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Outline

* GERDA experiment.
e GERDA Il vs GERDA | FE architecture
e The Substrates

e Signaland HV Lines
— Front End and HV Ribbon Cables
— JFETs
— Feedback Resistors

e Results achieved in GERDA commissioning runs
e Parylene coating
e Background Budget

e Conclusions

All the measurements presented in this talk have been performed by the LNGS ICPMS
and y-ray screening teams. With their highly professional work, they provides
unvaluable informations about material contaminations, allowing to proceed in the

selection of materials for the setup construction.
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GERDA @ LNGS: Searches of Ov[[3 of 6Ge

clean room with lock (old version) & clean bench

muon & cryugenl —
infrastructure =

with mternal
Cu shield
e .

water plant & e
radon monitor "% -

water tank, ©10m, part of p-veto detector
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* 30 to 80 cm from detector readout electrode to CSA input

* Detector HV and readout contacts: spring loaded
e Because of activity issues FE device (JFET NPX-BF862) and
CSA both Located at about 30 to 80 cm above top detector
* Unshielded OFHC Cu strip to connect Detector to CSA input
*Cpet ~ 30 pf
*150 uBq Th-232 for 3 channels
* Microphonics (LF) and HF noise. Variable in time.
*Resolution and PSD suffered
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GERDA PHASE “ ,-\—:::““_I_ """""""""" = Sebvtlaleletgb

Aim: Reduce disturbances, microphonics,
noise due to (variable) extracapacitance
etc.

* Both Detector Contacts wire bonded

* FE devices moved at detector site : 251';;:
« JFET changed to better match C,,, (BEGe) =% =5 ----- - e
« JFET in die (die attach and bonded More stringent radioactivity issues!

|
Phase Il detector assembly ._1.

Flgr'bbon _
cable :

BEGe-pair -

silicon
copper flex cables with

JFET and feedback

mock-up - °
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GERDA CC3 preamplifier 10 m long coaxial

cables to the flange

* 4 channel cryogenic charge sensitive preamplifier

* Extremely radio-pure electronics (<50 uBeq/ch)

* < (0.7 keV FWHM energy resolution (BEGe detectors)
* up to 80 cm long Cuflon VFE flex cables

* < 100 ns rise time (depending on VFE cable length)

* 15 MeV dynamic range

* < 70 mW power consumption/ch

Intrinsic Moise

T il

| CC3 + adapters
1.1‘l\ to coaxial
s and VFE cables
% oo \x (prototype
ui- K aluminum holder)
E 0.7 \ * —--""ff
]
g

e
(=]

Noisefigpredf 7 Cambelra2002-— —
oslamplyfier. Fram Canberra ddta sheet

0.4

0.5-0.8 m (4x) flex ?hlES to

aO—l\/Iarz-IS ; & a8 10 12 C.{@attadas - LRT 2015 - Seattle (WA) VFE and detectors

Shaping time [us]



Substrate of all the GERDA electronic circuits in LAr

CRANE.

Polyflon

a Crane Co. Company

Polyflon Company
One Willard Road » Norwalk, CT 06851 USA
Phone: 203-840-7555 » Fax: 203-840-7565

email: info@polyfion.com » www polyfon.com

Polyflon has taken advantage of the quazlities of PTFE and coupled them with a proprietary plating process to
produce a microwave substrate whose loss parformance cannot be equaled by any other substrate available at

this time.

PTFE has unigue electrical and physical properties: low loss tangent and dissipation factor, very low dielectric
constant, high volume and surface resistivity, high chemical inartness, and almost zero water absorption.

Features and Benefits # Ulira Low Loss * Very Low Dk # |sotropic Properties
Typical Applications + High Power Amplifier + NRM/MRI Coils + Couplers
Property Value Units Direction | Frequency | Test Method/Condition

Dielectric Constant 2.05 +/- .05 z 18 GHz IPC-TM-650
Dissipation Factor 0.000435 Z 18 GHz IPC-TM-650
Dielectric Strength (0.020™) 1000 V/mil z ASTM D 149
Volume Resistivity 10 chm « cm z ASTM D 257
Maximum Temperature 225 =C - Short Duration
Thermal Conductivity 0.25 W/m/=C z ASTM C 518
Specific Gravity 2.15 - - ASTM D 792
Thermal Expansicn 129 ppm/f=C X ASTM E 831

(Undlad Dielectric) 129 ppm/f=C ¥ ASTM E 831

129 ppm/=C z ASTM E 231

Water Absorption <.01 % - ASTM D 570
Copper Peel [Average) 6-8 lbsfin
Operating Temperature -533 to 173 =
RoHS Compliant Yes Complizance Statement Available Upon Request

20-Mar-15
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GERDA has adopted Cuflon as
PCB substrate for the

* Ge CSA PCBs

* PMT Voltage divider PCBs

* SiPM mountings

Cuflon Pros:

v OK g, cyogenic features
and radiopurity

v’ Available in thicknesses
down to 2 “mils (50 um)

Cuflon Cons:

+¢ Available in panels of
limited size> not suited to
make long circuits

s Metalization of vias during
the PCB manufacturing
process is an issue 8



Applied Radiation and Isotopes 67 (2009) 828-832

Contents lists available at ScienceDirect

Applied Radiation and Isotopes

journal homepage: www.elsevier.com/locate/apradiso

4 Applled Radatioa amd
tssopes

I

Comparison of inductively coupled mass spectrometry and ultra low-level

gamma-ray spectroscopy for ultra low background material selection

S. Nisi *, A. Di Vacri, M.L. Di Vacri, A. Stramenga, M. Laubenstein

Laboratori Nazionali del Gran Sasso, INFN, 5. 5. 17/bis km 18+910, I-67010 Assergi (AQ), Italy

Sample a0 232Th 38y
(mBgkg ') (mBgkg ') (mBqkg ')
PEN
¥-Spectroscopy 510 +20 136 +3 2424 3 (*25Ra)
236+ 68 (B4"Pa)
ICP-MS5 370450 110410 200+ 30
KAPTON® HN DuPont
¥-Spectroscopy < 5.4 1.4+07 14+1 (**®Ra)
<27 (***™Pa)
ICP-MS5 743 0.65+0.08 1742
COOL CAT 2 Aucstrian
Aerospace
¥-Spectroscopy 154 +32 1.9+ 05 <14 (***Ra)
<25 (234mpy)
ICP-MS5 135+4 0.50+0.02 1434+ 0.09
NAC-2 Air Liquide
¥-Spectroscopy 81+19 5.0+2.0 27 42 (¥Ra)
=70 (***™Pa)
ICP-MS5 86-4/+5 72403 23,6409
CuFlon®
y-spectroscopy 48415 =19 =0.84 (*"Ra)
<132 (B4™pa)
ICP-MS5 6-2/+9 0.28—-0.03/+0.04\ 0.36-0.04/+0.07

Mhm ssmmmmbnlomblnn wmn -

B STt [y [

L

Typical activity values
measured for Cuflon
material at the ICPMS and
STELLA y-screening
facilities @ LNGS

Values can slightly change
following substrate thicknesses
and Cu/Teflon fraction

Cuflon cleaner than Kapton

factor 15 in Ra-226
factor 40 in U-238

- Seattle (WA)



Features of FE Ribbon cables (Coplanar Waveguides)
e Substrates : Coplanar Waveguide — ©vm o
— Cuflon 50-75 um : g.=2.1 L
— Kapton 50-75 um: €.=3.4 At . J’T
* Lengths to connect different detectors to e L 7
CSA: L s few
— 48 cm to 80 cm il
IMPORTANT: Regular waveforms only if oo |
* Impedence properly matched VmIFc - TA I> -
 Extra C introduced by the long capacitive line =
compensated at the amplyfier relevant node—> "

* To preserve pulse rise time keep trace C as low
as possible

>

- Campnode
Trr ~Cr ————
ness pF/m] _
C =C, +C: +C,
Kapton 50 um w
75 um 37 180 60 cd Rd% ACt Rf/%
B 10

Cuflon 50 um 34 165 73

20-Mar-15 75um 46 102 @ Cazcédori - LRT 2015 - Seattle (WA)



1af o Nthamaton moce :

Impact of cable length M Copsngn=sim |

between the FE devices 3 osf W

and the amplifying node £l s
in a closed loop CSA | E“:Zz?f

R

Time {ns}

Fig. 2. Companison between the waveform observed at the circuat output and
the mathematical model 1 the case of a cable total length of 6.1m

FET connected to preamp through
RGE2 cables (93 ohm impedance) 48 pF/m
03F i
> FET & Reatroom T
- C,. =23 pF .
¥ det FET-preamp Risa time
E 02f _ ) distance L RT ]
5 single ended signals
= 1) 28m 46ns
E o1k 2y 41m i2ns i
5 7 3)  56m 83 ns
o 4 8im 105 ne
Nuclear Science, IEEE Transactions on , vol.53, 0 s e 107 mei |
no.3, pp.1744,1748, June 2006 , . . | , ! .
200 300 400 500 G800

Time{ns)

Fig. 3. Output signals for different FET-preamp distances when complete
20-Mar-15 C. Cattado compensation 15 made 1n order to elinunate any oscillation or overshoot.



Issues related to manufacturing long (up to
QN rMm) radinniira flavy trancmiccinn linac
UU\.«IIIIIQUIUI\IUICII I\LI(JII.)IIIJQUIIIICJ

1° Find raw material radiopure, good €, proper thickness, cryogenic etc.=> Cuflon
Caveat: Polyflon can produce panels 22” maximal length.

33” panels came in heavily defected and with poor adhesion of Cu to Teflon
layer.

2° Find the manufacturer that can produce such long flex circuit by controlling
the radioactivity introduced in the PCB process

20-Mar-15 C. Cattadori - LRT 2015 - Seattle (WA) 12



Alternative material for long circuits:
DuPont Pyralux

From ICPMS & y-screening:
e once PCB processed Pyralux and Cuflon have about the same specific activity
(confirmed by both ICPMS and y-screening)
» Kapton has (6 + 1 )mBq/kg of Ra-226, not visible in ICPMS measurements, well

visible in y-screening

PYRALUX Element | Kapton media | Cu media
Unit ppb ppb
Pb 100 1700
Th 0.043 0.196
v 0.5 0.11
Tabella 6: contaminazione ridistribuita sull’intero cavo in base alla sua composizione.
Cable metallic Cable plastic
CUFLON | Element Unit component after component after Whole cable
lithography (84.6%) | lithography (15.4%)
K ppm <6 14 2.2<[K]<7.2
Pb ppb 50 <30 42 3<[Pb]<46.9
Th ppb 0.08 0.3 0.1
U ppb 0.2 0.1 0.18

Table 5: measured K. Pb. Th and U contamination in the cable after lithography. The contributions of the different
components are first shown separately. then the contamination in the whole sample 1s calculated. The uncertainty is

about 30% of the given values. The given values are blank subtracted.




Impact of PCB process on final FE circuits contaminations

Once selected the proper raw material 2 Important not to spoil its radiopurity by

PCB process.

Avoid finishing protective layers (soldermasks etc.)
Minimize Cu deposition

Gold finishing required for bonding (typically <1 um ) introduces significant U
contaminations. Minimize golded surfaces (in GERDA few mm?/detector)

Cleanin Micro
Solfor Fosfor g PreAu Etchin Gold Nickel
39| K [ppb 2000 4900 6100 Saturate | | 96000 32000000 38000
208 | Pb |ppb < 0,3 0,7 1 28 17 2 10
232|Th |ppb <| 0,03 0,05 <| 0,03 1 0,04 1,7 0,3
238|U | ppb 0,13 22 0,8 5,8 0,81 7,7 0,3
Micro-
Cu Strip Micro- Stripper| |Sn etching Cu
Degrease activation per etching Sn Pb activator Sn Pb solutio SnE
K | ppb 4000 13000 16000 Saturato 0 4800 1100 22000 0
Pb | ppb 23 50 350 20 6600 36 1 1900 3800
Th | ppb 0.04 0.1 03 |< 0.03 0.68 0.03 0.04 0.6 0.3
U | ppb 54 1.2 1.8 0.86 0.35 1 0.05 1.5 1
20-Mar-15 C. Cattadori - LRT 2015 - Seattle (WA)
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Signal (double side | HV (single side

10 cm is the
circuit 1 cm.width) circuit 0.4 cm height of one
(Cuflon 3 mils) width) detector couple.
(Cuflon 10 mils)
— *Thanks to its high
Mass of FE circuit 0.5 g/10 cm 0.3 g/10 cm dielectric strength (6-
U-238 1.1 uBg/10 cm 0.7 uBg/10 cm 7 kV/mil) thin
Pyralux substrates
Ra-226 <0.5 uBg/10 cm <0.3g/10cm
C e/ &/ can substitute Cuflon
Th-232 0.2 uBg/10 cm 0-12 uBg/10

Mass of FE circuit
U-238

Ra-226

Th-232

Signal Signal

(double side circuit

1 cm width)
(Pyralux 3 mils)

0.5g/10 cm
1.7 uBg/10 cm

3 uBq/10 CD

0.25 uBg/10 cm

HV (single side
circuit 0.4 cm
width)

(Pyralux 2 mils)

0.06 g/10 cm
0.2 uBg/10 cm
0.36 uBg/10 cm

0.034 uBg/10¢m

(1 kV/mil) for single
side HV flexible
circuits (or for single
trace readout contact
for remote FE).

* The high [Ra-226]
make Pyralux
unsuitable for GERDA
Signal (double side

circuits) -



FE Ribbon cables




20-Mar-15
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JFETs

So far adopted SF291 as FE JFET
Operated at ~0.5 mA, it

has a transconductance of 5 mA/V and the gate voltage is negative

Drain current (SF291_1_R0O18_lds_vs_Vgs)
T T T T

PRO

v Noise OK

¥ 8m OK

v'C, OK

v Activity OK
v'Comes in die

v
Start= 04 ¥
1 |Stop=2V

Step=04V
Vo =-1.18
SR

CONS
#*no top gate

JFET Araldite
contact (solved)
R ISVRES uBq/pc uBq
negative Vgs=>no Y-screen (5mg)
possible to protect
) . Th-232 Ra-228 <2.2 2x103
the device by diode (30%)
reverse pol
, Th-228 <4.5
mounting

U-238 Ra-226 1.3 +0.4 2 x 103
(30%)

Th-234 <16

C. Cattadori - LRT 201"
Pa-234m <58



Feedback R: present choice SMD miniaturized (500 MOhm)

'Size  |Th-234 |Ra-226 |Th-228 | K-40 | Pb-210 [
R&D ON CUSTOM R
- [uBa/pc] | [uBa/pc] | [uBq/pc] [qu/pd (0.5-1.0) GOhm:
cAmorph Ge
0603 * TiN
0.48 mm3/pc  4+2 1.9+03 0.6+0.2 10+x4 465 e Gold or W
1.33 mg Deposited on
quartz substrates
0402 ongoing

0.153 mm3/pc 2+1 0.7+01 0.2+01 <26
0.6 mg/pc

Bl no veto 4.1E-4 1.7E-4
Bl w. veto 3.4E-5 3.4E-7

Th & Ra scale with Volume as expected
K lower than expected
Pb-210 doesn't scale with volume = probably from the contact pads

The activity of the R in 0402 size is within the expected activity of the

Signal Flex cable
20-Mar-15 C. Cattadori - LRT 2015 - Seattle (WA) 19



FE Ribbon
cable in
test stand

connected
to CC3




Signals from GERDA Il FE Ribbon Cables & CC3

*CC3

e FE Kapton & Cuflon
Ribbon cables

e die JFETs

e Rf=500 Mohm SMD
(0402 size )

Achieved
* RT <100 ns
OK for BEGe PSD
gsooi—
1600é "
1400:
1200 .
1000
800
2001
0 Wit i it
| , X ol P B | 107
4] 20 40 B0 80 100 120 140 160

Inserire forma d’onda vera segnale BEGe

Ruh : - 1

. [200ns 2.50G5/s I ‘ : :
i 50.0mvQ # 50.0mve J+¥609.200ns 10K points 490myv | - .

' value Mean Min Max 5td Dev |

P Fall Time 92.88ns 94.63n 86.08n 103.5n 2.224n ——
P Fall Time £3.06ns £1.54n 73.20n £9.70n 2.392n 3 Dec 2014
P —Over 8.475 % 7.565 3.333 12.28 1.111 100:17:14 |
n —Ovear 7.813 % 8.50%8 6.061 10.94 1.01%8



Performances achieved in GERDA Commissioning Run
Spectrum Ch 1 -3/D

# -
E = 238,00 ke, Bk
8 L it Ei-.-’-.' 2014.5 kay
im |.|_|
ra7.a kay
o ¥ B60 5 ke 15320 kel
- 7 o 21035 kaVf
- =y '.:1
— 16295 oy
. 2
10F ==
10

10X} LY SN SLURE A BN FOCHR
#FADC
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Ch2-2/B

35
= -
e + SEP
= : -u + L
£ 3 AR e® A Close FE
B A = 0.18539 +/- 0.05073
: B = 0.00250 +/- 0.00003
~ FWHM(0) = 0.43056 +/- 0.22523
25— )
: Chi2/ndof = 0.0003% DEP
ol
- 911 keV
: ¥
sl 511 keV, DEP & SEP
B Not included in fitting
_I * 1 1 1 I 1 1 1 1 | 1 [ 1 1 I 1 1 1 1 | 1 [ 1
. 500 1000 1500 . 2000 2500
Typical Performances achieved energy [keV]
in GERDA Commissioning run
& Close FE Jan 2015 Feb 2014
Peak [keV] FWHM [keV] FWHM [keV]
- 583 1.76 £ 0.01 1.50(0)
Detector | FWEM(® | %1 | "hvi” | [an DEP 2,50 +0.03 2.14(2)
Close FE 0.43 £ 0.22 2,50 + 0.03 1.3 £ 0.3 2.3+ 0.1 1620 2.30+0.05 2.12(3)
Far FE 1.31 0.39 2.61 + 0.10 1.8+ 0.3 3.0 £ 0.1 SEP 3.54 £0.05 3.32(3)
2614.5 2.80 + 0.01 2.71(1)

B,.=2.352x2.96 eV x0.13=2.13 eV _xyo0:c




Linearity of the energy scale in GERDA |l Commissioning

= e =
© = F [
2 3/D VETO OFF 3 [ 2/B VETO OFF z t GD35B VETO OFF
So500— Bennl Bosool
T S500— 22500—
2 y=A+Bx & B _ z L y=A+Bx
S : g r y=A+Bx S B
2000— A= 019616 4016155 r A =-0.19099 +- 0.17057 B A=-0.27953 #/- 047571
- 2000— 2000—
L B =0.43561 +/- 0.00005 B B = 0.68166 - 0.00008 - B =0.68844 +/- 0.00009
1500— Chizindat = 0.40381 - Chi2/ndof = 0.13852 B Chi2/ndof = 0.13996
- 1500— 1500—
1000— CI C CI B
. ose FE - ose FE - Far FE
N 1000(— 1000—
s00f— N i
- 500_— 500—
e AP P I R I R I P T T T T T ¥ NN B IR B EPEFEN BN R
1000 2000 3000 4000 5000 8000 500 1000 1500 2000 2500 3000 3500 4000
00 500 1000 1500 2000 2500 3000 3500 4000 oS00
% - S z F
S 3/D VETO ON g 2/B VETO ON 2 r GD35B VETO ON
Ens00— Ens00— o500
% B y=A+Bx % - y=A+Bx % : y=A+Bx
- A=0.11830 +/- 0.14819 S A=-0.24338 +/- 018800 o A=-021133 +- 0.18175
20001— 20001— 2000—
N B =0.43671 +/- 0.00005 N B =0.68268 +/- 0.00009 N B = 0.69852 +/- 0.00009
1 500__ Chi2/ndof = 0.33862 1 500__ Chi2/ndof = 0.16779 q 500__ Chiz/ndof = 0.14971
1000_— 1000_— 1000—
ok Close FE o Close FE N Far FE
P M T BN R B R R PN I I BT BT I B I PP IR B PR EPEP BRI BT RPN |
1000 2000 3000 4000 5000 8000 500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000
#chla.u] #chla.u] #ch[a.u]

e Linearity during January 2015 commissioning run
e Comparison of VETO ON vs VETO OFF: no visible variation of gain

20-Mar-15 C. Cattadori - LRT 2015 - Seattle (WA) 24



Typical survival fractions after pulse shape
discrimination in GERDA Il Commissioning.

DEP region

counts

600

200

400

200

100

hene_psa

— (1592 keV) is proxy |of
" single side events :

— have acceptance
=.90%....

[ \

"
.......................................................................................................

it 57 PSD B — } . {

Entries 458493
Mean 2343
RMS 25.04
1% I ndf 264.4 | 198
Amp. - DEP 4839+ 10.9
Mean - DEP 2336+ 0.0
Sigma - DEP 1.54 + 0.03
............... Amp. - FEP 2823+ 389
Mean - FEP 2377+ 0.2
Sigma - FEP 1519+ 0,243
Flat Bkg 3002 + 0.42

- Bi-212 1620 keV line is

E { | proxy of multi-site
B _events

L | Acceptance of PSD:
B : : 10-15%

— - .T.Aec.ép.téri.céiaf......... ek

_ | Compton ccintinuum:

L ol L 0% e e

l.,;.l ] - '. I-__ ..... . 1 '4- al | il

2340 2360
Uncalibrated Energy [chn]

2320

2380



Stability of 2/B from 06.02.2015 - VETO ON

| Baseline AMS vs Time |

| Baseline vs Time |

r“ﬂm_ - m

i = 5 N

I - .- | SR et i e e Rt S o I ! o M S e e §’ -

;-.m-lmi- g Y
= bl =
- @ 25
| 20}
5_ 15

Tmmﬂ- 10

[ Stability of 2.6 MeV Line |

= 3860 5

i 3855 i— Enﬁa '

= 3850 : tmmf

E: 3845 f— 0054}

g 3'““5— ..........

; PO T IT OL. .08

5 3s 0.048

" 3825 Soats 0.046
] s e 0.044
g5 ﬁu : 4 0.042
BB'IUU"' I I1D“I I'.*I:II U.U-ﬂh_

0.052 -y

Valerio (G55l - L'Aquila)

Integration Tests Dec "14 - Jan '15

GERDA meeting, Feb 2015

12 / 31



Flex circuit conformal coating:
Parylene deposition system available @ LNGS

The PDS 2010 transforms Parylene dimer to a gaseous monomer; upon
deposition the material polymerizes, at room temperature, onto the substrate.
There is no intermediate liquid phase or separate cure cycle. At the vacuum
levels employed, all sides of the substrate are uniformly impinged by the
gaseous monomer, resulting in a truly conformal coating.

0.001 torr




Parylene coating of GERDA flex

\7 hf\l‘\llf\ nNg
y paryieric Geposi

eposition cham

Coating thickness is controlled mainly by the amount of dimer:
=~ 20 g Parylene C for = 30 um coating in 5 hour deposition



Radiopurity of Parylene C

ICP-MS measurement @ LNGS:

GALXYLC <40 ppt < 20 ppt < 200 ppb < 2 ppb
(<1.62*107Bg/g) (<2.45*10°7 (<26 Bg/qg)
Ba/g)
For example

1 GERDA Ph Il unit= 2 BEGEs
4 GERDA Ph Il units = 8 signal FLEXs

Estimated contamination due to 8 signal (or HV) cables

232Th: 10 um coating = <0.132 uBq
50 um coating = <0.664 uBq

238: 10 um coating > <0.2 uBq
50 um coating = <1 uBq

40K 10 um coating - <0.21 uBq
50 um coating = <0.105 uBq




SUMMARY Activity Budget FE

devices & Holders

Mass Meth 4
[g] od
SIGNAL Flex Head  3,0E-01 MS 2
Signal Tail 4,9E-01 MS 1
Parylene 10 um 2,6E-02 MS 1
HV Flex 2,5E-01 MS 1
Parylene 50 um 52E-02 MS 1
R feedback GA 2
2
JFET die 53E-04 MS 2
5,3E-04 GA 2
Araldite 50E-3 MS 1
Bronze Springs 1,2 MS 1
PTFE per detector
pair 3 GA
Si per detector pair 40 GA
Cu per detector pair 26 GA
mini shroud 17,4 MS 0,25

Limits

[uBq]

3,44E-02 30%

2,20E+00

4,50E+00
2,20E-03

2,44E-0130%

9,0E-02 4%

2,00E+01
5,2E-01

0,3

+/-

2,9E-0130%
2,4E-0130%
5,1E-03 30%
1,2E-0130%
1,0E-02 30%
4,00E-0150%

Th-232

BI
[1E-4]
1,20
0,98
0,02
0,50
0,04
1,64

0,14
9,24
18,90
0,009

0,56
0,21

46,00
1,20

0,7

Bl w. veto
[E-4]
0,0020
0,0017
0,0000
0,0008
0,0001
0,0033

0,0003
0,0185
0,0378

0,0016
0,0006

0,1314
0,0034

0,0021

[uBq]

1,6E+00
1,3E+00
7,7E-03
6,6E-01
1,5E-02
1,40E+00
4,00E+00
2,6E-02
1,3E+00
1,6E+01
1,80E-03

3,0E-01
7,5E-02

1,40E+01
5,2E-01

0,62

U-238

+/-

30%
30%
30%
30%
30%
15%
50%
30%
30%

30%

3%

BI
[1E-4]

4,6228
3,7753
0,0223
1,9262
0,0445
4,0600

0,0756
3,7700

0,005
0,4428
0,1125

21,0000
0,7800

0,9351

Bl w. veto

[E-4]
0,3082
0,2517
0,0015

0,1284;
0,0030
0,3383

0,0063
0,3142

0,0583

0,0148
2,7632
0,1026

0,1230



Conclusions

In the framework of the GERDA setup upgrade to the Phase I, the
Ge-FE electronic has been upgraded to better match the Phase Il
detector features with the aim of preserving the Ge signals (54 fC
for 1 MeV released in Ge) from HF and LF disturbances and
minimizing the intrinsic noise related to long capacitive lines

Designed and manufactured flex circuits to contact, by wire bonding
the Ge detectors and to act as substrates for the FE devices (JFET in
die) and coplanar waveguides

Results achieved are OK in term of Energy

— (FWHM < 3 keV @ 2614 keV) and Pulse Shape analysis,

— not yet satisfactory in term of reliability of JFET survival fraction—> GERDA

PHASE Il will start with still far away front end devices

Huge and systematic effort selecting the FE components (JFETSs,
SMD Resistors) and qualifying the PCB process has been done in
collaboration with the LNGS facilities. This to reach GERDA Phase |l
design background index of 103 cts/(keV kg y) at Qgg (2039 keV).



EXTRA SLIDES



Total activity of last 1 m cable closest to
detectors

e Assuming 300 cables (100 each type), last 1 m of cable will
account for a total activity of 1.5 mBq,.

* Rn emanation on the woven bands < detectable limits (10 uBq)

e Thanks to high quality material outgassing 10°® mbar |/sec after
24 pumping time
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Potting the HV FeedThroughs with Blue Stycast to
prevent arch effect of the HV biased surfaces operated
in Ar atmosphere
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Signal & HV coaxial cable
ends preparation

L A R e i S o 5




Data from: GDL Run 14/06/2014

Energy [keV]

238
538

DEP 1592.5
FEP 1620.6

SEP

FEP 2614.5

Pulser

* Optimized modified butterfly (ZAC) filter

FWHM [keV]

hene?

1.142+/-0.022
1.349 +/- 0.016

counts

3
10

2.175 +/- 0.027

Entries

C | Mean
| RS
Lo

3367393
2.798e+04
3125
29861258
86221 135
21194041 02
1615020
27181
2828041 06
16171 0.5

2.178 +/- 0.074

90491 064

3.189 +/- 0.053

2.544 +/- 0.031

0.94

———

e Fitting function: gaus+gaus + pol0
e FWHM=DEP - (2.175 +/- 0.027) keV

* Cross-Talk: ~ 1% or larger depending on load,
gndind etc. : work ongoing
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FEP > (2.178 +/- 0.074) keV
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27800

28000

26200

28400
energy (keV)

26600

37




