When all condirions are oprimized, the perfor-
mance of a cryoholder can reflect the resolution
of the TEM with which it is paired. The 24 spac-
ing of an oriented gold crystal calibrarion stan-
dard was imaged in a2 model 626 cryoholder ar -
186°C. The result is shown in Figure 2. |

on-line waching bring the resources of the mi-
croscopy lab to a broader field of potential wsers.
Many scientists save time and enhance the visual
impact of their dara by presenting it at confer-
ences and meetings directly from the deskrop of
a small personal compurer.

Lel software do the work.

The ability of a computer to quantitatively ana-
lyze data on-line makes automated microscopy a
practical reality. Srigmartion and alignment can
be done faster, more accurately and with less
specimen damage by our AutoTuning Sofreare
than by the most skilled human operator. In ad-
dition, DIFPACE, the Diffraction An:]}'sis Pack-
age automates the analysis of diffractograms and
Holoworks automates the acquisition and analy-
sis of holograms. The powerful scripring language
il"l T I‘.EE;']IMI.L'T{EI?.FII ﬂ1ﬁ“‘um Iﬂ\ }'I.HI 1.:;'
lor programs to your needs.,

Whart's the bortom line? Contact Gatan for in-
novative imaging solutions, ||
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Gatan

Gatan Online

(Gatan Launches
New Online Services

aran is commimed (0 Ccustomer service

by expanding its use of online informa-

tion 1o respond to it customers needs.
Recently, the Gatan web site has been |::I:J:|1||d|:\d
to include product information on most of our
current products, Product literature can be re-
quested directly from the web via a convenient
liveramure request form. An extensive image library
from Garan imaging products including, camera
EITEgEs, GlF upp"n.u:liun |:.|::1|'|'||‘.l|n. as well s SEM
images 4a.4.'||.|.:irr|I with Diigidcan and
]}||:__':|;J|.'Hi|:_'rn|_r|r.1p|:| i% |:|r|~.|:i:v|.{ online in low reso-
lution formart for quick loading via modem. This
library is being constantly added 1o o give you
the larest Garan imaging examples. A special sec-
tion i5 devared 1o avid Scharf,

photegrapher and microscopist specializing in
color SEM images in bt E:inlngin: al and mare-
rials sciences. Past and current version of
KnowHow will be posted as they become
available.

We have also expanded our email addresses to
berrer direct your questions: General and rech-
mica] information abowr eur |=tuduu.'| can be ne-
|:|_|:|f_'-.ll.'|;l ar in Flﬂ.-"g.ll.’m-l.'-::ll'l'l. For sales or service
|.|_u:'.1ir|:|.'|.. crmail hclpm'g.u.m.umll. and a sales ar
service representative will contact vou directly
regarding your question. To ask a software ques

rion email software@gatan.com. For bug report-
ing, use the bug report form on the software
home page. i

Gatan Email and Web addresses

Caatan, Inc. WWW.ZALAN.COMm
Cieneral email
SalesService

salrware

infosgaran.com
help@#gatan_ com
software#gatan.com

Modecular Imaging www, molec.com

]
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eadar in digital imaging for TEM

Holders

Gatan ia the leading manulscivrer of poorssories (or the Eloctron Micr Copy Marko
¥e produce a lull line of imaging producits from TY-rate and photographic quality
CCD cameras 1o alacinon ener loss specirometers and energy-lilterad iImaging
metruments. Together with our versatile image processing salftware, Galan is the world

Gatan also manuiactures a full range of TEM spacimen holdars and specimen
preparation products for the material sclence and biclogy markels
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DigitalMicrograph

Automating a Task with
DM Scripting

DigiralMicrograph comes with a buile-in script-
iﬁg. EJHE‘.HJ-,[:'E (DM5) thar ilmp]iﬂn many as
pects of customized image processing. With

DMS, you can implement custom image pro-
Il.'l:"'i'lil'lg -.hlEi!lri:I!I'l:Im.- artel procedures :.F.H:L'iﬂ-: )
yourapplication. A script can be written within
L3 and saved in the menu for EARY ACCERS T
your custom automated feature,

nunber samples = 256, xscale,

[his scripe performs rotational average of a
diffractogram., A froni image (packed complex
as a result of FFT) is read in, and data gype is

changed to complex and real by means of

modulus extraction. Then the image dimen-
£lon |.]1'.‘Ig|.'l[ and width} is found from the
dil}'mn.':-.'rgr.ml. ']'|1:i:. inlrnrm.niun i\. l.|.!.|;_'|_‘| (4% ] d;—-
clare several intermediate im ages such as “dst”,
“line_projection”, and “roational _average”.

The frone image is displayed in cardinal coor-
dinates, and needs to be transformed imo po-
lar coordinares, Variable “sample” defines the
number of segments of the 360 degree angu-
lar range. The rransformation of coordinares
("temp” in cardimal/"dst" in polar) is realized
by bilinear interpolation (warp funcrion). Then
line projection is easily calculated by adding
ap all the columns in “dst” (polar coordinates).
I'he averaged line intensity is alse normalized
by the number of segment (“sample”). Finally
this {1D) line profile is used 1o generate a (2D)
image —"rotational_average” by using again
the bilinear interpolation technigue (the warp
function). The last line is to display the rora-
tinal averaged image.

To use this script, enter it into Digiral-
i"r'“-i.'iﬂg.l'-l]"l't. save it to a disk file, and inssall i
in the menu using the “Install Plug-In" under
the “File” menu in I.:'il;‘ilil”"l{iL ruﬂlgnlph, [ |

ale, xsize, yaizas
nunbar center:, centery, k, halfMinor

image temp, rotational_average, dst. line_projection

compleximage frontImage

ErontImage = GatFrontImage ()
ConvertToComplex | front Tmage)
temp = modulus (ErontImage)

GatSize| frontImage, xsize, yoize )
halfMinor = min{ xsize, yaize }/2

canterx = xaize f 2
OEAEaTY = yeize / 2

dat := CroateFloatImage( “dst”, halfMinor, samples ]

k=3 * pif) / samplaes

dat = warp( temp, icol*sin(irow*k] - centerx, icol*comi{irow*k) + centery |
line_projection := CreatefloatImagel "line projection®, halfMinor, 1 )

line_projection = 0
line_projection[icol,0] «= degt
line_projection /= samples

rotational_average := CreateFloatImagel “rotational average®. halfMinor * 2,

halfMinor * 2 )

rotaclonal_average = warp( line_projection, iradius, 0 i

Showlmage | rotational_ sverage |

—Hnowtow
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