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With the advent of the IoT era, analog and analog-digital mixed 

signal (AMS) circuits are becoming increasingly important. 

Their high-quality mass production tests must be performed at 

low cost [1-3]. Measurement instruments such as audio 

analyzers used in bench-top are not suitable for mass production 

testing due to their high cost and long measurement time. In this 

paper, a low distortion sine wave generator is investigated for 

the AMS circuit mass production testing, its three technologies 

are described.  
(i) The first one is its implementation using logic circuits 

followed by relatively simple analog filter [4]. The circuits 
cancel HD3 (3rd-order harmonic distortion) and HD5 (5th-order 
harmonic distortion) by summing multiple rectangular 
waveforms of fundamental and higher frequencies (Fig. 1). 
These rectangular waves are generated by dividing the 
rectangular of 15ω frequency by 15 for ω one, by 5 for 3ω one 
and by 3 for 5ω one. These are summed by three resistors with 
weights of 1, -1/3 and -1/5, respectively. Notice that Fourier 
series of the rectangular signal with angular frequency of ω is 
given by Eq. 1.  Then the rectangular wave HD3 (shown in Eq. 
2) and HD5 (shown in Eq. 3) are cancelled (Eq. 4) and the other 
higher order odd harmonics can be removed by the following 
simple analog band-pass filter (BPF). The 15ω frequency 
rectangular is provided from a digital automatic test equipment 
(ATE) and the frequency divisions can be realized by simple 
logic circuits (Fig.1). We have implemented its prototype with 
discrete components, and its measurement evaluation shows 
that it generates a sine wave with harmonics of less than -95 
dBc (Fig. 2).  Since this circuit is very simple, the low-cost 
testing system can be realized. 
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Fig. 1 Investigated low-distortion sine wave generator. 

 

Fig. 2. Measured output power spectrum of the circuit in Fig. 1. 

(ii) The second one is the digital predistortion technique to 
reduce the harmonics further for audio application IC testing. 
The output of the sine wave generation circuit in Fig. 1 is 
digitized by a high-resolution ADC and its fundamental and 
harmonic components are calculated by FFT so that the 
amplitudes of the second and third harmonics are obtained. The 
simple direct digital synthesizer generates a two-tone signal 
with the same amplitudes of the second and third harmonics 
respectively, but their phase shifts of π respectively. This two-
tone signal is added to the sine wave generator output using an 
instrumentation amplifier and a few resistors. We obtained very 
low distortion sine wave in simulation and experiment, and 
further investigation is underway. 

(iii) The third one is two design considerations of LCR analog 
filter design for AMS IC test systems [5]. We investigated an 



 

 

inductor equivalent series resistance compensation technique. 
Fig. 3 (a) shows an ideal LCR analog BPF. However, in reality, 
the inductor L has an ESR. Fig. 3 (b) shows an LCR BPF with 
the ESR compensation, and Fig. 4 shows its simulation results; 
Q is enhanced and the gain is attenuated by the proposed ESR 
compensation. There ESR is cancelled by a negative resistor 
realized by an operational amplifier and a resistor. These were 
verified with simulation and measurement results. The other 
one is the coupling effects of the two inductors; we found in 
simulation and experiment that mutual inductance between two 
inductors in the analog filter degrades its stop band 
characteristics and quality factor (Q), and this problem can be 
alleviated by the perpendicular placement of the inductors (Fig. 
5). 
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Fig. 3. Analog LCR bandpass filters. (a) Ideal one. (b) With 
inductor ESR compensation. 

 

Fig. 4.  Simulated BPF gain characteristics with (blue line) 
and without (red line) the inductor ESR compensation. 

 

Fig. 5. Measured BPF gain characteristics for 𝐿1, 𝐿2 
perpendicular or parallel placement. 

In this paper, we have described a low-distortion sine wave 

generator for analog device testing application. It can be 

composed of logic circuits and simple low-order analog filter 

circuits; expensive high-order filter with special fabrication in 

[6] is not required. Also an expensive mixed-signal ATE is not 

required, but only an inexpensive digital ATE is enough. The 

digital ATE provides a rectangular wave to the proposed sine 

wave generator where the frequency dividers produce different 

frequency rectangular waves so that HD3 and HD5 are 

cancelled and they are summed. Then it passes through a 

relatively simple analog filter and the low-distortion sine wave 

is obtained. For further low distortion, the digital predistortion 

method has been investigated as preliminary experiment, which 

may be comparable performance to the one described in [7]. We 

also presented two design considerations of an analog LCR 

filter implemented with discrete components. 
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