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Abstract - In this paper is presented methods for testing dyingparameters DA converters with Multi-Tone
signals. Results of this test with discrete multie¢ signal and equivalent amplitudes, AM and FVnhalg
compared with standard Single-Tone Fourier Transfdrest.

|. Introduction

Standardized methods f&@ingle Tone Testf ADCs and DACs ar&ine Waved-it Testand Discrete Fourier
Transform Test1], [2]. Typical dynamic parameters aEENOB (Effective Number of Bits),THD (Total
Harmonic Distortion), SNHR (Signal Non-harmonic Ratio)SINAD (Signal Noise and Distortion)SFDR
(Spurious Free Dynamic Range) and Bamruble Tone Tess defined théMD (Inter Modulation Distortion).
Effective Number of Bits determined by standard deviation of differeneéween reconstructed and fitted
signalse

ENOB=n- |og2§(bit) @

where g = 27" /4/12 is ideal quantization error af bit ADC. Following ADC parameters can be identifie

from spectral analysis of digitized single sine waignal.
Total Harmonic Distortionis to the ratio of the first harmonic frequendyto root-mean-square (RMS) of the
harmonicdJ;

THD =—— (2)

=2

Signal Non-Harmonic Ratigs the ratio of the RMS value of the first harmoffiequencyU; to the RMS
amplitude of the output noidéyr (Noise Floo)

SNHR = ®)

NF

Signal Noise and Distortiors the ratio of the RMS value of the basic frequyetacthe mean value of the root-
sum-square of all other spectral components, beluding dc component.

SINAD = ,/SNHR? + THD? 4)

Interdependency betwe&ignal Noise and DistortioandEffective Number of Biis for single sine wave signal
with FS DAC range given by following equation

SINAD = 602ENOB + 176[dB] (5)

Dynamicrange of tested DACs can be characterized by paea®purious Free Dynamic Rangehich is ratio
of the RMS value of the basic frequeridyto RMS value of next higher harmonic or non-harirmn@momponent
Unm.
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SFDR = 1. ©)
U

m

Inter-Modulation Distortioncan be several determined from spectrurMatfti-tone signals.IMD is the ratio of
mean value of the RMS of the inter-modulation piddu Frequencies of multi-tone signals are chosen a
comprise numberdue to interference reduction between frequencies

When it's necessary to analyze frequency charatieof mentioned parameters, these tests arévediatime-
consuming. One possible way how to decrease duorafidhe test is to drive input of DAC by poly-hasnic
signal [3]. Application of frequency swept signahieh is suitable for economic tests of DAC testiag
described in [4], [5].

I1. Test with Multi-Tone Signal

The multi-tone signal with discrete frequency comgats is defined by formula
. 7
Upr :zui sin(wt) 7)
e

whereU; andw, i = 1,2,.m are amplitudes and frequencies$pectral component.
Signal Noise and Distortioaf tested DAC is dedicated

SINAD,,, = (8)
The effective number of bisgiven by equation
ENOB,, = SINAD,,; — 4,77+ 20logCF,,; (bit) ©)
602
The Crest Factor Clyy of this poly-harmonic signal is
2.V
CTyr =—= (20)

For equivalent frequency componehbtss 1/2m s Crest FactorV2m.
In Table I. is summarize@rest FactorsCF, depending oSignal Noise and Distortior8SINAD andEffective
Number of BitAENOBfor multi-tone test signals.

TABLE |. DEPENDINGOF SINADAND ENOBBY MULTI-TONE SIGNALS

Number of Tone 1 2 4 8 16 32 64 124 256
CFur V2 2 22 4 42 8 8\2 16 16/2
ASINAD(dB) 0 -3.01| -6.02| -12.04 -15.05 -18.06 -21.p7 4.08 | -27.0
AENOB (bit) 0 -05 -1.0 -15 -2.0 -25 -3.0 -3.4 -4,

For input voltage equal to full-scale of the DAGsitnecessary to satisfy following condition.
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[11. Test with Amplitude M odulated Signal

The amplitude modulation is created by forming prtdof carrier signal and modulation signal. If we
considered zero phase shifts in both signals, veawrefs given by next equation

Uy, =, +U,, coso, t)Bine,t =
U (11)
U, sino,t +7m[sin(con ~o, )0 +sin(o, +o, )]

Modulation depthm,, =U /U, affects character of frequency spectrum of thenadigFor myy <1 we

considerDual Side BandDSB amplitude modulation, its spectrum containgriea with frequencywo, and
amplitude |} and two sideband components with frequencieg,and amplitudeéJ /2.

If the amplitude of the carrier signil, = 0 the carrier frequency is eliminated but treebands are preserved.
This is called Double-sideband suppressed-canr@arsiission. In fact we can use it as Dual Tong wéth
symmetrically distributed spectral components. 8igmocessing is the same as in classic Dual Tartbods.
Signal generated by this way is possible to fihgdiMS error method Multi tone Fit Test. Easier wayobtain
results is to do spectral analysis of AM signal.

The Signal-to-Noise and Distortio8INADyy is from amplitude modulated signal defined by fatan

Ur ,Un
12
SINAD,, = 2 U42 2 (12)
ZUfZ_ n _~m
i=kM /2,k:1,2l,.. 2 4

Effective number of bitis equivalent defined by formula (9). Tleest Factor Clgy of amplitude modulated
signal is given

_1+2m,,

CF,, = 13
AM m ( )

For input voltage equal to full-scale of the ADGsitnecessary to satisfy following condition.
In Table Il. is summarize@rest FactorsCF, depending oignal Noise and Distortiol&SINAD and Effective
Number of BitAENOBfor AM signals.

Table Il. Depending oc8INADandENOBby AM signals

Maw 0.25 0.5 1.0
CFam V2 2N1.25| 3f2

ASINAD(dB) 0 -2.09 | -352

AENOB (bit) 0 -0.35 | -0.58

V. Test with Frequency M odulated Signal

Principle of frequency modulation consists in madioih of carrier frequency according the
expressiom,, (t) = o, + Amcosmt , whereAw is frequency deviation of modulated signal amg = Aw wy, is

modulation index. Waveform of the frequency modedagignal is

. Ao .
Upy :Unsm(mnt +—°°smmmtJ (14)

O

Spectrum of thé=M consists of carrier frequenay, and symmetrically displaced spectral componentiraato

carrier «y, with multiples of frequencyy,. Amplitudes of spectral components are given bgsBés function
first order with argumemw wy,.
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In Table Ill. is amplitudes of the spectrum of fueqcy modulated signal are shown fapdulation index
Mew = Aw/w,in range from 0O to 2.

Table 1ll. Spectral magnitudes of FM signal
Mem n n+m n+2m n+3m

0 1.00
0.25 0.98 0.12
0.50 0.94 0.24 0.03
1.00 0.77 0.44 0.11 0.02
1.50 0.51 0.56 0.23 0.06
2.00 0.22 0.58 0.35 0.13

Modulation indexes 0.25, 0.5 and 1 are suitabledfpramic DAC testing. Hence, the amplitudes ofaodiier
spectral components are smaller than the amplibfidarrier frequency.

Fitting this signal is similar as in previous cakés also possible to udeMS error methodMulti-Tone Fit Test
but for this case is very hard to optimize much enparameters. Another way is to evaluate a signapéctral
domain and determirgignal Noise and Distortion SINAR

SINAD,,, = 602ENOB,,, + 4,77(dB) (15)
Crest FactorCgy for FM signal is independent modulated index anelgual 1.

V. Experimental Test System and Results

For verification of this method has been ug$aata Acquisition Systerwith PXI Controller PX1e8130 from
National Instruments. For generation of multi-t@ignals has been us&tultifunction Data Acquisition Module
NI PXle-6251 with 16 bit ADCs and 16 bit DACs. Fali experiments has been reconstructed basic gjnals
with frequency 5 kHz with sample frequency 1,0485/%/s. The output signal from 16 bit DAC under test
has been used digitizer NI PXI 5922 with nominalblation 16 bit and with sample frequency 15 MSa/s.
Examples of time and frequency spectral plots faltirtone signals are shown in Fig.1 to Fig. 8.
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Figure 1. Time and FFT plot for 1 tone test Figure 2. Time and FFT plot for 2 tone test
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Figure 3. Time and FFT plot for 4 tone test Figure4. Time and FFT plot for 8 tone test
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Figure 5. Time and FFT plot for 16 tone test Figure 6. Time and FFT plot for 32 tone test

I I il { L

I il
0 2000

I I I i H i il i
2000 6000 ) 0000 12000 14000 16000 16000

Figure 7. Time and FFT plot for 64 tone test FigBr&ime and FFT plot for 128 tone test

Experimental results of these methods are preseant&dble Ill. It's obvious thaENOB is decreasing with
number of used tones in multi-tone methods in comepa with single-tone method.

Table Ill. Results for discrete multi-tone DAC test

Signal BW | SINAD| ENOB| SNHR| THD | SFDR
(kHz) | (@B) | (bit) | (dB) | (d@B) | (dB)
m=1 5 88.4 | 14,4| 885 -96994.5
=2 10 | 862| 140/ 873 -94/5913
=4 20 | 841| 137 848 -| 865
= 40 | 829| 135 843 -| 844
m=16 80 | 792 | 130| 815 -| 833
m= 32 160 | 764 | 126| 792 -| 814
m=64 320 | 738 121| 764 -| 794
m= 128 640 | 706 | 116| 753 -| 77
AMsignal | 50, 10| 861 | 143| 745| - | 751
mav = 0,5
AMsignal | 50, 10| 856 | 139| 745 - | 751
Mav =1
FM signal
Mo 05 |50%20| 852 | 142| 736 - | 67.3
FMsignal |\ gy, 30| ga6 | 141| 734| - | 624
Mew = 1
- not defined

The parameterENOBandSINADiIn Table Il isaveragevaluein frequency bandwidtBW of tested signals.
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VI. Conclusions

The aim of this work is to verify possibilities &AC testing using poly-harmonics signals. This aignare
generated by internal 16 bit DACs Multifunction Data Acquisition Modul&ll PXle-6251. Signal processing
of these signals in time domain using fitting methds quite complicated.

For Multi-tone signals with equivalents amplitudeghe theoretical depending of Signal Noise anstddtion
ASINAD= - 3 dB/ton and depending of Effective NumberBits AENOB= 1Am bit, wherem is number of
tones. For amplitude modulated signals is dependBIgNAD= - 2,1 dB andAENOB= 0,35 bit for modulation
depth 0,5 andSINAD= - 3,5 dB andAENOB= 0,6 for modulation depth 1. For frequency mothadaignals is
not depending oSINAD and ENOBThe practical results is approximately equivaleith theoretical results
with differenceASINADO 0,5 dB.

The advantage of this method is time reduction aswkrtaining parameters in wider frequency rangbout
need of measuring their frequency characteristisa@vantage of this method is indeterminafi¢ttD andIMD.
Therefore it is possible to suppose, that statedhogls finds application in industry in less demandi
economical tests.
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