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Introduction
The HI5741 is a 14-bit 100MHz Digital to Analog Converter.
This current out DAC is designed for low glitch and high Spu-
rious Free Dynamic Range operation. As a result of its inher-
ently high dynamic range, special care must be taken to
assure that any accuracy measurements made on the
device are not corrupted by external stimuli introduced by
the measurement equipment being used. The purpose of
this application note is to outline proven measurement tech-
niques (both static and dynamic) to assure accurate Digital
to analog converter performance is observed.

Measuring Spurious Free Dynamic Range (SFDR)

The Spurious Free Dynamic Range of the HI5741 DAC is the
most important specification for communication applications.
This specification shows how Integral Linearity, Glitch, and
Switching Noise affect the spectral purity of the output sig-
nal. Several important things must be noted first.

When a quantized signal is reconstructed, certain artifacts are
created. Let’s take the example of trying to recreate a
2.03MHz sine wave with a 1VP-P output. In the frequency
domain the fundamental should appear at 2.03MHz as shown
in Figure 1.

The fundamental of a pure 2.03MHz tone should appear as
an impulse in the frequency domain at 2.03MHz. In a sam-
pled system noise terms are produced near the sampling
frequencies called aliases. These aliases are related to the
fundamental in that they are located at ±fN around the sam-
pling frequency as shown in Figure 2.

So for a 2.03MHz fundamental and a 10MHz sampling rate
an alias term is created at 7.97MHz and 12.03MHz. A (SIN
(X))/X function shaping is also induced by sampling a signal.
Aliases continue up through the frequency spectrum repeat-
ing around the sampling frequency and its harmonics (i.e.,
2fS, 3fS, 4fS).

Since the highest spur (either harmonically or non-harmoni-
cally related) with respect to the fundamental will define the
dynamic range of the system, it is used to define the Spuri-
ous Free Dynamic Range of the converter.

Checking Your Setup

Measuring the spectral performance of high speed DACs
with high degrees of dynamic range presents an interesting
problem during the course of device or system evaluation. In
the case of the HI5741 in particular, the device in many
cases exhibits levels of dynamic range that either equal or
exceed those of the measurement device used.

The problem arises in that the noise floor performance
observed when using a spectrum analyzer to measure the
DAC varies depending on the settings for resolution band-
width (RBW) and mixer attenuation which are used. By adjust-
ing these two settings, one can artificially make the spectral
performance of the DAC look worse than it really is. This phe-
nomena can be attributed to a variety of factors, the most
dominant of which is the sensitivity of the analyzer itself. As a
general rule, adjusting the mixer (or internal) attenuation on a
spectrum analyzer should not result in any change in mea-
sured harmonic performance. A change in the harmonic

FIGURE 1. SIGNAL CHARACTERISTICS
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FIGURE 2. ALIASING CHARACTERISTICS OF SAMPLED
SYSTEMS

f

AMPLITUDE
(dB)

2.03MHz

0

-85

-50

FUNDAMENTAL

fS7.97MHz

ALIAS
(fS - 2.03MHz)

SAMPLING FUNCTION
(SIN X)/X

fN

No. AN9619 May 1996 Harris Data Acquisition



2

Application Note 9619

power of the signal is a good indicator of a possible saturation
condition on the mixer, which needs to be corrected prior to
making final measurements. Increasing the mixer attenuation
does have some drawbacks, however, namely an increase in
noise floor power, which needs to be compensated for by
decreasing the resolution bandwidth. This issue can be seen
by observing the spectral sweeps shown in Figures 3 and 4. In
both cases, a 2.03MHz fundamental was created at a clock
rate of 10MHz. In addition, 16dB of external attenuation was
used in all cases.

Figure 3 illustrates the output of the spectrum analyzer (in
this case an HP8560E) as seen with no mixer attenuation
using a resolution bandwidth of 100Hz. The first thing that
one notices by observing this figure is that the second har-
monic distortion is much higher than one would expect for a
14-bit converter (59.5dB below the fundamental).

In Figure 4, one can see the vast improvement in spectral
purity obtained by simply adding 20dB of internal attenuation
to the mixer. Note dynamic range over the entire band of
interest. Also of note is the increased noise floor characteris-
tic of the spectrum (approximately 15dB average increase)
over then entire band. As stated earlier, this is expected
when introducing internal attenuation.

The use of external attenuation can also play a significant
role in dynamic range measurements. As a rule of thumb,
adjusting the external attenuation of the signal (not to be

confused with the mixer or internal attenuation) should result
in a dB-for-dB drop in both carrier and harmonic power. If an
increase in external attenuation results in an increase in
measured dynamic range, the previous measurement was
once again limited by the analyzer.

All this being said, the fundamental problem still exists in that
one must still make dynamic range measurements in excess of
80dBc over a relatively large frequency span, a condition which
most modern spectrum analyzers cannot readily accommo-
date. As a result, the use of signal filtering needs to play an
important role in the course of evaluating performance.

The use of filtering can dramatically ease the problems
described above with respect to measuring dynamic range.
By using a good quality notch filter, one can eliminate the
need to adjust mixer attenuation and in turn bring to bear the
full dynamic range of the spectrum analyzer. Figure 5 illus-
trates the characteristics of such a notch filter.

The three fundamental characteristics which make the use
of a notch filter desirable for this type of testing are:

a) Attenuation of the Fundamental . By attenuating the fun-
damental, which is the spur with by far the most power in the
spectrum, one dramatically decreases the burden on the
spectrum analyzer to accurately measure the performance
of the device under test.

b) Quick Recovery . By making the attenuation band as nar-
row as possible, the filter again allows the evaluator to get an
accurate depiction of the device’s performance without hav-
ing to worry about attenuation of any harmonic distortion
generated by the converter.

c) Low Insertion Loss . While insertion loss in and of itself can
be dealt with when making measurements, lower insertion loss
makes the job of characterizing the HI5741 less cumbersome.

As one can see from Figure 5, the filter used to make the
described measurements possesses a >60dB notch with a
100kHz attenuation band and negligible insertion loss.

As stated earlier, the introduction of a notch filter to the sys-
tem allows the evaluator to bring the full dynamic range of
the spectrum analyzer to bear when making measurements.
As seen in Figure 6, this can result in a significant improve-
ment in the measured dynamic range of the HI5741.

FIGURE 3. SPECTRAL PERFORMANCE WITH NO INTERNAL
ATTENUATION

SFDR = 59.34dBcSFDR = 59.34dBc

FIGURE 4. SPECTRAL PERFORMANCE WITH 20dB INTERNAL
ATTENUATION

SFDR = 72.34dBcSFDR = 72.34dBc

FIGURE 5. NOTCH FILTER CHARACTERISTICS
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While these high quality filters can be quite expensive and
cumbersome to use at times, the goal of filter use is to ascer-
tain the actual device or system level performance, not
enhance it.

Linearity

Linearity measurements on Digital-to-Analog converters are
typically performed in a static state. An input code is gener-
ated and presented to the digital inputs of the converter. The
converter is then strobed (or clocked) to pass the data
through the converter. After a predetermined amount of wait
time has passed (to assure the output of the DAC has set-
tled), the output of the converter is then measured several
times (to eliminate the presence of noise) and an average
output voltage is recorded. Once all of the data has been
collected, an LSB (or Least Significant Bit) size is computed
based on the following equation:

Where FSR is defined as the full scale range of the con-
verter and n is the resolution (number of bits).

Once the LSB size has been computed for the converter
being tested, the linearity performance (both Integral and
Differential) can be computed by the following equations:

Where VCODE is the voltage measured on the load resistor
at a given code, VCODE-1 is the voltage measured on the
load resistor at the previous code and OFFSET is the offset
voltage of the converter (or voltage output at CODE = 0).

While the same fundamental concepts of measuring linearity
apply to high resolution converters as for lower (10 bits and
below) resolution DACs, special care must be taken to avoid
thermal effects from degrading performance. Unlike dynamic
testing, where the voltage created on a load resistor is chang-
ing very rapidly, the nature of linearity testing allows the ther-
mal characteristics of these resistors to come into play.

Typical temperature coefficient ratings for such resistors are
quoted to be in the 100ppm to 200ppm per degree Celsius
range. In the case of the HI5741, which has an LSB size of
approximately 60µV, this TC performance can result in as
much of 3 LSB of error in linearity. To avoid this, the use of
low temperature coefficient resistors (40ppm/oC maximum)
will effectively remove the effects of thermal drift from linear-
ity measurements of the HI5741. Refer to Figures 7 and 8
below for the typical linearity performance of the HI5741
using the methods outlined above.

Board Layout Considerations

A task that can be just as challenging, if not more frustrating
as making sure the measurement equipment being used
reports both repeatable and realistic numbers, is the that of
making sure that the evaluation platform (specifically the
PCB) does not introduce unwanted noise.

Series Termination Resistors  - As with any mixed signal
design, it is important to keep noise generated from high
speed digital signals from corrupting high accuracy analog
data. To assist with this effort, the use of series termination
resistors, which interact with the input capacitance of the
device, provide an adequate low pass filter. The choice of
resistor value depends on the requirements set by the sys-
tem being designed. The only restriction when choosing a
resistor value is that of voltage drop across the resistor,
which will be driven by the input current of the device. The
worst case specification for input current on the HI5741 is
700µA, which needs to be taken into consideration to make
sure enough amplitude remains to trigger the device.

FIGURE 6. SPECTRAL PERFORMANCE OF THE HI5741
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FIGURE 7. TYPICAL HI5741 INL
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FIGURE 8. TYPICAL HI5741 DNL
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The frequency response of the low pass filter can be deter-
mined by the following equation:

Where R is the series resistor being solved for, and C is the
input capacitance of the HI5741. Since the input capacitance
of the device will vary depending on lot to lot variation
through manufacturing, one should use the worst case
capacitance value of 5pF (as opposed to the typical 3pF
stated in datasheets) in determining the appropriate cutoff
frequency.

In addition to series termination resistors, trace lengths on
the digital inputs should be kept as short and closely
matched as possible. At high frequencies, large mismatches
in trace lengths on the data lines can generate excessive
noise and in extreme cases can result in a setup time viola-
tion on the DAC.

Output Loading  - Care should be taken to assure that the
loads on the two analog outputs of the DAC (IOUT and IOUTB)
are as closely matched as possible. Trace lengths should be
closely matched and high precision resistors should be used
to assure any impedance mismatch is minimized as seen
inside the device.

Power Planes  - Careful consideration must be taken when
laying out the power planes of high speed devices as well. In
the case of the HI5741, this consists of three power planes
(VCC, VEE and GND).

Since the only device connection to VCC is strictly digital in
nature, the VCC plane can be one solid sheet as long as it is
appropriately decoupled to the digital ground plane.

In the case of VEE, particular care should be taken since this
is the substrate potential of the HI5741. In order to avoid a
loop which will create additional noise at the device, the VEE
supply should be brought in at one central location, and dis-
tributed to the VEE plane through a ferrite bead connection
(to reject high frequency noise) to the device as seen in Fig-
ure 9 below.

In addition, supply decoupling should be placed as close to
each pin as possible.

Separate ground planes should be provided and tied
together at one central, low impedance (<10Ω) location.

Conclusion
As had been outlined in this document, the task of making
realistic accuracy measurements on a 14-bit Digital to Ana-
log converter such as the HI5741 can be a demanding task.
By using the procedures described, the evaluator will be able
to obtain a true picture of the actual performance of the
device or system being evaluated. Using filtering, low drift
resistors and following the board layout guidelines pre-
sented, make it possible to achieve dynamic range measure-
ments in excess of 80dB.

fCUTOFF
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----------------= (EQ. 4)

FIGURE 9. RECOMMENDED SUPPLY CONNECTION
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