Programmable RF Attenuator

Unit-to-Unit Consistency — three units compared

OZ9AAR - www.moonbounce.dk

Three units, identical build (L1 = 5.1 kQ resistor, 10 nF DC-block caps), each independently characterized on five bands.

144 /432 /1296 /1420 /2320 MHz = 58 mdB
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Overview

Three production units of the programmable attenuator — serial numbers 85035312, 29657387, 51349789
— were each characterized independently on 144, 432, 1296, 1420 and 2320 MHz, using the same R&S
NRP-Z11 power sensor and SMU200A generator. All three carry the identical build (L1 = 5.1 kQ resistor, 10
nF DC-block capacitors), so the comparison below reflects genuine unit-to-unit manufacturing consistency,
not design changes.

Headline result

* Across all five bands and all 128 codes, the three units agree to a mean of = 58 mdB (0.058 dB), with
the worst-case single-code spread = 0.23 dB.

* All units are monotonic on every band.

* The spread is dominated by the highest-attenuation codes; through most of the range the units agree
far more tightly (tens of mdB).

e Passthru and insertion-loss figures track closely between units — within ~0.02-0.08 dB on the lower
bands, a little wider at 2320 MHz.

Full-scale attenuation by band

144 MHz 31.733 31.737 31.873 +140 mdB
432 MHz 31.757 31.759 31.987 +230 mdB
1296 MHz 31.577 31.658 31.687 +110 mdB
1420 MHz 31.441 31.570 31.472 +129 mdB
2320 MHz 31.856 31.677 31.762 +179 mdB
Full-scale attenuation by band and unit
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Full-scale (code 127) attenuation for each unit and band. Differences are within ~0.1-0.23 dB — the DSA’s part-to-part
variation at maximum attenuation.
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Passthru and insertion loss

Passthru (bypass path) and attenuator-path insertion loss (code 0), measured by through-calibration so
cable losses cancel.

Passthru loss (dB)

144 MHz 0.150 0.141 0.142 +9 mdB
432 MHz 0.302 0.296 0.312 +16 mdB
1296 MHz 0.635 0.602 0.634 +33 mdB
1420 MHz 0.408 0.410 0.460 +52 mdB
2320 MHz 1.074 1.213 1.173 +139 mdB

Insertion loss, attenuator path at code 0 (dB)

144 MHz 1.295 1.287 1.270 +25 mdB
432 MHz 1.574 1.554 1.557 +20 mdB
1296 MHz 2.408 2.380 2.407 +28 mdB
1420 MHz 2.255 2.224 2.303 +79 mdB
2320 MHz 2.407 2.449 2.439 +42 mdB

Insertion loss is very consistent between units (within ~0.02-0.08 dB). Passthru agrees tightly on the lower bands and
widens a little at 2320 MHz, where the bypass path’s higher loss and match variation contribute more.
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Code-by-Code Consistency

The most demanding comparison: how closely do the three units’ individual per-code attenuation values
agree? For each band, the plot shows the spread (maximum minus minimum of the three units) at every one
of the 128 codes.

Unit-to-unit attenuation spread (max—min of 3 units)
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Unit-to-unit spread per code. It stays low (tens of mdB) across most of the range and rises toward the highest codes — the
multi-bit states at high attenuation, where part-to-part DSA variation is largest.

Band
144 MHz
432 MHz
1296 MHz
1420 MHz
2320 MHz

Mean spread

63 mdB

90 mdB

59 mdB

35 mdB

43 mdB

Max spread
140 mdB
230 mdB
111 mdB
129 mdB
179 mdB

Deviation from the mean (1296 MHz example)

RMS (from mean)
34 mdB
51 mdB
28 mdB
20 mdB
26 mdB

Per-unit deviation from mean at 1296 MHz
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Each unit’s per-code deviation from the three-unit mean at 1296 MHz. The units sit within a few tens of mdB of each other
across the whole range.

Transfer curves overlaid

Transfer curves at 1296 MHz — 3 units overlaid
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The three units’ transfer curves at 1296 MHz — overlaid and visually indistinguishable at this scale, which is the point:
unit-to-unit differences live in the tens-of-mdB detail, not in the gross response.

Conclusion

* The three units are highly consistent. With identical components, they agree to = 58 mdB mean
across all bands and codes, and are monotonic everywhere.

* Where the units differ most (high-attenuation codes, and passthru at 2320 MHz), the spread is still only
a couple of tenths of a dB — and irrelevant in use because each unit carries its own
individually-measured calibration table.

» This is the key point: because every unit is characterized individually, the small part-to-part differences
are calibrated out. Each unit delivers its own true attenuation regardless of the manufacturing spread
shown here.

* The consistency also validates the build — the 5.1 kQ / 10 nF configuration produces repeatable results
across units, not just within one unit.
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