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MANENIZTHMIO NATPQN
TMHMA OYZIKH:

MAGHMA : TEXNIKEZ XAPAKTHPIZMOY YAIKQN
A Aaokwv : M. KapayaAwouv, Enikoupn KaBnyntpia, Tuapa Quoiking
EPTAXTHPIO : HAEKTPONIKHZ MIKPOZKOMNIAZ

YneuOuvog : A. KouZloudng, Entik. KaOnyntig, Tunpa Xnp. Mnxovikwv

EPTAZIA HAEKTPONIKHZ MIKPOZKOMIAZ

Ovopoatenwvupo kot AM:

Huepounvia ektéAeong epyaoctnpiou:

Ovopatenwvupa kat AM cuvepyatwv:

1)

2)

3)

4)

5)

6)

Agiypota tov peAetiOnkav (JUvtopn ovopaoia, my Uppo XaAkoU 1 mm):

1)

2)

3)

4)




A. Neipapariké Mépog

Nepwypadr) Asypdtwv (AvoAutiky meplypadn Selypdtwyv OnMwe YN olotaon, Kotepyoola,
TPOEAEUON, OXNUQ, HLEyeBOC, Slepyaoia MPOETOLLACLOG YLO TNV TTOPATHPNON) TOUG, KAT)



Mwkpodwroypadicg Astypdatwv (EmkoAAnote edw TG pwTtoypadieg TOU ATMOKTHOATE OTO NAEKTPOVIKO
MKpookomLo. TomoBetrote KATw anod kabe dwroypacdio Kat pia Asldvta Pe pla oUVTOUN Teplypadn
OTIWG TIAPAKATW)

Ewova 1: "Mnyadak" tpuwv Kivelwv pnpootd oe Alpvn. O Kivélog de€Ld deiyvel To OVOUA TOU YPALEVO
OTNV TOTUKI SLAAEKTO.



Nepypadn Mkpodwtoypadiwv: (ZUvtopn arld MepLeKTIKA TEplypadn Twv elkovwv. MN.x. H Ewkova 2
glvatl pla peyebuvon tng Asmttopépetog ou daivetat otnv Ewova 1 kat paivovtal kabapd .... Emiong
6w Ba MPEMEL va yivOUV KoL LETPrOELG XOPAKTNPLOTIKWY LNKWV TWV AEMTOUEPELWY TOU SEIyUOTOG
TIUKVOTNTAG TWV AETITOUEPELWVY)



Enttdoyn BEATLOTWV TapapETPpWV SEM : (ZUvtoun aAAd MEPLEKTIKA Tieplypadh TwV MAPAUETPWY TOU
MLKPOOKOTILOU TIOU XPpNOLUOTIOL BnKav yLa TV EMITEVEN TWV EIKOVWVY. OL TTAPAUETPOL avaypAdovTaL TTAVW
o€ kaBe pwrtoypadia Kal MPEMEL va TOUG £ENYNOETE)



Tuunepaocpata: (To MEWPAUATIKO UEPOG KAEIVEL UE 2-3 YPAUUEG CUUTIEPACHATWY YO TOL CUYKEKPLUEVA
Selyparta mou PeAETBNKAY, TLX. YLOL TNV HLKPOSOUN Toug, TNV Hopdoloyia Toug Kat dv gival dSuvato yla
TNV ouotaor Toug )

B. OswpnTikd Mépog
ATLOVTHOTE OTLG TTOPAKATW EPWTNOELS:

1) The Figure below shows the 1-1 correspondence between a pixel on the screen (monitor) and a
division on the material. Assume that the screen is square with width 10 cm and that there are 1000
pixels in this length.

Area scanned on Area scanned on monitor

Specimen L
P division

O
@

High magnification

Please fill the following table. M is the magnification, d is the width of the area scanned by the electron
beam, a its surface and Ax is the division width.

M dinpm |ain (um)? |Axinnm
1,000
10,000
100,000




2) When an electron is accelerated through a potential V, it gains momentum p = v2mel and a
wavelength A = h/p. For electrons

m = 9.110731 kg
e =161071°C
h = 66107345

Calculate the electron wavelength in Angstroms (1071% m) for the following cases:

Case VinkV | 2in&
A 5
B 15
r 25

3) Identify from the following two images, which is taken with optical and which with electron
microscope? Which parameter helps in your decision?

4) For a thin optical lens with focal length f = 10 mm, calculate the distance g of the image to the lens
and the magnification M for the following distances p of the object to the lens:

pinmm | qinmm M
12
15
25
30




You are given the thin-lens equation 1/p + 1/q = 1/f and M = q/p. What do you notice on your values?

5) In the following picture the distance between the condenser lens and the objective lens in a SEM is
50 cm, the distance p, is equal to 10 cm and the beam with diameter d as it leaves the source is equal
to 10 um. Calculate f; (focal distance of the condenser lens) if we need to have a 100-times reduction of
the beam size after the beam passes from the condenser. Calculate f, (focal distance of the objective lens)
if we need to have a final beam size of 10 nm. What is the proper Working Distance in this case (with the
specimen in focus)?
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6) A student is observing a SEM image on a 10 cm X 10 cm monitor screen with a resolution of
1000 x 1000 pixels. The instrument has a brightness limit at 2 nm and the student is working in a
magnification of M = 16,000. For which of the following spot sizes he will get a clear image? Please
explain your decision in each case.

Spot size | Clear image Explanation
in nm (yes/no)




7) A student receives the micrograph A below and he believes that the specimen is out of focus so he
changes slightly the focus and he gets the micrograph B. Finally, he changes some other parameter and

he gets the nice clear micrograph C. What was the parameter that he adjusted?

8) A student receives the micrograph A below and then he changes some parameter and he gets the he
gets the micrograph B. What was the parameter that he adjusted?

-
[~

9) A student receives the micrograph A below and then he changes some parameter and he gets the he
gets the micrograph B. What was the parameter that he adjusted? What he should adjust next so as to
have a better result?



10) A student studies surface defects of a two-layer material and he receives the micrograph A below.
Then he changes progressively some parameter x and he gets the next two micrographs B and C and he
is not clear how to interpret the results. Can you find what is x and help the student to interpret the

results?




