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The SQUID signal is linearized using flux-ramp
modulation [1]. The demodulation algorithm measures \
the phase shift of the flux-ramp response during each

ramp: sampling rate = flux-ramp rate (f).

[1] Mates et al., J. Low Temp. Phys., 167, 707 (2012)
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For an unknown signal, it's impossible to
distinguish a phase shift of > 1t from < -11. So0,
the nominal limit on current slew rate (in A/s)

o fr/2M;p,

where @, Is the magnetic flux quantum, and M.
Is the SQUID input coupling strength.

between samples is:

greater than 2Tr.

We make two assumptions:

1. The flux-ramp response is linear; if the phase shift Is
> 11, then the value reported by the demodulation
algorithm is correct modulo 21

2. The slew rate Is greatest at the start of the pulse and

decreases until the peak

A Mo/Au bilayer TES was used to measure Ti Ka x-rays (4.51 keV).
More on Mo/Au TES development: J. Weber, Orals LM 003: FAB, 24 July 2019, 12:15

Resonator bandwidth = 2 MHz. Flux-ramp amlitude = 2d,, making the maximum sampling rate 500 kHz.
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f didn't know what the signal should look like, then the slew rate
Imit would be strictly ®.f/2M. . However, during a pulse, we
Know which way the current is slewing. So, we can correct
nulse events where the phase shift is greater than 1, or even
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The demodulation algorithm
reports a phase shift for each ramp
period between -1t and 1. A pulse
may traverse more than 21 (more
than 1 @), so the data are
unwrapped before being sent to a
software client that collects and
stores pulse data.
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If the falling edge slew rate is
the demodulation
algorlthm correctly tracks the falling
edge. Then, identifying events that
need correction Is easy:

after the pulse, the baseline
drops 1 @, below the

pre-trigger baseline (blue trace).

consecutive samples

(black) should be largest

after the trigger and

decrease until the pulse
peak because the slew rate is highest at the start of a pulse. In
this example, the error has occured at sample 261. We correct
the pulse by adding 1@, to samples after #260 (red).
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Standard unwrapping: if consecutive samples differ by a phase shift
of >, shift the data down by 2m. If they differ by <-1t, shift up by 2.
Left: raw data after demodulation. Right: before (blue) and after (red)
unwrapping. The max phase shift is <1, so demodulation succeeds.

Biased unwrapping: For phase shifts >1t, standard unwrapping may shift
data in the wrong direction (black trace). But, during a pulse the largest
phase shift occurs on the rising edge. So, we "bias" the unwrapping
algorithm: if the ratio of falling edge to rising edge slew rate is X, shift
differences of >2(1-X/2)1t by -21, and differences <-Xmt by +211. The
effective slew rate limit is (1-X/2)®f/2M. ..
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