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Abstract. Martin Miller (Miller, 2007) (KOSMA Gornergrat) reported in an email unexpected errors regarding
differential nonlinearity of the FFT-spectrometer ARGOS. One of the two AC240 boards in the crate of Acqiris
was measured using a broadband noise source. The results were compared with the AOS MRS and reported
electronically. For the FFT spectrometer an error in differential nonlinearity of about 5% below +10dBm was
reported. In this paper we wanted to try to verify and also to understand these measurements within a simi-
lar measurement setup. Three methods were chosen, one using a harmonic signal (cw signal), another using a
broadband semiconductor noise source and a third using band pass filtered broad band noise. The results will be
compared and discussed. The main reason for these differential nonlinearities is given by the differential and the
integral nonlinearities of the ADCs as already specified in the data sheet of AC-240.

Key words. resolution, full scale, nonlinearity.

1. Introduction

The FFT-spectrometer is composed of two independent
8-bit ADCs interleaved by 0.5nsec and sampling with
1GS/sec each. One ADC is responsible for the conversion
of the real part of the input signal, the other is respon-
sible for the conversion of the imaginary part of the in-
put signal. Both ADCs unfortunately have intrinsic errors
specified as differential and integral nonlinearity, see data
sheet (url at the bottom of this document). The specifi-
cation for differential nonlinearity is ±0.8LSB while the
integral nonlinearity is given by < ±1%FS. Thus, the
converted voltages are suffering from these systematic er-
rors and also the calculated power spectrum is influenced
by this unwanted effects. With three different methods
(Remark: rather time consuming) we wanted to verify the
sum of all nonlinearities coming from the ADCs, measured
at the spectrometer output.

Different acronyms used in labels and text are de-
scribed in table 1.

2. Measurements

Three measurement setup were selected. First just one
single frequency (monochromatic) in the middle of the
band. Second a complete broad band measurement using
a broadband noise source and third a broad band noise

Send offprint requests to: Christian Monstein, e-mail:
monstein@astro.phys.ethz.ch

Abbreviation description

ADC Analog Digital Convertor
AOS Acousto optical spectrometer
dBm relative power w.r. to 1mW
DUT Device under test
ENR Excess Noise Ratio
ETH Eidgenössisch Technische Hochschule
FFT Fast Fourier Transformation
KOSMA Kölner Observatorium für SubMm Astronomie
MRS Medium resolution spectrometer
NWA Network analyzer (hp8720ES)
rf radio frequency
Y-factor Power ratio Phot/Pcold, see (hp, 2004)

Table 1. Acronyms mentioned in labels and comments.

source filtered using a passive band pass filter (KOSMA-
like). All measurements were done using the same config-
uration, see table 2.

2.1. Conditions

All measurements were done in our office without any air
conditioning thus, the ambient temperature was varying
between 19.7 and 23.5 degrees Celsius during the mea-
surements. The AC-240 was not actively cooled using liq-
uid cooling system. Cooling was done just by the internal
cabinet ventilators. The board temperatures of both DUT
were constant at 29 degrees Celsius while the FPGA tem-
peratures varied between 52 and 58 degrees Celsius. We
tried to simulate the high frequency conditions at KOSMA
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Fig. 1. Schematic layout to measure differential nonlinearity
using broadband noise source as the input signal of AC-240.

Configuration AC-240: value

INPUT Number 1
Range 5.0V
Coupling AC 50Ω
Windowing rectangular=1
Sampling time 0.5nsec
On board integration 33msec per spectrum
Off-line integration 303 spectra
Total integration 10sec per data point

Table 2. AC-240 configuration.

using a cascade of amplifiers, optional band pass filter
and a cascade of low pass filters, see figure 1. The dis-
play of the power meter allows only ±0.01dBm readings
which leads to a statistical measurement error in the or-
der of ±0.23%. This has also to be taken into account
for the interpretation of figure 3, 6 and 8. For all tests
we used different attenuators from different manufactur-
ers (Midwest microwave, Narda, Suhner etc.). All these
attenuators have (according to NWA) systematic errors
in the order of up to ±0.05dB over the whole frequency
range. This errors have not be taken into account for the
evaluation of the nonlinearity-plots. For convenience, we
just took the labelled values expressed in dB of all these
different attenuators. All DUTs and all participating ac-
tive components were warmed up for at least 15 minutes
to get stable performances. The ANRITSU power meter
was calibrated (Zero-offset and 0dBm) prior to all mea-
surements.

2.2. Harmonic signal source

As a harmonic signal source we used a commercial
Rohde&Schwarz signal generator SM300 covering 9KHz
up to 3GHz. The input level was varied from -10dBm
down to -60dBm at a fixed frequency of 573.059082MHz.
The center frequency of the band pass filter locked to the

Fig. 2. Linearity plot for harmonic signal at 573.059082MHz as
a function of rf-input power expressed in dBm. DUT is AC-240
number 16’765.

Fig. 3. Differential nonlinearity (slope of plot 2) for harmonic
signal at 573.059082MHz as a function of rf-input power ex-
pressed in dBm. DUT is AC-240 number 16’765. Measurement
error bars for this test not available.

center of channel number 9389. For signal-power above
-10dBm the integration circuit was saturated as can be
seen in linearity plot figure 2. Thus, depending on on-
board-integration time (33msec in our configuration) the
input power must be kept below a certain level, in our
case below -10dBm!

2.3. Broadband noise source

The broadband noise source was a microwave semi-
conductor source manufactured by NoiseCom MSC7024
with 35dB ENR, see also figure 1. The band pass filter
(Option=disabled) was not in the rf path. A cascade of rf-
amplifiers was used to get enough rf-power to feed into the
ADC input of AC-240. In this configuration the maximum
rf-input power can be a couple of dBs higher than in case of
monochromatic input signal, see figure 5. The evaluation
of the Y-factor was analyzed not over the whole frequency
range but from channel 250 up to channel 15’100 corre-
sponding to a frequency range of 15MHz up to 921.63MHz.
This is to not get into conflict with decreasing noise power
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Fig. 4. Typical bandpass plot of broadband noise source dur-
ing hot/cold measurements using a fixed 10dB attenuator to
measure differential nonlinearity of AC-240.

Fig. 5. Linearity plot for broadband noise source as a function
of rf-input power expressed in dBm. Saturation of integration
circuit above +5dBm in AC-240 number 16’765.

of the noise source at the lower end of the frequency spec-
trum and also to not get into conflict with the decreasing
power at the higher end due to low pass filter cascade.

2.4. Broadband noise source with band pass filter

The broadband noise source was the same as in subsec-
tion above, a MSC7024 with 35dB ENR, see also fig-
ure 1. But the band pass filter 512MHz until 674MHz
(Option=enabled) was mounted in the rf path. This con-
figuration is KOSMA-like in the sense that we have a band
pass filter within the frequency range of the FFT spec-
trometer. Only in this specific configuration the linearity
is clearly ’non-linear’ in the order of +5% which is above
actual measurement errors. This, but only this setup con-
firms Miller’s measurement at KOSMA.

Fig. 6. Differential nonlinearity for broadband noise source sig-
nal as a function of rf-input power expressed in dBm in AC-240
number 16’765. Error bars indicate ±3σ.

Fig. 7. Linearity plot for broadband noise source signal as a
function of rf-input power expressed in dBm. Saturation of
integration circuit above +5dBm in AC-240 number 18’671.

Fig. 8. Differential nonlinearity for broadband noise source sig-
nal as a function of rf-input power expressed in dBm in AC-240
number 18’671. Error bars indicate ±3σ.
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Fig. 9. Bandpass plot of filtered noise source during hot/cold
measurements using a fixed 10dB attenuator to measure dif-
ferential nonlinearity of AC-240 number 18’671.

Fig. 10. Linearity plot for filtered noise source as a function
of rf-input power expressed in dBm. AC-240 number 18’671
having BNC connectors was measured.

3. Conclusions

In our measurements (independent of using monochro-
matic signal or broad band noise) we can not confirm mea-
surements of Miller reporting Y-factor > 1. Our normal-
ized Y-factors for both AC-240 are all in the order of 1.0±
measurement tolerances. The increase of the Y-factor can
only be confirmed in the very special configuration with
band pass filtered broad band noise in the rf-path. For the
moment we don’t have any explanation for this increase
of the Y-factor below -10dBm input power. We learned
again that input power should be chosen as high as possi-
ble but not too high. Not too high in the sense that neither
the ADC nor the integration buffer gets saturated. In our
configuration we have to stay below +5dBm for broad
band noise. Miller applied up to 18.1mW which is far to
much as far as we know now. This explains the decrease
of the Y-factor above 10mW which is already too much
to be measured. Thus, such measurements should be done
in the power range of −15dBm ± 20dB. At the moment
there are more questions than answers, see table 3.

Fig. 11. Differential nonlinearity for filtered noise source as a
function of rf-input power expressed in dBm in AC-240 number
18’671. Error bars indicate ±3σ.

Questionary:

Is impedance matching good enough?
What about temperature changes during measurements?
Was the power meter warmed up?
Was the power meter calibrated?
What about out of band noise?
What is the bandwidth of the power meter?
How is the spectral distribution of the noise source?
Troubles regarding side band noise?

Table 3. Open questions regarding measurement methods at
KOSMA.

4. Relevant internet address

4.1. Acqiris

http://www.acqiris.com/products/analyzers/
cpci-signal-analyzers/ac240-platform.html/
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