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PIN, PMT, CCD, CMOS

PIN, PMT, CCD, CMOS a jiná šeplet’

výrobců nepočı́taně, přeprodejců ještě vı́c, poměr kvalita/cena
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PIN, PMT, CCD, CMOS

Hamamatsu Orca-Quest
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PIN, PMT, CCD, CMOS

Černoch (RCPTM/SLO) DS – Současný stav 5 / 28



PIN, PMT, CCD, CMOS

Canon ME20F-SH

CMOS 35 mm
2.26 Mpix (2000 × 1128)

min osvětlenı́ 0.0005 lx
zisk 75 dB
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EMCCD a iCCD
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EMCCD a iCCD

EMCCD
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EMCCD a iCCD
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EMCCD a iCCD

EMCCD – porovnánı́
výrobce Andor Princenton Raptor nüvü cam. Hamamatsu
model Ultra 888 1KBX3-10 µm Falcon III h·nü 1024 C9100-24B

rozlišenı́ 1024 × 1024
pixel [µm] 13 × 13 10 × 10 13 × 13

Idark [e−/px/s] 0.000 11 0.002 < 0.001 0.000 07 0.001
kap. px [ke−] 80 30 29 50

nás. reg. 730 150 200 730 400
δro [e−] 130 80 60 3 10
s EM < 1 < 1 < 1 < 0.1 < 1

EM zisk 1 – 1000 1 – 5000 10 – 1200
fps [Hz] 26 30 31 25 18.5

Key Applications
Quantum imaging, Cold atom & ion research, Fast astronomy,
Tomography, Fast spectroscopy, Single molecule detection,
Super-resolution, Calcium signaling, Fluorescence imaging, Genome
sequencing, Solar cell inspection etc.
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EMCCD a iCCD

iCCD, iCMOS, EMiCCD
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EMCCD a iCCD
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EMCCD a iCCD

iCCD, iCMOS, EMiCCD porovnánı́

výrobce SCO Andor PI Photonic Raptor
typ iCCD iCMOS EMiCCD iCCD iCMOS iCCD

rozlišenı́ 1360x1024 2560x2160 1024x1024 1940x1460 1024x1024
pixel [µm] 4.7 × 4.7 13x13 4.5x4.5 13x13
gate [ns] 0.2 2 0.5 3 40

fotokatoda gen II gen II i gen III gen II
δro [e−] 2.4 90 18
fps [Hz] 50 25 0.9

Zesı́lenı́ mikrokanálkové destičky

jednoduchá – zisk 104, rozlišenı́ 60 čar/mm
dvojitá – zisk 106, rozlišenı́ 30 čar/mm
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EMCCD a iCCD

NEVĚŘTE REKLAMĚ !!! Všechny kamery jsou stejný
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EMCCD a iCCD

Využitı́ pro fotonovou detekci
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Lavinovky

APD – lůzři

Micro Photon
Devices
τD = 77 ns
∆t = 35 ps

Hamamatsu C16533
D = 20 Hz
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Lavinovky

APD ID Quantique

Jednofotonový detektor pro kvantovou kryptografii

τD = 1 µs
(pasivně
zhášený)
D < 200 Hz
∆t ∼ 400 ps
možnost
nastavit předpětı́
a teplotu
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Lavinovky

IR APD ID Quantique

900 – 1700 nm
τD = 2 − 100 µs
η až 25%

D < 50 Hz při −90◦

∆t ∼ 400 ps
váha 30 kg
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Lavinovky

APD Laser Components

τD = 45 ns
D < 50, 100, 250, 500 Hz
∆t = 1000 ps

průměr aktivnı́ plochy 100 µm
cena ∼ 140 000 Kč
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Lavinovky

APD Excelitas

τD = 24 ns
D < 100, 250, 500, 1000,
1500 Hz
∆t = 350 ps

průměr aktivnı́ plochy 180 µm
cena 5 618 $
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HPD

HPD – Photonis
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HPD

HPD – Hamamatsu
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MPPC a spol
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MPPC a spol

KeteK – Silicon Photomultiplier (55 a 14 kpx)

Breakdown voltage 26.5 V, recommended overvoltage 2–5 V,
Recovery time 40 (70) ns, Price 122 C
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MPPC a spol

RMD – Solid State Photomultiplier (CMOS)

Breakdown voltage 27.2 V, Operation voltage 27.5–32.5 V,
Recharge time 30 ns, Gain 3 × 106, D ∼ 16 kHz/px
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MPPC a spol

Hamamatsu – MPPC (667 a 3600 px)
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