TheBandwidth-Sensitivity Tradeoff

All quantundetectorgphototubesphotododes vidicontargetsetc) are
bascaly acurrent generatdecP shuntedby a capacianceC
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outputvoltageacrosdoad V= 0oPR

3-dBhighfrequency cutdt B=1/2nRC
noises superposed signal: Johnsor{or therma) noiseof R:

12, =4kTB/R
andshotnoise (or granuhbr, or quantumgf signalplus darkcurrents

2 =2e (,:+y) B

from:’Photodetetors”, by S.Donati, Rrentice Hal 2000



The Bandvidth-Sensitivity Tradeoff(2)

Total noiseis: i12,=2e(l i+ B + 4KTB/R

- for a highbandwdth we needRk assmal aspossble,

- forlow noise(or, the best/N) we needR very large
such tha#lkTB/R isneglgible comparedtb 2e(,+I,)B:

Riin > 4KTB/ 2e(,+15)B = (2kT/e)/(l ,+ )
=50mV /(l,tly) [atT=300 K
For exampe, R.;.=10GQ for | =5pA.

Penaity forusingaload R<R_.:

2 = 2e( i+ )B+4KTB/R= [2( ;+| )B](1+R ,/R)

I.e.,noiseis 1+R_, /R=K largerthe desredminimum, or,we need
acurrent |+l increased by

cures circuit solutionsor aninternalgain
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SIN ratio

In a quantunphotodetector ith an (eventua) internalgain G, the mean
outputcurrents | =0PG =1, G andtheshotnoiseis:

2 =2e (,,+l) BG2F

whereG? is the quadratt gain of noise andF is the excessoisefactor
summairzing the extra noise introducedby amplfication. By adding
Johnson n@ewe get

N =[2e (4 B G2F +4KTB/R]"2
and,being S=1,,G, we getfor theS/N rato:

ph

S/N =

[ 2e(,,+!,) B F +4KTB/RG?12

Let usdefineacritical valuel ,, we cal it thresholdof quantumregime
| ho = 1p +(2kT/e) IR F G2

sothat SIN=1 ./ [2eB( i+ I ,0)]¥2
1- Whenthe signal is largerthanthethreshod, 1,,> 1.,

from:’Photodetetors”, by S.Donati, Rrentice Hal 2000



SIN ratio (2)

then SIN =[l,,/2eB }2

this isthe quantumrmoise limit or regimeof detecton,
physical boundaryfor anydetecton systenwith Possonanradiation

The correspondiginput pover P, being o=I/P, is:
Poho = 1pno/0 = [I,+(2kT/e)/RFG]/o

In a digital transmssion wth bit-period T and aNyquist bandwdth B=1/2T,
the meamumberof detected photonger btisN= (I, /e)T, and

S/IN =N1/2

Note:

» thequantum regneis notassocated wth the photodetectoitself.

« itis alaysreachedata highsignallevel | . >1 .,

* goodsensiivity meansalowvaluel . (or E’ph(fof thequantumliimit

2- when |h<lpno We have S/IN= Iph/ [ 2elphOB 112
this isthethermalregime of detecton
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Quantumdeteabrs: SIN vs |,
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Noise and B\ terminology

* | 1=l pno=lpt (2KT/e)/RFG is the signal giing thebreak point
between themal and quantum regimes oisal the

sequival@t dark currentof the photodetgor

* R,=(2kT/e) / l,,, G is theequivaént-noise resistance
e Input noise=quivaéntpoweris:

p, = (1/o) [2e(l,+ 1) B F +4KTB/RG* |*2 W]

*0r, Noise equivalenpowerspectral density

dp,/df= (1/0) [2e(l,+1p) F+4 KT/RG] Y2

e thenoise figure Fratio of input and output S/N,
F = (S/N),/(S/N), for a quantum photocetor is given by:
F2=1+1dl
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Figure of Merit of Detecbrs

To avoid confusionthe term sensitivity isot used.
Quantity ofresponsés calledresponsivy:

R= Q/P

where Q,, is the output quantity producedwhen a power P is
detected.

At equalR, the best detector has the smeatl output noise dor, the
least NEP 1joise-equivaknt inpuj:

NEP = ¢/R

As a smal NEP means ayood performancejt is beter to define its
inverse aa merit igure, thedetectvity D:

D= 1/NEP
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Figure of Merit of Detecbrs(2)

Now, detectivty depends on incidental paramistdike area A and
bandwidth of detection B. Dependencaafe is quadratic on AB,
so we define di-star)detectivity as:

D* ¥AB /NEP

commonly enployed measure unit for D’sicmvVHzW-1. Typical

values rangerbm 10 to 134 NEP is simply =/AB /D*. This D*

allows to compare any kind of detector, as shown in next slide (eye,
photodetearrs, photo iim, etc.) .

As a last corremin to be considereaotreally theareaA, but the
acceptanc@&Q is an invariant. It i2=TiNA? (where NA= numeri-

cal aperture of detector len§p D** is introduced:

D** = NA/AB /NEP
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BLIP limit of detectors

The minimum noise or NEP we can acheeis determined by shot
noise ofthe background obsved at temperawiT. Blackbody
radiance is:

N) = 2hv/A3(exp /KT -1)
and this gives a detected @nt density
o= O 1(A) AN TINAZ

As we have: NP=i ,, /o=V[2eB Al,,,] /0, the D** obtained is the

maximumdetectivityDg, ,p that can beeached looking at the
background, orbackground-mited- photodettor.

De p= V[0 /2TE 1(A) AM]

(see last slide)
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Spectral Radiancaf Blackbody
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From Boltzmann equipartition princigl dP = 1/2KT df
P(A) =[hv/(exp /KT-1)]dv/dA = hvZ/A(exp hv/kT-1)
r(A) =hva/A3(exp /KT -1), A, T= 2898umK
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BLIP and darkeurrent limit

 |n MIR/FIR detectorsBLIP is theactual limtation

e In VIS/NIR (say below2um) BLIP limit becomes
looseandnoiseperformancas better described
In termsof dark-currenti mit.

Using & CexphdA KT

whereC=const, andA, is thethreshold wavength
to reveathedependencef J,,

darkiim ited-detectivity is bund as

D .= 0 (2eC)Y2exp he2\ kT

(see do#d linesin slide 9)
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