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Application Note 80

Summary

Multiple cascaded digital step attenuators (DSAs) can be used to meet a higher attenuation requirement.
Normally, one DSA has approximately 30 dB attenuation range. Some applications need a higher attenuation
and, to achieve this, multiple DSAs can be cascaded in series. In this cascaded configuration, many different
attenuator setting combinations exist that can achieve the same required attenuation. This application note
considers the optimization of those settings for a reduced attenuation value error and the resultant improvement
in accuracy for a defined frequency band.

Introduction

In this example, an application needs a 0 to 80 dB attenuation range with a 1 dB resolution. Multiple DSAs, each
with a 32-dB range, are cascaded in series to provide the required attenuation range. Each DSA has an error
associated with each attenuation setting. This attenuation error can be either positive or negative. When
cascaded, the total attenuation error will be the sum of each DSA attenuation error. This means that each atten-
uator setting required to achieve the overall desired attenuation value can be selected to minimize the combined
cascaded attenuation error. As each DSA has a 0.25 dB resolution, we can also use the 0.25 dB resolution to
correct for more gross attenuation errors to achieve the 1 dB resolution required.

In this application note, we consider minimizing the attenuation error by generating an optimized lookup table for
each required cascaded attenuation value. We can further reduce the error by only considering the error over
the required application frequency band. In this example, we use four cascaded DSAs. This gives additional
flexibility to achieve improved accuracy over the required 0 to 80 dB range.
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Attenuator Implementation

Figure 1 shows an example circuit board used to implement an 80 dB attenuator circuit using several DSA
devices in series.

Figure 1 = PCB Board Implementation

This design is detailed in the pSemi Application Note 72. In this example four PE43712 DSAs are connected in
a series-cascaded configuration. The initial analysis of the total attenuation error uses a 1 dB resolution, with
sequential binary settings from 0 to 20 dB for each DSA serially cascading through the DSA chain. This
achieves all attenuation settings between 0 to 80 dB. A sequential binary sequence means the first DSA is set
for the values 0 to 20 dB, with the second DSA only being addressed for total values 20 to 40 dB, the third for
values 40 to 60 dB, and so on.

Figure 2 on page 3 and Figure 3 on page 3 show the error in the attenuation setting for the binary sequenced
cascaded attenuation.
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Figure 2 = 1 dB Resolution Binary Cascaded DSA Attenuation Error vs. Frequency
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Figure 3 » 1 dB Resolution Binary Cascaded DSA Attenuation Error vs. Attenuation Setting
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These figures show there is significant attenuation error for frequencies above 3 GHz.

This example is aimed at the sub-6 GHz, 5G market, specifically the frequency bands n77, n78 and n79. The
optimization is considered for the two frequency ranges 3.6 to 4.2 GHz and 4.4 to 4.9 GHz used in Japan 5G.
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For the optimization in a narrow band, the candidate attenuation step sequences were searched in the pool of
the multiple attenuation combinations with multiple DSAs. The optimization is implemented by searching best
average attenuation error across the whole band of interest. The optimization algorithm is not the purpose of this
application note but in general, for each DSA setting that produces the correct attenuation state, the attenuation
error is summed across all the VNA frequency points with the state showing the minimum total error being
selected.

Note: If each DSA has 128 possible states, and four DSAs are cascaded, then there are a total of 1284 or 268
million different settings for the whole range of states of the cascaded design. With a 0.25 dB DSA resolution,
the limit states of 0 dB and 127 dB each have one possible setting, with the mid-range 64 dB state having 1.4
million possible settings. In this application, only a 1 dB increment is required, but the 0.25 dB resolution can be
used to attain the most accurate attenuation value. This gives the 64 dB state a total of 5.6 million possible
settings; this is shown in Figure 4.

Figure 4 » Number of Possible Settings for Each Attenuation State (0.25 dB Resolution)
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Narrow Band Optimization (3.6 to 4.2 GHz)

The following figures show the results of the optimization in the frequency band 3.6 to 4.2 GHz.

Figure 5 and Figure 6 on page 6 show the errors in the attenuation value when using sequential binary settings
within the frequency range 3.6 to 4.2 GHz. Figure 7 on page 7 and Figure 8 on page 8 show the reduced error
after the optimum setting has been selected for each state.

Figure 5 = Attenuation Error Before Optimization for the Narrow Frequency Band 3.6—4.2 GHz, Plotted Against Frequency
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Figure 6 = Attenuation Error Before Optimization for the Narrow Frequency Band 3.6—-4.2 GHz, Plotted Against Attenuation
Setting
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Figure 7 = Optimized Attenuation Error for the Narrow Frequency Band 3.6—4.2 GHz, Plotted Against Frequency
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Figure 8 = Optimized Attenuation Error for the Narrow Frequency band 3.6-4.2 GHz, Plotted Against Attenuation Setting
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Narrow Band Optimization (4.4 to 4.9 GHz)

The following figures show the results of the optimization in the frequency band 4.4 to 4.9 GHz.

Figure 9 on page 9 and Figure 10 on page 10 show the errors in the attenuation value when using sequential
binary settings within the frequency range 4.4 to 4.9 GHz. Figure 11 on page 11 and Figure 12 on page 12
show the reduced error after the optimum setting has been selected for each state.

Figure 9 = Attenuation Error Before Optimization, Plotted Against Frequency
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Figure 10 = Attenuation Error Before Optimization, Plotted Against Attenuation Setting
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Figure 11 = Optimized Attenuation Error, Plotted Against Frequency
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Figure 12 = Optimized Attenuation Error, Plotted Against Attenuation Setting
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Optimized Lookup Tables

The following tables are examples of optimized attenuator settings. These tables have been produced using a
specific optimization algorithm. This algorithm has not been detailed in this document, and although it produces
the desired result, many different algorithms are possible. Therefore, these tables should not be assumed to be

a definitive solution.
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Figure 13 » Optimized Table of DSA Control Registers for the Frequency Band 3.6 to 4.2 GHz
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Figure 14 » Optimized Table of DSA Control Registers for the Frequency Band 4.4 to 4.9 GHz
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- Reducing the Attenuation Error
Semi 8

Application Note 80 for a Cascaded DSA Design

Conclusion

The attenuation error in a cascaded DSA design can be significant. We have shown that by using the flexibility
of ‘spare’ attenuation bits along with a suitable optimization algorithm, this error can be reduced considerably.
The errors can be reduced further when considering a narrow band of operation.
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