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At SRON 6 setups for testing of the detector and read-out chain are available and these are
described in the attached document (FDM setups, 22 May 2018)
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Summary of FDM setups at SRON

Introduction

We have 6 FDM setups currently operational at SRON. There are 4 similar
experimental FDM systems, namely XFDM, FDM_probe, FDM_large and EFDM that
each can read out 18 TESes (fig. 1).
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Fig. 1. A picture of the XFDM setup with 18-pixel FDM readout system.

There are also two identical 40-pixel readout systems, namely 40-pixel-A and
40-pixel-B, which can accommodate large (i.e. 1k-pixel) TES arrays (fig. 2).




Fig. 2. Pictures of the 40-pixel-A setup that can accommodate 1k-pixel TES array and
readout capability of 40 pixels at the same time.

Readout Circuit

In principle all readout circuits are very similar to what is shown in fig. 3. The AC
bias is provided by the DEMUX digital electronics at the bias lines that go
through the Front-End-Electronics (FEE), where the series bias resistance is set
and continues to the cold part. There we typically have a shunt resistor, followed
by a capacitive voltage divider and the LC resonators. Each resonator is in series
with one TES that defines its frequency channel. If necessary, a transformer chip
is used in between to match the impedance of the TESes to the readout circuit.
All signals are then come together at the summing point and read out by a
FE-SQUID and amplified by an AMP-SQUID.
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Fig. 3. Schematic picture of the bias circuit of the FDM setups

The signal is then further amplified by an LNA and demodulated by the DEMUX,
which also provides the feedback signal to lock the SQUID (fig. 4).
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Fig. 4. Schematic picture FDM readout system 1nclud1ng the baseband feedback (BBFB).

There are small differences between the setups that are summarized in Table 1.
XFDM and FDM_probe setups are currently used to demonstrate the ultimate
performance of the X-IFU TES detectors and the multiplexing. FDM large is
dedicated to SRON detector development. EFDM setup is the Engineering
channel to test different components in the readout change independently but is
fully capable of characterizing detectors too. 40-pixel-A setup is assigned to
demonstrate large array readout capabilities. 40-pixel-B is now used for VTT
SQUID tests in cryogenic temperatures but later this will be used to test the
X-IFU DM arrays and after that SRON 1k-pixel arrays.

Table 1. Summary of the parameters in experimental FDM setups.

Parameter XFDM
Shunt 0.75Q
Capacitor divider 01:25

LC resonators

LC18-2 7a (18-pixel; 2uH)

FDM_probe
0.75Q
01:25
LC17-6 Chip 2 (18-pixel; 2pH)

FDM_large
0.1Q
01:25
17-12 chip 3 (18-pixel; 1uH)

Transformer SC11-1 chip 8a (1:3 Lp=32nH) SC11-1 7b (1:2 Lp=48nH) SC07-2 chip 4a (interconnect)
FE SQUID VTT J3 (Ret N) VTT J3 (Ret M) VTT J3 (Ret P wafer #28)
AMP SQUID VTT F5 (CGGH#5) VTT F5 (EIG#1) VTT F5 (IGG#3) on coldfinger
Snubber at summing opint 50-1nF 5Q-1nF 5Q-1nF
Best Xray results 1.8eV 1.9eV 3.9eV
Parameter 40-pixel-A 40-pixel-B EFDM
Shunt 1.0Q 0.27Q 1.0Q
Capacitor divider 01:25 01:25 01:25
LC resonators LC17-1 chip 1b (40-pixel; 2uH) LC17-1 chip 1a (40-pixel; 2uH)  LC18-x chip 3 (18-pixel; 1uH)
Transformer SC10-3 chip 4a (1:8 Lp=10.3nH) none none
FE SQUID VTT J3 retO Varies (VTT K1) VTT J3 (ret V wafer#28)
AMP SQUID VTT F5 IEGH#9 Varies VTT F5 (ret.1 ‘¢’ or p)
Snubber at summing opint 5Q-1nF//6.8 pF no 5Q-1nF
Best Xray results 3.6eV No array No array

For each of these setups there are log files for each run that the all the changes in
that run is documented. Appendix 1-5 are examples of such log files.




Appendix 1
XFDM setup overview
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Wirebonding overview: XFDM setup Run 71

Prepared by: Kevin Rav$nsber
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Figure 1. XFDM setup with uniform A6 GSFC TES array, as of LC run 71.
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1 Modification overview:

In run 71 the transformer chip was replaced with a 1:3 ratio version from the same wafer, also all 18
channels have a TES connected to go for 18-MUX factor measurements.

In run 71 the TES array was replaced with the uniform pixel size GSFC A6 - array, previously the A4 uniform
array was used. New gold wire bonds have been placed to thermalize the new TES array as good as possible.
In run 66 we added the "'snubber" circuit to the LC-filter summing point. This is a lowpass RC-filter
consisting of 5 Ohm resistance with 1nH capacitance in series, the circuit itself is a connected parallel to the
Input SQUID input coil, damping all high frequency oscillations that pass through the summing point line of
the LC filter chip.

1.1 Au-wirebonding

The 13 (RetR VTT) 6-SQUID array SQUID has an added Au wire bond parallel to the Al wire for better
thermalization of the SQUID. Also the AMP-SQUID already had two Au thermalization wire bonds between the
SQUID bias pads and PCB (from Run 52). To improve the thermalization of the ACbias shunt resistance, here
one Au wire bonds is connected to the large interconnect chip.
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Figure 2. TES array after placing thermal Au-wire bonds from clamps and bracket.

20+ wire bonds per side should keep the array as close to the bath temperature as possible, we did notice a
significant high amount of thick bump bonds from previous experiment at NASA Goddard on other chips.
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1.2 Replaced AC-bias shunt resistance
With the updated LC-filter we needed a 0.75 Ohm shunt resistance value, instead of the 0.1 Ohm used until
Run 62.

Figure 3. Stacked 1.5 Ohm SMD resistors on the copper PCB as new AC-bias shunt resistance.
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1.3 Kevlar suspension - modified in Run 61

From Run 61 on the Kevlar suspension was modified to no longer damage the fragile wire by clamping the
screw. Now there is a washer with a cylinder inside that keeps the wire from touching the brass screw.

A test was done to try at what tension on the screw the Kevlar wire gets damaged, and with maximum power
it did not break.

Figure 4. XFDM setup with modified

Cu-plate thickness: 11mm
Cu-plate diameter: 110mm
Kevlar wire section length (1/6t" of total): 124mm
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1.4 Uniform A6 (100um) TES array (Goddard) Run 71

In Run 71 we placed TES array A6 from GSFC on the setup. There are various defects on corner pixels, which
have not been connected this run.

Figure 5. A6 TES array from GSFC.
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1.5 LC-filter chip - 2uH version (LC18-2 7a with 12/18 resonators connected)

A new 2uH coil LC-filter is used with a on chip summing point at the SQUID side. The bias capacitor division
C/Cbias=25 instead of 10 from the previous design, so the shunt resistance has been increased to
compensate.

Figure 6. LC-filter chip LC-18-2 Chip 7A
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1.6 Trafo chip 1:3 ratio (wafer SC11-1 chip 8a) introduced run 71

An all 1:3 trafo chip is used on the setup, with estimated coupling factor of the order of 0.9.
Primary coil has an inductance designed to 32 nH.
All transformers are expected to work well from room temperature measurements.
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Figure 7. SC11-1 chip 8a, all 1:3 ratio trafo chip.



SRON

Athena

Doc. no.: SRON---2017-000
Inst. no.:

Issue :
Date : 13 April 2018
Cat :

Page : 80of 15

1.7 Snubber circuit

To damp the possibly troubling high frequency oscillations (100MHz+) between the Input SQUID and LC-filter
chip, a lowpass RC-filter has been added to the setup in Run 66. An identical circuit was tested in the
previous run on the Probe, where it improved the SQUID stability (cleaner V/Phi response and no/few

oscillating noise peaks).

Figure 8. Snubber circuit as used from LC run 66 in the XFDM setup.
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2 Wirebonding overview

A set of 18 TES pixels have been connected between 1.1MHz - 5MHz, with a representative frequency
spacing of ~100kHz between most of the LC filter channels. This array only has 100um size TES’s with

absorbers. We have 18 pixels available for MUX mode experiments.
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Figure 9. Close up image of trafo - TES pad wire bonds, as of 13-4-2018.
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2.1 Overview of setup

The 2uH coil LC filter chip has been connected again, chip LC 18-2 chip 7a rev 14.0. Together with a 1:3
ratio transformer interconnect chip (SC11-1 8a).

Table 1. Wirebonding overview of TES devices, 23-2-2018.

Frequency Trafo Est.
LC-nr Trafo nr 7 TES nr Frequency
(kHz) ratio k=0.8 (kHz)
1 1100 3 3 6 (stripes) 1091,14
2 1200 1 3 2 (stripes) 1190,34
3 1300 9 3 13 1289,53
4 1400 7 3 11 1388,73
5 1500 15 3 19 1487,92
6 2000 13 3 17 (stripes) 1983,90
7 2700 6 3 10 (stripes) 2678,26
8 2800 3 8 2777,46
9 2900 12 3 16 2876,65
10 3000 10 3 14 (stripes) 2975,84
11 3100 18 3 23 3075,04
12 3200 16 3 20 3174,23
13 4000 11 3 15 3967,79
14 4600 5 3 9 4562,96
15 4700 17 3 22 4662,16
16 4800 8 3 12 4761,35
17 4900 14 3 18 4860,55
18 5000 2 3 3 4959,74
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The TES's are from the A6 (Uniform 100um TES design) array, which was not tested at GSFC before.
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Figure 10. LC-filter # vs location of connected TES on array (quadr=1, but array was rotated).

TES’s which have been identified as possibly broken: 0 26 31

On the other side: 10? or 21?

All these have been avoided, except for TES #10, but this one should be on the other quadrant (might be
mistaken with rotation/mirroring of microscope image!). See pictures below for the microscope image.
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3 Schematic overview:
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Figure 11. Circuit diagram of LC resonators / TES between AC-bias and FE-SQUID (example for
single resonator).

AMP SQUID feedback applied via Input coil! This F5 SQUID was used in the XFDM-Probe before, showing
no/little distortion in the V-Phi curve.

The G1 SQUID has been replaced by a 13 array-SQUID (6), which should show a decreased change in noise
as a function of flux set-point.

Location of Snubber added to simplified diagram above, mounted in LC run 66.
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4 Pictures

Figure 12. GSFC A6 array as it arrived at SRON, before mounting in LC run 71 (8-3-2017).

Several bent and a few broken membranes are visible with polarized light microscopy.
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Figure 13. Kevlar suspension, with copper thermalization straps to the 50mK plate.
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S@x@[\l\q 18 pixel FDM v14.0

Coils 2000 nH, F = 1.1 to 5.0 MHz, C/Cb = 25
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Figure 14. LC-filter design v14.0 with integrated summing point.
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FDM_probe setup overview
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Experimental setup overview: X-FDM_Probe Run 71

Prepared by: LG, Kevin Ravensberg

Figure 1. Setup with VTT J3 (Ret M) FE-SQUID and EIG#1 F5 AMP-SQUID, TES array A5, picture
from before Run 71.
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1 Modification overview:

This run GSFC A5 TES array (mixed size with/without absorbers) is mounted in combination with a LC17-6
chip 2 2uH LC filter chip (not changed) and the room temperature tested 1:2 transformer chip SC11-1
chip 7b with Lp=48nH. The summing point chip has been removed and is integrated now in the new LC
filter chip. SQUIDs have not changed, F5 EIG#1 and ]3 RetM. The J3 SQUID input coil has been wire-bonded
again to the new LC-filter chip, only 1 needed replacement wire-bond for Run 65_2. Snubber was added to
input coil of 13 SQUID in Run 68.

NEW pixels connection scheme as reported in the table

AR N T IR LT M
A2 AL BT TS TR Y

L

AR Y

LI TR

Figure 2. New 1:2 ratio transformer chip, introduced on 10-4-2018.
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1.1 Overview of setup

Here an overview is given of the connected TES's and LC-resonators. The transformer chip 7b from wafer
SC11-1 used is all 1:2 ratio version. Changes made this run were:

Table 1. Wirebonding overview of TES devices (10-4-2018).

LC-nr Frequency Trafo nr

(MHz)
1 1.1
2 12
3 13
4 1.4
5 1.5
6 2
7 2.7
8 2.8
9 2.9
10 3
11 3.1
12 3.2
13 4
14 4.6
15 4.7 n.c.
16 4.8
17 4.9
18 5n.c

NOTE: TES,trafo and LC filters
TESchip: 0123 HE6HS

15
13

12
10
18
16
11

N N N N N N N DNNDNDNDNDNDNDNDNDNDNDNDN

Trafo ratio

TES nr Est.
Frequency
(kHz)

8 1.1

1.2

13

14 1.4

24 1.5
22 2

13 2.7

11 2.8

20 2.9
16 3
31 3.1

27 3.2
18 4

12 4.6

- 4.7

15 4.8

23 4.9
5

ads order from left to right on the FDMbracket is:
i) 19 20 21 22 23
Trafochip: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
LCfilterchip: 2 18 1 8 14 7 4 16 3 10 13 9 6 17 5 12 15 11

10111213

1516 17

Measured Freq.
(kHz)

Unchanged pixel

25 26 27 28 29 30 31
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1.2 Trafo chip SC11-1 7b (1:2 48nH)

In run 71 a new transformer chip was introduced on the Probe, with a yield of 18/18 expected from room
temperature measurements. To minimize the stray inductance effect, the transformer chip was placed as
close as possible to the TES array. This resulted in a bigger gap between the LC-filter chip and Trafo chip,
but longer bond wires here should have a negligible stray inductance effect as the secondary coil and LC-
filter inductance are above 2uH while the primary trafo coil is 48nH.

1 ey vy 0y
LTI L1 e T

FALNS 8 g

Figure 3. Trafo chip, with 1:2 ratio transformers, as introduced in Run 71, 10-4-2018.
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1.1 Wafer LC17-6 Chip 2 (18-pixel; 2 pH)

# OK Remarks
TES input strip-line 18 O.L. (> 40 MQ)
Bias summing point 15 MQ
Squid summing point O.L.
Capacitors 17 C03 = 3.5kQ
Bias capacitors 18
Coils 18 From optical inspection. Value around 140 kQ

Chip can be used for 17 pixels

An extra dicing step was necessary to make the chip fit on the Cu-bracket, this was done with great help
from Kenichiro Nagayoshi.

Figure 4. LC filter after mounting on the copper bracket.
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1.2 Goddard A5 mixed TES array

Figure 5. GSFC A5 array, zoom of TES structures.

Figure 6. GSFC A5 array, zoom of absorbers.
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Wafer 17.6

Athena-1 G

PVD
* 0.5 um membrane

* Au 2.30 um (50% more than nominal) / Bi 3.39 um

TES Size Stripes Rn C@Tc
(um) P (mOhm) (PJ/K)

15 120 0 84.6 327 125 0.95
11 100 0 84.4 30.4 104 0.91
20 75 0 84.9 25.8 77 0.84

16 50 0 86.6 224 59 0.86
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Mix Chip g

50 um 75 um 100 um 120 um 50 um 75 um 100 um 120 um

AN

Regular Bank
(6 um /3 um)*1

Stripes

) No Bank

Narrow Bank
Bum/1.5um

*1) width / overlap

TES 0 & TES 19 should not be connected.
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1.3 Snubber - or lowpass RC-filter at Input SQUID

Figure 7. Snubber / lowpass RC-filter circuit in parallel with Input SQUID.

The snubber consists of a 50hm (see Zchar2) resistor and 1nF (see C1) with a 1pF (not needed in model, see
figure above). Introduced in Run 68, connected to the summing point of the LC-filter chip.
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Rev1.1 29-09-2017
.param Rbias=1 Csum=330p Zchar=1G Rbond=1p Zchar2=5 Rt=62m Cpres=0.4p

*.step param Cpres list 0.4p 2p 5p 10p 15p
*.step param Rbias list 100m 750m 1
*.step param Rtes list 1m 25m 62m 100m 1 L3 R4
*.step param Zchar2 list 251G

*.step param Csum list 100p 930p 3n 5n
*.step param Rbond list 1p 1m 10m 100m

;tran 0 25u 100n 25p

Zchar2
{ < }

‘ac dec 5000 500k 1G
— —I e — | e — —l
I BiasA |WarmA ColdA — bias ToSq - Sqin
| Bias_Source | | Bias_Cable : | Resonators : L22n {R%%nd}
e 1as arm (o] esGn gqre
Ref BiasB —| WarmB struct COldB [+ ResGnd | SqRef
L______ > - L i 2n {Rbond}
out
e — — —l e T T T — — I
Sqln—l| in out >90ut Colda WarmA E1
| Double Squid I | Output_Cable } ﬁo
SaRef— refin refout [ Sarerout (COldB gy WarmB 1
AV

V(SqOut, SqRefOut)/Ix(x1:in)

Figure 8. Two SQUID transfer, between I_SqlIn and V_SqOut, with snubber on input SQUID
(Green). Without snubber (blue) shows a strong 100MHz oscillation.
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Figure 9. Current probed at Input SQUID (input coil), without snubber (grey line) with snubber
(magenta line).

1.4 Pictures

ey

B YOV 5% Y

PoiE = S

Figure 10. Au-thermalization wire-bonds.
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FDM_large setup overview
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Wirebonding Report: (X)FDM_Large setup Run Groningen 12 - Cooldown94
Prepared by: Kevin Ravensberg, Pourya Khosropanah, Kenichiro Nagayoshi, Emanuele Taralli

Figure 1. New SRON TES calorimeter array R7 installed for run G12.

Table of contents:

1 Modification OVeIrVIieW: . .. i i ria s sr s s s s aa s saam s s s saassaansaansaannaannsannsaannannnsnnnsns 2
1.1 1] 2 1AV I SV = 1 3
1.2 Thermalisation WIir€bONAS ... ..o e et r et e e e et e e n e e e aneens 3
G B O I @ 1 U ) I o - Tl PP 4
1.4  AMP-SQUID cold finger (no changes for Run 58 or Groningen 1, Groningen 2) ......ccvvvevvieiiinniinennns 5

2  Wirebonding OVerVIieW ..cuueiieeisirsse i sresresrs s sms s s s s s sra s s ra s aa s e s a s n s a s a st am s nanannnnnnns 6
2.1 (@ V2T V11T Ao ) =T = o U o 7

3  CUu-COllimator Plate iiucir i i rerr s rra s s r s rr s s s s s r s Er s Er i m B E R R AR R RN R R REERREA R n 8

S 5 W 1] = 1 5 = RS 9



Doc. no.: SRON---2016-0007??

SRON st

Date : 24 April 2018
Cat :
Athena Page : 20f9

1 Modification overview:

In run G12 a new SRON TES array is introduced, with 120um 100um and 80um sized devices.

We introduced LC-filter 17-12 chip 3, dc-interconnect SC07-2 Chip 4a to have enough channels for all
available TES devices and minimize read-out problems with a Snubber at the Input SQUID input-coil.

The 13 input SQUID is new and F5 output SQUID on the cold-finger is as before, the TES array has been left
untouched and Fe55 X-ray source #1 is installed on the Al-shield of this setup since February 2017
(Willem-Jan Vreeling can be contacted for info on this source).

)

—_ ﬁ TES 2

LC-resonator
I DCinterconnect

Bypassed inductive divider

Summing

Racsias (FEE-set)

point Cmain
AC-bias D Cbias TES
(DEMUX) 50h

m
1nF+5.8pF

4‘

- Input coil
Shunt resistance (0.1Q)  Capacitive divider (~1/10) AMP-SQUID (VTT F5)

FE-SQUID (VT J3) g
4
Feedback
(DEMUX) Feedback via T2
Vequa / errorsignal

Rfeedback (FEE

+ patch

=
connector L @ AMP Flux offset

Figure 2. Circuit diagram of LC resonators / TES between AC-bias and input SQUID.

The routing of the AC-bias and Feedback lines are still changed in the looms of the LC-cooler, by a patch in
the Cryo-patch PCB mounted next to the setup.
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1.1 SRON TES array
SRON TES array R7, 120um 100um and 80um devices are connected.

-

Figure 3. SRON TES array R7 (wafer ?), with full Au-absorbers in center 5x5

TES devices 14, 16~25 are not usable on this array and should not be connected!

1.2 Thermalisation wirebonds

No Au-wire bonds have been placed on this array, as this array has a copper thermalisation layer on the back
of the chip already and no bondable gold surface on the top.
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1.3

J3 SQUID placed

Figure 4. 33 input SQUID ret R, as of 26-4-2018.

This SQUID has worked in the previous runs, left as it was for Run G6. In Run G12 the connection to the
summing point on the LC-chip was redone, as the LC-chip was replaced for a newer version with summing

point on chip.

@ o
o ) ° ° -
=
8 W 2
N S
=N
L 3
[ 1]
° s
[]
Qg0 s

0 %) re .
W ] 1

m 5kohm

El 0 ohm
2kohm g °

FrF Ty sy rses

18000000
(o #/os sieieia = 00

Figure 5. New FEE-patchboard layout, required to apply feedback via Loom 1 (wire 3-4).
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1.4 AMP-SQUID cold finger (no changes for Run 58 or Groningen 1, Groningen 2)

E !
. Input / FE-SQUID Bias

0

Figure 6. AMP SQUID (VTT F5 - IGG#3) on cold finger PCB. Figure 7. Cold finger PCB overview.

The 10-pin loom connector was connected with nr 1 indicating triangle at the middle of the cylinder circle.

PN

Figure 8. Connector position on cold finger, triangle indicates loom nr 1.

Table 1. Ohm-out of resistances at 300K / room temperature.

. J8 cryopatch-
Cold Finger signal e (A, Rikoun) b‘:)a':d
AMP SQUID V+- 23 3.510 89
AMP Fx_1 +- 101 28.910 110
FE SQUID bias 54 0.051 67
AMP input coil (4pins male) 96.800 to bracket
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2 Wirebonding overview

No change to the LC-filter (1000nH coils) has been made for Run G6, faulty/broken LC's are # 8.

No transformer chip is needed for the TES's and LC filter combination. DC-interconnect chip SC07-2 chip 4a
was introduced in run G12, together with LC17-12 chip 3 (18nm a-Si Phillips). No defects were found on the
interconnect chip, but LC08 has a missing top wire section between summing point and LC-resonator and
should not be used.

.
L e -o.,'c,'...."“..\ﬁ}‘

Figure 9. Al-wire bond connections between LC-filters, DC-interconnect and TES array, 26-4-2018.
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2.1 Overview of setup

New frequency distribution, real frequencies will be ~100kHz lower than designed frequency.

Table 2. Wirebonding overview of TES devices, 26-04-2018.

LC-nr Design Stripline TES nr Expected Frequency (kHz)
Frequency nr
(kHz)

1 1100 16 3 1000
2 1200 18 1 1100
3 1300 11 8 1200
4 1400 13 6 1300
5 1500 6 13 1400
6 2000 7 12 1900
7 2700 14 5 2600
8 2800 -

9 2900 8 11 2800
10 3000 10 9 2900
11 3100 - 3000
12 3200 5 15 3100
13 4000 9 10 3900
14 4600 15 4 4500
15 4700 -

16 4800 12 7 4700
17 4900 -

18 5000 17 2 4900
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3 Cu-collimator plate

A new collimator plate was made and is used in run Groningen 2 (cooldown 81). The aperture in this plate
was filled to match the exact location of the detector array on chip. With the R7 array this collimator chip still
should work, but it exposes a larger area of substrate around the array to X-rays.

i S

Figure 10. TES array viewed through collimator plate from camera top-view.

1A ATt o w‘\ ';‘
| ”m | ",éwmhm@uuo'
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4 Snubber

A RC-lowpass filter has been introduced at the input coil of J3/Input SQUID, also known as a snubber. The
chip has a 5 Ohm resistance in series with a 1nF // 5.8pF capacitance and should filter strongly for
frequencies above 10MHz between the LC-filter and SQUID.

Figure 11. Snubber chip introduced in run G12, 26-4-2018.



Appendix 4
40-pixel-A setup overview
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Abbreviations and acronyms

Item Meaning

FDM Frequency Domain Multiplexing

GSFC NASA Goddard Space Flight Center

SQUID Superconducting Quantum Interferrence Device

Reference Documents

[RD#] Doc. Reference Issue Title

[RD1] SRON-XIFU-RP-2016-003 1.0 Measurement report LC 17-1

[RD2] SRON-XIFU-RP-2016-005 1.0 Measurement report Trafo chip SC10-3
[RD3]

[RD4]

[RD5]

[RD6]
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1 Introduction

In this document the status of all connected devices for each 40px experiment run/cooldown will be
documented, a new version will be made for every run and stored in the respective folder on:
https://owncloud.sron.nl/owncloud/index.php/s/YVW5erIjbQHgHtP

2 Wire-bond overview

This is an overview of the connected SQUID's, LC-filters and TES devices for the ninth cool down of the 40
pixel FDM - A experiment. Previously the LC-filters have been connected to the input SQUID and the ACbias
shunt resistance had been increased from 0.27 to 1.0 Ohm, to prevent unmanageable Q-factors (we damp
the intrinsic Q-factor that reached > 100 000). 31/36 available LC-filters have been connected to TES's, see
the table below for a detailed overview. Due to an issue with the SQUIDs in the setup, we re-did the wire
bonding of the Input SQUID in Run 64. This did not solve the issue so in Run 65 we re-did the Output SQUID
wire bonding too. Here we discovered that one of the Au-wires to the Output SQUID input coil was only
loosely laying on the Cu bond-pad on the PCB, not properly connected anymore as was the case in Run 62.
In Run 67 one of the LC-channels (LCO5 with trafo #20 and TES#30) has been removed, it showed strange
behaviour at 50mK (no response to small excitation currents). Kevlar suspension has been added in Run 67.

e =

“R‘MR’QV N

sl NN
ufnlu.\l

b A

Y.

—

J

N 2 L

o
Rshunt = 1.0 Ohm ol ooy ¢

on AC-Bias line \"

Figure 1. Overview picture of the 50mK bracket of 40 Pixel FDM - A for Cooldown 5, LC Run63.
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LC filter # | Trafo # TES # Design Frequency Q-factor comments
frequency measured fitted
(MH2z2) (kHz2)
1 4 6 1.1 1066.726 8293.98
2 2 2 1.2 1167.505 8895.21
3 12 17 1.3 1261.223 9913.15
4 10 15 1.4 1359.482 9847.77
Removed in Run 67
6 18 28 1.6 1553.113 11266.75 Changed in Run 71
7 28 43 1.7 1649.043 11311.80
8 26 40 1.8 1747.959 12736.83
9 36 n.c. 1.9 1844.399 13619.81 Possibly connect 56
10 34 53 2 1944.873 14289.61
11 8 11 2.1 2037.962 13898.44
12 6 8 2.2 2136.707 13717.85
13 16 24 2.3 2232.059 16501.39
14 14 21 24 2328.009 15792.68
15 24 37 2.5 2421.977 15967.29
16 22 34 2.6 2524.459 18570.99
17 32 49 2.7 2621.812 19069.16
18 30 47 2.8 2722.982 20586.39
19 40 n.c. 2.9 2816.389 18235.51 Possibly connect 63
3 2921.631 18690.02 Possibly connect 59

23 37 n.c. 3.3 3210.415 21599.60 Possibly connect 57
24 39 n.c. 34 3306.711 22561.51 Possibly connect 60
25 21 33 3.5 3398.992 22288.09

26 23 36 3.6 3494.01 21982.83

27 13 19 3.7 3593.995 23642.05

28 15 23 3.8 3693.249 22878.23

29 5 7 3.9 3790.974 25278.17

30 7 10 4 3882.492 23671.57

31 33 51 4.1 3987.179 28427.34

32

33 25 39 4.3 4175.827 25554.87

34 27 41 4.4 4271.555 26426.52

35 17 26 4.5 4369.363 22921.30 Changed in Run 71
36 19 29 4.6 4464.971 22196.59 Changed in Run 71
37 9 12 4.7 4565.036 26027.27

38 11 16 4.8 4663.911 26881.85

39 1 1 4.9 4768.182 26482.76

40 3 4 5 4858.547 29426.2
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2.1 LC# vs array location

[34]- [28]
5138](1]
- [29]
]

[12]

[26](3
[31](8] I3
[25
[15]

6
{30]

[18jie] 1111
[10}- [37]

[40]
[171(33]
[71 (18X

[
[13)141
(3]
[27]

2]
39]
41
]

Figure 2. [LC-filter #] plotted as location on the TES array (32x32 pixels), pad nhumber can be
found in table above.
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2.2 Designed wire bond scheme

Diagram of the wire-bonds planned for this setup:

Detail page TES / trafo S RON Chip 42
‘ \

AIS"‘ LE ’”!l‘ﬂilll" |l‘l'i‘"]]‘""|"‘|l'fhﬂf

- Place 80 bonds per side between TES and trafo chip. (use Al 25um)
Leave all ‘b™-inputs of the trafo chip unconnected. These inputs are only used when the pixel on the ‘o’ input is damaged.

- Place multiple gold bonds in the lower left and upper right corner of the TES towards the bracket. ( irmi)
- Place multiple gold bonds between the four corner sections of the TES. (i 40 750m)

L N N R L e e Dexcrptice Drawing Nambder Project
General note:
| place al bondings such that there is space left on the boendpads to allow for Bonding diagram S0mk experiment 40pix-B 332-K-2860 XIFU
| future rework! | SRON A3 hsdoc st i
IS P PRI U S N U U S U U U P —— | Ny e s s s bmew Shest a0l =

Figure 3. Wirebond plan for large TES array 1 (GSFC-LA1).

e Next run the Au-wirebonds between the left/right bottom/top gold thermalization planes have to be
placed (not yet placed in this run)!
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Detall page Trafo / LC-filter
Al 25pm i \
ANNAN ANNN NANN NANAN NANANAN nNnAAN ANANAN AANAN NARAN NANN T

= T e =

——SRON

For gach channel:

1. See plot above

Short circuit all LC input pads with a bond wire (total 2x40). (Use Al 25um)

Place bond as far as possible fram the edge of the chip for future bonds to the trafo.

2,
Check Q-response of al LC filters inside the cooler

3.
Remove all short circuit bonds

4. See plot below
Connect ‘high-Q’ filters 1:1 to the corresponding trafo output (max 2x80). (Use Al 25um)
Leave ‘low-Q’ filters with open input.

| Al25um ‘ ‘

- ﬂﬂﬁﬂ“ﬁﬂﬂﬂ g

e ‘ SRON

BE :ER :BE R PR :HE :EH EE cEE GEE GHE GEE GEE EH GEE

Gen e,a' Y I Descripbon Drawing Number Project
I Place all bondings such that there is space left on the bondpads to allow for I Bonding diagram 50mk experiment 40pix-8 332-K-2860 XIFU
| future rework! SRON A3 S :)-:::‘ol o
P e s s e i s s i s ces _aus ws 1o

Figure 4. Trafo - LC filter wirebond scheme, now 36/40 LC-filter have been connected to the
transformer chip.




SRON

*SIFU

REPORT

Doc. no.: SRON-XIFU-RP-2017-023
Inst. no.:

Issue :1.01

Date : 23 February 2018

Cat
Page : 9o0f 23

Detail page LC-filter / input-squid

‘ - Remove soldermask on red marked areas on input stage PCB (332-R-3000)

For each input-stage squid:

1

- Place J3 squid ad the edge of the PCB, aligned to the bond pads of the LC-filter
chip. Use ‘rubber cement” to fix the squid to the PCB.

- Apply 4 wire bonds on the output to the bond traces ( )

Top finish of the squid bond pads (Nb of Ti) might prevent banding with gold.

Apply an extra aluminum bond in parallel before each gold bond wire!
Apply2wire bondsof the dsquidtothe thermalpad{ o s ugt

- Apply 2 wire bonds 1o connect Bias and GND to the LC filter chip. ( Spm)

7%
Test the squid performance without the LC filter connected,

3y
- Apply 8 wire bonds between LC filter chip and the input squid. (Use Al 25um)

Due to an error the - output of the LC chip is aligned to the + input of the squid:

BBy
£ Egz (*not possible to place thermal bonds due to size
: g thermal pad. Will be solved in 332-R-3004)
r—-————-—-—- - —_——_———_——————
Au 25k General note: |
- =3 ® l Place all bondings such that there is space left on the bondpads to allow for '
4 = l future rework!
T —————— —— — ——— — —— — — — )
& x Descripnion Oryanng umBar Progect
Bonding diagram 50mk experiment 332-K-2652 XIFU
] ad Oramn R Waf: TR
DRON A3 Dm“ MI—;O.V : :{;_-’
BobAupaciiteloiee Sast  oid
—

Figure 5. 50mK bracket with input SQUID of FDM channel 1.
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- Remove soldermask on red marked areas

o~ (11T - 25
Aot J5 ;c.-;‘ = :L-
ey 2 1. c' - ;w

3 Héaderd 1

ich ) T &

& aetal

Kopkpt ¥
] X
B4 | :
"1 )
DIEE:

— 1 "
= = v
Tl e, (..} 5,7
—

BN

=TS

v » SRS

l/ 3

Ll )

\ !

SQON 332R30#1 -~ £ - Place F5 squid in the middle of the copper area, aligned to the bond pads.
Use ‘rubber cement’ to fix the squid to the PCB.
-Apply & 4" wire bonds per squid ( )
® s Top finish of the squid bond pads (Nb of Ti) might prevent bonding with gold.

Apply an extra aluminum bond in paraliel before each gold bond wire!

* The thermal bonds can not be placed due to the top finish of the squid.

r-————-—- - - —_-—_- —_- —_- ——————
General note: |
Place all bondings such that there is space left on the bondpads to aliow for |
| future rework!
e ————————————— — — — ]
nn 1 L Desenpbron Tz Humber Frope
. . g
Bonding diagram 2nd_tmp_stage 332-K-3001 XIFU
This squid is part of FOM channel 1 This squid is part of FOM channe! 2 | GRON i g, [
Vit e v e et Shest ””‘ zse 30

Figure 6. 2nd temperature stage with output SQUID on FDM channel 1.

Only one output SQUID (VTT F5 IEG#9) has been placed, the second channel is left empty for the coming
cooldown runs.

On the current design of VTT F5 SQUIDs it is not possible to use Au-wire to bond to the thermalization pads
and therefore have been left as is. The Bias and input coil lines have Au-wire bonds in parallel to the Al wire
bonds for thermalizing the SQUID.
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3 SQUIDs

Two tested SQUIDs have been connected in the first assembly, on channel 1 of the 40px FDM bracket
(channel 2 is left empty). Both glued with rubber cement / photo glue, which is silicon based and is easily
removable without solvents.

3.1 Input SQUID (VTT 33 on 50mK stage)

The Input SQUID has been placed on the PCB next to the LC-filter, and is connected to the LC-filter summing
point.

Figure 7. "Input SQUID" VTT J3 connected to LC-chip and the AC-bias shunt resistance changed to

1.00 Ohm.
6 U h see Kevin's email van
trecht - 2016/6/29 .
13 SQUID 40pxFD | update: best looking V- tested in
array array M 03-01- Phi from tested J3 sQuips, GFDM

retO 2016 planned for 40pxFDM cooldown 77
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3.2 Snubber circuit (LCrun66)

In order to damp/reduce the effect of high frequency oscillations from going into the Input SQUID, a low
pass RC-filter was introduced (known as a "snubber") at the LC-summing point.
This filter consists of a 50hm resistance and 1nF capacitor (with 6.8pF in parallel for high frequencies) which

NP

sits in parallel with the input coil of the Input SQUID.

YARAANDD

1

T~/

T

AN

\ -1.0K°

1MHz

Figure 9. Snubber circuit as implemented on 40 pixel A setup in LC run 66 (11-10-2017).

This had the desired effect of damping the oscillations in the circuit, making both flanks workable again!

Figure 8. Simulated circuit, plotted current at Input SQUID coil (grey without snubber, magenta
with snubber). LTSpice Model by Ad Nieuwenhuizen.
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3.3 Output SQUID (VTT F5 on 2" stage)

VTT F5 SQUID on channel 1 of the 40px FDM 2"d stage PCB. Connected with Al and Au wirebonds for
thermalization. The thermalization pad cannot be bonded to with Au on this SQUID, the material is not
compatible (we have tried many times before).

3
z’.
=

6E91

| S

OAV68 LISt
\ 68 L[]

Figure 10. 2" stage PCB with "Output SQUID" glued to PCB and wire-bonded with Au-wires to
channel #1.

low IC F5 chips | tested in
Showed little/no
184x4 distortion in V//Phi GFDM
F5 SQUID Utrecht - curve when tested at  cooldown
array array IEG#9 40pxFDM  03-01-2016 50mK in GFDM setup 77

For run 65 we re-did the wire bonding of the Output SQUID, as two of the connected wires had come
loose. This likely was the cause of not working Output SQUID flux offset, the V/Phi scan gave a flat line.
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Figure 11a, 8b. Output SQUID as of LC run 63 / 64, before reparation action.

Here the wire that was only making light contact, not physically bonded any more, to the copper PCB pad.
The faulty wire was removed from the SQUID, after which a new connection was made between PCB and
Output SQUID input coil.

Figure 12. Output SQUID as of LC run 65, after reparation action.

After repairing the faulty connection by placing an Al-wire and Au-wire in parallel.
The newly placed wires were all tested by pulling lightly on it with the tip of the Westbond wire-bonding
machine, all connections passed as they did not move much or got loose.
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4 LC-filters (wafer LC17-1 chip 1b, 40 usable channels)
Only the LC filter of 40px FDM channel 1 has been placed on the 50mK bracket. Test report of this chip:

# OK Remarks
TES input strip-line 40 MQ regime.
Bias summing point 8.8 MQ
Squid summing point 0.L. MQ
Capacitors 40
Bias capacitors 40
Coils 39 From optical inspection. Not electrically measured.

Chip can be used for 40 or 39 pixels (assuming small resonance frequency shift of channel 21).

Figure 13. 50mK bracket with FDM chips clamped or glued to the bracket/PCB.

All LC's except #21 have already been shorted at the TES side. The 13 SQUID is now connected to the
summing point of the LC filter chip with several parallel wire-bond connections.
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5 Transformer chip (wafer SC10-3 chip 4a)

As of LC run 69 a previously tested transformer chip has been placed back, with 1:8 ratio coils (primary coil
inductance designed to 10.3nH still, secondary coil differs in turns), namely chip 4a from the same wafer
SC10-3.

Figure 14. Trafo from run 65 re-introduced.

This chip had a yield of 40/40 transformers. During coupling factor run, only trafo 37 was not shorted
properly.

No changes have been made to the pixel layout/connections. With the 1:5 ratio transformer we had
oscillating pulses (TES too fast for the feedback bandwidth).
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6 GSFC TES array

Introduced in cooldown 5, or LC run 63. All available LC resonators have been connected to a TES, preferably
one that was tested at GSFC before.

YHEE WNEN auNn D
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Figure 15. GSFC LA1 mounted on 40 pixel FDM - A setup and connected with Al-wire bonds to the
transformer chip. In Run 71 the array was rotated and Quadrant 1 connected instead of 3.

Collimator plate was covered by Cu-tape until Run 71, now all pixels should be illumined with X-rays again.
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6.1 Thermalization Au-wire bonds

To thermalize the TES array, only the plastic clamps won't be enough, so several gold wirebonds have been
connected from the bracket surface to the thermalization layer on the chip.
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Figure 16. Au-wire bonds (extra added) on GSFC LA1 TES array, as connected in Cooldown 11 / LC
run 69.

In Run 71 the Au-wire bonds had to be remade, as the array was rotated 180 degrees to connect quadrant 1.
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7 X-ray Source #4

From LC-run 65 we have mounted X-ray source #4 (used on XFDM-Probe before) on the 50mK bracket/cap.

Figure 17. X-ray source mounted on 40 pixel A, picture taken before LC run 67, 14-11-2017.
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8 Kevlar suspension (LCrun67)

In LC run 67 we first introduced the Kevlar suspension on the 40 pixel A setup, a length of 50.0cm single
bundle (not woven) of Kevlar wire was clamped between the white plastic wire guides. The lower part of the
setup was very stable, not dangling when the cooler was pushed. Also a quick test with the Pulse tube ON
gave an idea of the damping effect by the Kevlar, which was similar to that of the XFDM setup.

Figure 19. Black marked section to define 50cm length, 2 spare Kevlar wires are marked too.

To prevent dangling loom headers, we taped the looms to the bulky ‘tombstone’ bracket of the setup.
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9 Pictures

T T NS,

Figure 20. Extra Cu-thermal connection from the 50mK stage to the base plate / ""tombstone''.
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Figure 21. Output SQUID (VTT F5) as it was during first assembly of the setup, already with
handling mark/surface scratch at the input pads side.
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Figure 22. 40 pixel experiment location in SRON Utrecht LC-cooler, during Run 60.




Appendix 5
EFDM setup overview
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Page : 10of9 Netherlands Institute for Space Research

E-FDM LC-run 69

Date: 2018-4-5
By: Kevin Ravensberg
V0.2 - edited Snubber resistance value to 50hm (2x100hm parallel!)

Figure 1. E-FDM with LC—fi/te chip 3 (wafer LC18-x) with shorted LC-filters at trafo side.
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Introduction

In this document an overview is given of the SQUIDs used in the E-FDM setup (previously known
as the G-FDM / SQUID test setup used in Groningen), this 18-channel FDM setup will primarily be

used to debug the SQUID read-out chain and tests requested by our Engineering Group (EG).
An overview of the history of this setup can be found on the Owncloud server of SRON at this
location: https://owncloud.sron.nl/owncloud/index.php/s/NVt3BwfwTEGIIxv
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Setup overview

Figure 2. Bracket of E-FDM with newly mounted magnetic field coil and TES array holder (on
the left).

A noise level was calculated in LC-run 66 of around ~5pA/sqrt(Hz), by taking the signal to noise
ratio of a calibration tone.

SQUIDs:

" A '
ay - A P

Figure 3. J3 SQUID as used on the E-FDM setup in Run 67.

VTT F5'c’ or p (ret.1) and VTT 13 (ret V wafer #28) are used since the last runs in Groningen.
As there is no LC-chip mounted, the input coil of the Input SQUID is open. Only the noise levels
and DC characterization have been measured the previous run.
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Snubber chip
RC-filter (snubber) between Output SQUID input coil and Input SQUID signal line has been

implemented.

Figure 5. Snubber RC circuit as implemented in LCrun67, with 50hm (*2x100hm ||)
resistance and 470pF capacitor (6.8pF in parallel).
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Figure 6. Snubber at input coil of Input SQUID.
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LC-filter chip

- a L
Figure 7. Wafer: LC 18-x (unknown, 2/3), Chip 3 with 1/25 Cbias/C ratio.

Chip from batch LC18 was introduced, with high Q-factors to investigate the effect on the SQUID.
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Schematic overview

Raceias (FEE-set)

AC-bias
(DEMUX)
Snubber

Input coil
Shunt resistance (0.1 Ohm?) NAANS AMP-SQUID (VTT F5)
FE-SQUID (VTT J3)

Feedback coil J3
Feedback sQuiD i 7

(DEMUX)
Output SQUID bias

Rfeedback (FEE & i

o
+patch OutputsSQ Flux offset

connector

Schematic overview of setup during LC run 67, FDM setup without LC-filters or TES's.
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Measurement results

Both a DC characterization and Noise scan as a function of SQUID bias / flux combinations have
been taken. First results indicated that there is an extra oscillating line around ~14MHz which is
badly disturbing the read-out system.

Data without snubber can be found here: /stage/Itsboldat5/E-FDM/LCrun66_3

FLL — mode VI of Input SQUID:

FE-Sauld -1 (FLL) “0.0uA FE-Squid 1-Phl (FLL)
%9 —00uA i 2100 vA
% ~————  goua - ~220.0uA
7 —_—— — 36 o
1 " 240.0 uA
2 A — 10,0 UA —2E0\0:UA
4 - 34 \
: S 200uA - y
10 A 30.0 UA ] =
P ] ~40.0uA ﬁ”' 4 \
°3 ~50.0 uA ]
~ 60,0 UA 27
-0+ 60,
~ 70,0 UA
1 r 8
204 2 80.0 uA
: ~ 80,0 UR
—1onous | **
110.0 uA
244
r T T ’ T T T i 1 | R L] T T T T 1
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Figure 8. Flux locked loop operation of the Output SQUID, scanned VI and VPhi of Input
SQUID in Run 67.

EFDM_FE_VPhi_40mK_20171109.txt Type: fesquid_vphi
AMP-Bias=120.00uA, Flux=46.67ul

AMP Biae = 120.00uA

Ampl, = 4.87mV
AMP Rins = 1200004
AMP Flux = 36 6708
FEBIas = 227 150A
Ampl. =5 03mY
AMP BI85 « 120,00u8
AMP Flux = 46,6704
FE Bjos = 234.20uA

FE Blas = 24L43A
Ampl, = S04V
AMP Blas = 120 G0UA
AMP Fluy = 46 6704
FEBlas = 288 5Nua
Ampl. = 5 DEMW
AMP B15s « 120,00u8
AMP Flux = 46.67ud
FE Bidg = 2557204
AMpl, = 5.05mV
AMP Blas = 120,00uA
AMP Fluz = 46.67uh
FE Bios = 262 Béuh
Ampl, = 5.04mV
AMP Blas = 120.00ué
AMP Flux = 36 6708
FE Blas = 270 O0uA
Ampl. = 5 0dmV
AMP 8165 « 120,00u8
AMP Flux = 26,6704
FE Bids ~ 217, 18uA
Ampl, = $,00mY

Vout {mv)

AMP Blat = 120.00uA
AMP Flux = 46.67uh
FE Bias = 284.29uA
i), = 4,97V
AMP Blas = 120 00uA
AMP Flux = 36 67Uk
FEBlas = 291 4%
Ampl. = 8 9law
AMP 8155 « 120.00u8

Pl = 4.86mV
AMP Blas = 120.00uA
AMP Flux = 46.6Tuh
FE Bias = 305.7 luA
Ampl, = 480V
AMP Rias = 120 00UA
AMP FluK = 36 6708
FE Blas = 312 Réuk
Ampl - 2 BLmW
AMP 855 « 120,00uA
AMP Flux « 46,67ud
FE Bds = 320.00u4
Ampl, = 471V

i H ]
—10 [} 10
FE Flux-offset (uA)

Figure 9. Input SQUID V/Phi curve, from LC run 66 without snubber or SC-shielding.
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EFDM_FE_VPhi_40mK_20171130.txt Type: fesquid_vphi
AMP-Bias:_lZODOuA, Flux=6.67uA

= — 5 AMP Flux = 6 6700
5.0 oy T FEBias = 220.00uA
s ~ Amgl. =0
™ < AMP Blas = 120.00uA
AMP Fhux = 6 6 Tuh
S = A T FERias = 234.23uA
45 AT R PR R R R S Al = 052mv

AMP Bias = 120.60uA

Ampl. = 153mV
AMP Blas = 120 00uA

/ AMP Flux = 667,
LA — FE Bk = 248.570A
/ Argl, = 1 86mV

AMP Blas = 120.00uA
AMP Flux = 6.670A
FE Blas = 255 710A

Amgpl. = 1.83mV
AMP Bas = 120 00uA
AMP Flux = 6.67uA
FE Bias =

eV

AMP Bas = 120 60uA
AMP Flux = 6.67uA
FE Bias = 270.00uA
A 17mv

Veut (mv)

AMP Blas = 120,007
AMP Flux = 56700
FE Bias = 284.280A
Al = 1.63mv
AMP Bias = 120.00uA
AN Fhux = 66704
FE Blas = 291 43uA
Aol = 1 66mV
AMP Bias = 120.00uA
AMP Flux = 6.670A
VE Bias = 298.57uh
Al = 173mv
AMP Bias = 120.00uA
2.5 Hux = 667uA

AMP Blas = 120.000A
AMP Flux = 6.670A
T€ Bias = 312 86UA
Amgl. = 133mV
AMP Bias = 120.00uA
AMP Flux = 5. 6700
2.0 T FE Bias = 220.00uA
Al 1.87mv

-30 -20 -10 0 10 20
FE Flux-offset (uA)

Figure 10. Input SQUID VPhi curve, measured in run 67 with snubber, SC-shield and FB-
resistance divider of FEEG6.

What can be seen is that between run 66 and 67 there are still Empuku oscillations occurring in
the SQUID (Figure above, at -15 to -10 uA flux offset current).

This measurement will be repeated upcoming run, without the FB-divider in place, in order to get
a 1l-to-1 comparison for the Noise measurement data. Now the calibration signals differ
significantly between the two measurements of run 66 and 67.



