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1. Mechanism of the lock-in amplifier
(1) Consider to pick up a sinusoidal signal of a certain frequency from a voltage with noise. It is generally

difficult to remove noise by using ordinary filters when the frequencies of noise and signal are close.

(2) A lock-in amplifier use the method to pick up the component of a certain frequency.

O Assume that the frequency of the signal you want to pick up is frr. Also assume that the input signal
is a Fourier sum of components with various frequencies. Now let's consider the component of

frequency £

Vi sin (2rft + &)

O First the lock-in amplifier multiplies Arer sin(21freit + Orer) to the input signal. Then the component of f
changes to

Vi sin 2mft + 0f) X ArerSIN(2TTTrert + Oref) =

This new waveform can be further separated to sinusoidal waves as:

O Then this new waveform is passed to a filter, which only pass components with

frequency lower than a cut-off frequency. If the cut-off frequency is low enough, the filter only passes

V,PSD =

O The lock-in amplifier also multiplies Arer cos(21freit + Orer) to the input signal. Then the f~component will

become

Vi sin (2rft + 6r) X Arer COS(21TTrest + Orer) =

After passing this to the filter, the component that remains is



PSD =
v, sb =

O Even when the input signal consists of multiple frequency components, one can pick up the component

of frequency fwe by using the method, with the information about the phase shift.




(3) Details of the lock-in amplifier
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Vx and V), correspond to sin and cos components separated by 277/t +0rer

A lock-in amplifier shows Vy = Vi=ref COS(0rf -Oref) @and V) = Vr=rer SiN(Or -Orer) USING values such as Arer

VPSP and V,PSP (V, and V, are shown in the left and the central windows respectively)

Vi is the amplitude of the component without phase shift compared with Ares Sin(217freit + Orer). Vy is the
amplitude of the component with 90-deg phase shift compared to Ares Sin(21freit + Oref). Actually shown

are the root-mean-square (rms) values (v 1/2 times the amplitude).

In the lock-in amplifier, the parameter “Phase” corresponds to drr. In other words, by changing the

parameter Phase, we can change the “origin” of the time.
By pressing “Auto Phase”, the amplifier chooses &rer SO that & — Orer =0.

Most lock-in amplifiers can output sinusoidal voltage wave with frequency frer: Vout Sin(21fest) . Notice

that the sin has no phase factor Orer.

The cutoff frequency of the low-pass filter is determined by the parameter “Time Constant z”i.e. foutoft
= 1/(2x)

— Roughly speaking, 1 corresponds to an integration time. If one sets rlonger, one can reduce noise
but on the other hand longer time is required to until the value settle the correct value. For our purpose,

300 msec is appropriate.
By changing the parameter “Harmonic”, we can pick-up n-th harmonic component.

This lock-in technique is very commonly used for such as differential resistivity measurements and

optical measurements (on and off the light with a “chopper” to produce ac signal).



