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standard mixer calibrated by three-mixer 
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I. INTRODUCTION 
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Various calibration methods are used to 
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complex transfer function (equivalent to the i
in the time domain) of oscilloscopes. The c
function thus obtained may be used to correct
waveforms by de-convolving the measured 
EOS method works well for measurements
bandwidth, 110 GHz or more, but it has degr
below several hundred MHz due to the 
interval the system is capable of measuring. F
difficult to obtain accurate absolute scaling
pulse generated by the PD [2]. As an alternat
the low frequency, swept-sine (frequency-do
usually used to calibrate the magnitude of tr
which is traceable to a RF power standard. Ho
swept-sine calibration does not give phase 
method does not characterize a scope respons
this paper, we describe a procedure for calib
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Fig. 1 shows a setup of our method. One 
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signal from the IF port of mixer is band-p
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of IF is 10 MHz. A clock distributer s
equipment. It is also assumed that the four 
oscilloscope are fully synchronized to the 10
four channels are sampled and saved for 
where the phases between channels are calcula
Mixer phase response evaluated with V
Analyzer (VNA) is used as a phase standard
Reference mixers are characterized with t
method.” This method is based on measu
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on of Oscilloscopes at Low Frequen
Joo-Gwang Lee and Chihyun Cho 

rea Research Institute of Standards and Science, Daejeon

o calibrate phase 
quencies from 10 
se response of a 

method as the 
and show results 

me oscilloscope (1 

e domain signals. 
characterize the 

oscopes. Electro-
to determine the 
impulse response 
complex transfer 
t the shape of any 

signal [1]. The 
s requiring high 
raded uncertainty 

maximum time 
Furthermore, it is 
g for the voltage 
tive, especially in 
omain) method is 
ransfer functions, 
owever, since the 
information, the 

se completely. In 
brating the phase 
hortcoming in the 

OD 

signal generator 
MHz), the other 

nal are applied to 
e, respectively. A 
pass filtered, and 
pe. The frequency 
synchronizes all 
channels of the 

0 MHz clock. All 
post processing, 
ated.  
Vector Network 
d in this method. 
the “three-mixer 
urements of the 

mixer and down-
ments are fairly 

straightforward, as the frequenc
reflected signal at the mixer port 
mixers are measured in various com
uniquely determine the transfer fun
one of three mixers is reciprocal [3]
not need the standard mixer to estab

Fig. 1. A setup for calibrating the phase resp
 
The phase response of the mixer is ߮ଶଵ ൌ ఝమାఝయିఝଶ߮ଵ, ߮ଶ, ߮ଷ, and ߮ଶଵூி  can be mea
oscilloscope. In the computation o
for a phase response, phase unwra
the square root is taken. At the nex
procedure used to obtain the measur

III. RESULT

We used a four-channel real-
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commercial 10-2000 MHz mixer 
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is the measured results of phase difference relative to the clock. 
The dotted line is obtained by subtracting the phase of LO 
signal from the phase of RF signal. The solid line is the phase 
of IF signal.  

Fig. 3. Phase difference of the signal. 
 
 By subtracting the dotted line from the solid line, and then 

compensating it with the phase response of the mixer, phase 
response of the oscilloscope is obtained. Fig. 4 is a detrended 
phase response of the oscilloscope. 

Fig. 4. Detrended phase response of the oscilloscope. 

VI. CONCLUSION  

The novel method to calibrate the phase response of 
oscilloscopes, especially at low frequencies from 10 MHz to 1 
GHz, was described. The method used the phase response of a 
standard mixer calibrated by three-mixer method as the 
reference phase. The deviations of the measured results are 
still large. Major contribution of the deviations is due to the 
phase response of the reference mixer, which was calibrated 
by three-mixer method. To get better results, we are going to 
try other methods for the calibration of reference mixer and try 
more refined algorithms for the determination of the phase 
difference between oscilloscope traces. More revised results 
including measurement uncertainty will be presented at the 
Conference.  
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