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6. Optické snimace

CCD a CMOS

6.1. CCD prvky
fotoelektricky jav
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6. Optické snimace
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6.1. CCD prvky
1 pixel

* Photodiodes
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- But detecting few electrons
is hard

- Need way to amplify the signal



6.1. CCD prvky
charge coupled device
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Uchovavame tzv. mensinové naboje, teda v P polovodici elektrony. Tieto mozu vznikat :
= tepelnou generaciou - parazitny jav (Sum)
= injekciou svetlom - vlastny snimaci efekt
= injekciou z blizkeho PN prechodu - odovzdanie vystupného signalu

6.1. CCD prvky
Front or Back Illuminated
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6.1. CCD prvky
zakladna CCD bunka

Metal Oxide Semiconductor (MOS) Capacitor

Incoming
Photons

Charge-Coupled Device

Invented at Bell Labs in 1970
Pol%silicorl * 2009 Nobel Prize in Physics

ate Widely used in TV, medical,
astronomy cameras
Array of light sensitive MOS
capacitors (pixels)
Incoming light generates electrons
which are captured in a potential
well
Figure 2 Electrodes, or gates, move the

Photogenerated charge
Electrons p-Type Silicon

Silicon
Dioxide

n-Channel —

Potential = 3
Potential
Barrier Well

From http://learn com/articl ici html

Image from http://www.microscopyu.com/articles/digitalimaging/ccdintro.html

6.1. CCD prvky

Mnozstvo nosi¢ov zavisi od intenzity osvetlenia E a od ¢asu t:

expozicia (osvit) e : (e byva oznacené tiez H)
e=E.t [Ixs;Ix:s:] (6-2)

Pozndmka: Doba existencie ndboja v PTJ je asi 100 ms + 10 s. (vyrovnanie tepelnou
generdciou). DIhé éasy - problém, uz cca 5 = 10 s vyZadujii chladenie prvkov, napr.
polovodicové, resp.softwérové potlacenie. (ndsledné zosnimanie bez obrazu a odéitanie)

6.1. CCD prvky
prenos naboja

S —
a.) b.) pohyb naboja
Obr. 43.

Vyssi potencial vytvori hibsiu PTJ, nosice do nej prepadavaju.
Tvarované elektrody - tvarovana PTJ
Elektrody A a B - vystupny register

6.1. CCD prvky
riadkovy CCD senzor

Riadkovy CCD senzor
1. Svetelny tok ®_— naboj pod G,. G,, atd’.
2. Po dobe expozicie presun naboja pod A.B

3. Fazovo posunuté impulzy na A,B - vysiivanie nabojov

hodinové
impulzy

P SE - spolo¢na elektroda (—)

G - akumulacné elektrody, predstavuji pixely a
L SE A.B - nepriesvitné elektrody registra



6.1. CCD prvky
riadkovy CCD senzor
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Obr. 45. Vst

Video signal:
+ poloha bodu - ¢as od zaciatku prenosu
+ osvetlenie bodu - amplitida.

Pocet pixelov - 128 (termovizia), po 6 - 10 tis.(profi scannery... )

6.1. CCD prvky
riadkovy CCD senzor

Princip elektronickej uzdvier:
Doba snimania (pre 1728 pixelov ) — hodinové impulzy :
10 kHz — doba snimania = 86 ms (1/12 [s])
10 MHz — doba snimania = 86 us (1/12000 [s])
Optimalne cca 10 ms (1/100 [s]). comu zodpoveda 86 kHz.

Vyhody: netreba mechanicku uzavierku - cena
Nevyhody: pomalé vystivanie - akumuluju svetlo aj po¢as vystivania (nachylnejsie na smearing, blooming)
rychle vysivanie - nekvalitné (rychle) od¢itanie naboja

172 spésobi posun o jedno miesto, resp. T vysunie polovicu pixelov (pdrne - nepdrne)

E=10Ix dava 0.2 V na vystupe.
Citlivost na svetlo: ASA (DIN) aje 100 + 3200 ASA (21 + 36 DIN).
Pozndmka: Horna hranica je uz 6000 - 12000 ASA, diskutabilnd je kvalita (malé snimace)

Rozmery : od 6 x 6 umdo 17 x 8 pm.

6.1. CCD prvky
riadkovy CCD senzor

Pouzitie riadkovych CCD :

Ako zobrazovacie systémy potrebuju vysokokvalitni optiku s vysokym rozlisenim pre malé

nepohyblivé obrazy (scannery...) - snimanie po riadkoch
snimanie polohy (ako PSD)
iné, napr. zaostrovacie systémy - vyhodnotenie kontrastu (krizovy senzor, hrany)

ohniskové vzdialenosti (3 - 8 mm)

Bucket brigade analogy for read out

RozliSenie trovni Sedej § - 32 bitov — 256 - 4.295. 10° trovni. ($tand. 24 bit)

6.1. CCD prvky
maticovy CCD senzor: Full frame

video vystup
jeden riadok

vystupny register

Obr. 46.

Cinnost :
* obraz sa premietne na snimaciu ¢ast' — pod elektrodami naboj
+ hodinové impulzy na A, . A, (1 faza). a B, . B, (2 faza) — jeden riadok do vystupného
registra.
+ hodinové impulzy na A_, B, — obsah registra po pixeloch do vystupu.

- Castejsie pre vacsi format (24 x 36 mm) - pridany "bo¢ny register”
- pri vysuvani by nemal reagovat na svetlo - zakrytie (mechanic. uzavierka)
- lacnejsi

6.1. CCD prvky
vycitanie obsahu...

Photghinducad Photons
Charge . .
Rain accumulates in Analog-Dicital
nalog-Digita
Parallel buckets x QE Amplifier Converter (ADC)

Bucket —
Array

Rows of buckets shifted
to readout row

Photoelectrons - Voltage - 10011101

Readout row shifted
bucket-by-bucket to
measuring device
Unless rain stops, last
bucket to be read out

Bit Depth Number of gray levels

BHSRG will have much more g 25 =235
water than the first 10 210 =1024
12 212 = 4096
Figure 5 Conveyer Belt L © 14 214 = 16384
Bucket Brigade CCD Analogy E;:?I«E":?EE 3 16 e eeeae




6.1. CCD prvky
maticovy CCD senzor: frame transfer

- pridand pamét’ (rovnaka)
- pridany zvisly register k stipcom v sn. ¢asti ( Al elektrody. kryty pred svetlom)
- tibytok plochy (citlivost) — nad pixelom mikrososovka (HAD)

Registre
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Beo ] (s

33
| O
Bmo | - - - -(la“yté pred svetlom)

Ar
B, —> A: video vystup
Obr. 47.

vystupny register jeden riadok

6.1. CCD prvky
snimanie farby — trojité snimanie

Monodrom-Matrix

&

6.1. CCD prvky
snimanie farby — mozaikovy filter

Incoming Visible
light

Visble Light passes
through IR-Blocking
Filter

‘ Millions of
light sensors

Color Filters control
the color light
reaching a sensor

Color blind sensors
convert light
reaching each

sensor into electricity

6.1. CCD prvky
snimanie farby

RGB systém
tri zakladné farby:
R (Red - ¢ervena), G (Green - zelena),B (Blue — modra)

Poznamka: Jedna sa o aditivne miesanie farieb - svetiel.

Moznosti:
©® postupne tri expozicie cez tri filtre
© tri identické obrazy - tri senzory

@ jeden "trojity" maticovy senzor + tzv. mozaikovy filter.
® systém FOVEON

6.1. CCD prvky
snimanie farby — tri CCD prvky

zIta vrstva
ilter)

’ zelend vrstva

(filter)

RGB prizma Obr. 48

«  kvalitné zobrazenie
+ narocné na presné nastavenie

6.1. CCD prvky
snimanie farby — trojvrstvovy FOVEON
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P Substrate



6.1. CCD prvky CMQOS Detectors
snimanie farby — dynamicky rozsah

Anatomy of the Active Pixel Sensor Photodiode ~ Complementary Metal Oxide

Zvicsenie dynamického rozsahu. .
Semiconductor

Transistors in each pixel convert
charge to voltage

More can be done within a pixel
meaning frame read out can be
faster

Fabricated much like
microprocessors and RAM so are
cheaper to make

Used in webcams, phone cameras
since they use less power

nizka
citlivost

vysoka
citlivost

| Super CCD SR obr.50

Image from http://www.olympusmicro.com/primer/digitalimaging/cmosimagesensors.html

Active Pixel Image Sensor Passive Pixel Image Sensor

* 3-4 transistors per pixel. * 1 transistor per pixel.

* Fast, higher SNR, but » Small pixel, large fill factor, but

* Larger pixel, lower fill factor. * Slow, low signal to noise ratio
(SNR).

* Lower voltage and lower
power.

What is a Pixel? CMOS Detectors

+ The smallest discrete component of an image
or picture on a CRT screen is known as a pixel.

Anatomy of the Active Pixel Sensor Photodiode

Laser (Ight source) Detector

1 (O-to-E bit conversion)
Silicon Photonics Engine Electrical

Electrical _Data Out

+ FEach pixel is a sample of an original image,
where more samples typically provide more-
accurate representations of the original.

What is Fill Factor?

+ Fill factor refers to the percentage of a photo
site that is sensitive to light.

(chip-co-fiber interface)

+ If circuits cover 25% of each photo site, the
sensor is said to have a fill factor of 75%.
The higher the fill factor, the more sensitive
the sensor.

Image from http://www.olympusmicro.com/primer/digitalimaging/cmosimagesensors.html



CMOS

read out

Each pixel has at least 3 transistors

- For converting charge to voltage; resetting pixel;

transferring voltage

- Voltage transferred along columns to amplifiers and

ADCs

pShe b oo
b >0 goo 3
> 3 p P8

Each row is then read out to memory

6.3. MEMS CMOS
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6.1. CCD VS.

* Create high-quality, low-
noise images.

* Greater sensitivity and
fidelity

* 100 times more power
* Require specialized
assembly lines

* Older and more
developed technology

mikrospektrometer

Inddent light
Entrance slit

CMOS linear image
sensor with a slit

Reflective concave / ) \
\\Grating chip

CMOS

* More susceptible to
noise

* Light sensitivity is
lower

* Consume little power

e Easy to Manufacture

* Cheaper

Picture quality, sensitivity and cost vs. Cost and battery

life.

6.3. MEMS CMOS mikrospektrometer
Hamamatsu

(Smartphone)

(Input light)

(USB connection)

6.1. CCD vs. CMOS

6.1. CCD VS.
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6.3. Ciarové kédy
barcode

* linearne
* dvojrozmerné
* moderné identifikaéné prvky

6.3. Ciarové kody
Linearne &

.
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T
|

|

€
X

22 SN A N s
synchroniza¢né - - kontr. - synchronizacné
¥ Ciary Start ¢islica stop Ciary

X - Sirka modulu (najtensia ¢iara - medzera)
R - svetlé pasmo (min 2,5 mm, resp. 10 X)

Clc 0 3 99 4C 1 5 5 £ 8 6C3

L - dizka kodu ($tart - stop)
C - kontrast (jaspozadia - jasciary )/ jaspozadia
synchronizac¢né éiary (okrajové) - uréuju Start-stop

6.3. Ciarové kody
Plosné (2D)

. 1. Version information
. 2. Format information
3. Data and error correction keys

ﬁ 4. Required patterns

E 4.1. Position
E 4.2. Alignment
.

- 4.3. Timing
.

5. Quiet zone

Watermark

WiMO* Data Matrix

6.3. Ciarové kody
Linearne - linear barcode

Linearne - sustava ¢iar a medzier

- jednoduchsia tvorba (tlac)
- jednoduchsie ¢itanie

9145

- mensia kapacita (tradi¢né len ¢&isla, cca 20 znakov) ‘
[}

000"2

Poziadavky: o Iz

presna geometria
- Sirka Ciar a medzier

dostatoény kontrast
- idedlny Cierny na bielom
podklade (neleskly !!)

farebna kombinacia
- ak nema kod rusit na obale

utajené kody
- okom neviditelny, ¢ita sa IR Ziarenim

6.3. Ciarové kody
Plosné (2D)

plosné 2D - sustava plo$nych utvarov
(DataMatrix, PDF417, MaxiCode...)

- vy$Sia kapacita (az 4 kB)
- zlozitejSia tvorba a Citanie
- Citanie kamerou (image sensors)

Sipka — oznacuje jednosmemi Druhlistia
alebo spiatocnt cestu
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6.3. Ciarové kody
Linearne — skenery

- R

teleso snimaca

Obr. 87~J

podlozka s kédom LL//




6.3. Ciarové kody 6.3. Ciarové kody
Linearne — skenery Linearne aj plosné

:
teleso snimaca
1

teleso snimaca

,,,,,,,,,,,,,,,,,,,,,,,,,,,

podlozka s kodom

podlozka s koédom K

6.3. Moderné kody 6.3. Moderné kody
RFID - radio-frequency identification NFC - near field communication

Antenna

PaperTag [ EPCTag ] Inlay Tag ] ButtonTag

’ ® ‘ >

MetaITag [ Glue Tag [ Key Tag Glass TubeTag ]

imC g

[CeramicTag] [ DiscTag ]




