Photodetectors and their Spectral Ranges
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Detectors baedon Photoelectric effet
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Then current Is proportibnal tpowe,
REo=eF /hv F=n (e hv)
wheren = F'/Fis quantumefficiency(electrongo-photonsg
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Detectors baedon Photoelectric effet 2

To trade photon$or electronsve nea& a material
requiring an engy not larger thamhe photon
energy sohv=E_. whereenergyk. for thechamge
carner generdon is E,, (work function) in external

andE(bandgapin internal photoemission
This isthethreshold conditioPthdA=E_. or

A<\ = hcleE..= 1.24 [E_ (eV)

In alkaline antimonide<, =1.2-3.0eV,
and=1-0.4pum (blueto NIR)
ternaries(InGaAs E;=0.75eV, A\=1.8um
InSb E;=0.25eV, A,=5 um (MIR)
HgCdTe E;=0.08eV, A.=16pum (FIR)

Trom:"Fnotoaetemrs’, py S.bonat, Hentce Hal ZUuuU



threshold

n=0.5

real response

A

general responssurve of a quantum detect

at P=xons current increases linearlyitv A, then
sharply decreases @oat thephotoeleatc threshold
arealdetetor hasa curverathe thanatriangle




Onceproducedwe shall removeltarge cariers
fast, sowe neal very thin layers toross or a

favorable electric field \
helping collection photocathode

N

pn junctionin adiode N
N

baseeollector juncbf BJT
gatedrain junctin a FET
depleted layen a MOS
3rdjunctin a SCR

applied fieldin aresistance




REFLECTION
PHOTOCATHODE

- -
electrode

TRANSMISSION
PHOTOCATHODE

transparent
electrode
)

o

\

--/\

——

anode

o« o\

\
photocath ode

input window

photocathode

L
—=0

- i O)
~N

anode

photocathode

win dow




1) photon absorption and generation of an electron-hole pair
i) diffusion of the electron to the surface

i) emission of the electron in the vacuum

pair production level

vacuum level

conduction band th Eg+ EA

A/Ae
A A = hd(E+E,)

A e 1. 24/Erev]
Ep >> E,
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p(L) = (UA) exp-L/A ; p(0)= 1/2m pP(2) = gaus (z\) = [UV(2T)A] exp-z2/2\2

0= I V(AE/Ae) p,(E,z) = pE-Ae) gausfz,N\)

E,z) = pE-kAe) gaustz,V2A
[(z) = escape probability P(E,2) = pE-kAe) gause,vah)
Ne = Jo.. 11(2) 0 €XP-0Z dz P (E.2) = pE-kae) gausg, VkA)

[(z) Feaw AE ;[ 20 (B, 2)] dZ

M1(d-z) Jeao dEf(d-z)m[zk:o-oo p(E,z")] dz’
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material E E E A a n Jd ’
max a

V) (V) @) (um)umd O  (Alom)

Na, Sb 22 33 <43 37 60 2
K,Sb . 15 26 <37 48 30 7
Rb, Sb D 12 22 30 57 30 10
Cs,Sb S11 B 045 205 20 60 50 25
Na,KSb S24 10 10 20 30 62 100 30
[CINa,K Sb S-20 10 155 30 80 100

Ag-O-Cs  S-1 ~1 D 1

Cs,Te 73. 50 31 30
GaAs [Cs,0] 42 <0 U 87 25

Galn, As [CY 11 <0 n 11 10
othersemiconductors

Si 1. 41 52 18 o4
Ge D. 45 52 15-2 08

Notes SD =standardinterndiond (EIA) des gnation of gectrd responseand windowtype
Nma = quantim pe& efficiency (atA=A,,) for reflection photocthodes,
o = optical ebsorp-tion codficientat A=A,,,; J= darkcurrentdensty,
inpico- or femto-ampereper an’ of photo@athodesurface (at 300 K.
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dark photoelectron rate

-10
TEMPERATURE (°C)

o,= (1/3) d3ydT
= (2+E,/KT)/T = 0.34 (2+E/KT) [%/°C]




Commonfeatures
a highracuum procesgl 0 torr)
surface containantscontrolvery critical
mediumtemperaitrethin film deposition

Bi- andtri-alkaline fabrication

Sb evaporatefirst, (6 nmin transm photocalt),

K in thestoichionetricratio (K;SB) **

then Na addingk andSbin turnto haveNa,KSb **
last Csor CsO **

*raximizing photoresponse




Typical apparatusdr photocatodéeabrication
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to be
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satu@ation regime

spacechargeregime
‘]a = (480/ 9P (2e/m)1/2 \Vj ak3/2

K

V/I
charactastics

Anode current | (

+Vbb

biasand
eqv circuit




Transt time:
T4=d (2meV 2 =33.7ns d;y (V402

Disperson: Atisafractionof t
Frequency cutdf

f,=0.44At (intrinsic cutof), or
f,=1/2nRC, (extrinsic cutoff)

TIME (ps)
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HIGH VOLTAGE
CONNECTOR
TUBE ENVELOPE [ ] ANODE RESISTOR
FIELD GRID /'—Il-" (200 kQ typ.)
(optional) "V"ll." > |

PHOTOCATHODE
OUTPUT 50 @
CONNECTOR

COUPLING CAPACITOR
(0.01 uF typ.)
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lonizationin alow-pressurgasfilli ng the tubes amechanism to increa:
photoelectron numbeinternalgainis typically G=5-20
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Gasphototubesareusedin industrial famecontrol




