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Abstract

POLARBEAR-2B (PB-2B) is the second of three cryogenic receivers of the Simons Array (SA) Cosmic Mi-
crowave Background (CMB) polarization experiment. SA will measure mid- to large-scale CMB anisotropies
in order to constrain the tensor-to-scalar ratio (o(r = 0.1) = 6 X 107%) and the sum of the neutrino masses
(o(>_ m, = 40meV). PB-2B contains over 7,500 Transition Edge Sensor (TES) bolometers cooled to 250 mK
and read out using Digital Frequency-Division Multiplexing (DfMux). Stray impedance in the DfMux circuit im-
pacts TES characterization and TES performance. Here we report in-lab characterization of the DfMux circuit and

TES wafers that will be fielded with PB-2B.

1 Digital Frequency-Division Multiplexing (DfMux)

POLARBEAR-2B uses DfMux [1] to simultaneously bias and measure 40 detector channels with a
single pair of wires between the 4 K SQUID amplifier and the 250 mK detector stage. Each detector
1s put in series with a resonant LC filter with a unique resonance frequency. An AC voltage bias 1s
created by driving a current, /.,,rjer, through a 30 mS) bias resistor, Ry, ., and applied to the entire
set of detectors. In the analysis below, we will consider a simplified model of the bias circuit as seen
by an individual TES in which we combine the multiple sources of stray impedance into a stray series

impedance and stray bias inductance.
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Figure 1: Left: DfMux circuit used to bias and measure TES detectors in PB-2B receiver. Right: Bias circuit seen by a
single detector in DfIMux scheme. R, is a stray series resistance that arises from stray inductance in cryogenic wiring and
connectors, dielectric loss in capacitors, and contact resistance of connectors.

1.1 Stray Series Resistance

Stray series resistance in the DfMux cir-
cuit forms a voltage divider with each
TES (Fig. 1). The voltage bias and
voltage across the TES, respectively, are
given by:

%ias — ]carrieerias (1)
and
Rrpgs
Vigs = Vi, )
TES bzasRTES i Rs

We measure Rg ([?,) by taking the ra-
tio of Vy;,s V1 pg) to I when the TES 1s
superconducting (normal).

1.2 Stray Bias Inductance

Figure 2 shows that 17, as measured us-
ing the technique 1n Sec. 1.1 has a resid-
ual dependence on bias frequency. This
1s explained by a stray bias inductance
in series with [,;,s 1n Fig. 1, which
causes us to underestimate V},,. at high
bias frequencies [2]. Because resistance
and power are calculated using Vj,,.,
they are underestimated as well. The
impedance of the stray bias inductance
is 6 mO(r{47) (Fagp)

To measure the stray bias inductance, we
assume that the TES normal resistances
do not depend on bias frequecy and that
the trend we see 1s due to a stray bias in-
ductance. We simultaneously fit the nor-
mal resistance measurements for an en-
tire TES wafer using a model with one
stray bias inductance per bias resistor
and one TES normal resistance.

Once we have determined the stray bias
inductance values, we apply the below
multiplicative correction to all measured
voltages, resistances, and powers

2 TES Characterization
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Figure 2: Top: R, measured as described in Sec. 2.1 and
best-fit model from Sec. 2.2 are plotted against bias fre-
quency. Middle: A histogram of L;;,s values for forty-three
bias resistors measured as described in Sec. 2.2 is shown.
Bottom: Series stray resistance values measured for over
1,300 TESs on three TES wafers are shown. The stray bias
inductance correction described in Sec. 1.2 has been applied.
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2.1 TES Power Balance with Stray Series Impedance

Following [3], we derive the small-signal power balance equation. Conservation of energy requires:

5P0pt -+ 5P€l€(ﬁ -+ 5Pbath = qwo k. (4)

To simplify notation, we will drop the subscript on V},,. and refer to it as V' and a subscript 0 will
represent a steady-state value. The quantities of most interest to us are 0V, 0.1, and 0P, since they
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are what we can control and/or want to measure. Using a first-order Taylor series expansion of Ohm’s
law and R = R(T’), we can express Eq. 4 as

)+1+iw70)57[ - 6)
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In Eq. 5, L is the TES loop gain defined as £ = % and 7 1s the intrinsic time constant of the TES.

2.2 IV Curves

We measure IV curves to characterize PB-2B TESs as described in [4] with the addition of the stray
bias inductance correction as described in Section 1.2. Additionally, we use equation 4 to calculate
loop gain from IV curves. Considering that the voltage steps are done slowly and under constant
optical loading, the loop gain 1s given by the below equation:
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Figure 3: Top left and right: Histograms of turnaround power and normal resistance, respectively, for three TES wafers
that will deploy with PB-2B. The turnaround powers are bimodal because PB-2B will observe in two frequency bands.
The lower power band is for 90 GHz observations and the higher power band is for 150 GHz observations. Bottom left
and right: Current and loop gain plotted as a function of applied voltage bias for detectors optimized for 90 and 150 GHz.

2.3 Responsivity and Time Constant

The TES responsivity and time constant under a constant voltage bias can be derived from equation 35:

01 1 L
51 = 5P - Vi pRrEso—Rs
opt 0 RTES:O+RS + 1 +wm s |
(7) To=33 +/-4 ms
70 20 -
T CRTES,O_RS 1 (8) 15
Rres o+ 10
Equation 8 shows that the time constant 1s 5
increased by the presence of a series para- 0 I
sitic impedance. This 1s because the series
impedance weakens the voltage bias on the 2> To =33 +/- 9 ms
TES and reduces the effectiveness of elec- 207
trothermal feedback. 1>
We measured the time constants of tuned de- % 107
tectors using a thermal source chopped at fre- % >
quencies between 4 Hz and 33 Hz. At each § 0
tuning point, the chop frequency was varied g 55 |
and the TES response was fit to a single-pole o 204 To=31+/9ms
model to retrieve 7. We fit the model in equa- E 15

tion 8 to the measured loop gain, resistance, 10-
and time constant data to obtain a value of 7.
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