Measuring of small AC signals
using lock-in amplifiers.

v'"Narrow band selective amplifiers + amplitude detector.
v'Lock-in amplifiers
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Lock-in amplifier technique
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Simplified block diagram
of a lock-in amplifier
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"PSD - phase sensitive detector;
"VCO - voltage controlled oscillator

John H. Scofield, American Journal of
Physics 62 (2) 129-133 (Feb. 1994).
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Lock-in amplifier. How it works.
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Lock-in amplifier technique Phase shift
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Vi =sin(ot+m/4)
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Lock-in amplifier technique
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Lock-in amplifier technique. Simple math.
U, =U,sin( ol +§ -inputsignal
U, =sin( o, +6, -reference signal
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Urog = Y [cos@ wtf+6,+6cas( 6,6, ]

emod — 2

and after low-pass filtering — U0 = %cos( 0, -6
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Lock-in amplifier technique Two channels demodulation

In  many technical applications we need to measure both
components (E,, E)) of the input signal. To do this most of the
modern lock-in amplifiers are equipped by two demodulators.

Ein:EOSin((:)H(p) to E, channel 4 y
sint) [ e
to E, channel
cos(mt)
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Lock-in amplifier technique

Analog and digital lock-ins

SIGNAL MONITOR Aag}'g:
.I:J . = OUTPUT
= ~ DEMCULATOR ST, ~
AN N
SR |_ X _l\_l— X _l_\ A AB %
INPUT ) |> 50
™ LEheTH = Lowenss =
FILTER P o_l__
---------------------------------------- Ax On- AD - — Dia FO AUX
CURRENT TO QUADRATURE ook =
VOLTAGE DEMODULATOR ;¢ e T
CONVERTER (PSD) H PROCESSOR | CH2
A AB [ N Besxefissoncionbrer iuencersirsunal. | SisuSry
REFERENCE %
INPUTS PHASE SHIFTER V
TTLREFIN O— : " B LOWPASS OUTPUT
REF IN O— H +90 FILTER AMPLIFIER
REFERENCE | PHASE THIS SECTION FITTED IN DUAL-PHASE
TRIGGER | SHIFT INSTRUMENTS ONLY
INTERNAL
OSCILLATOR
IEEE-GPIB
O gﬁ? MICROPROCESSOR CONTROL
RS232
6/23/2014

Physics 403 Summer 2014



Lock-in amplifier technique Analog and digital lock-ins

SR510 & SR530
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Analog lock-ins from Stanford Research Systems
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Lock-in amplifier technique

FET/BIPOLAR

Analog and digital lock-ins
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Lock-in amplifier technique
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Lock-in amplifier technique

SIGNAL RECOVERY
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Analog and digital lock-ins

Two DSP lock-In
amplifiers: SR830 from
Stanford Research
Systems and 7265 from

Signhal Recovery.

The main advantages of digital
lock-ins:

* high phase stability;

* broad frequency range;

* ideal for low and ultra low
frequencies (up to 0.001Hz)

* harmonics up to 65,536 (7265),
19,999 (SR830).
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Lock-in amplifier technique: some applications

(i)

Applying a small test signal (locked to the reference signal)
to the studied object

Asinet Tested

system Lock-in

A

reference |1

— e e e = = - — J

Examples: frequency domain spectroscopy (second sound),
tunneling spectroscopy (analysis of the I-V curves),
dielectric spectroscopy etc.
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Lock-in amplifier technique: some applications

(ii) Modulating of the studied signal by the signal locked to
the reference signal

Crystal under study

Green
modulation LED R
\
Function [ LEP
Power _3
generator|  |cuply SR830 lock-in
i Fluorescence I signal reference
P response input input

Examples: fluorescence experiment
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Lock-in amplifier technigque: some applications

2 Transfer line
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Experimental setup for measurement of the dielectric susceptibility
(electrical conductivity) in the temperature range 15-450K
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Lock-in amplifier technique: some applications

Scanning of the frequency of Second sound experiment
the AC signal applied to
transmitter we can find the
frequencies of the acoustical
resonance.
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Lock-in amplifier technique: some applications

Detector signal (V)

6/23/2014

Optical pumping
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Lock-in amplifier technique: some applications

Optical pumping
B,- main field
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Detector signal (V)

Lock-in amplifier technique: some applications

Optical pumping
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Lock-in amplifier technique: some applications
Optical pumping

fscan
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Mapping 0.5-2.5A from March 1st 2012: Graph6
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Lock-in amplifier technique: some applications
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I, (mA)

Lock-in amplifier technique: some applications

Tunneling spectroscopy eVpc only

Sample #(n3-n9) AI-AL O -Pb

3l |
02 L T=1.5475+7e-4K wfk 1=15475+7e-4K
0.1 — , | | 40 | - |
0.0 — |
o1 f_ /

02 F

Sample #(n3-n9) Al-Al O -Pb

Courtesy of Anna Miller and Everett Vacek
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Lock-in amplifier technique: some applications

Tunneling spectroscopy

Sample #(n3-n9) Al-ALO-Pb
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Phonon assistent tunneling results: Gra%hé (mV)

Courtesy of Anna Miller and Everett Vacek
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Lock-in amplifier technique: demao
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Function
generator

Noise

Lock-in amplifier

demo lock-In
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