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Construction of a Lock-in Amplifier
Adopting a Synchronous Filter

Hiroshi MiporikaAwA, Akio NOMURA and Tetsuo KANO

A lock-in amplifier has been constructed for the purpose of measuring the magn-
itudes of low-level signals affected by noise in the optical experiment, This lock-in
amplifier adopts a synchronous filter instead of a phase sensitive detector used in the
conventional one, The synchronous filter based on a signal sampling method offers an
extremely narrow bandpass characteristic and its center frequency can be easily set
at a required frequency by the control signal, In addition, the output of this filter
is independent of a phase shift from the reference signal. This leads one to easily
operate the lock-in amplifier without being annoyed by such phase adjustments as
were required in the usual one.

Principal performances are as follows: Frequency range, 10 Hz-10 kHz; dynamic
range, 67dB; sensitivity, 2.5¢V maximum; overload capability, 35.6dB. This lock-in
amplifier can be driven by low power (below 1.7 W) since the integrated CMOS circuit
is employed,

By applying the lock-in amplifier to the preliminary optical measurement, it has
been verified that the magnitudes of low-level signals obscured by high level noise
can be accurately measured,
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Fig. 1 A simple model of a synchronous filter,
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Fig. 3 Block diagram of the lock-in amplifier using a synchronous filter,
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Table 1 Performances of the constructed R

lock-in amplifier, e
Signal channel 5 H s il
Input type Single-ended
Input impedance 2MQ Photo. 1 v, ARIEA G5
Sensitivity 2.54V-25mV FeHEE DR fzi‘cd\tc%% g d
Maximum voltage 3Vpk-pk H 5T, BEAHOES
Noise 24VRMS WL TR LIS DTH D, il
Reference channel FEEEL TR Y 200Hz TfF
i\/_[odczs. ; ir(;g:;lal and external Feo T 5.
nput impedance )0k &2 . Iy
Mimimum signal 1Vpk-pk Photo. 1(a) Tk, AJIES
- RITHET, 204B K xS

eneral

, b T s, (b), () Tk
Power requirements 100Vac . "
Size 33cmM x 14emH x 23cmD i 30dB, 40dB R A
Weight 3.5kg BT s,

SEGWE LTcr y 74 VTV

(a) {b) ()

Photo. 1 Detections of a low-level signal affectd by noise: (a) S/N=—20dB, upper;
input signal (1.0V/div.), middle; output of prefilter (1.0V/div.) and lower; output
of the synchronous filter (0.2V/div.): (b) S/N=—30dB, upper; input signal (2.0
V/div.), middle; output of the prefilter (2,0V/div.) and lower; output of the
synchronous filter (2.0V/div.): and (¢) S/N=—40dB, upper; input signal (2.0V/
div.), middle; output of the prefilter (1.0V/div.) and lower; output of the synch-
ronous filter (0.2V/div.). The sweep time is 2msec/div..
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Fig, 11 Block diagram of the preliminary optical experiment.
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Photo. 2 Detection of a low-level signal at the
preliminary optical experiment; (a) input

signal (0.2V/div.),

(b) output of the prefilter

(10V/div.) and (c) output of the synchronous

filter (2V/div).

The sweep time is 2msec/div, .
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