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ABSTRACT

By the characteristic of infrared, it can pass through the thin material such as
paper and is absorbed by carbon. So we can used this characteristic for detecting the
position of carbon from the pencil which apply on the paper for selecting the answer.
Therefore, the carbon’s mark by measuring the density of infrared can be carried out the
paper thickness to compensate for the data from the detectors. By use the thickness of the
paper to generate reference voltage for A/D converter device in the purpose to expand to
change small signal in full scale of converter. In this case we can implement only one
infrared detector for reading the answer paper on the both side of its. This master thesis
presents the detecting method, which uses only one infrared detector for reading the both
side of the answer paper. And used the thickness of the answer paper to generate the

reference voltage for the A/D converter device of infrared detector.
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Designation of

Wavelength range Radiation
100 nm - 280 nm uv._c

280 nm — 315 nm UV -B
31Snm -~ 380nm | Uy - A

380 nm — 440 nm Light — violet
440 nm -~ 495 nm Light — blue
495 nm — 558 nm Light — green
$80 nm —~ 640 nm Light — yellow
640 nm — 750 nm Light — red
750nm —-1400nm | JR — A

1-4 pm — 3um | IR-B

3 Hm-1000um | IR —~C
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2.2.1 Photoconductor-Photoresistors
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1l 2.3 FmInavEUaIIaY Photoresistor 41iA Cadmium Sulphide

#1919 2.2 $UANANARUMIPBUAUEITRS Photoresistors fissaannsnsafiashs

Material Energy éap eV | Useful Response range nm.
Cadmium Sulphide, Cds 2.45 400 - 800 5156 - 550
Cadmium Selenide, CdSe 1.74 680 - 750 675 - 735
Lead Sulphide, PbS 0.40 500 - 3000 2000
Lead Telluride, PbTe 0.31 600 ~ 4500 2200
Lead Selenide, PbSe 0.25 700 - 5800 4000

Silicon, Si 12 450 - 1100 850
Germanium, Ge 0.66 560 - 1800 1540
Indium Antimonide, InSb 0.16 600 ~ 7000 5500
Indium Arsenide, InAs 0.33 1000 - 4000 3500

2.2.2 Photovoltaic
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2.2.3 Photodiode
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1 3 ° J : 1 U
Taute PN et inszqaes Photodiode foesiafienvioaifimal® Photodiode &anan

vhamdeensi3agals s 2.3 uaasshathaas Photodiode

M519% 2.3 FBehd Photodiode MRE M

Light Current Dark Current Power
Type {Pkg| Min Mox @tV Max @©ftvV Diss Features
HA HA . mW
IN2176 | A | 100 -~  £310 0.5 %50 50
H11 A 40 - 110 0.5 *50 50
H35 A 60 - 10 05 150 50 Hermatically sesled
H38 A 100 - %10 100 350 50 gfass package.
H60 A 1006 200 #10 0.5 150 50 Can be used with ac
H61 A 200 300 0 05 #50 50 bias
H62 A 300 400 10 0.5 150 50
TIL?7 B 15 - +3 005 3 100 spectrally matches human eye
BVR @ Avalanche
10UA Gain Typ. CT{ Typ N
Min  Max | Min  Type| pF
TIXLS5 | C 140 200 {100 200 1.2 20% @ 0.63xL | Si APD, Active area 0,01 in
diam, microwave package
TIXLSE | D 140 200 100 200 1.2 20% @ 0,631 | Si APD, Active area 0.01 in
diam, TO-18 window can
TIXtL57 | D 30 60 ]| 20 50| 45 60% @ 1.061 | Ge APD, Active area 0.01in
diam, TO-18 window can
TIXL59 | & 140 200 50 100 | 12.0 30% @ 0.9 Si APD, Active area 0,030 in
diam, TO-5 window can
TIXL68 { D 85 150 15 40 3 25% @ 1.54u | Ge APD, Active ares 0.01 in
diam, TO-18 window can
TIXLE9 | E 140 200 50 100 30 40% @ 0.91 Si APD, Active area 0.08 in
diam, TO-S window can
BVR @ Responsivity Risatime
1001A ns
TIXLBO | F 250 05 AN@OU S 25 active area diameter
0.1 in, TO-G can
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2.2.4 Phototransistors
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Device Type Advantages/tses Limitations
Photo-resistors Response in visible spectrum, Mermory or hysteresis effect.
Large fight 10 dark ratio. Limited tempaerature range.
Large sansitive arads available. Slow response — milliseconds.
2Zero offset woltage.
Photo-voitaic Voitage generator — no external bias required. Slow speed of response,
Large araas available, Low level outputs.
Efficient conversion of sofar snergy,
Very linear with respect to radiation in short
clreuit mode.
Photo-diodes High spesd operation — 1076 to 10°? seconds. Low level outputs,
Good linearity with light levels and temperature.
Low noise,
Wide range of spectral responses visible to infrared.
Phot gral current gain, can drive TTL. Limited frequency response, 500kHz,
Small sizes available for close spacing, wide variety Non-linear with respect to light levals.
of packages.
Photo-thyristors Highast output current. Highly tempersture sensitive.
Light used only to trigger ~ will remain ‘on’ Poor dV/dT performance.
after light removed.
Can be used to switch high voltage with isolation,
Photo-Dartington High current output at very low light levals. Long respanse time. B
Higher leakage current due to gain multiplication,
Non finsar with intensity and temperature.
Photo-FET Sensitivity adj ble by RG lecti Non linear.
High gain — bandwidth product Poor high temperature characteristics.
Good low tempereture operation,

2.3 Ganiiauss ( Light Emitters)

12

v . ~ a ¢ LY ] 1 & J } 4 .
shmiflausfiasnsnedinhaviilassshansesss PN #a§unt LED (Light Emitting
Diode) lnenevhnuiatlauusssmlniuunlussasesiiu LED usefiléan LED Reminmavham
WU Injection-Recombination Iefididnasauuaslasaunfandnensfisiheio P uas N onu
s @ v AR w a @ A 3 [ d‘ A A’ a
mﬂULLafquaLaﬂmauLLaﬂaaanmnuuazmawamudfmwmaaaanuﬂugﬁmmLLaamazu
1] 1 1, 3 o 1] il ph 1 N 1 1] 1}
AMNUENIPAUMNENMST (3) ussildan LED asduiuansfesnifivhinassdmslianuemeaaus

uanehariueanly mmefl 2.5 usesmsldimsfishatioshs q uastasemaenedud [daann

asnefl 2.5 anisinhamiustio LED Tuehuemaienanushs «

Approximate | Typical Emission Wavelength
Material Bandgap eV am N
P e
GaP, N doped 2,18 530 - 595 565
GaP, Zn doped 224 530 -~ 575 553
SiC 197 430 ~ 700 590
GaAs .SPA 1.92 630 — 660 645
GaP, Z2n0 doped 1.76 616 —~ 730 700
GaAlAs, red 1.78 660 — 720 690
GaAs, Zn doped 1.37 890 — 920 805
GaAs: Si 1.33 890 — 980 930

dwisusmshesinihfifenldléun Gallium Arsenide, Gallium Phosphide Lia¥ Gallium Arsenide

Phosphide fimeavlagisia i
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2.3.1 Gallium Arsenide

Gallium Arsenide auenINe LY Direct Gap ARUSIULITEINM 1.37 oV uavaslsh
ussifienaemaduludnduinizamng 09 bleswes lumsiifioussasmdiolnddmanany

] 1 ] 1 4 i

afedniniie P usifunueshiinhilaslensanssolumagedfumdaniusesnn sfiuoums
fadihafla N asbindanmudaisann 2 wedidwiuasgedundmussnminulndassds
v [ a1 v 1 [ ! ! v v o v A o« §2
mwasnuuseidnpanmAsUueLEah (Band Gap Energy) wudmsgediaziiviaedar i

~—~

anIneann i

2.3.2 Gallium Phosphide

Gallium Phosphide qufuensfssiy Indirect Gap Toeswdsnufiunugasg (Band
Gap Energy) Ussans 2.24 eV usvaruasdifenfionuemetiu 055 laswmsivsaranme
UL Gallium Arsenide Tnenadfislilasanfiindoninaumeasiaionnth 218 eV vanan
fithensnsnfial¥f Gallium Phosphide mifiaussiuaslalnenmsidosns Zine Oxide Thommdsnu
mammuﬁmdmsﬁ 18 oV warliumsiifiemuemaduiiy .60 Iulamues uaEiLsEAMBwE
i nari e .msﬁLLﬂdﬁﬁJmﬁﬂssﬁw‘ﬁmwsﬁﬂdwLﬁaamnmsmauauawaemuum‘wiaLLm
ﬁﬁ'xmsimdwuﬂaﬁumé]’auﬁmﬂugﬁﬁ 210 FafunmmlusaamraLsTBasaLEEsh ] FRIe3N1E]

RELATIVE LUMINOSITY,

N N

400 500 |00 700 800
WAVELENGTH nm
o ado ado odo slod L
480 880 590 &30 7
VIOLET GREEN ORANGE
BLUR YRLLOW RED

g1 2.10 MImaURLD U ) Tamangd
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FaunneerasfiauaILL Gallium Phosphide filsindhrifiauin Galium Arsenide @il

19284 Gallium Phosphide uasduassnansmmzgumldannniussdidenWissnsnsnoanand

oA } 4 [} [ AI g AJ v e
ifiausalfinnlaebigngedfisiacnsfiaing

2.3.3 Gallium Arsenide Phosphide

¢MALANN Gallium Arsenide Phosphide Wiudhathaasmamisafiauasanshesiniils

y v 4 . 4o . .
Wuilawfentugafiumssntiueasasiesithuly Gallium Phosphide HUMLY Gallium Arsenide
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d' (% [l J &5y . A‘ ' A 1 v 1 | n; 1 ,:4'
IﬂEW]W&‘N’]WHSGLLﬂU‘ﬁB\‘]’JNQ‘JLﬂMLLﬁU Direct Gap Naf1 x AMUBUNN 0.45 LAaTMNINNNIIHRY

Wi Indirect Gap  uattiv@vinmwavanasmeemiaida  udathelsiemuasisinsnanau

anuenndushn 0.6 laswes

WAVELENGTH nm
I

TRANSITION FROM
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/\/ /\/ ﬂjﬂ%ﬂ 0101101
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Temperature Voitage Sampling 8linary codas
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Flow
Radiation
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2.1.1 gunsaludasdygaaineafudyqnamewiaen (Digital-to-Analog)
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