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Flicker noise

Analytical flicker noise (Related to analyte signal)
Analytical flicker factor (&, ksi)

Background flicker noise (Related to background sign.)
Background flicker factor (y, Kai)

TABLE 5-4

Analytical and background flicker noise

Number of
pulses per
second

R e e

Type of signal

e

Photon counting

Analog

Anaiytical
Background

(‘Is)f = &g
(os); = Xp

(U'_';)_ff = EE;
{Uﬂ)f = xEp

Flicker noise oc signal

>

if ST 2 no change in S/N



Other noise sources

 Excess dark current noise
* Amplifier readout noise
e (Quantization noise ? q

Johnson Noise

(Thermal; Brownian motion in resistor R)

Nyquist Eqn:
o, = (4kTR Af)Y2

25°C, 6, = (1.6 X 10~20R Af)1?



5-4 Signal-to-noise expressions for

emission and luminescence measurement

EbgL

= (o1 + o}

< Independent sources

o, = (0 + 02 + 2Co,0,)""

< Dependent sources

General Expressions

)152

= (0% + 0% Independent

/ Total

_ 2 2 \1/2
Opre = (U'B + C"dr) dark

/ ‘\nmse
= (0w} + (ol

Background
flicker noise

Backgournd
shot noise

Noise in
dark Amplifier
current read out
signal noise
(03 + 03"
N excess
oq = [(02); + (0)&]"” noise



The analytical signal noise is due to the flicker and shot noise

R (GG ik

analytical signal
shot noise

Combining mentioned noise sorts yields:

analytical signal
flicker noise

}1;’2

— 2 2 2
o, = |05 + 0% + 05

0, = (05 + (05)} + (052 + (90)} + 03"



Total Noise Equation (as a function of E_ , and i_):

out
o, = [mMGK(Es + Egz + E ) + (§E)* + (xEp)* + (o) + o.,]"”

In term of cathodic current (Egyt = MG i)

out

S

5, = (mG){K(zS byt i) SR 4 (i) + [(Ud)ex] . (“) }

mG

Analytical
signal noise
factor

Background
signal noise
factor

Shot noise

factor




Signal to total noise ratio equation:

S E.

N [mGK(E,+ Ey+ E,) + (EE) + (xE)* + (0,2 + 03]

) iy

N~ {K(is + iy + i) + (£ + (i) + [(0,)dmG] + (0,/mG)}>

o

Noise in measurement can arise from several
sources. But usually one these sources is dominate.



Blank noise limited S/N expression

If the analyte concentration is small

ES << EB -+ Ed or Erz Ebk g, = Gbk

Then:

S

Z

{y

] (KU + iy + i) + (807 + (xin)” + [(0)od/mG) + (0,/mG)HH?

lg

N~ {K(ig + ig) + (xis)? + [(00)e/mG) + (0,/mG)}7?




P 1) SoectZntiea AFU2T

1

[ Keiy iy VD 4 Y e [Copa e Saesr J ’

-
S




Blank noise limited S/N expression (Fluor or Emiss, low concn)
1. Shot-noise-limited case (Very high quality instrument)

S I

N i -{K(EB t Id) T (XIB)Z T [((;-ff)cx”jmc]z Bl (Ufn"EWIG)z}L:

Shot noise limited case: if background, excess dark current, and
amplifier read out noise are negligible this represent the best S/N
obtainable.to further improvement of this case we must reduce K.

S,
N [KGy + )"

10



Blank noise limited S/N expression (Fluor or Emiss, low concn)

2. Non-fundamental Noise Limited case

(Moderate quality instrument) ¢ ;
______ S mmmmm oo

N {K(EB + Ed) J& Q(I.B)z [(Uff);h”mc] (Um WIG)E}TT)

-
-
L] -

— iy i
L] -
---——————_-——————————————-_

(Flicker noise limited)
if shot noise is negligible then we have :

I

S _
N {0 + [(0)mGP + (5, G

The S/N can be improved by selecting higher quality PMT and
amplifier readout system.but in general the improvement is less
than for shot noise .

11



Blank noise limited S/N expression (Fluor or Emiss, low concn)
3. Background —Signal-Noise Limited case

(high background Fluorescence or emission)

S - I
— = ;< .\‘v ' ,“-f;‘ - 5 . | -
N (‘iK(‘EB/\l-}- Id) +(\(XIB)/2,\' T [(Ud)c:xfmG]— ™ (Um" HIG)E}IT

U
NS \N__f

In  many emission and |uminescence measurments the
background noise is significant .S/N enhancement is achived by
adjusting exgerimental variables and reduction of Af which is most
effective when background shot noise dominant.

£ i

N~ [Kip + (xin)]"

12



Blank noise limited S/N expression (Fluor or Emiss, low concn)

4. Detector-Noise-Limited case
(Very low background Fluorescence or emission)

——————————————
r—— / Ll N

N~ {K(ip £ i) ¥ (i) +{(0)e/mG~ (0,/mG)}

~ -
_________

-

if background and amplifier resdout noise are negligible then we have :

s 2

N~ {Kiy + [(0)e/mG}2

The S/N improved by increasing is or reducing dark current.

13



Example: PMT

Limiting: Shot noise in dark current condition

(Low analyte concn, low background, high quality instrument)

NEP 1s usually defined as o/R()\)
NEP = (Ki )" R(\) 04 =(Kiy"*

D=1/ NEP
D = ROV/(Ki)"



