Mark Hui’s difficulties in explaining differences in binding energy data on boron

Professor Leo Lau, Dr. Mark Hui, and Professor Carmel McNaught wrote this teaching/learning case
in April 2003 with the expectation of the following learning outcomes from students:

1. Sudents appreciate both the complexity and manageability of a practical surface science problem.
2. Studentsidentify key issuesin a practical problem.

3. Sudents understand the concept of Fermi level.

4., Sudentslearn how to interpret an XPS spectrum.

The copyright of this case belongs to The Chinese University of Hong Kong.
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A. CASE SITUATION
After having a 3-hour long discussion with his @s@ supervisor on his X-ray
photoelectron spectroscopic (XPS) studies of a&seari samples commonly having boron
as their main elemental constituent, Mark Hui wikrsot too sure if he fully understood
Professor Lau’s criticisms against the appropriesésrof both his measurements and data

interpretations. On his research diary, he reabttie following key remarks given by
Professor Leo Lau in the meeting:

. Differences among our boron 1s binding energy nreasents and those data
reported by other research groups in the literadargpure” elemental boron crystals
may not be caused by variations in instrumentsylzs you assumed. You should
check if you and these research groups have fotlowlee standard XPS
measurement procedures, particularly those on mgndinergy calibration and
detection of surface charging effects.

« In XPS analysis, binding energy of a photoelecienk is traditionally defined as
the energy difference between the Fermi level ef ample to the spectral peak
location of the photoelectrons. When you measinmdilg energy data from your
sample, you need to make sure that the Fermi l&Evitle sample is aligned, within
an acceptable experimental error, with the Fermellef the spectrometer. When
you interpret the binding energy data, you neekhtmw if the sample has a bandgap
because the binding energy of a sample having ddagncan vary as much as the
bandgap energy. For example, the binding enef@i 8ps/» of n-Si and p-Si can
differ by 1eV. You should read my past publicaion XPS studies of Fermi level
pinning and surface passivation of semiconductord,surface charge spectroscopy.

XPS Case 1



o As for your measurements on boron having diffedegrees of surface oxidation
and other boron oxide samples, you need to knowdhditions and effects of fixed
charge in these samples.

Mark knew that he had to go over the basic prircipf XPS and its measurement

procedures carefully again, and to conduct moreotigh literature search. He planned

to start the former task by visiting the websitetloé Surface Science Course in the
department, and the latter task by visiting the WEcience. But yet he realized that

first of all, he had to review his existing expeeimtal results and to define the key issues
in his present case situation. He had one wedkrdbae would meet with Professor Lau

again but the anxiety in him had already begurist r
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Mark’s current experimental data and interpretations:

|. BACKGROUND

Boron (B) and many boron-rich solids are known ¢ocbnstructed of different skeletons
of icosahedral atomic clustefé.These solids are hard owing to the presence ofgtr
three-center two-electron bonds in the icosahedraj strong two-electron bonds
interconnecting the icosahedfalncorporation of impurities into the skeletons anted
the cross-linking between the icosahedral clustesylting in even higher hardnéss’
Addition of oxygen into boron produces boron suldex{B.O), which has been reported
to be extremely hard in its bulk form, and so igafat scientific and practical interests.

High-temperature high-pressure sintering is thetmadely used technique for preparing
bulk B,O and several compounds have been repofted.It is generally accepted that
there exists a stoichiometric phase®. The X-ray diffraction pattern of 80, was
observed and well documented. In addition to tbimpound, Badzian reported that,8
solid sintered at 0.7 MPa and 1600 — 2000was hard enough to generate wear grooves
on the (111) diamond facBsHowever, the presence of this compound has riesen
reported again. Moddeman et al. employed X-raytg@iectron spectroscopy (XPS) to
investigate the structure of synthesized boron sidleo such that the chemical
environment surrounding the boron atoms can beaftede The B 1s spectra were
resol\é%d into many components, corresponding t@rb@toms in different chemical
states.

The above observations have driven further stuodlig¢be fabrication of boron suboxide
films, and their applicability as surface coatinfee mechanical properties of® films
deposited by plasma enhanced evaporation and plasrthanced sputtering were
investigated as a function of the oxygen cont&f.However, reliable data on the
composition and electronic structure gfBthin films are scarce..

In this report, we present the results of XPS aialpn polished boron crystal, boron
sputtering target material, crystalling@ pellets synthesized by hot isostatic press
(HIPS), and dual ion beam deposited (DIBDJOBfilms with various oxygen contents.
XPS is used because it probes the chemical boretimgonments of the boron atoms.
Through the deconvolution of the B 1s photoelecspectra, the results of the first three
groups of specimens were used as references, baththe correlation between the
resolved components and various boron states wablisked. The XPS data of the
DIBD films were then analyzed to reveal the composiof these boron states in the film
structure. The central goal is to evaluate whethemproposed superhard boron suboxide
phases are formed in thin films.

II. EXPERIMENTAL METHODS

A. Sample preparation
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The crystalline boron sample (99.5 % purity) wappdied by Johnson Matthey. A chip
was polished by using submicron-sized diamond pastgenerate a flat surface for XPS
measurements. This treatment eliminated the shadpeffect during ion bombardment
and photoelectron detection, which influence isiicant for a rough surface.

The second sample is a piece of boron sputterirggttanaterial provided by Kurt J.
Lesker. The purity of the material was claimed ¢®8.9 %.

The third group of samples contains three peleEash 3 mm thick and 1 cm in diameter.
HBO was formed by pressing boron powder (<, 99.9 % purity) at a pressure of 0.4
GPa at room temperature. To prepare HB1 and HBRtpeavere first produced with the
same procedures from zinc oxide-boron powder meguZnO,= 100 um, > 99.5%
purity) with molar ratios of 1 : 20 and 1 : 8 resfieely. The pellets were then sintered by
HIPS method at a pressure of 0.18 GPa in highyitand 1800C for 4 hour. The
route for fabricating HB2 was reported to be susfidso create the crystalline; #-
compound through the reactién

16 B+ 2 ZnO- B0, +4 B+ 2 Zn (g).

The B and RO films were deposited in a high vacuum system. @dekground pressure
was X%10° Torr. The substrate temperature was set at °@50The system had two
Kaufman type ion guns. One ion gun was used torgéme 1200 eV-70 mA argon (Ar
ion beam to sputter a 4-inch B target. Anothergan was used to generate a 300 eV-12
mA ion beam containing different fractions of Aand oxygen ion flux to bombard the
substrate. This is referred as the “ion assist” iguthis report. Only BO02 was deposited
with no usage of the ion assist gun . From B0O0BQ@&5, the Q/Ar flow ratio admitted
into the ion assist gun was increased from 0 tosBidcessively. The film thickness
determined by an-step surface profiler fell in the range of 381723%im.

B. XPS measurements

A PHI Quantum 2000 XPS system (with A} iKource) was used to collect the B 1s, O 1s
and C 1s photoelectron spectra of the samples avittke-off angle of 90 The relative
content of an element is in proportion to the avédahe spectrum above the Shirley
background divided by the corresponding sensitifatgtor. The sensitivity factors of B,
O and C are 0.133, 0.733 and 0.314 respectively.

For the crystalline sample, XPS spectra were cateafter sputter-cleaning with 2-keV
Ar” ions for 2.5 min. This step favors the acquisitifran ideal reference spectrum from
the freshly cleaned crystal surface. Spectra weleeated again after keeping the
specimen in ultrahigh vacuum (UHV, &10® Torr) for 1000 min. All data were
collected without low energy electron flooding eptthose specially specified.

For the target material sample, the spectra weserded before sputter-cleaning, and
after every one of the two severe sputtering pmee$2 and then 4 keV Aons, each
for 20 min). This scheme examined roughly the sgvef oxidation, and the profiles of
O and C contents along the direction of depth.
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For the HIPS samples, XPS spectra were recordgdbmibre sputter-cleaning in order
to prevent from the complicity due to the ion mixieffect caused by ion bombardment.
Low energy electron flooding was applied to consample charging. X-ray diffraction
(XRD) was carried out by using a Philips X'PERT &¢diffractometer (Cu Kradiation,

in 8-26 mode) for investigating the crystallinity of thansples.

The XPS spectra of the DIBD films were recordechidmefore and after sputter-cleaning
with 500-eV Af ions for 10 min. Lower sputtering ion energy waedito minimize the
ion mixing effect. XRD experiments were also catrigut for this group of samples.
Measurements were done in ti@stanning mode, where the incident angle of thayX-r
beam was fixed at a small glancing angle $fahd B was varied from 15 to 60No
characteristic peak was detected, so that all tmes fwere identified to be X-ray
amorphous. The same result was obtained for artrialwith the substrate temperature
elevated to 856C.

l1l. RESULTS AND DISCUSSIONS

A. Crystalline boron

For the crystalline sample, after ion sputtering tixygen content was detected to be
lower than 0.6 at. % (O-to-B ratio = 0.006). Furthere, the carbon and nitrogen
contents were also too low to be detected. Atdtage, the surface sorbed species as well
as the native surface oxide were entirely removdgkrefore, the B 1s spectrum from
such a clean surface is considered to be quitd ideaork as a standard reference for
pure elemental boron.

This standard B 1s spectrum only contains one coemo denoted as'Bwhich has a
peak energy at 188.1 eV [Fig. 1 (a)]. This valuelager than those reported by
Moddeman et al. (187.2 eV) for the elemental bgibase™® This discrepancy can partly
be due to the difference between the experimenstesis used by various groups.
However, results of this study suggest that theesigvof oxidation of boron is also a
factor causing the Bpeak to shift. This assertion will be elucidatedher in the context.

After keeping the specimen in UHV for 1000 min, tveygen content was detected to
increase prominently to 6.5 at. %. At the sameetithe B 1s spectrum became slightly
asymmetric [Fig. 1 (b)], such that & Bomponent was added in order to get a good fit to
the curve. The Bcomponent was determined to have a peak energ®B V. This
feature can be explained by suggesting that aneotager was on the freshly cleaned
surface. On the freshly cleaned surface, boron sitmere activated and reacted more
readily with the residual oxygen remaining in thecwyum chamber. The boron atoms
bonded to oxygen are responsible to the generatioime B° component. It is also
noticed that the Bpeak is 1.4 eV higher than thé Beak, consistent with the hypothesis
of surface oxidation.

B. Boron target
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For the boron target sample before surface cleaniv@yoxygen content was very high,
i.e. 44.2 at. %. In addition, the B 1s spectrumesolvable into three components [Fig. 2
()], implying that there are three major chemstates of boron.

The first component lies on the lower energy side & denoted as the' Bomponent.
This designation implies implicitly that the comonh is from the boron atoms not
bonded to oxygen. Its peak energy is 187.1 eV, prently lower than the Bpeak of the
crystalline boron sample at 188.1 eV. Such a dieviais expected to be a result of
oxidation, and this hypothesis is explained by thgstal structure in Fig. 3. In this
structure, two oxygen atoms are inserted intealiftinto a rhnombohedral unit cell of-
rhombohedrald-R) to generate a unit cell ofi,. A complete transition increases the
edge length from 0.5057 to 0.7723 nm. As a consempjethe separation between two
adjacent boron atoms (open circles for this compgrigecomes longer, so that the core
electrons experience a weaker potential field sultein a lower binding energy. These
boron atoms are not directly bonded to oxygen, smdre responsible for the generation
of the B' component. The deviation of the peak energy isf tbmponent from that of
the standard spectrum of crystalline boron is lasyggesting that the oxidation of the
target surface is quite severe.

The second component in the B 1s spectrum of teelpaned target surface is denoted
by B? [Fig. 2 (a)], implying implicitly that it is fronthe boron atoms bonded to oxygen.
The strong intensity of this component further implthat the target surface is severely
oxidized. The chemical structure of a boron atonthif type is analogous to that of a
boron atom represented by a shaded circle depintédg. 3 for the B,O, structure.
Moddeman et al. designated this local structurdg®,” with y/x = 3. The peak energy
of the B component is 188.6 eV, which is lower than theoside peak at 189.3 eV of a
slightly oxidized boron surface [Fig. 1 (b)], butose to 188.3eV as reported by
Moddeman et al. for the boron suboxide phas&he variation of the peak energy of the
suboxide-related XPS component from group to grewggests that it is not a constant,
but is affected by the severity of oxidation. Thed component, B has a peak at 191.9
eV, and is widely acknowledged to come from th®®Bstructure™

Subsequent ion sputter sputtering processes indiimedollowing consequences. The
oxide layer at the target top surface was strippEte oxygen content is therefore greatly
reduced from 44.2 to a residual value of 8.3 at.The cores of the boron grains were
exposed, so that the B 1s spectrum [Fig. 2 (b) @ydbehaved more like that of the
crystalline boron sample [Fig. 1 (b)]. On the dmend, the B component became
relatively weak as compared to thed@mponent. On the other hand, the respective peak
energies of the Band B' components rose to 187.9 and 189.3 eV, sameHibsetof the
slightly oxidized crystalline boron [Fig. 1 (b)].

There were still many oxygen- and carbon-containimgurities trapped between the
boron grains from which the target was hot presddeey maintained the detected
residual oxygen and carbon contents at finite lewéiB.3 and 6.9 at. %. These impurities
would be co-sputtered in a DIBD process, and azerporated into the films deposited.
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C. HIPS samples

The XRD pattern of HBO shows some diffraction peakihe boron powder (Fig. 4). The
signal-to-noise ratio is low because the grain $&as small as 44im. The oxygen
content is high (20.4 at.%), mainly because theispen is very porous so that great
amount of oxygen-containing impurities is trapp€de B 1s spectrum [Fig. 5 (a)] shows
the following features to indicate the presenceoxitle phases. The'Bpeak energy
(186.7 eV) is lower than that of the sputter-clehheron crystal. A strong“Bomponent
associated with the suboxide structure, and®ad@nponent associated with the(3
structure are observed.

Two sets of diffraction peaks were found in the XR&itern of HB1 [Fig. 4 (b)]. One set
is identified to that of boron powder, and the otlgefrom the B,O, powder.** This
result indicates that HB1 is a solid admixture ofdm and B;O, grains. The intensity of
the peaks from theBO, phase is relatively higher, indicating that thisqess favors the
growth of B,0O, crystallites. The B 1s spectrum of HB1 [Fig. 5](hows a strong B
component, consistent with the growth of the@® grains as reflected by the XRD data.

The XRD pattern of HB2 matches very well with thewger diffraction pattern of
crystalline B0, verifying that the sample is dominated by the.@ phase.
Correspondingly, the B 1s spectrum [Fig. 5 (c)] trase components. The' Bomponent
has a relatively low peak energy (186.9 eV), cdasiswith the highly oxidized status of
the specimen. The’Romponent is highly resolvable with a sharp peak8.7 eV, and

is attributed to the boron atoms in the suboxidasphas presented by the shaded circles
in Fig. 3. The Bcomponent has the maximum intensity at 192.1 eW, srould come
from the BO; structure.

E. DIBD films

No characteristic peaks are found in the XRD speatrall the films, verifying that all of
them are X-ray amorphous.

The B 1s spectra of the DIBD films before and aiter sputter-cleaning were shown in

Figs. 6 and 7, respectively. Although ion sputieaning reduced the amounts of carbon
and oxygen substantially, the changes in the Bpkstgal profile shape were not so

drastic. This suggests that the reduced amountxyjen and carbon by ion sputter-

cleaning might simply be physisorbed in the as-d&pd films.

The changes in B 1s spectra among different fiB@02 — BO15 with a numbering order
reflecting an increasing amount of oxygen) show ¢becomitant changes in the B 1s
spectra with increasing oxygen content. First,Bhi spectra of all the films have & B
component, which is consistently to be the stronglis appearance represents the boron
atoms which are not directly bonded to oxygen. édoer, the peak energy of this
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component is insensitive to the variation of the/gen content, and lies in a narrow
region of 187.5 — 188.3 eV.

A B? component is resolved to correspond to the fonatif the suboxide phase. Its
intensity is stronger with increasing oxygen cofteémdicating a concurrent growth of
the suboxide phase. The peak energy lies in thgeraf 188.8 - 189.6 eV, which is
higher than that of the ;B80,-dominating HB2 sample, but is closer to 189.3 d\the
slightly oxidized crystalline boron [Fig. 1 (b)].his suggests that the suboxide phase in
the film samples still deviates from the stoichidrieeB;,0, structure.

Interestingly, a new component B required in order to get good fits to the Bspectra.

Its peak energy lies in the range of 190.7 - 1@M4which approximately matches with
that of a similar component reported by Moddemaal.eat. 190.5 e\¥> They assigned
the component to a second suboxide structure dérage’BO,” with 1.5 < y/x < 3,
corresponding to the boron atoms bonded with thggex atoms having coordination
number less than 3. Indeed, the mechanism of DiRes the film structure to be more
distinctive from the specimens of other groupsha study. This is because in a DIBD
process, the species arriving the substrate aaerather dynamic state. Destruction and
reconstruction of bonds proceed frequently, so thate new atomic combinations can
be achieved. The intensity of the' Bomponent increases with increasing oxygen
content, because of the concomitant growth of #lated suboxide phase. Finally, a
relatively weak B component is observed only for BO15 containing litghest oxygen
content, indicating that the,®; phase has rather limited contribution to the DH8Ds.

IV. CONCLUSIONS

In conclusion, the XPS data of polished crystalloeon, boron sputtering target material,
boron suboxide pellets formed by HIPS techniqué, RiBD deposited boron and RO
films before and after sputter-cleaning were aredyand compared for monitoring the
change in the chemical structure of boron undefemint oxidation states. Special
attention was paid to identify the formation of euidle phase in the film samples, since
boron suboxide was claimed to exhibit extremelyhthgrdness.

lon sputtering on polished crystalline boron praetl@ very clean surface, giving an
ideal reference B 1s spectrum for pure boron. Tpectsum was characteristic of
containing only one component with a peak energy88.1 eV. The cleaned boron
surface was partially oxidized by the residual axygn the UHV environment after a
period of time, causing a?Bomponent to emerge at a higher energy region.

The pre-cleaned boron target was severely oxiditdkle top surface. Oxygen-containing
species were trapped between the boron grainsvéNatide layers were also formed to
cover the boron grain surface. Sequential ion spuaty removed most of these oxygen
atoms to expose the core of the boron grains. rést is to reduce the detected oxygen
content drastically. The next consequence is toembk B 1s spectrum like that of the
crystalline sample. The suboxide-related Bomponent and the ,Bs-related B
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component became weaker with respect to thecdnponent. Residual oxygen- and
carbon-containing species trapped in the gaps leetvibe grains were difficult to
completely remove. They distributed throughout thdk and maintained minimum
background levels of the two contaminants.

A HIPS sample was dominated by the,®, structure, giving a good reference B 1s
spectrum of this structure. Three components wiealy resolved and correlated to the
boron atoms not directly bonded to oxygen, bondeakiygen in the BO, structure, and
in the BOs structure respectively.

All the DIBD films were identified to be X-ray amuamous, even the substrate
temperature was as high as 850Some oxygen and carbon contaminants in thettarge
were co-sputtered during deposition, resulting resadual oxygen content of 4.2 - 4.3 at,
%, and residual carbon content in the range of £322.3 at. %. The oxygen content in
the films was successfully adjusted from 4.2 t& 8. % by increasing the assist oxygen
ion flux. A great portion of the boron atoms i bonded to oxygen, and is responsible
to the appearance of thé Bomponent. The increase in the oxygen conterdrezgd the
growth of two suboxide phases, as illustrated by Hehavior of the Band B
components. The DIBD films are distinctive to shilve emergence of theé' Bomponent,
which is related to the generation of a suboxidecsire in which the boron atoms are
bonded to the oxygen atoms having coordination rerrféss than 3. The mechanism of
DIBD process favors the formation of this phase.
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Fig.1. B 1s photoelectron spectra of polished alys¢ boron collected
(a) just after and (b) at 2000 min after sputteaslng.
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Fig. 2. B 1s spectra of the boron target matezzdrded
(a) before, (b) after sputtering by 2 keV Ar+ f@r1@in, and
(c) after further sputtering with 4 keV Ar+ for Bdin.
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Fig. 3. The unit cell of BO..
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Fig. 6. B 1s spectra of the DIBD B and BxO filneddye sputter-cleaning.
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B. APPENDICES

Appendix 1 Most relevant data in the literature andinsights from them

After his meeting with Professor Lau, Mark reviewadain the relevant data in the
literature on boron and boron oxides and founddhewing two articles most useful:

Moddeman W.E., Burke A.R., Bowlin W.C., and FooBeS. "Surface oxides of boron
and B0, as determined by XPSSurface and interface analysis 14: 224-232, 1989.

Foo W.C., Ozcomert J.S., and Trenary M. "The oxahabf the-rhombohedral boron
(111) surface"surface Science 255 245-258, 1991.

In addition, from an article by K. Kimura (MaterciS Eng. B19, 67, 1993), Mark
confirmed that indeefl-rhombohedral boron is a semiconductor with a bapdyg 1.6eV
and in the bandgap there are commonly an acceptoat bt 0.2eV and donor bands at
0.8, 1.0, 1.2, and 1.4eV above the valence bandnnusx.

By reading some articles of Professor Lau (Surfagence 245, 345(1991); Appl. Phys.
Lett. 60, 1108(1992)), he learned the proper procesi for XPS studies of
semiconductors with different Fermi level positipband bending, and surface charging
conditions. He knew that he had to repeat somai®fexperiments, with a special
attention to having good electrical connection lesw his sample and the spectrometer
and to paying attention on intentional and uninteral surface charging during XPS
measurements.
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Appendix 2 Mark's results by repeating some of s experiments

In this revision of his experiment,
measurements of his samples. To do this, he tetlethe experimental valence band
spectrum of a gold reference sample, with a spewter pass energy of 60eV. The
specification of spectrometer pass energy is vemportant because this fixed the
spectrometer spectral resolution and thus the opssition of the valence band
photoemission. With this experimental conditidm bnset of the valence band of gold
was located at -0.49eV, with the zero point of ¢énergy scale always calibrated by Au
4f;, at 84.0eV. Then he recorded the following spec{fag. 1 Data from sputter-
cleaned boron crystal; and Fig. 2 Data from thib crystal after surface oxidation):
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C. CASE QUESTIONS

Assuming that you are Mark Hui, prepare a PowenPpresentation to explain to
Professor Lau your mistakes in the last meeting wodr new set of results and

interpretations. Particularly, you should expeaif@sor Lau to keep drilling you on the
following XPS concepts:

1. What are the physical meanings of binding energ)XB5 and how are they
measured?

2. Why do the B 1s binding energy data of elementabbdrom your samples vary
by so much even the data are all measured witkdhee spectrometer? Why do

the data for pure boron crystals reported by diffieresearch groups differ by so
much?

3. Is there a universal measurement method by whiekethdiscrepancies can be
prevented?

4. Can you explain all the B 1s data in the casedaresistent manner?

Your small discussion group is required to answese¢ four questions in class. Perhaps
each member presents the answer for one of thegioestions. However, all members
should fully understand the answers of the groMghen a group does its presentation,

other students will act as Professor Lau, and gpeated to make relevant and intelligent
comments.
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HINTS FOR SELF-PREPARATION

. From the data in Appendix 2 and the bandgaprmétion in Appendix 1, estimate
the Fermi level positions of the samples in Figand 2.

. With your answer from Question A, explain th&eatience in B 1s binding energy
between the two samples

. Given that the B 1s binding energy fos(3 with its Fermi level in midgap and
without any fixed charge is 193.6eV, explain whg #11s binding energy of ;B3 in
Fig. 2 of Appendix 2 is much lower than 193.6eV.

. With your answer from Question C, explain whg #ermi level positions for the two
boron samples in the near-surface region probedRsy are different.

. Read the article by Moddemaetral. and judge if their binding energy calibration
approach by fixing B 1s of B3 at a constant is appropriate.

. In the first paragraph on p. 227 of the artyfeModdemaret al., they mentioned that
they decreased the X-ray power and measured thepgtsra. Why did they decrease
the X-ray power?

. Read the article by Fa al. and find out what binding energy calibration aggwh

did they use. Taking this into account, presetrasistent picture of all B 1s binding
energy data in these two articles, and Mark's ottirsew reports.
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D. PROCEDURE

Each group is required to give a presentation Vesis than seven PowerPoint slides for
this case.

— - —

Sf preparation  Small group discussion  Follow-up  Presentation

Individual preparation (60 minutes)

The assignment helps you understand the caseisituatYou are required to do them
and submit your draft to the TA or instructor prtoryour small group meeting. Please
mark the submission date on your draft.

Advanced reading

=  X-ray photoelectron spectroscopy (XPS)
The principle of XPS can been found from:
http://www.phy.cuhk.edu.hk/course/surfacesci/indbi@l|

Small group discussion (60minutes)
After the discussion, each group is required tgare for a presentation.
How to do a presentation:

® Individual study-group presentation in class Each member should answer one of
the four case questions in the presentation buptésentation should be coherent.
Every member needs to fully understand the entmesgmtation of the group.
Remember the presentation skills which we covemedclass earlier. The
PowerPoint presentation should be well designedctertly explained, so that the
class can understand it. The presentation shailthke for more than 10 minutes.

® Q&A sessions Every member in the same group may be calledoupnswer
guestions. Their individual performance will addtaghe score of the group.

® Good floor responses.All students are expected to listen attentivelyotber's
presentations, questions and opinions, and to itiegkeown opinions known.
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