
Lock-in amplifiers measure 

amplitude and phase of AC signals 

buried in noise



１．Small signals buried in noise

２．To measure the small noise buried in noise

３．What is a Lock-in Amplifier?

４．Applications



1．Small signals buried in noise

Sensors are used to measure various types of physical quantities Such 

as temperature, vibration, etc.

They are normally converted to electrical signals to input to analyzers 

or Measuring instruments.

It is common for noise to be mixed in the signals.

If the measurement signal is very small, it is necessary to separate it

from the noise signals. 
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【Types of Noise】
①Noise generated by electronic devices（thermal，1/f noise etc. ）
②Noise transmitted through physical space（electrostatic induction, 

electromagnetic induction etc.）
③Noise transmitted through power/signal cable (Common mode)

【Solutions】
①Use products with less noise 

②Shorten the connecting cable, use a shield etc.

③Use differential input

Although sometimes, even after taking these actions, the 

noise is still bigger than the target signals.

1．Small signals buried in noise



Oscilloscope Waveform
100mVrms Noise Signal

1Vrms Measurement Signal
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Oscilloscope Waveform
100mVrms Noise Signal

100mVrms Measurement Signal
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Oscilloscope Waveform

Noise Signal＞＞Measurement Signal, which is buried in the noise

100mVrms Noise Signal
（ｘ1000times)

0.1mVrms Measurement Signal

1．Small signals buried in noise

vo
lt

a
g

e
vo

lt
a

g
e

Time

Time



When we try to measure with an AC Voltage 

meter (By NF: M2174A）

Voltage Meter M2174A
1Vrms

140mVrms

105mVrms

The signal is 

buried in noise 

and cannot be 

measured.

The Correct Value

1Vrms

100mVrms

0.1mVrms
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Why couldn’t we measure with a voltage meter?

→ The voltage can be measured by the AC voltmeter is

“Effective value of the entire measurement frequency band 

including noise”

We need a voltage meter that ONLY measures the required 

signals.

Lock-in Amplifier

２．To measure the small noise buried in noise



When we try to measure with a lock-in amplifier…

0.999Vrms

99mVrms

0.107mVrms

The signal buried in 

noise can be 

measured.

The Correct Value
1Vrms

100mVrms

0.1mVrms

２．To measure the small noise buried in noise



３．What is a Lock-in Amplifier?

A measuring instrument that can measure a small and repeating 

signal(AC) that is buried in noise.

■Conditions for the measurement

①It must be a periodic signal (AC)

②A reference signal is required



①Determine the frequency to be detected by the reference 

signal(Synchronous signal)

②Measure the AC signal at the specific frequency with a voltmeter

(Also measure the phase difference between AC signal and reference signal)

Functions: 

３．What is a Lock-in Amplifier?

VoltmeterBandpass  Filter

(Narrow Bandwidth)



If the AC signal is buried in noise

Could it be detected??

The tolerance for noise is specified 

by the dynamic reserve.

The dynamic reserve of lock-in amplifier is 100 dB or more.

Even the noise is 100,000 times louder than the target signal, it is still 

possible to detect and measure that signal.

３．What is a Lock-in Amplifier?
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4．Applications

Mainly 2 types of lock-in amplifier’s applications:

②To detect very small changes

①To detect signals buried in noise

It’s widely utilized in advanced research fields worldwide.



Photochemical sampling is possible 

by continuously observing with a 

lock-in amplifier while changing the 

delay time of the probe light towards 

the pump light.

Measurement of terahertz waves by pump-probe spectroscopy

Modulate pump light with a constant 

cycle by a optical chopper
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Lock-In Amplifier Line-up

LI5660 LI5655 LI5650 LI5645 

Frequency Range 0.5Hz to 11MHz 0.5Hz to 3MHz 1mHz to 250kHz

10V Input ✓ － (Max 1V) －(Max 1V) － (Max 1V)

Differential Input ✓ ✓ ✓ ✓

Current Input ✓ ✓ ✓ －

Simultaneous    

measurement

of 2 frequencies

✓ ✓ ✓ －

Dynamic Reserve 100dB 


