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PART A: Vocabulary

Directions: Choose the word or the phrase (1), (2), (3), or (4) that best completes each sentence.
Then mark the answer on your answer sheet.

1- Tt had not raincd on the prairic for several months. Because of the drought, the climate
had beeome very ————--—--- ‘
1) unstcady 2) rigid 3) intcnse 4y arid

2-  Deserted for six months, the property began to look more like a jungle and less like a
residenee—weed grew -------—-- in the front yard.
1) unchecked 2) unjustilicd 3) complicated 4) scanty

3-  Can vou please ———--—--— this last part of the lesson for me; I’m not sure [ understood.
1) recapitulate 2) identify 3) postulate 4) recount

4-  Gerry’s dissatisfaction with our work was --—---—--- in his expression, although he never
criticized us directly.
') vulnerable 2) bright 3) implicit 4) humble

5-  The world’s coal, oil and gas ------—---- are finite; one day they will run out, so think now
about what you can do to consume less.
I') appliances 2) deposits 3) relics 4) amenities

6- You are recommended to use mnemonics to help vou -----—--—-- important items of
information.
1) enumerate 2) expose 3) recall 4) withdraw

7-  The lifespan of a mayfly is -----—---- , lasting from a few hours to a couple of days.
1) imprecise 2) ephemeral 3) superficial 4) swift

8-  His words to the press were deliberately -------------; he didn’t deny the reports but
neither did he confirm them.
1) mutual 2) essential 3) dogmatic 4) equivocal

9-  Tlundreds of people had come to see a popular satire, but during the performance a fire
started in the theater, and the audience and actors had to --——--—-- the building
immediately.
1) expel 2) evacuate 3) disperse 4) detach

10- Computers have helped solve some of the mathematical ---------—- which have puzeled

man for many centuries.
1) conundrums 2) caprices 3) artifacts 4) chronologies



PART B: Cloze Test

Directions: Read the following passage and decide which choice (1), (2), (3), or (4} best fits each
space. Then mark the answer an your answer sheet.

When Newton arrived at Cambridge. the Scientific Revolution of the 17th century was
alrcady in [ull force. The heliocentric view of the universe—theorized by astronomers
Nicolaus Copernicus and Johannes Kepler, (11) ---------- refined by Galileo  was well
known in most European academic circles.

’hilosopher René Descartes had begun to formulate a new concept of nature

{(12) -=mmmmm-- an intricate, impersonal and inert machine. (13} ---------- . like most
universities in Europe, Cambridge was steeped (14) ---------- Aristotelian philosophy
and a view of nature resting on a geocentric view of the universe, {15) ---------- with

nature in qualitative rather than quantitative terms.

11- 1) and was later 2) and later 3) later was 4) which was later
12- 1) like 2) such as 3)as 4) the samc

13- 1) Although 2) As though 3) Because 4y Yel

14- 1)in 2) lor 3) with 4)of

15- 1) dealt 2) dealing 3) by dealing 4) and was dealt

PART C: Reading Comprehension
Directions: Read the following three passages and answer the questions by choosing the best
choice (1), (2), (3}, or (4). Then mark the correct choice on your answer sheet.

PASSAGE I:

Two types ol sources are widely used In optlical communication systems, and they arc
the [LED and the semiconductor laser, 1.EDs arg inherently slow; their response times
ar¢ determined by the lifetime of the carriers in the active region, and in most 1.TDs
this is between 2 ns and [0 ns. Thus, small-signal response of [LEDs is of the order of
100 Ml Iz, and the large-signal response is smaller than this. l.asers are complex devices.
and the response time is determined by the so-called relaxation oscillation frequency,
and this 1s due to the interaction between the photons which have a finite lifetime, which
is a measure of the cavity quality factor, QQ, the differential gain of the structure, the
lifetime of the carriers and other parameters. Most lasers, when directly modulated.
suffer from spectral broadening, and therefore direct modulation is not used for long
haul fibre-optic svstems; but when this broadening is not important, direct modulation
may be used.

The generation of non-thermal light in a semiconductor requires the creation of
hole—clectron pairs which recombine radiatively 1o cmit photons at the bandgap
cncrgy, or impurity level 1o valence band encrgy. The more recent source ol light is
the intra- band relaxation ol ¢lectrons from a higher encrgy level 1o a lower energy
level in the conduction band ol a quantum well, to emit photons, and this has resulied
in the quantum cascade lasers.
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Which of the following is a disadvantage of direct modulation of lasers?

1) Speetral broadening 2) Bandgap narrowing

3) Thermal runaway 4) Lifctime variation

What is the requirement for generation of non-thermal light in a semiconductor?

1) [ligh temperature

2) [arge bandgap

3) Bandgap variation

4) Creation of electron-hole pairs

Why are the LED’s considered to be slow devices?

1) Because of packaging requirements

2) Because of the small thermal generation of carriers

3) Because of the small number of active carriers

4) Because their response times are determined by the long liletime ol the carriers in
the active region.

What is the responsc time in semiconduoctor laser determined with?

1) Oscilloscope

2) Long haul libre-optic systems

3) Rrelaxation oscillation frequency

4) Creation of hole electron pairs

When may direct modulation be used in lasers?

1 YWhen the broadening of spectral is not important.

2)When the color of lasing is not important.

3)YWhen impurity level is low.

4yWhen thermal modulation is required.

PASSAGE 2:

Photodetectors are devices used to convert light signals into electrical versions. The
performance of the different tyvpes of detectors is determined by their guantum
etticiency. The photoconductor detector depends on the increase in conductivity of a
scmiconductor when illuminated with photons ol encergy above the band gap. The
absorbed light creates hole—clectron pairs, which increases the conductivity, and with
an applicd bias. the excess carricrs drill to the appropriate clectrodes, and constitule an
increase in current, 1oles and ¢lectrons crcated by the light may be swept out belore
they recombine by the applied bias [ield. Alternatively, they recombing as they drilt
towards the appropriate electrode. The electrons are swept out faster than the holes,
and io maintain charge ncutrality, more clectrons arc injected, and this constitules
gain.

Detection of photons with energies at or above the hand gap of a semiconductor
requires that they are absorbed and create hole electron pairs, and a current be induced
due to this absorption. The depletion layer of a reverse-biased p—n junction of the
semiconductor causes the holes and electrons to separate and be collected by the
appropriate contact/collection region. The photons entering this device, create hole—
electron pairs as the light 1s absorbed. from the top contact region. through the
depletion laver on both sides ol the junction and possibly beyond, 1o the lower contact
rcgion. The [iclds in the depletion layer arc high cnough to sceparate the holes and
cleetrons, and send them to the respective majorily carrier region, holes o the p region
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and ¢lectrons o the n region, because of the reverse bias, Tloles and c¢lectrons
generated in the p and n contact regions need to be considered diflerently. The
minority carriers, electrons in the p region and holes in the n region. about one
diffusion length from the depletion layer. diffuse towards the depletion layer and are
accelerated to the appropriate majority carrier region. This diffusion is a slow process,
which degrades the response of the diode detector.

Iow is the performance of detectors determined?

1) By photons

2) By their quantum efficiency

3) By their electron efficiency

4) By their physical structure

What is the minimum distance for clectrons and holes to diffuse to the depletion region?

1) Aboul one micro meter

2) About onc dilTusion length

3) About two dilTusion length

4) Aboul hall the depletion layer length

How is the response of diode detectors degraded?

[) By number of holes

2) By minority carriers

3) By slow process of diffusion

4) By reverse recovery time

What does the depletion layer of a reverse-biased p—n junetion do to electrons and holes?

1) It causes them to separate and be collected by the appropriate contact/collection region.

2) It cause them to amplify and increase their numbers.

3) It cause them (o recombine.

4) It causc them to deecleraic.

What constitutes a gain in semiconductor detectors?

1) The holes move Laster than clectrons and this constitules gain.

2y The number ol c¢lectrons increases as icmperature goes up and this constitules a
gain in detectors.

3) ‘The number of electrons and holes created by photons grow rapidly constituting
gain in detectors.

4)'T'he electrons are swept out faster than the holes, and to maintain charge neutrality,
more electrons are injected. and this constitutes gain.

PASSAGE 3:

'The basic planar [.LED dose have a thin highly doped contact layer to reduce the
contact resistance, and the emerging light has to pass through it. The absorption
creates additional loss. If the active layer is intrinsic or undoped, with p+ and n+ layers
on either side, then the injection into this layer is from both junctions. In practice, the
intrinsic layer is always unintentionally doped as either p— or n—, where one of the

junctions is a p—n junciion and the other is a high—low junction.

A variation ol this structure is to have higher bandgap heterostructure layvers both
above and below the aclive laver. appropriatcly doped. The diflusion of the injected
clectrons and holes injected [rom the active laver is blocked by the heterojunctions that
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arc now lormed on both sides ol the active layer. These hetero- lavers prevent the
diffusion of the minority carriers 1o the surface, and therefore prevent surface
recombination. Most 1.LEDs designed at the current time use the heterolayers where
available.

A further variation on this is the placement of dielectric mirrors below the active
layer to reflect the light emitted towards the substrate. A second variant 1s the edge-
emitting LED, in which the heterolayers above and below the active layers together
with the active layer act as a waveguide. A high reflectivity mirror at one facet makes
this a superluminescent diode; with mirrors on both ends and with adequate gain, the
LLED may opcerate as a lascr. The external quantum clliciency of the edge-cmitling
LED is very much higher than the surlace-emitlling deviees because the transmissivity
al the edge lacet is of the order of 0.7 for the waveguide index n2 of 3.5,

26- Why does LEIY have a thin highly doped contact layer?
1) In order to have higher efficiency 2) In order to reduce the contact resistance
3) In order to increasc the resistivity 4y In order to reduce the cost
27-  What is the purpose of hetrostructure layers in some LEDs?
') They change the color of LED lights.
2) They reduce the cost of these [LEDs.
3) They reduce the efficiency of the LEDs.
4)'hev prevent the diffusion of the minority carriers to the surface.
28- How do the heterolayvers in the edge-emitting LED react to the light?
1) As a wavepuide for the light 2) As modulator
3) As an amplifier 43 As a cavity
29- What is the most significant advantage of the edge-emitting LED over the surface-
cmitting devices?

1) The waveguide 2) The thermal property

3) The casce ol manulacturing 4) The external quantum cllicicncy
3(- What is the doping of the intrinsic layer?
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1399 i)l Csawliin, S Ugesl @Vlgw adsl S samlie

1399 Jlw 1)l (sawlivi) 1S Ugo;l adgl auls

oulps 1S Ol Colo 5 0llbls @by @by 5l o 5 ol sliwl Bl pé ool @8,S 515 culw ol 55 @S Yl alsl 1S b, o gMbl @
Sl wlol @ as=lyo U 1399/05/22 50,6 b ,iSlas swls o Jilos <yso 55 i 10l 2wl ollbsls aolyls of Golwl o augs ©Ylguw
b ol 555 @ 3V e ool "1399 Il il sewliinlS Usns"/"Vlgaw 34l @ Lol oy8 JuaSs @ cus (request.sanjesh.org) sl
9 Sl Wlobuw 53 swgac 058 b weiSo aol) HSus b 5l bl Hlso @ 9 s adles 8L, oaw 5SS 08 Bk 5l 9 seSie gl U had wllbgls

A g3 (S 0 pMel &b 5l pay b (e

wilxiol 09,5 a9 g9 a9 Ulgic
by psle 09,8 F Ligigh acgoxo
o, lowis WS 0, lowis Uy jS o) loww S o, loww US o)lowws ;S o, louis S
Jlgw Quxo Jlguw Quo Jlgw Quo Jlgw Tuxo Jlguw Quo Jlgw Quxo
1 4 31 1 61 3 91 4 121 1 151 abw
2 1 32 2 62 2 92 3 122 1 152 Sl
3 1 33 1 63 2 93 3 123 3 153 abw
4 3 34 4 64 4 94 1 124 2 154 b
5 2 35 3 65 1 95 2 125 2 155 udaw
6 3 36 4 66 4 96 4 126 3 156 b
7 2 37 1 67 3 97 4 127 4 157 b
8 4 38 2 68 2 98 2 128 4 158 abw
9 2 39 3 69 3 99 1 129 2 159 b
10 1 40 3 70 1 100 3 130 2 160 abw
11 2 41 1 71 3 101 2 131 EW-SW] 161 Sl
12 3 42 4 72 1 102 3 132 b 162 abw
13 4 43 2 73 2 103 2 133 EW W) 163 b
14 1 44 2 74 3 104 3 134 Subaw 164 b
15 2 45 3 75 4 105 3 135 EW W) 165 b
16 1 46 4 76 2 106 1 136 b 166 bw
17 4 47 2 77 3 107 2 137 EW I 167 b
18 4 48 1 78 4 108 3 138 b 168 b
19 3 49 4 79 4 109 1 139 b 169 abw
20 1 50 3 80 1 110 4 140 b 170 Swbaw
21 2 51 1 81 3 111 1 141 b 171 abw
22 2 52 3 82 1 112 3 142 EW-W] 172 BV
23 3 53 3 83 1 113 4 143 b 173 Qbw
24 1 54 2 84 2 114 1 144 EW I 174 WSV
25 4 55 2 85 1 115 4 145 Subaw 175 b
26 2 56 4 86 4 116 2 146 b 176 WSV
27 4 57 1 87 3 117 4 147 Subaw 177 b
28 1 58 4 88 2 118 3 148 b 178 abw
29 4 59 4 89 2 119 1 149 EW-W] 179 Sl
30 3 60 1 90 4 120 3 150 b 180 abw
o, lowi LY o, lowi WS o, lowi LY o, lowi Uy ;S o,loui ;S
Jlgww w0 Jlgww Suxo Jlgww w0 Jlgaw w0 Jlguw w0
181 Swbaw 211 b 241 b 271 Swbaw 301 b
182 abw 212 EW-IW 242 b 272 b 302 b
183 b 213 EW-IW) 243 WS 273 EW-IW) 303 EW I
184 Db 214 At 244 dabw 274 RV 304 b
185 b 215 EW I 245 b 275 EW-IW) 305 b
186 BV 216 Db 246 dabw 276 Aabw 306 b
187 b 217 EW-IW) 247 WS 277 EW-IW) 307 EW I
188 b 218 e 248 b 278 b 308 e
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189 Aadw 219 249 279 309
190 b 220 250 280 310
191 Aadw 221 251 281 311
192 Aadw 222 252 282 312
193 Aadw 223 253 283 313
194 Aadaw 224 254 284 314
195 Aadw 225 255 285 315
196 b 226 256 286 316
197 Aadw 227 257 287 317
198 b 228 258 288 318
199 b 229 259 289 319
200 Aadw 230 260 290 320
201 Aadw 231 261 291
202 Aadw 232 262 292
203 b 233 263 293
204 Aadw 234 264 294
205 b 235 265 295
206 Aadw 236 266 296
207 Aadaw 237 267 297
208 b 238 268 298
209 Aadw 239 269 299
210 Aadw 240 270 300
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