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h|I(f)|2i = 2eI0

hI2i = h|I(f)|2iB = 2eI0B

hV 2i = R2h|I(f)|2iB = 2eI0BR2

Integrazione sulla banda di	frequenza B,	
assumendo un	vero rumore bianco

Formule per	lo	shot	noise

Calcolando la	fluttuazione totale è dunque possibile trovare il valore della carica
elementare:		

e =
hV 2i

2I0BR2
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von W. Schottky. 

Durch Hintereinanderschalten von Gluhkathodenvers tarkern 
ist es in den letzten Jahren gelungen, Wechselstrome von 
auBerst geringer Amplitude .wahrnehmbar und meI3bar zu 
machen. Vkle technische Probleme haben dadwch eine ruck- 
weise Forderung erfahren, aber auch dem Forscher scheint 
sich ein neues Gebiet zu erschlieBen; die Verstarkerschaltungen 
haben fur elektrisohe Untersuchungen sicher dieselbe Be- 
deutung wie in der Optik das- Mikroskop, Da sich bisher 
noch keine deutliche Grense fur die erreichbare Verstllrkung 
gezeigt hat, konnte man hoffen, durch genugenden Schutz 
storungsfreie AufsteUung usw. hier sozusagen bis ZULU un- 
endlich Kleinen vorzudringen ; der Traum vom ,, Gras wachsen 
hiiren" stellte sich wieder einmal recht greifbar der Mensch- 
heit dar. 

Absicht der folgenden Zeilen ist, gewiwe unuberschreitbare 
Grenzen fur die Verstiirkung rnit Gluhkathoden- und Gasent- 
ladungsrohren nachzuweisen. Das erste unuberwindliche En- 
dernis ist merkwiirdigerweise durch die G r o h  des Elementar- 
quantums der Elektrizitat gegeben. Die Warmebewegung der 
Elektrizitat bildet eine weitere Grenze; diese scheint aber in 
den meisten Fallen hoher su liegen als die andere. Doch 
schicken wir die Untersuchung dieser Erscheinung als der ein- 
facheren und bekannteren unserer Hauptbetrachtung voraus. 

I. Teil. Der Wlirmeeffekt. 
Wir betrachten einen metallischen Leiter mit verteilter 

Selbstinduktion und KapazitZit, z. B. eine Drahtspule. Ein 
solches Gebilde ist bekenntlich verschiedener Eigenschwin- 
gungen flihig, d. h. es existieren verschiedene Schwingunp- 
vorgiinge, die durch einen Strorn J ,  eine %lbst,induktion L, 

W.	Schottky,	Ann.	d.	Phys.	57	
(1918)	541
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6.  Zur Berech*culng W d  Beurts6Lwng dea SohPot- 
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(Bemerkungen EU der Notie von Herrn J. B. Johneon); 
von W. Schot tky .  

Herr Johnson war  so freundlich, rnir seine kbzlich 
(Ann. d. Phys. 67. S. 164-156.1922) veraffentlichte ,,Bemerkung 
zur Bestimmung des elektrischen Elementarquantnme ans dem 
Schroteffekt" irn Manuskript zuznaenden. Es handelt sich dabei 
im wesentlichen um die Berichtigung eines Rechenfehlers, der 
mir in meiner ersten Arbeit iiber diesen Qegenstand (Ann. d. 
Phys. 67. 541-5U7. 1918) unterlaufen war. Da diem Korrektur, 
filr die ich Herrn Johnson eehr dankbar bin, eowobl fur 
meine frtiheren theoretischen Schlutlfolgerungen wie f i r  die aus 
Herrn Hartm ann s experimentellen Untersuchungen gezogenen 
Schltisse von fundamentaler Bedeutung ist , m6chte ich hier 
in einigen daran ankniipfenden Bemerkungen zu der ver- 
ilnderten Sachlage Stellnng nehmen. 

Zunkchst noch ein paar Worte zu der mathematischen 
Seite des Problems. Die Berechnung des Integrals 

-~ _ _  - 

m 

durch Partialbrnchzerlegung, wie sie Herr Johnson angibt, 
und wie sie auch meiner eigenen Rechnung rngrunde lag, ist 
offenbar nicht ganz leicht zu ilbersehen, und es werden nnr 
die wenigsten h e r  Zeit finden konnen, sich yon der Richtig- 
keit des Resultats zu tiberzeugen. Ee wird daher vielleicht 
nicht tibediissig eein, wenn ich noch eine andere gane ein- 
fsohe Berechnungsweiae dieees Integrals hierher setze, die mir 
mein Vater, F. Schottky, freundlichst mitteilte, ohne da6 wir  
tibrigens untersnchen konnten, ob ee sich dabei urn ein Novum, 
oder nicht vielmebr urn eine den Spezialisten gelgulige Um- 
formung handelt. 

Die Berechnung bernht darauf, da6 man dae Integral (I) 
mit einem anderen Integral 

W.	Schottky,	Ann.	d.	Phys.	68
(1922)	157



Walter	H.	Schottky,	fisico	tedesco	che	ha	
lavorato	nell’ambito	della	fisica	dello	stato	
solido	e	in	elettronica,	e	i	cui	contributi	vanno	
dalla	fisica	del	rumore	(shot	noise)	a	diversi	
processi	importanti	in	elettronica	(effetto	
Schottky,	barriera	di	Schottky,	diodo	Schottky)

(n.	23/7/1886	a	Zurigo,	Svizzera,	m.	4/3/1976	a	
Pretzfeld,	Germania	Ovest)
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Noi usiamo un	fotodiodo
semiconduttore al	posto
della fotocellula
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Alimentazione
fotocellula

Questa	resistenza non	c’è nel nostro schema:	se	presente il circuito
auto-oscilla a	causa dell’alta capacità di	transizione del	fotodiodo

Nel circuito mostrato la	resistenza da	150k	che va a	massa dall’input
non-invertente è stata inserita per	minimizzare il contributo del	
rumore in	corrente dell’OP-AMP,	tenendo conto di	un’impedenza
“infinita”	della fotocellula.	Questa	ipotesi non	è valida se	c’è un	
fotodiodo.



LF411
Low Offset, Low Drift JFET Input Operational Amplifier
General Description
These devices are low cost, high speed, JFET input opera-
tional amplifiers with very low input offset voltage and guar-
anteed input offset voltage drift. They require low supply cur-
rent yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF411 is pin compatible with the standard LM741 allowing
designers to immediately upgrade the overall performance of
existing designs.
These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold cir-
cuits and many other circuits requiring low input offset volt-
age and drift, low input bias current, high input impedance,
high slew rate and wide bandwidth.

Features
n Internally trimmed offset voltage: 0.5 mV(max)
n Input offset voltage drift: 10 µV/˚C(max)
n Low input bias current: 50 pA
n Low input noise current:
n Wide gain bandwidth: 3 MHz(min)
n High slew rate: 10V/µs(min)
n Low supply current: 1.8 mA
n High input impedance: 1012Ω
n Low total harmonic distortion AV=10,
RL=10k, VO=20 Vp-p, BW=20 Hz−20 kHz: <0.02%

n Low 1/f noise corner: 50 Hz
n Fast settling time to 0.01%: 2 µs

Typical Connection

Ordering Information
LF411XYZ

X indicates electrical grade
Y indicates temperature range

“M” for military
“C” for commercial

Z indicates package type
“H” or “N”

Connection Diagrams

BI-FET II™ is a trademark of National Semiconductor Corporation.

DS005655-1

Metal Can Package

DS005655-5

Note: Pin 4 connected to case.

Top View
Order Number LF411ACH
or LF411MH/883 (Note 1)

See NS Package Number H08A

Dual-In-Line Package

DS005655-7

Top View
Order Number LF411ACN,

LF411CN or LF411MJ/883 (Note 1)
See NS Package Number N08E or J08A
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Typical Performance Characteristics (Continued)

Negative Current Limit

DS005655-17

Output Voltage Swing

DS005655-18

Output Voltage Swing

DS005655-19

Gain Bandwidth

DS005655-20

Bode Plot

DS005655-21

Slew Rate

DS005655-22

Distortion vs Frequency

DS005655-23

Undistorted Output
Voltage Swing

DS005655-24

Open Loop Frequency
Response

DS005655-25

www.national.com5

OP-AMP	LF411

La	scelta dell’LF411	non	è ottimale.	Ha	una risposta in	frequenza piuttosto scarsa,	e	ha	il problema di	un	offset	
(posizione dello zero	della tensione in	uscita)	che non	è piccolo.	
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Il	filtro passa-banda (un	filtro passa alto	in	cascata con	un	filtro passa-basso)	limita la	
regione utile	ad	un	intervallo ben	definito



La	conversione a	RMS	viene realizzata dal	circuito integrato AD637JQ	

 

High Precision, Wideband  
RMS-to-DC Converter 

Data Sheet AD637  
 
FEATURES 
High accuracy 

0.02% maximum nonlinearity, 0 V to 2 V rms input 
0.1% additional error to crest factor of 3 

Wide bandwidth 
8 MHz at 2 V rms input 
600 kHz at 100 mV rms 

Computes 
True rms 
Square 
Mean square 
Absolute value 

dB output (60 dB range) 
Chip select/power-down feature allows 

Analog three-state operation 
Quiescent current reduction from 2.2 mA to 350 µA 

FUNCTIONAL BLOCK DIAGRAM 
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Figure 1 .  

GENERAL DESCRIPTION 
The AD637 is a complete, high accuracy, rms-to-dc converter 
that computes the true rms value of any complex waveform. It 
offers performance that is unprecedented in integrated circuit 
rms-to-dc converters and comparable to discrete and modular 
techniques in accuracy, bandwidth, and dynamic range. The 
AD637 computes the true root mean square, mean square, or 
absolute value of any complex ac (or ac plus dc) input waveform 
and gives an equivalent dc output voltage. The true rms value of 
a waveform is more useful than an average rectified signal 
because it relates directly to the power of the signal. The rms 
value of a statistical signal relates to the standard deviation of 
the signal. 

Superior crest factor compensation permits measurements  
of signals with crest factors of up to 10 with less than 1% 
additional error. The wide bandwidth of the AD637 permits the 
measurement of signals up to 600 kHz with inputs of 200 mV rms 
and up to 8 MHz when the input levels are above 1 V rms. 

Direct dB value of the rms output with a range of 60 dB is 
available on a separate pin. An externally programmed 
reference current allows the user to select the 0 dB reference 
voltage to correspond to any level between 0.1 V and 2.0 V rms. 

A chip select connection on the AD637 permits the user to 
decrease the supply current from 2.2 mA to 350 µA during 
periods when the rms function is not in use. This feature 

facilitates the addition of precision rms measurement to remote 
or handheld applications where minimum power consumption 
is critical. In addition, when the AD637 is powered down, the 
output goes to a high impedance state. This allows several 
AD637s to be tied together to form a wideband true rms 
multiplexer. 

The input circuitry of the AD637 is protected from overload 
voltages in excess of the supply levels. The inputs are not 
damaged by input signals if the supply voltages are lost. 

The AD637 is laser wafer trimmed to achieve rated performance 
without external trimming. The only external component 
required is a capacitor that sets the averaging period. The value 
of this capacitor also determines low frequency accuracy, ripple 
level, and settling time. 

The on-chip buffer amplifier is used either as an input buffer or 
in an active filter configuration. The filter can be used to reduce 
the amount of ac ripple, thereby increasing accuracy. 

The AD637 is available in accuracy Grade J and Grade K for 
commercial temperature range (0°C to 70°C) applications, accuracy 
Grade A and Grade B for industrial range (−40°C to +85°C) appli-
cations, and accuracy Grade S rated over the −55°C to +125°C 
temperature range. All versions are available in hermetically sealed, 
14-lead SBDIP, 14-lead CERDIP, and 16-lead SOIC_W packages. 
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Figure 30. Evaluation Board Schematic 
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Figure 31. AD637-EVALZ Typical Bench Configuration 

 



A	causa del	guadagno variabile in	funzione della frequenza,	si deve modificare la	
formula	per	la	carica elementare

I = I0 +

Z

f>0
I(f)e2⇡iftdt

V0 = R0I0

V (f) = R0I(f)

• Trasformata di	Fourier	della corrente

• Amplificazione DC	in	transimpedenza del	
sistema (R0	guadagno del	primo	stadio)

• Amplificazione in	transimpedenza delle
componenti di	Fourier

• Shot	noise	in	tensione

• Tensione RMS	rilevata in	uscita

h|V (f)|2i = 2eI0R
2
0

V 2
RMS =

Z

B
h|V (f)|2idf

=

Z

B
2eI0R

2
0df = 2eI0R

2
0B



Introduciamo ora un	fattore che tiene conto sia del	guadagno variabile in	frequenza
del	primo	stadio che del	guadagno variabile in	frequenza di	tutti gli stadi successivi

 This article is copyrighted as indicated in the article. Reuse of AAPT content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:
140.105.7.88 On: Wed, 05 Aug 2015 12:31:07

VRMS(f) = g(f)Vtest(f)

V 2
RMS =

Z

B
hg2(f)|V (f)|2idf

=

Z

B
2eI0R

2
0g

2(f)df = 2eV0R0

Z

B
g2(f)df

V0 = VDC OUT



La	misura richiede due	passaggi

1. Misura di	g(f),	utilizzando un	generatore di	funzioni nel test	input

2. Misura dello shot	noise

e =	pendenza della retta nel piano	

V 2
RMS = hV 2

ampi+ 2eV0R0

Z

B
g2(f)df

(V0, V
2
RMS)
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g2(f)
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