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Apyra yacruHa

MeTOAN BUTOTOBACHHS MOHOKPHCTaAI

3 anip v peamkux oficArax 3arOYaTKOBayg

B:nromml\eﬂfmxgcﬂ- I:gxf.;:)ﬁﬁﬂ, zo.m gppauqyaosi_ BepHoio BAaAoey
o Haﬁp“m,'mmrql mAgxeTHl KaMesi (cnociff NAOMIHHOTO MOnAennz),
2 e Hj OMMUCAOBOCTI BHTOTOBASIOTHCH Tenep Kopyup,
oo oo z ﬁrgam AHIIEX MOHOKPHCTaAiB, VIHIIMA WATX Cory.
e cap itaaienp Creis 1905 poxy (rigpomepmansig
Te3d KpHCTAAIB (810051 i eHO OCTAaHHIMH DOKaMM AASA BHDOIUIYBaHHS
cuumeaq). i Bmg?mmmmeﬂﬂi KpUCTaAIB 3 pO3HUHY BEAMKOro
Susos il ke namifi Bpam AeBeAonMeHT Ta Bear
yCHiXy AOCSATAM nabGoparopii KOMIIaH e oo
Tenedon AMIIE IMiA 9aC OCTAHHBOL Bilf{HH, KOAK Oy e
Ky KIABKICTB 1'€30KPUCTaAIB  (CerHeToBa ClAL, AHMTIAPO! docdar
anomiio, eTHAeHALMinTapTpaT), TlapareAbHO 3 BHPOLIYBAHHAM Kpwc-
TaAlB 3 PO3UMHY KPMCTAAW BUIOTOBASAMCA 3 DO3MONy. Y poszBuTOK
miei MeTOAM 3pOBMAA BHECKH HH3KA AOCAIAHMKIB, AK-OT Haken, Yox-
panscexmi, TammanH, [liroGep, BpupaxMer i Kupomyaoc. C:'J:[epmy bise}
METOAY 3aIPOBAAKEHO AAS BUDOLIYBAHHSA HOHHMX KPHUCTAALB Ta KPHC-
Tanie MeTanaiB, Sk HafEMIe AOCATHEHHA TYyT BapTO 3rapaTH BHIOTOB-
aemna CroxGepaxepom mryusoro CaF, OcTaHHIM HacoM BHpOIY-
BanHs 3 PoaTONiE HAGYAO BEAWKOrO 3HAUEHHA Yy BHIOTOBAEHHI KoBa-
AGHTHHMX KDHCTaAIB, K HATIPHKAAA Ge, Si Ta HHIINX HaANIBAPOBIAHH-
Kip. HemoaaeHO HabyAO Bard BHpPOILIYBAHHA 3 NapoBol (asu, 3a Ao
TIOMOTOI0 SKOTO HACAMIIEpPEA BHUTOTOBAAIOTHCA KpucTaam CdS. Hapem-
Ti Tpefa 3rapaTH IPO BHPOLIYBAHHA KPHACTaAIB 3 MONHOTo po3iuiy
(Pemetixa), mo 3yMOBHAO ycHiliHe BupomyBanusa BaTiO;,

TlicAst HBOr0 KOPOTKOTO iCTODHMYHOTO BCTYILy AO CIIpaBM BUPOIIY-
‘BAHHS KPHCTAAIB 3apa3 HTHMEeTHCA BHKAIOYHO IIPO OKpeMi MeTOAH.

i IX. BuponjyBaHHsI KPUCTAAIB 3 PO3UNHY
Kpucraaisanis 3 posymHy BHKODHCTOBYETECH XeMikamu 3 AABHIX
SACia AAR POSAINGHHSL M OWMUIGHHS CHIOAYK. Y mboMy pasi OTpHMAHi
XPUCTarH 5K NDABUAC Ayke Mal | Ixui kpucranorpacpiumi maompms
iﬁmgm mmtﬁp"miaﬂm Aue TiA MiKpOCKOTOM i BOHH M
tOMM BE DyBaioTh AOGpe BMPOGACHI. AASL AGSIKHX I{iAGL 1]i KPACTAAHKY
BXe € AOBOAl BeAMKMMH. BiAbmicTh 3acTocoRaHs noTpebye KpACTAAR
3uamux posmipis. Tlopsp 3 BeAuMHOI0 cyTreme smavemmsi Mac b
100 OYPUMATH Benwki sicicHi KpHeTaam, BUXIA

rianiTijtoBHH rpana

T BUTOTOBASICTECSI 3apag 3ang;
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3 apceHOM BUTOTOBASIAMCA 3 p‘OSféoﬂY‘ apceny.! c:il
juroro SiC MOJKHA OTPUMYDATH 31 SDATAUCHUX Kpeyyy

3
ko 12 MM 3aBAOBXKH Ta 1,5 MM 3aBTOBLIKH BAGETBCS BHIOTORyy, ,

10+20% TONHMX POIUUHIB ¢ocdopy, apceHy 4u aHTUMOHY B aNtOwy,
raaii yM iHAlL IAAXOM OXOAOAKEHH.
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MiKpocKon npujaaag s

PO3IJIsIIAHHS APiOHMX,
HEBUJIUMHUX /JsI HE030POEHOIro
OKa, MpeaMeTiB y 30LIbIIIEHOMY
300pa’KeHHi.
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*I'anc Jlinnepcreu, 3axapiac SIucen
(1590, Mignenoypr, Hinepianan);
*Tamgiseo Iagisient (1624, occhiolino)
*Pobept I'yk (1665, BiAKpUTTS KJIITHH);
* AHTOHI BaH JleBeHIryk (1675,
TOCJIII)KEHHSI BOASHUX KparneJb).



OnTuyHuil_MIKPOCKOII - MIKPOCKON, B KOHCTPYKIII SIKOT0O BHUKOPHCTOBYETHCH
HAOip JiH3, AKI NpM nepemisiai 30UILINYHOTh 300pasKeHHs APiIOHUX 00'eKTiB.
IloOynoBaHe 32 1OMOMOIOKO JIiH3 300pPa’KEHHA NMPOEKTYETHCHA B OKYJIAP.
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HainpocTimui MIKPOCKON CKJAAAETHCA i3 ABOX JIiH3 - 00'€KTHBA 1 OKVJsApa, 3'€IHAHUX
TPY0010 - TYOYCOM.

*00'ckmue - JiH3a i3 Ay:Ke MaJI0l0 (POKYCHOI0 BiACTAHHIO. BiH migHOCHTBCHA OJM3BKO /10
00'€KTHOI IUIOHMIMHHU, HA SKIN JIEKUTH NPU3HAYEHHH JJi BUBYEHHS 00'ekT. O0'ekTHB
3a0e31meuye BeJuKe 30/IbIIeHHS | CTBOPIOE 00epHeHe AilcHe 300paKeHHsI.

Ile 300pa’keHHsI IIe pa3 MEPEeBEPTACTLCH OKVIAPOM, 4Yepe3 SAKHH HOro po3riIsiaac
TOCJTiTHUK.

*OCHOBHY POJIb B CHCTE€Mi OCBITVICHHSI BIiiIpPa€ KoHOeHcop - KOPOTKO(POKYCHA JiH3a a00
CHCTeMA JIIH3 (A3epKaJi), 0 30Mpac i CNpsIMOBY€ NPOMEHI Bijl JuKepesia cBiT/ia HA 00'€KT.




OKynsp

oB'ekTHB

peBoJibBEpHa
rosioBKa

npenapaT

npegmeTHUM

CTONUK
WwTaTwue

A3epKanbue

b

http://blacknick.info/files/microscopes2013.pdf




v'Tepwe 36inbeHHA 306pakeHHA npegmeTta pae ob6’ektus. [lpedmem y Mikpockoni
po3miujyemoeca mpoxu O0ani ei0 ¢oKyca ob6’ekmuea. Y pe3ynbTaTti LUbOro OTPUMYETbCA
36inbweHe i 06epHeHe (NnepeBepHyTe) 306pakeHHA NpegmerTa.

O6’ekmus Oxryanap

Doryc oxkyrapa @
https://pidruchnyk.com.ua/1018-syrotyuk-fmzyka-9-klas.html

Dokryc o0’ exmusa

v OTpumaHe 306parkeHHA 36inblIYETbCA We pa3 NiH3010-0KYASAPOM: BOHO CAYFYE ANA OKYNApa
npeametom. OKynsap, no0ibHo 0o nynu, po3miwyrome Ha 8i0cmaHi, meHwili 8i0 hOKyCHOI, 8id
NPoMixHO020 306paxceHHA.
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http://zeiss-campus.magnet.fsu.edu/articles/basics/opticaltrain.html




LindpoBurii MiKpOCKON - MiKpOCKon, B AKOMY 306paXeHHA OTpMMYIOTb
3a gonomorow B6yaOBaHOI eNneKTPOHHOI Biaeokamepu (Ha OCHOBI
MN33- abo KMOH-ceHcopa). Y Takux MiKpocKomnax, K npaBu/o, He
nepenbayeHo OKynAp ANA CNoCTeperkeHHA 3a 06'eKTamu NACbKMM
OKOM (306parkeHHA BUBOAUTLCA Ha EKpaH).

Hanpamku 3acmocy8aHHA:
v pedeKrockonis;
v MiKpopeMoHTHi po60oTu (Nnnatn, roAMHHUKU TOLLO);
v’ meguumnHa (odptanbmonoris, AepMaToNoria Towo);
v'KOHTPO/Nb AKOCTi Ta 3aXMCT Bifg, NiApo6OoK (cNpaBXXHiCTb AOKYMEHTIB,
rpoLloBuMX 3HaKIB, IOBeNipHUX BUPO6iB, APYKOBAHOI NPOAYKLii TOLLO);
v KpumiHanictuka (pakrnnockonis);
v ocBirta;
v'6ionoris;
v BeTepuHapis;
v'pectaspauif KapTUH, TEKCTUNI0, CKYAbATYP TOLLO;
v pinartenia Ta HymiamaTtuKa.




IHudpoBa kamepa (cMapTdoHa, IUIaAHIIETa, HU(PPOBOro MIKPOCKONA) 3 00KY BHUIVISIIAE€ AK
IUIACTMACOBE BIKOHIIE, ajie HACIPABAI MPEACTABJISE CO00K0 CKJIAAHY 0ararOKOMIOHEHTHY
CHUCTEMY.

T'osoBHi esemenTnn - marpuns 1 00'ekTuB. KpiM HHMX B NpHCTPOAX 4YacTO NPHUCYTHHA
KOMIIO3UTHA MeXaHiKa s cradigizamii Ta aBTOQOKYCy, MOKJIMBI JIa3epHI JajieKOMIipH,
RGB-gaTunku Ta pi3Hi BUAM MiACBITKH Ta CIAJIAXIB.

https://www.dpreview.com/articles/6253298840/oppo-mems-camera




HTC 10 12-UltraPixel rear camera https://siliconangle.com/2016/04/14/new-htc-10-vs-galaxy-
p9-android-fans-spoilt-for-choice/

UltraPixel sensor

Sapphire glass lens cover

IR Filter

6 Element precision lens

OIS and AF (vem) assembly

Y-Axis
OIS
Actuator

Lens X-Axis
(Autofocus 013
Optional) Actuator

MIP1/ MIDI
Application || Image XoAsis
Processor Sensor Hall
1 Sensor

sl https://www.rohm.com/documents/11308/12928/0IS-white-
Gyroscope Controller
paper.pdf




Ille omun BaxumBHI mnapaMerp 00'ekTuBy — agiadparmoBe umciao (f). Ila BequunHa
00epHEeHA JI0 3HAYEHHSI BUIHOLICHHS PO3Mipy OTBOpPY 00'éekTHBA 10 (hOKYCHOI BiiaJi
00'exkTnBa. TO0OTO, YMM MeHIIUM € aiad)parmMoBe YHCJI0, TUM OLJIBLIINM € OTBIip - 00'eKTHB
NPONYCTUTh OUIbIE CBiTJIa, MATPUII 0BEAETHCH MEHIIE MiICHJIIOBATH CUTHAJ (Olabime
MOKJIMBOCTEH POOUTH SIKICHI 3HIMKH BHOYI).

APERTURE SCALE

00VHHHHG

f/1.4 f/2.8 f/4.0 f/5.6 /8.0 f/11 f/16 f/22

Wide Aperture <« » Small Aperture
More Light Reaching Image Sensor P Less Light Reaching Image Sensor
Shallow Depth of Field < it » Deep Depth of Field

Binbwictb Kamep B cmapTPoHi MmaloTb 3HaueHHA aiapparmu f/2 abo £/2.2.
DeaKi Kamepu MOXYTb NOXBaAUTUCA Kpawum nokasHukom f/1.8 un f/1.7. https://c.mi.com/thread-592515-1-0.html|




http://www.levenhuk.ua/prod ucts/Ievenhuk-micros::ope-dtx-90/




Tun MiKpockona

TWN Hacagku

marepian onTHKW
36inblUeHHA, Kpar
CpOKYCYBaHHA
nigceHyBaHHA
perynoBaHHA ACKpaBoCTI
[Xepeno HMBNeHHA

YWUC MO Meranikcenis

Mo#nMBICTh 3anucy Bineo
MO, opansepu

BMXiO

CHCTEMHI BUMOTH

Kopnyc

[na onepatopa

doTo
Bigeo

Po3TawysaHHA NigcBivyBaHHA

LUMDpPOBi

UMMpPOoBKUIA aMcnnen / modiTop MK

ONTHYHE CKNO

10-300

py4Ha, B Mexax sig 0 mm go 150 mm
CBiTNoOioaHa

=

5 B nocTiHHOro CTpyMy Yepes kabens USB 2.0
)

£

MO AnA 3aX0NNeHHA | pefaryBaHHA oTo | Bieo, 3 QyHKUIEK
BUMIDIOBAHHA 00'EXTIE

UsB 2.0

OC Windows XP [/ Vista / 7/6/10, Mac 10.6 ~10.10, LY Big P4 1,8 TTw,
03Y Big 912 Mb, BigeokapTa Big 64 Mb, pos'em USB 2.0, CD-ROM

NPOryMoBaHWA YOPHKUIA

ONA NoYaTKiBLjiB

* Jpeq, 2592x1944, 2320x1744, 2045x1536, 1920x1080, 1280x1024
* Avi, 2392x1944, 2320x1744, 2046x1536, 1920x1080, 1280x1024

BEPXHA



Charge-coupled device (CCD) - npucrpiii_i3 3apsnoBuM_3B'sizkom (I133), B sikomy
3aCTOCOBYETHCSI TEXHOJIOTIAA KEPOBAHOIO NMEPEHOCY 3apsiay B 00'eMi HANIiBIPOBiTHUKA.

CCD-marpuns adoo I133-marpuus - creniajizoBaHa aHAJOroBa iHTerpajbHa MiKpocxeMma,
0 CKJIAJAETHCH 3 CBITVIOYYTJIUMBHUX (POTOXIONIB HA OCHOBI KPEMHII, 3 BUKOPUCTAHHAM

TEXHOJIOTII MPUCTPOIB 13 3aPAT0OBUM 3B'AI3KOM.

https://www.nasa.gov/mission pages/keplergmultime
dia/images/kepler-focal-plane-assembly.html . -

Kepler's telescope CDD matrix: the focal plane
consists of an array of 42 charge coupled devices
(CCDs), 2008.

Each CCD is 2.8 by 3.0 cm with 1024 by 1100 pixels.
The entire focal plane contains 95 mega pixels.

https://en.wikipedia.org/wiki/Charge-
coupled device#/media/File:CCD SONY ICX493
AQA sensor side.jpg




Willard Boyle

Canadian and US citizen.
Born 1924 in Amherst, NS,

Canada.

Willard Boyle was born in Nova
Scotia, Canada, and was
educated at home by his
mother until the age of 15. He
began to work at Bell Labs in
1953 and in the 1960's he
joined the 400,000 scientists in
the USA whose efforts were to
put the first man on the moon
on 20 July 1969,

US citizen. Born 1930 in
White Plains, NY, USA.

George Smith was hired at
Bell Labs in 1959, and took
out thirty patents during his
time at the company. When
he retired in 1986, he could
finally dedicate himself fully
to his life-long passion —
sailing on the great seas,
which has brought him
around the globe many
fimes.
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MouartoK pobit - 1969 p.

@ Bell Laboratories

!

NOKIA Bell Labs

Nobel Prize in Physics for 2009
Willard S. Boyle and
George E. Smith
"for the invention of an
imaging semiconductor circuit
—the CCD sensor"

"3a BUHaxig,
HaniBNpPoBiAHNMKOBOI cXemwu
ANA OTPUMAHHA 306paXKeHb -
M33-ceHcopa”

https://www.nobelprize.org/prizes/physics/2009/illustrated-information/




Photons
O

N-Channel

O
\o » © {?0 0“0
Photogenerated O Potential Well | \ | |
Electrons @ 59 B¢ © ~ Potential Barrier

P-type Silicon

eV
https://www.semanticscholar.org/paper/A-High-Voltage-Charge-Coupled-Device-(CCD)-ASIC-for-
Chun/4bceb2f351025c1f4688f56640d23cc0493654e5




1) ¢oronm cBiTIa, M0 NMPOUILIA
yepe3 00'ekTuB QoToanapara;

2) MiKpoJIiH3a CyOmiKces;

3) R-uepBonuun (G- ado B- )
cBiTIIOIIBTP cyomikceJis,
¢pparment ¢inbTpa baiiepa;

4) npo3opui eJICKTPON 3
MOJIKPUCTAJIIYHOI0 KPEeMHIi ado
CILIABY iH/II0 Ta OKCHAY 0JI0BA;

5) okcua KpeMHiIo;

6) kpeMHi€BUII KAHAJI N-TUILY: 30HA
re’Hepanii HOCIIB (30Ha
BHYTPIIIHBOTO (poToedeKTy);

7) 30HAa MOTEHHIAJbLHOI SIMH
(kuIIeHs n-THIY), Ae 30MpParThCH
€JIEKTPOHHU 3 30HM reHepauii HOCIIB

3apsanay,

8) kpeMHi€eBa miAKIAAKA p-THUILY.

https://commons.wikimedia.org/wiki/File:Subpixels chema.png




®inbrp bauepa (wabnoH bainepa) - ue macuB Konboposux (RGB) ¢inbTpiB y
KOMipKax maTpuui, AKMUMU HaKputo ¢otoceHcopu (HaA3BaHO HA YeCTb AOKTOpa
Bpaiica baiepa (Kodak)).

DinbTp BUKOPUCTOBYIOTb Y poToMaTpuuax undposunx ¢oroanaparis, Bigeokamep Ta
CKaHepiB gNA oaepKaHHA KO/IbOPOBOro 306paXKeHHs.

Macus ¢inbTpy CKNapaerbca 3 25 % yepBoHUX enemeHTiB, 25 % cuHix i 50 % 3eneHunx
e/lIeMeHTiB.

Resulting pattern

Incoming light
Filter layer
Sensor array

https://en.wikipedia.org/wiki/Bayer filter




KoeH CBIT/IOYYTJIMBUM €JIEMEHT CIPUIIMAE JIMIEe YACTUHY
KOJipHOI iIHdopMallii, a pemura BiACikaeTbcsa QiJabTPOM.
Bincyrusa indopmanias mnpo KoJaip BHAO0YBAETHCA 3 CYCIAHIX
CBITVIOUYTIMBUX KOMIpOK. Ilic/jisg HbOro mpouecop po3paxoBye€ JaHi
PO KOJIP HA MiACTABI JaHUX OTOYYHYHUX OCEPeIKiB I TUILKHU MiC/IA
UbOro (popmMmye KiHIEBe 3HAYEHHS KOJbLOPOBOIO IIKCeJsi, TOOTO )
Gopmyeanni ingopmauii cmoco8Ho 0CeImMIAEHHOCMI 00HO20 RIKCeA

Oepymbs yuacmov KiibKa (homooiooie mampuyi.



https://www.olympus-lifescience.com/en/microscope-resource/primer/digitalimaging /concepts/moscapacitor/

Metal Oxide Semiconductor (MOS) Capacitor

Photons
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Silicon

Dioxide Polysilicon
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FPotential
Potential= Well
Barrier

Photogenerated
Electrons

Figure 1
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Ha KpemHieBYy RNiANOXKY p-TUNY HAHOCATbCA KaHa/AM 3 HanisnposigHWKa n-tuny. Hapg
KaHalaMM CTBOPIOIOTbCA ENeKTPoAU 3 MNONIKPUCTANIYHOTO KPEeMHilo 3 AieNIeKTPUYHUM
NPOLUAPKOM 3 OKCUAY KPEMHiIlo.

Micna nopaydi Ha TakUi eneKkTpPoa eNneKTPUUYHOro noTteHuiany, y 36iaHeHin 30Hi nig KaHanom n-
TUNY CTBOPHOETLCA NOTEHUia/IbHa AMa ANA 36eperKeHHA eNIeKTPOHiIB. POTOHMU, LLO NPOHUKAIOTD
Y KpPemHiii, 3yMmOB/IOIOTb FeHepaLilo eNeKTPOHIB, AKi HAKONMUUYIOTbCA Y NOTEHUiaNbHIi AMmi
(6inbwe poTOHIB — BinblLie eneKTpoHiB), Aani 3apAa 3UMTYETLCA Ta NiACUNIOETLCA.
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https://en.wikipedia.org/wiki/Charge-coupled device




Ax npauroe CCD-marpuus
3uuryBanns ¢orocTpymiB I133-eemeHTIB 3MIMCHIOETHCH TAK 3BAHMMH IOCJIIIOBHHUMH
pericrpaMm_3CYBY, SIKi NEPETBOPHIOTH PANOK 3apsiiiB HAa BXOAI B Cepil0 IMIYJbCIB HA
BHXO/i. /laHa cepifl € aHAJOTOBMM CHTHAJIOM, IKMH HAJAaJIi HAAXOAUTH HA MiJICUJII0BAY.

Full-Frame CCD Architecture

r

% —single Pixel Element

Parallel CCD |
SRRy Regater Parallel Shift
Parallel ] : Register Clock
Shift
Direction

Hin

o ——

Ou : ut - serial Shift
Register Clock
serial CCD
Ampaner Shift Register Control
Figure 1

http://hamamatsu.magnet.fsu.edu/articles/fullframe.html




Raymond Siri https://vimeo.com/103279733




IcTopr4HO OaHi€ 3 HAWKpamux 3a AKICTIO BBaxajgacsa CCD-rtexHoJsiorisa, aje 3
BArOMMX NPUYMH BU3HAYAJIBbHY YaCTKY HA PUHKY 3axonuia TexHosoris CMOS.
Iled THII MATPUIb MA€ HU3KY 0CO0JIMBOCTEN, HAMOLIbIN BAXKIMBUX AJIS MOOLIBLHUX
NPUCTPOIB:

v CMOS-ceHCOpH MAKIOTh HU3bKE €HEProCoKHBAHHS;

v 103BOJSIIOTH PO3MIIIYBATH IiACH/IIOBAYi BcepeauHi mikceasi (L0 MOKPAIIYE
SIKICTH NPHU MOTAaHOMY OCBITJICHHI);

v 0ib1I AeleBi y BUPOOHHIITBI;

v'3a0e3me4yI0Th BUCOKY IIBHAKICTH po0oTH npu GopMyBaHHi 300paskeHHs i mpu
3AOMIIi B peajibHOMY 4Yaci.

Exmor d

CMOS Sensar

m Alamimawicing layer Photodiode substrate

-
BhotodiadeElbstrate Ligh:.jﬁfg(:;i:mg - Eopper wiringilayen m———

Conventional structure Back-illuminated structure

https://www.xda-developers.com/sony-imx378-comprehensive-breakdown-of-the-google-pixels-sensor-and-its-features/




CMOS (Complementary metal-oxide-semiconductor) — me TexHoJIOTisi MO0OYI0BH
JOTTYHMX ejekTpoHHuX cxeM KMOH
(komnaemenmapna cmpykmypa meman-oKkCuO-HaniénpoeioOHUK).
Y mexnonozii KMOH eukopucmogyromuoca komniaemenmapui napu M/IH (meman-
OieJIeKMPUK-HANIBNPOBIOHUK) RONBbOBUX MPAHIUCHOPIE 3 I30/1b08AHUM 3ATNEOPOM 3
Kananamu pizHoi npogioHocmi.

G

MOSFET, showing gate (G), body (B),
source (S) and drain (D) terminals.
The gate is separated from the body
D by an insulating layer .

Mohamed Atalla and Dawon Kahng
(at Bell Labs in November 1959)

https://en.wikipedia.org/wiki/MQOSFET

B

I10/1b0OBI TPAH3UCTOPH YHPABJIAKTHCH MOJIeM (BEJIUYNHOKW HANPYrH NMPUKJIAACHOL
10 3aTBOpa), a He CTPYMOM, M0 MNPOTIKAE 4Yepe3 0azy (AK B OimoOJSApHHX
TPAH3UCTOPAX), a TOMY CIHOXHUBAKTH 3HAYHO MEHIIE €Heprii, mo 0co0JIUBO
AKTYAJIbHO B CXeMaX NPUCTPOIB 3 NEBHUM THUIIOM OYiKYBAHHAM, 2 TAKOXK B CXeMax
MAaJIOT0 CIIO’KMBAHHS TA eHepro3depekeHHs (peaJji3alis CIVIAYUX PEeKUMIB).
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https://www.electronics-tutorials.ws/transistor/tran 6.html




KMOH-marpuuss (CMOS sensor) - CBIiTJIOUYTJMBA MAaTpPHIs, MO0OyJI0BAHA HA
ocHoBi KMOH-Tpan3ucropis.

v'Ko:xken mikcenb Takoi MaTpuui MicTtuth ¢oTomgeTreKkTop i migcuioBau (3a
KOHCTPYKII€K0 BOHA HArajgye€ oOMEPATHUBHY NaM'dATh 3 [JAOBLILHUM [IOCTYIIOM,
OCKLIbKH 3apsii 3 KOKHOro ¢(horoaereKropa He IMEPEeHOCUThCH OaApa3y Ha
3anmamM'siTOBYIOYHH Pericrp), TO0TO € CEHCOPOM 3 AaKTHBHUMHU mikceasamu (Active
pixel sensor, APS, crBopeni NASA Jet Propulsion Laboratory y 1990 pp.).

v'Ko:xken eiemenT KMOH-MaTpuiti aapecyeTbesi OKpeMo Bil iHIIHX.

WE TRUST IN CMOS.
YOU TOO? CONGRATULATIONS.

e2v S|
e () —

SONY ¥ | : i: —

SFFFFFEIERRRS .

>CMOS -

https://en.ids-imaging.com/sensors.html




Ipunmun podoru:
vIo 3iOMKH  IOJACTHLCSA
CKUJIAHHS;

v'B mpomeci exkcnmo3umii BizOyBaeTbes
HAKONMYeHHs 3apsay poromionom;

v'Y mpoueci 34MTYBaHHS Big0yBaeThcs
BMOIpKA  3HAYEHHHA HANPYIru HAa
KOH/IEHCATOPi
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http://arindamcctvaccesscontrol.blogspot.com/2014/01/cmos-sensor-operation-in-camera.html




https://www.olympus-lifescience.com/en/microscope-resource/primer/digitalimaging/cmosimagesensors/

CMOS Image Sensor Integrated Circuit Architecture
Analog-to-Digital Conversion
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Digital Logic (Interface, Timing, Processing, Output) Figure 1



Anatomy of the Active Pixel Sensor Photodiode

Potential Bayer Filter Transmission Spectral Profiles
Well 40

s

https://www.olympus-lifescience.com/en/microscope-
resource/primer/digitalimaging/cmosimagesensors/
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Ilepearu CMOS-ceHCopiB:
*Ilomos1ano mpodseMy HHM3bKOI CBITJIOYYTJUBOCTI (PO3BMTOK TexHoJoriu, 2007-
2009 pp., Sony, EXMOR, Backlight illumination).
*MOXKJIUBOCTI 00'€IHAHHA HA OAHOMY KPHCTAJi AaHAJOroBoi, HU(PPOBOI Ta
PO3PAXYHKOBOI YACTHH.
*Hu3bKe eHepProcnoKMBaHHA B CTATUYHOMY CTAaHI.
*3a 10MOMOro0 MexaHi3My JAOBLIBHOIO JOCTYIy MOKHA BUKOHYBATH 34YUTYBAHHSH
00paHuX rpyn mikceJaiB (KagpoBaHe 3YMTYBAHHA).
*B 10o1aToK 10 MiACMJIIOBAYa BCEpPeaUHI MIKCeas, MIICHJIIBAJIbHI CXeMH MOXKYTh
OyTH po3MillleHi B 0yIb-IKOMY MICIi HA HIJISIXY IPOXOAKCHHA CUTHAJLY.
eJlemieBU3HA Ta MiHIATIOpU3aLlisl.

Front-illuminated structure back-illuminated structure
On-chiplens ) My A \
coior tie SR N [ N |
e i i 5] Eies
| 0=
Metal wirinig] BEE EEE RB dioda Substrate
] P e fcd]
&= = = -1 [ | ||
Light receiving surface 52 N O
| B O e
https://giphy.com/gifs/sensor-jpTiI9YRNVKsIW




CCD

photon to electron
conversion
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http://meroli.web.cern.ch/lecture cmos vs ccd pixel sensor.html
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Ak npauyroe CMOS-maTpuus

Raymond Siri




www.youtube.com/watch?time continue=45&v=sj-YDRfCBi




| usommoncs [ wosne | savsunc [ cavens |
Samsung announces the first 108 MP camera sensor
designed for smartphones

Coming to a Xiaomi handset soon

By Rob Thubron on August 12, 2019, 6:34 AM 7 comments

https://www.techspot.com/news/81394-samsung-announces-first-108mp-camera-sensor-
designed-smartphones.html

Samsung Electronics, a world leader in advanced semiconductor technology, today
introduced 108 megapixel (Mp) Samsung ISOCELL Bright HMX, the first mobile image
sensor in the industry to go beyond 100 million pixels. With the latest addition,
Samsung will expand its 0.8um image sensor offerings from its recently announced
ultra-high 64Mp to 108Mp




m .. SAMSUNG
" ISOCELL

The new 1/1.33-inch sensor is another to utilize pixel-merging Tetracell technology, which
merges four pixels into one, allowing it to take 27MP photos in low-light environments. It also
uses smart ISO technology and can record lossless 6K video (6,016 x 3,384) at 30fps.

Samsung says it worked in close collaboration with Xiaomi during the development of the
sensor, adding that mass production will begin later this month. The Chinese company last

week announced that it would be releasing a 108MP phone, possibly the Mi Mix 4 or the Mi
10.




Levenhuk DTX 90

Digital Microscope

http://www.levenhuk.ua/products/levenhuk-microscope-dtx-90/
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PLUGABLE DIGITAL
VIEWER

https://plugable.com/drivers/microscope/
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https://www.celestron.com/pages/driver
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Micro Capture Pro Software
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BukopucrtaHi pecypcu:

*LLleHaepoBcbKuii B. Henerkuii winax nosepHeHHA BennKoro ykpaiHua // Hexah He
racHe cBiT HayKu / B. LLleHaepoBcbKuif; 3a pea. E. babuyk. — K., 2004. — C. 294—
300.

*http://www.levenhuk.ua/

Introduction to CMOS Image Sensors https://www.olympus-
lifescience.com/en/microscope-resource/primer/digitalimaging/cmosimagesensors/
*http://meroli.web.cern.ch/lecture cmos vs ccd pixel sensor.html
*https://www.nasa.gov/

*https://plugable.com/drivers/microscope/
*https://www.celestron.com/pages/drivers-and-software
*https://www.techspot.com/news/81394-samsung-announces-first-108mp-camera-
sensor-designed-smartphones.html
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