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PART A: Vocabulary

Dircctions: Choose the word or plirase (1), (2), (3), or (4} that best completes each sentence.
Then maik the correct choice on your answer sheet.

1-  The police only belicved me after an cyewitness -—---—-—---—- my account of the accident.
1) displaved 2) constituted 3) corroborated 4) suspected

2-  The plan is to our --—------—-- advantage; we will all benefit greatly from it.
1) concurrent 2) mutual 3) devoted 4) involved

3-  Ouwr organization is committed to pursuing its aims through peaceful ---------- . We totally
reject violence as a means of political change.,
1) means 2) instruments 3) devices 4) gadgcts

4-  All parcnts reecive a booklet which ---------- the school’s aims and objectives before their
children start their first term.
1) elarifics 2) njects 3) conducts 4) notilics

3-  Increasing the state pension is a ---------- aim, but 1 don’t think the country can afford it.
1) redundant 2) diverse 3) flexible 43 laudable

6-  The primary aim in sumo wrestling is to knock your -------—-- right out of the ring!
I) protagonist 2) opponent 3) referee 4) beneficiary

7-  The cost of the damage caused by the oil --—--——-- will be around 5200 million,
1) spill 2) guilt 3) demerit 4} cxient

8-  Most of us ——————- when we hear that many children spend more time watching TV
than they spend in school, 1t's a rather scary thought,
1) withdraw 2) retreal 3) recoil 4) regress

9-  Even though he isn*t enrelled right now, Calvin says he will go to college -----——---- ;
I} creatively 2) delicately 3) sentimentally 4) eventually

10-  You should avoeid driving during the snowstorm because the icy roads are --—--—-—-.
1) superticial 2) frigid 3) perilous 43 cautious

PART B: Cloze Test

ircctions: Read the following passage and decide which choice (1), (2), (3), or (4) best 1ils cach
space. Then mark the correct choice on your answer sheet.

When 1t comes to visually identifving a work of art, there i3 no single set of valucs or
aesthetic traits. A Baroque painting will not necessarily (11) ----—--------- much with a
conlemporary perlormance picee, but thev are both considered art.
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(12} ———----—— th¢ scemingly indefinable nature ol art, there have always cexisted
certain formal guidelines for its aesthetic judgment and analysis. Formalism 15 a concept
in art theory (13) —--—-------- an artwork’s artistic value is determined solely by its form, or
the way (14) ——---—————_ Formalism cvaluates works on a purcly visual level, (13) --——--
medium and compositional elements as opposed to any reference to realism, context, or
content.

11- 1) share 2) be sharing 3) have shared 43 be shared
12- 1) Although 2) Despile 3) Regardless 4) However
13- 1)that 2) thatin it 3) which 4} in which

14- 1) of it made 2) made 3) how 1t is made 4) it is made
15- D)arc considered  2) considers 3) considering 4) and considcr

PART C: Reading Comprehension

Directions: Read the following three puassages and answer the questions by choosing the
best choicee (1}, (2), (3), or (4). Then mark the correct choice on your answer sheel,

PASSAGE 1:

The basic structure of an LED is a p-n junction. Under forward bias, minority carriers
are injected from both sides of the junction. At the vicinity ot the junction, there is an
excess of carriers over their equilibrium values, and recombination will take place.
However. if a heterojunction is utilized in the design. the efficiency can be much
improved. I the helerojunclions are ol Tvpe-l, excess carricrs ol both (ypes are
injected and conlined at the same space. As can be scen, the number ol excess carricrs
can be significantly increased. It will be shown later that with increased carrier
concentrations, the radiative recombination lifetime is shortened. leading to more-
efficient radiative recombination. In this configuration. the central layer is undoped,
bound by layers of opposite types. This double-heterojunction design vields the
highest ¢fficieney and is the preferred appreach. Furthermore, il the central aclive
laycr 1s reduced Lo the range ol 10 mn or smaller, 4 quanium well 1s [onmed. In this
case, the 2-dimensional carrier densities become relevant and have o be caleulated
based on quantum mechanics. The effective 3-dimensional carrier densities {per unit
volume), however, is given by the 2-D values divided by the quantum-layer width.
This phenomenon pushes the carrier densitics (o higher levels and can resull in higher
cllicicney. Anoiher advantage ol a thin aclive layer comes aboul In epitaxial growth,
since a thin strained layer can accommodate higher level of lattice mismatch (see
Section 1,7). Another feature of a gquantum well s that quantization levels can
theoretically extend the radiation energy bevond the energy gap. but this feature is
rarely used.

I‘or digplay applications, since the human cve 18 only sengitive to light of cnergy
h v > 1.8 eV, semiconductors of interest must have energy bandgaps larger than this
value. In general, all of these semiconductors are direct-bandgap materials except for
some of the alloy composition in the GaAsl® system which will be discussed in more
details later. Direct-bandgap semiconductors are particularly important for
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17-

19-

20-

electroluminescent devices, because the radiative recombination is a first-order
transition process {no phonon involved) and the quantum efficiency 1s expected to be
much higher than that for an indirect-bandgap semiconductor, where a phonon is
invoelved.,

What is the use of the direct-bandgap semiconductors?

1) They are useful in power diedes.

2) They are useful in electroluminescent devices.

3) They are most useful in high efficiency transistors.

4) They are used in unnel diodces.

What is an advantage of thin active layer?

1) Higher elliciency 2) Its negatve lemperature coellicient
3) Less temperature rise in the device 4) A zero temperature coefficient device
What is the concentration condition of carriers pear the junction under forward bias
condition?

1) There is an cxcess ol 1ons near the junction.

2) There is 4 reduction ol high energy carriers.

3) There is an excess of carriers over their equilibrium values.

4) There is a reduction of excess carriers near the junction.

What is the benefit of using the heterojunction structure in LEDs?

1) An improved ellicieney

2) A lower urn on voltage

3) A lower operating temperature

4) A simpler design structure

Why arc direet-bandgap semiconductors illumination cfticicney higher?

I') The recombination process in these semiconductors are higher.

2) The bandgap ol these devices is smaller than regular structures.

3) The cleetrons in these semiconductors have higher cnergy.

4) The radiative recombination in these semiconductors is a first-order transition process.

PASSAGE 2:

Three major loss mechanisms reduce the quantity of emitted photons: (1) absorption
within the LED material, (2} Fresnel loss, and (3) critical-angle loss. The absorption
loss for LEDs on GaAs substrates is large since the substrate 1s opaque to light and it
absorbs about 85% of the photons emitted at the junction, For 1.LEI)s on transparent
substrates such as GaP with isoclecironic centers, photons emitted downward can be
rcilected back with only about 23% absorption; the cllicicney can be signilicantly
improved. The Fresnel loss 15 due to internal reflection back to the semiconductor. The
third loss mechanisim 15 caused by the total internal reflection of photons incident to
the surface at angles greater than the critical angle. (One interesting phenomenon
arising from the Snell's law is that even though light inside the semiconductor has
unilorm intensity, light emitted into the ambient aller relraction at the interlace has an
anglc dependence. The emission pallern lor an ideal hemisphere. since all rays arc
normal to the interface, the emitted intensity maintains a unitormly high intensity and
the critical-angle loss 1s totally eliminated. However, in practice such a hemispherical
shape is very hard to achieve. A good practical compromise is to cap the planar
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structure with a hemispherical coating whose refractive index lies between that of the
semiconductor and the ambient.

What is the Fresnel loss mechanism due to?

1) Internal negative temperature coefticient

2) Internal recombination in the semiconductor

3) Internal reflection back to the semiconductor

4y Quantum loss

What is the effect of the Snell’s Law on light emitted into ambient from a semiconductor?

1) The light emitted into ambient is coherent.

2) Light is intensified after emitting into the ambient.

3) The light emitted into ambient has a different frequency.

4) [1ght emitted into ambient after refraction at the interface has an angle dependence.

Why is the emitted intensity for an ideal hemisphere maintained like a uniformly high

intensity?

1) Emitied light is [requency dependent.

2) Light is transparent.

3) Emitted light is reflect back at zero angle.

4) The critical-angle lass is totally eliminated.

Why is the absorption loss high for LEDs on GaAs substrates?

1) Since the quantum cllicieney is low in GuAs subsiraic.

2) Since the substraic is opaquc 1o the light.

3) Since the refractive index of (GaAs is high.

4) Since the substrate 15 opaque to light and it absorbs most of the photons emitted at
the junction.

What is the third loss mechanism in radiated photons?

1) The mechanism is caused by the toial miernal rellection ol phoions incideni (o ithe
surtace at angles smaller than the critical angle.

2} 'The mechanism 1s caused by the total internal reflection of photons incident to the
surface at angles greater than the critical angle.

3) The mechanism is caused by the total internal reflection of photons incident to the
surface at higher energies.

4y The mechanism 1s caused by the partial internal rellection ol photons incident o the
surface at angles greater than the critical angle.

PASSAGKE 3:

A photodiode has a depleted semiconductor region with a high electric field that serves
to separate photo generated electron-hole pairs. For high-speed operation. the
depletion region must be kept thin to reduce the transit time. On the other hand, to
ingrcase the quantum c¢fficiency (the number of clectron-hole pairs gencrated per
incident photon), the depletion layer must be sulTiciently thick to allow a large [raction
ol the incident light to be absorbed. Thus, there 1s a trade-oll between the speed ol
response and quantum ellicicncy. For the visible and ncar-infrared wavelength range.
photodiodes are usually reverse-biased with moderate biasing voltages, because this
reduces the carrier transit time and lowers the diode capacitance. The reverse voltage
is. however. not large enough to cause avalanche multiplication or breakdown. "This
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biasing condition is in contrast to avalanche photodiodes, where an internal current
gain is obtained as a result of the impact 1onization under avalanche breakdown
conditions. All photodiodes. with the exception of the avalanche photodiode which is
nol included in this seetion, thus have a maximum gain ol ong,

A photoconducior consists simply ol a slab ol scmiconductor, in bulk or thin-lilm
[orm. with ohmic contacts allixed 1o the opposite ends. When incident light falls on
the surface of the photoconductor, carriers are generated either by band-to-band
transitions (intrinsic) or by ftransitions involving forbidden-gap energy levels
(extrinsic), resulting in an increase in conductivity. For the intrinsic photoconductor,
the increase of conductivity under illumination is mainly due to the increase in the
number of carriers. I'or shorter wavelengths, the incident radiation is absorbed by the
semiconductor, and  clectron-hole  pairs  are generated.  For  the  extrinsic
photoconductor, photoexcitation oceurs between a band edge and an impurity energy
level in the energy gap.

What is the purpose of u reversed biased voltage in a photodiode?

1) To reduce the carrier transit time 2) To increase the diode capacitance
3) To increase the carrier transit time 4) To increase recombination

What happens when incident light falls on the surface of the photoconductor?

I') Carriers are reduced. 2) Recombination stops.

3) Carriers arc generated., 4) It heat 1s generated.

Where does photoexcitation occur in the extrinsic photoconductor?

1) Between a band edge and an impurity energy level in the energy gap
2) Between conduction and valence band

3) In direct band gap

4y In conduction band only

Why doees the reverse voltage in photodiodes NOT cause avalanche mubltiplication or
breakdown?

1) It is large.

2) It is not large enough.

3 [t is not related to such effects.

4) I suppresses the avalanche multiplication,

Why in photodivdes, the depletion layer must be thick?

1) To allow a small Iraction of ithe incident light 1o be absorbed

2} To allow a large fraction of the incident light to be absorbed

3} To allow a large fraction of the incident light to be reflected

4) To stop the Mow of carricrs,
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