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Ohm's law 1826
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thermal resistor
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humidity resistor




photo resistor
P rEE




pressure resistor

100

10

(xOm)

0.1

10

100

1000

10000






Wheatstone bridge

R (0.1 Ohm — 100MOhm)
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Kelvin Double Bridge
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2-Points and

4-Points measurements
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The van der Pau method (1958)

Uss

R12,34 — _I
12

e TR1234/Ps | o~TR2341/Ps = 1

d=const<<L
B TR
Ps = 1n (2)

p = psd




4-Points Line
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R vs temperature
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Resistor and bipolar transistor iv
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http://www.wuntronic.com/en/index.php?site=2&xid=65&subid=185&sub2id=209&pid=630

Noise

Acoustic noise is any sound in the acoustic domain, either
deliberate (e.g., music or speech) or unintended. In
contrast, noise in electronics may not be audible to the
human ear and may require instruments for detection.

In electronics, noise is an unwanted disturbance in an
electrical signal. Noise generated by electronic devices
varies greatly as it is produced by several different effects.



Johnson-Nyquist (white) noise

f independent power spectral density
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Flicker (pink) noise
1/f power spectral density

~===I Pink noise is one of the
most common signals in
biological systems

* Electronic devices

* |n gravitational wave
astronomy

* Climate change

e Diffusion processes




Brownian (brown) noise

frequency density proportional to 1/f?

20

BrownNase I

name derives

ol from Brownian motion. Also
known as "random walk" or
"drunkard's walk". "Red
noise"




Blue noise

density proportional to f

Bl foise IR

Cherenkov radiation is a
naturally occurring
example of almost perfect
blue noise



Spectrum Analyzer
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What is a lock-in amplifier?

* to detect and measure very small AC signals (up to a few
nanovolts)

* accurate measurements may be made even when the
small signal is obscured by noise sources many
thousands of times larger



Why use a lock-in?

signal is a 10 nV sine wave at 10 kHz

a low noise amplifier 5 nV/VHz of input noise.
amplifier bandwidth is 100 kHz

amplifier’s gain is 1000

10 pnV of signal (10 nV x 1000)

1.6 mV of noise (5 nV/VHz x V100 kHz x 1000)

Using band pass filter with a Q=100 bandwidth will be 10
kHz/Q, the noise will be 50 uV (5 nV/VHz x v100 Hz x 1000)

Using a phasesensitive detector (PSD). The PSD can detect
the signal at 10 kHz with a bandwidth as narrow as 0.01 Hz.
The noise will be 0.5 pV (5 nV/VHz x V.01 Hz x 1000)



AC detection
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Vpsd = VsigVLsin(ort + Ogjg)sin(wrt + Oref)
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https://research.ece.cmu.edu/~*mems/resources/HH1212/SR830m.pdf



Amplitude

Signal processing

Amplitude
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Phase sensitive detector (PSD)
Visin(oLt + Bref)
Vpsd = 1/2 VgijgV| cos(Bsig - Oref)

VLSln((DLt + eref + 900)
Vpsd2 = 1/2 VgijgVLsin(6sig - Oref)

X = VgjgcosH Y = Vgjgsino
R = (X2 + Y2)1/2 — VSIg



PSD block diagram
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SR830 functional block diagram
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MoRe-AgOx-Ag |-V characteristic
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Shapiro steps
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Fraunhofer modulation Ic(H)
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PXI Platform
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