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1. Introduction

Transition-Edge-Sensor (TES) & HEATES project

✓ Improving the technical readiness levels (TRL) of TESs for future 
satellite missions (e.g., ATHENA, Lynx, and super-DIOS) equipped 
with TESs. 

✓ Unique probe of the K- nucleus strong interaction at the threshold 
energy 

✓ Clarifying the role of the strange quark and its composites in the 
equation of state of a neutron star. 

✓ Performance assessment test of 160pixels TESs. (September, 2013) 
✓ Succeed in measuring 6keV X-rays from pionic-carbon with an 

energy resolution of 7eV at PSI. (October, 2014) 
✓ Archive energy resolution of 6.7eV FWHM (on-beam), 5eV (off-beam) 

at 6keV X-rays. 
✓ Succeeded in measuring X-ray emission from kanoic-He(June,2018) 

The points of HEATES project

Results of experiments

Tatsuno et al. 2015
Hashimoto et al. 2016 

2. Group Trigger Function

3. Waveform Analysis with Group Trigger 4. Data Acquisition with grouping entire pixels
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Waveforms and channel distribution for the analysis in this poster
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Fig. 2 Schematic of the new TDM system. The eleven-row multiplexer chip (code-named “mux13b”)
contains all elements within the dashed box. Wirebonds are represented by thick arcs. Each SQ1 is a
four-element series array of dc SQUIDs. Each row element is turned on (the dc voltage bias provided by
“SQ1b” is routed to that row’s SQ1 series array) via application of flux (current into “Iad”) to that row’s
flux-actuated-switching SQUID. With zero flux applied, the switch superconducts and shorts the SQ1b
voltage. With 1/2 !0 applied, the switch resistance shifts to about 100 ", the SQ1 element receives the
SQ1b voltage, and the SQ1 achieves Rdyn ≈ 40 " (steep slope of SQ1) or Rdyn ≈ 15 " (shallow slope
of SQ1). When multiple mux13b chips are chained in series (to achieve more than eleven TDM rows), the
“out” and “FB1” bond pad pairs pass the bias/output and feedback signals from one chip to the next; these
loops are closed via wirebond shorts of each pad pair at the end of the chain. TES signals enter via “ITES.”
Input- and feedback-coupling values are Min1 = 245 pH and MFB = 28.8 pH, respectively. The off-chip
circuit is otherwise the same as in Fig. 1, with connection to the same shunted (RSA = 150 ") series array
(SA13ax), the same pre-amplifier, and a digital flux-locked loop

switched faster: the row-to-row switching transient is reduced from 240 to 128 ns
and the total row time from 320 to 160 ns. A new version of the room-temperature
digital-feedback electronics is capable of switching with this faster 160 ns row-dwell
time. The second advantage is that with the four-element SQ1 and without a SQ2, the
multiplexer chip produces significantly lower readout noise. The total open-loop noise
is s!1 = 0.19 µ!0/

√
Hz with the SQ1 on its steep slope (non-multiplexed; referred

to SQ1) and s!1 = 0.33 µ!0/
√
Hz with the SQ1 on its shallow slope. Quadrature

contributions (SQ1 on steep slope; all referred to SQ1) of the SQ1, SA, and pre-
amplifier are 0.18, 0.06, and 0.05 µ!0/

√
Hz, respectively. With 32 rows and on the

steeper SQ1 slope, the input-referred multiplexed noise is sI TES = 16 pA/
√
Hz (see

Eq. 1).
An initial test of the new TDM system yielded very promising results (see Fig. 3).

Running at the fastest row rate (trow = 160 ns) allowed by the new digital-feedback
crate electronics, a 1-column × 32-row array of NIST TESs achieved #EFWHM =
2.55 ± 0.01 eV average energy resolution at 6 keV in the 30 active sensors. Two
sensors had broken wirebonds. To date, this is the highest resolution demonstration
of multiplexed readout of X-ray TESs at this multiplexing scale. We are presently
designing a 960-pixel (24-column × 40-row) X-ray-TES-array package around this
new TDM architecture.
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Time Division Multiplex : TDM
- Switching time: 240ns
- Taking time to reload the same 

channel: 7.2us

- Developing for backup method in 
ATHENA mission planned to use 
Frequency Division Multiplexing 
(FDM) system

beside the helium target cell with a temperature of 4 K; thus radiation-shield windows of
50 mK and 3 K are installed in between TES array and target cell as shown in the inset
of Fig. 3. Therefore, some parts surrounding the target cell (e.g., 80 K radiation shield,
vacuum jacket etc.) of the existing setup will be modified.

2.2 TES microcalorimeter

We use a 240-pixel TES array designed for hard x-ray measurements developed by Na-
tional Institute of Standards and Technology (NIST). Figure 4 (a) shows a photograph
of the detector package. The array is on the top, where each pixel is wire-bonded for
the readout time-division-multiplexing (TDM) chip mounted on each four sides. Figure
4 (b) shows a photograph of the 240-pixel array. Each TES consists of a superconducting
bilayer of thin Mo and Cu films with an additional 4-µm thick Bi absorber [19]. The
absorption efficiency of this Bi layer is about 80% for 6.5 keV x rays. Each pixel has
an effective area of 320 µm × 300 µm, thus the total active area of the array is about
23 mm2. TES array is collimated with a gold-coated 275-µm-thick silicon to avoid the
unnecessary x-ray hit on the TES stage.

Figure 4: (a) A photograph of the detector package of the TES array. The array is on
the top, where each pixel is wire-bonded for the readout TDM chip mounted on each four
sides. (b) A photograph of the 240-pixel TES array. The gold-coated 275-µm-thick silicon
collimator is stacked when installed. Photos credit: D.R. Schmidt, NIST.

TESs are thermally isolated with the support of 100-nm thick silicon-nitride SiNx

membrane which limits the thermal conductance between TES and substrate. The sub-
strate is a grid structure of 275-µm-thick silicon wafer, the parts behind each TES are
removed. A thermal heat sink layer of 500-nm-thick gold is deposited on the backside of
substrate. This heat sink is connected to the low temperature thermal bath.

The TES array is operated at about 100 mK around the critical temperature, and
is cooled with a pulse-tube-backed adiabatic demagnetization refrigerator (ADR). The
pulse tube cools the system from 300K to 3K for 16 hours. Then 4-Tesla magnetic field
is applied to the two-stage salt pills∗ through superconducting coils. By releasing the
magnetic field adiabatically, the system is cooled down to 600 mK and finally to 75mK,

∗GGG: Gadolinium-Gallium Garnet, and FAA: Ferric-Ammonium Alum
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Photo credit : D.R. 
Schmidt, NIST

Gold coated 
Si collimator

W.B. Doriese et al. 
JLTD, 184, 1, 389, 2016 
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TES bilayer materials Mo/Cu

Size 300um x 320um

Num. of pixels 240

Effective area 23mm2

Absorber Bi (4um)
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H.Tatsuno et al. JLTD,184,3,930,2016 
S. Okada et al. JLTP, 176, 1015,1021, 2014

group trigger function

Microcalorimeter

Thermometer: T

X-ray energy: E
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capacity: C
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Energy resolution

highly sensitive detector 
using transition edge

primary pulse

secondary pulses

zoom up

a channel is triggered

trigger the neighboring pixels at the same time

๏ the signal of the first triggered pixel… primary pulse 
๏ the nearby four pixels’ signals… secondary pulses

store the waveforms

Poster ID: 114-243

Process flow of the group trigger
Refer to S. Yamada et al. (Poster, 117-61)

Refer to T. Hashimoto et al., (Oral, 26 Jul. 10:45-)

Useful method for reducing the crosstalk and 
restore energy resolution  

using the waveforms of neighboring pixels 

thermal and electrical crosstalk 
can be seen

electrical 
crosstalk 

Event reduction and improve 
S/N ratio

sec_pr_mean

peak region

1. calculate each 
averages of peak 
region for the 
secondary pulses 

2. The maximum of the 1. 
in the nearby four pixels 
is called “sec_pr_mean”

before 
reduction of  
electrically 

neighboring 

after 
reduction of  
electrically 

neighboring 

๏After reduction of the electrically neighboring pixels, the energy correlated component has disappeared 
→ We could distinguish the events which are really piled up by the charged particle effect.

Waveform feature of the secondary pulses

Improvement of energy resolution

๏Event cutting condition:  
1. save 95% of the total events 
2. parameter (sec_pr_mean) is optimized for maximum S / N ratio

CoKαCoKα

Refer to S. Yamada et al. (Poster, 117-61)

๏FWHM energy resolution is improved for ~ 0.7 eV  
by using group trigger cut (sec_pr_mean < 24)

Still room to improve energy resolution and S/N ratio
Refer to H. Tatsuno et al. (Poster, 104-203)

zoom up

primary pulse (chan 129)

zoom up

X-ray charged particle

X-ray
beam off: 5.25 eV 
beam on: 7.93 eV 
beam on (cut): 7.21 eV

Waveforms of whole active pixels

Distribution of max. of peak region

๏Thermal crosstalk can be seen at many pixels in the TES array 
๏piled-up secondary pulses were almost simultaneously with primary pulse 
๏some spikes in the waveforms: electrical noise 

๏X-ray signal: maximum of the peak region is random → heat penetration is not occurred 
๏Charged particle signal: right side is higher than left → heat penetrated from right 
➡succeeded in identifying the input particles using spacial energy distribution

charged particle


