NEP

« Noise Equivalent Power »
Calculation

MenloSystems
GmbH

NEP-Menlo-E-SPC-0002
Issue 01

Menlo SystemsGmbH Munich, June 2010



MenloSystems
GmbH

Content

N 1 (o T ¥ T3 1T o RPN
1.1 Definition Of NEP ...t e e e e e eeeees
1.2 Definitions and TerMS ....coooiiiiiiiie e e e e e e e e e e e eeeeeees

2 Photodetector APD 2710 ... .. e e e e e e aenees
2.1 [ L0 (oo oo L= RPN
P N 1 1] 1111 PRSPPI
2.3 Module APD 210 ...
2.4  Data sheet C30737E-500, PerkinEIMer ...

KD-NEP-Menlo-E-SPC-0002.doc
This document is proprietary. Any dispatch or disclosure of content is authorized only after written authorization by Menlo Systems GmbH.
Menlo Systems GmbH, Am Klopferspitz 19, 82152 Martinsried, Germany, Tel.:+49 (0) 89 / 189 166-0, www.menlosystems.com



MenloSystems
GmbH

1 Introduction

1.1 Definition of NEP

Contrary of what could be thought regarding the wide use of the Noise Equivalent

Power in literature to characterize the measurements limits of detectors, it is not easy

to find a clear mathematical definition of the NEP in the literature!

The first definition given here comes from the Federal Standard 1037C (telecom

glossary 2000) of the United State Government. “Noise-equivalent power (NEP) is the

radiant power that produces a signal-to-noise ratio of unity at the output of a given

optical detector, operating wavelength, and effective noise bandwidth. Some manufacturers and
authors define NEP as the minimum detectable power per square root bandwidth [W/Hz1/2].”

Noise Equivalent Power, or NEP, is a basic indicator of detector performance. NEP is the
noise floor of a detector, normalized to a 1Hz bandwidth. NEP is expressed in Watts per
square root bandwidth. To derive NEP, two parameters must be measured: the detector
responsivity at a specified frequency, and the detector voltage noise at the same
frequency. NEP can then be calculated as:

Noise Vol r‘age..-"';\u' Hz
Rv

NEP = at some freqeuncy, f,

If the electrical pole of the detector circuit shown in figure 1 is much less than the unity
gain bandwidth of the amplifier, the responsivity for the detector is given by:

R R, f
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fpm - ﬁ Sfieom = Pyroelectric Thermal Tau

If we specify that the frequency of measurement is higher than the thermal frequency and
lower than the electrical pole, the responsivity can be simplified to:
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Figure 1.1-1 Current Radiometer with Noise Source Calculation
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1.2 Definitions and Terms

1.21 Definitions

» Photo sensitivity: S[A/W]
Ratio between photo current of the diode (A) and optical input power (W)

e Dark current: Ip[A]
Diode noise current (Diode with voltage feed and without optical input
power)

e Shunt resistance: Rgh [Ohm]
Parallel shunt resistor of the diode — between 1028 Ohm und 10" Ohm

* Noise figure: NF [dB], F(figure)
Noise figure > NF= 10log F

1.2.2 Terms

Absolute terms:
« Electron charge e =1,602x10"C
« Boltzmann k =1,38x102° J/KK
e Absolute temperature T, = 298,15 K

Used equations:
« Shot noise: ls = (2elpB)"? [A];
« Johnson noise: |; = (4KTB/Rsy)"? [A] ; B — Bandwidth [Hz]

* NEP : NEP = lo/S [W] ; ltot — Overall noise current at amplifier input

or

NEP = I,1/SB"2 [W/HZ"?]
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* Noise figure
HF-Amplifier: F = P,,s/GKToB
G — amplification
Paus — power output
K — Boltzmann constant
To — absolute temperature
B — Bandwidth

* Opverall noise figure

Fiot=F1+ (Fo= 1)/ Gy + ...+ (F,-1) Gn4
G1 — Gain of amplifier 1

2 Photodetector APD 210

2.1 Photodiode
Typ : C30737E-500, Perkin Elmer

Data sheet: Io = max. 10x10° A;
S =50 A/W;
C,=0,3 pF (parallel capacity of the diode)
Rsh = 5x108 Q (no specification — value estimated)

« Shot noise: Is = (2elpB)"? = 1,79x10° A; B = 1GHz
ls= (2elpB)"? = 5,66x10"" A; B = 1MHz
ls = (2elpB)"? = 5,66x10" A B = 1Hz

« Johnson noise: |; = (4KTB/Rg)"? = 1,81 x10™° A; B = 1GHz

|, = (4KTB/R¢n)"? = 5,73 x10™? A; B = 1MHz
| = (4KTB/Ren)"? = 5,73 x10™ A; B = 1Hz

* Total current: liot = (Is +1 ) =1,80x10° A; B = 1GHz

|tot-(|S +1%)"? =568 x10"" A; B = 1MHz
liot = (Is? +| 2)12 =568 x 10 A: B = 1Hz

e NEPpioge = lo[AVS[A/W] =3,60 x 10" W; B =1 GHz
=1,14x 102 W; B=1 MHz
=1,14x10" W; B=1Hz

or

NEPDpiode = 1,14 x 10™° [W/HZ"?].
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2.2 Amplifier

TYP: RF2360-NBB500 - two stages:

Data sheet:
RF2360

NBB500

G =20dB oder 100;

NF =1,5dB (1GHz); =>F =1,41

G =20dB oder 100;

NF = 3,2dB (1GHz); =>F =2,08

Fiot = F1+ (F2 = 1)/ Gq + ...+ (Fn -1)/ Gp4; (in general)
Fiot = 1,41 +(2,08 — 1)/100 = 1,43;

Fiot = Paus/GKToB;  =>Pays = Fiot GKToB;

Pin = Paus/G = Fiot K ToB = 5,72 x 10?2 W; B = 1GHz;
Pin = Paus/G = Fiot K ToB = 5,72 x 107"° W; B = 1MHz;
Pin = Paus/G = Fiot K ToB = 5,72 x 102" W; B = 1Hz;
Pindiode = Pin X 8,12 = 46,44 x 10™? W; (1GHz)

with network adaptation: R. = 115,4Q (for diode) / Amplifier input = 37,5Q

lin = (Pindiode / RL)""? = 634 x 10° A; (1GHz)
lin= (Pingioge / RL)"2 = 20 x 10 A; (1MHz)
lin= (Pindiode / RL)" = 20 x 1072 A; (1Hz)

lin — Noise current at amplifier input, R. — Load resistance;

2.3 Module APD 210
ot = (lin 2 + liotd) "2 [A];
ot = 634 x 10° A; (1 GH2)

ot = 20 x 107 A; (1 MHz)
hot= 20 x 1072 A; (1 Hz)

NEP = It /S = 12,6 x 10° W; (1 GHz)
NEP = It /S = 2,00 x 10° W; (1 MHz2)
NEP = It /S = 2,00 x 107% W; (1 Hz)

or

NEP = 0,4 [pW/Hz"?].
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2.4

Data sheet C30737E-500, PerkinElmer

C30737 Series

Electrical Characteristics

Hermetic Package

C30737TE-230

C30737E-500

Min Typ Max Min Typ Max Unit
Diameter 0.23 05 mm
Breakdown Voltage 160 200 160 200 Volts
Gain @ 800nm 100 100
Responsivity @ 800nm 50 50 AW
Temperature Coeflicient (constant gain) 0.6 06 Vi=C
Dark Current 10 15 nA
Noise Current: f=10kHz, AF=1.0KhZ 0.2 03 pANHz
Capacitance 1.5 3 pF
Rise Time <0.3 03 nsec

Flastic Package
C30737P-230 C30737P-500

Min Typ Max Min Typ Max Unit
Diameter 0.23 05 mm
Breakdown Voltage 160 200 160 200 Volts
Gain @ 800nm 100 100
Responsivity @ 800nm 45 45 AW
Temperature Coefficient (constant gain) 0.6 06 Vi=C
Dark Current 10 15 nA
Moise Current: f=10kHz, AF=1.0KhZ 0.2 0.4 pANHz
Capacitance 1.5 3.4 pF
Rise Time <0.3 0.3 nsec

Absolute Maximum Ratings

Hermmetic Package

C30737E-230

C30737E-500

Min Typ Max Min Typ Max Unit
Storage Temperature -55 100 -55 100 *C
Operating Temperature -30 85 -30 85 °C

Plastic Package
C30737P-230 C30737P-500

Min Typ Max Min Typ Max Unit
Storage Temperature -40 85 -40 85 *C
Operating Temperature -20 70 -20 70 °C
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