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Introduction to photodetectors

1. thermal detectors
2. photoelectric detectors

a. internal photoeffect (photoconductivity)

electron conduction band
]
photon A A A AN v ;
hv VvV V VLV 19
—®
hole valence band

semi conductor



Power meter

1. head:

surface absorber
volume absorber

2. monitor:

analog monitor
digital monitor
interface (RS-232, GPIB)

3. calibration
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Laser Power Sensors Laser Energy Sensors BeamTrack Sensors High Power Sensors

A Iy
Temporal Sensors Terahertz Sensors IPL Sensors Pulsed Power sensors
Thermopile Power level, Spectral region,
Pyroelectric Beam size
Photodiode

https://www.ophiropt.com/laser--measurement/laser-power-energy-meters



Photodiode

p-i-n photodiode, reverse bias, electron-hole production

§ photons

7\ .
@ © ;
V. — charge pairs B V.
electric field 1
p [ n

https://www.eotech.com/cart/category44/photodetectors
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Anode ‘:J‘/‘ Cathode

https://zh.wikipedia.org/wiki/%E5%85%89%E7%94%B5%E4%B
A%8CY%E6%9E%81%E7%AE%A1
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b. external photoeffect (photoelectric emission)

free electron free electron
O @)
vacuum level—, vacuum level—
conduction
photon photon band
hv W hv T
ARNAAN Fermi level -,
aTAVATAY I,.'I'_P In\||ulll Illl.,lll |Ill.lllI |||-|I|I Illulf_.' Eg
Fermilevel | 1
. @)
conduction valence
band band

metal semi conductor



Photon-multiplier tube (PMT)

1. principle
ohotons photocathode electron anode
o cascade
e
o AU a1
l—ww AAA AN AAA AAA

-V




2. structure

side-on type

reflection mode

REFLECTION MODE
PHOTOCATHODE

DIRECTION OF LIGHT =23

PHOTOELECTRON

PHOTO-

SENSITIVE
AREA
head-on type
transmission mode
SEMITRANSPARENT
PHOTOCATHODE

»
DIRECTION = =
OF LIGHT -, Y

PHOTOELECTRON




3. micro-channel plate (MCP)

channel diameter: 2~20 um

imaging
photocathode
electron
photot‘ cascade
~. AN
capillaries




4. photocathode material

Ag-O-Cs, GaAs(Cs),

InGaAs(Cs), Sb-Cs, g

Cs-Te, Cs-l, Ez

bialkali (Sb-Rb-Cs, Sb-K-Cs), £ &

multialkali (Na-K-Sb-Cs) §§

£

spectral response %g

quantum efficiency = %
excited electron numbers BRI NGRSO S PO PR
. (%) sk - \
incident photon numbers oo T 80

wavelength (nm)

radiant sensitivity = typical spectral response

output current (A/{W) of head_on’
incident power bialkali photocathode




3. window material

borosilicate glass
UV glass
synthetic silica
MgF,

4. current amplification

e
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| | |
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transmittance v.s. wavelength

typical current amplification
v.s. supply voltage




5. dark current

thermonic emission of electrons
ionization of residual gase
glass scintillation

leakage current

field emission

[AFTEA 30 MINUTE STORAGE)
e —

nl

ANGOE [WARK CLRIRENT §

a0 v a] Bo0 1000 1200 1400

AMODE DARK CURRENT (A}

TEMPERATURE ('C)

temperature
characteristics
of dark current

__ | typical dark current

vs. supply voltage



‘Channeltron

HV
—|i}- Ls

Semiconducting

Electroding

lon Secondary Glass Output
electrons chzimnel electrons
wall

Figure 2-4 Basic Operation




CCD camera

1. charge coupled devices (CCD)
light
CCD transfer Sh’ild SiO,

photons

aJlp JU _n ] LeJ

N

i

—

buried CCD channel

dri
AuATERng channel stop

array of
pixels

readout
circuit




2. CCD camera

exposure, readout, ADC resolution, dynamic range, and
spatial resolution

image area

pixel

-_-_-‘"‘--_

output node
(amplifier)

¢

\

Be=

it i

e

\

<=

shift registor




3. readout

“Progressive Scan”

CCD chip readout sequence

1

<

© o

o

readout

<




Comparison of photodiode and CCD

signal/noise

10°

signal (electrons)
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CMOS vs CCD

Image sensor - Microlenses

RGB color filters

iy

E!cctncal
r|[_mal output

- Photod

https://www.tel.com/museum/exhibition/principle/cmos.html
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IR viewer

image convertor

eyepiece tube objective
VIS electron IR
eye « > . Sl
phosphor cathod
screen

FJW Find-R-Scope 84499

standard sensitivity: 350~1350 nm
peak sensitivity: 800 nm
magnification: 1:1

focal range: 4-inch to infinity

field of view: 40°

IR
source

_\ O

|
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g

Gas Discharge Tube

Glass Wedge

Beam Dump &

Pulsed Dye Laser Energy Meter

Photodiode
Spectrometer Trigger

Photomultiplier Output

Figure 3 - Experiment For Application Examples

Energy Metm

p Signal
ﬂ Laser

0 40 80 120 160 200
Time - nanoseconds

https://www.thinksrs.com/downloads/pdfs/manuals/Boxcarm.pdf
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Introduction to signal digitization

resolution and sampling rate

signal 2-bit resolution 3-bit resolution
4-Hz sampling rate  8-Hz sampling rate
voltage
; /\\/\ /\
t|me 1 sec 1 sec

digitized data: 1301 25741232




dynamic range

voltage 4

dynamic
range

\ saturation

1 sec




F 9

FV e

bandwidth 0

.
»

frequency

input signal instrument measured signal



e

‘NyquistZ® 35

3. Nyquist theorem

sampling rate >= 2 (highest frequency component in the signal)

adequate sampling

sampling at Nyquist frequency

improper sampling



5. sampling method

(1) simultaneous sampling

channel 1
channel 2

(2) interval scanning

channel 1
channel 2

(8) continuous scanning

channel 1
channel 2

4

time

time

. ]

time




® random sampling

frame 1 frame 2 frame 3
repeated
signal
sampling
o T S AR (R SR N A A AR A
| 4 4
reconstructed

signal



Qi - 5 1] i

e signal type

(1) grounded signal source:
power supply, function generator...

(2) floating signal source:

battery, thermal couple...



measurement configuration

(1) differential measurement system

CHO+ o—
CH1+ o—

CH7+ o0——

CHO- o——
CH1- o—

CH7- o—

AIGND o

::J

—o

instrumentation
amplifier

]

|~




(2) referenced single-ended measurement system

CHO o——o—o—

CH1 o—t— >
CH2 o0—+ < >

instrumentation

amplifier
_ > + 1
-] V

m

CH15 o—f—< o I -

AIGND » =




(3) non-referenced single-ended measurement system

CHO o——
CH1 o——
CH2 o—

CH15 o——

Lo ~o—

Lo o

instrumentation

~_ amplifier

—o\"'o—

AISENSE °

"

g




grounded signal floating signal

O source ADC X

differential

single?;nded C) > C} >

non-referenced o . . .

e | o> | | 00—

measurement

signal
g system
ground 47 ground



A

Major specification of an A/D convertor

1. resolution and sampling rate
2. dynamic range
3. differential nonlinearity (DNL) and relative accuracy

4. noise



Charge-accumulating A/D convertor (QDC)

original M&
signal
time [ \
gate

gated charge
signal ,,/\A -> accumulation ->

A/D
conversion







Oscilloscope

1. analog and digital oscilloscope

\ \

2. trigger (normal, auto, auto level)



good trigger

~ trigger
level

~ trigger

level

bad trigger

~ trigger
level

P~




3. Important specification

response time, bandwidth, sweep speed, sampling rate,
resolution, damage threshold

4. input coupling

AC, DC high impedance (1MQ), DC 50 Q, GND

Digital Storage Oscilloscope vs. Sampling Oscilloscope
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Boxcar Integrater

Glass Wedge
Gas Discharge Tube

Beam Dump &

Pulsed Dye Laser Energy Meter

Photodicde

'y

Spectrometer Trigger
é Photomultiplier Qutput

Figure 3 - Experiment For Application Ex: Energy Mmm

A Signal
_ﬂ Laser

0 40 80 120 160 200
Time - nanoseconds
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Agilent Spectrum Analyzer - Swept Sk

Center Freq 1.369000000 GHz
S Trig:Froe Run
IFGainLow ~_ Amen: 10 dB

Ref 0.00 dBm

T fa] m'J Iw‘wm,wm.wwwww«b:mw\m-‘

Center 1.36900 GHz Span 100.0
Res BW 910 kHz VBW 910 kHz* Sweep 50.0 ms (1001

Fraquency

Center Freq
1.368000000 GHz|

L

Time domain
measurements

AR

Frequency domain
measurements
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mA
sinf; = sin 6; + A

d

97; = N4t A

gd = R4t A



resolving power R = mN =
ap m AN

[
/ | collimating
' mirror

/
L

focusing
mirror

A symmetric Czerny-Turner spectrometer

H

A W(sin#; —sinfy)

fiber-optic
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