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Introduction

The following slides provides some evidence of the presence of noise at the inputs of DAPHNES
AFE digitalization chips.

The noise is injected at the input nodes before the bias-trim decoupling capacitors through the
TRIM circuitry, the Analog Multiplexer for the Current Monitoring system and the BIAS supply
circuitry.

The noise originates from the switching regulators for the +5A,-5A. The noise reaches the AFE
through VDD and VEE of the mentioned components, possibly due inadequate PSSR. Our most
compelling evidence for this hypothesis is that we have detected the switching frequencies
components of the regulators in the digitalized waveforms.

We have detected a 200KHz oscillation at the +5,5V regulator output that is used exclusively for
powering the linear 3,3V regulator that feeds V_CE for the cold amplifier.

We have applied filter patches at the BIAS and TRIM nodes to mitigate the noise in the acquired
waveforms.

We will present how we addressed these issues and the result in the waveforms signals from the
cold amplifier.
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Note: The capacitors used in the Tunable Loop tables are
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Applied PATCH

« First, we lowered the output
voltage to +5V changing R351 to
2,7KQ.

« Looking into the datasheet, we
found the recommended values

for Rtune and Ctune(R349 and C557).
« Changing Rtune from 100Q to

270 Q and Ctune from 10nF to
2200pF mitigated the oscillation.
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Noise at the AFE inputs
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The noise spectrum in yellow corresponds to the overall noise seen at

the AFE input.

Removing U47 and grounding the TRIM node immediately improves the
noise levels, eliminating the 1,53MHz component originating at the -5V

rail.

Removing R192 from U12 eliminates the 630KHz component.
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Switching Frequencies of regulators
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Histogram obtained after modifications

Histogram of integrals
- VGAIN = 0.3V - PDE = 50% - Cir1 =10uF

« After the modifications we have obtained this
histogram at a PDE of 50%.

# « But the modifications have removed the Current
Monitoring and TRIM capabilities
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Patches applied to recover TRIM and
Current Monitoring systems

« Three different patch have been applied in successive ordering. Each one of them trying to
to minimize the number of modifications and components needed.

CPMBindd) ws | Tofilter better the SiPM bias, R217 value was changed
T i ) ™ to 1K and C186 was changed to 1u.
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Patches applied to recover TRIM and
Current Monitoring systems

Patch 1 : T Patch 2 Patch 3 - =25
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Result and comparison with integrators

Baseline noise - Comparison of noise levels for each patch

AFE 3 - CH 24 - Baseline noise after filter patch is applied
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Cold amplifier testing after applying the
patches

After applying the patches, we tested the cold amplifier with various configurations using
FBK SiPMs.
These are configurations are:

 PDE at 40%, 45% and 50%.

 VGAIN 0,3V and 0,5V.

* Input capacitors: 10nF and 100nF.

* Integrators ON and OFF.

DEGLI STUDI
=

©3 UNIVERSITA

Istituto Nazionale di Fisica Nucleare

= ONVIIN



PGA integrator ON

Histogram of integrals

Cold amplifier testing after applying the
patches
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PGA integrator ON

Cold amplifier testing after applying the
patches

Histogram of integrals

- VGAIN =0.3V - PDE = 45% - C, = 100nF
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PGA integrator ON

- VGAIN = 0.5V - PDE = 45% - C, = 10nF

Cold amplifier testing after applying the
patches

Histogram of integrals
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PGA integrator ON

patches

Cold amplifier testing after applying the

Histogram of integrals
- VGAIN = 0.5V - PDE = 45% - C, = 100nF

Average single PE- VGAIN = 0.5V - PDE =45% - C, = 100nF
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Cold amplifier testing after applying the
patches — Integrators ON-OFF comparison

PGA | nteg rator OFF AFE 3 - CH 24 - Baseline noise after filter patch is applied PGA | nteg rator ON
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Cold amplifier testing after applying the
patches — Integrators ON-OFF comparison

PGA integrator OFF

350

300 r

250

» Applying a first order 80kHz IIR digital Butterworth high pass filter to the data we can
deal with the unstable pedestal.

Histogram of integrals
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PGA integrator has a
high pass response with
cut-off at 80kHz.
AFE5808 Datasheet
page 42.
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Summary of tests

SNR PDE

VGAIN[V] | Ci [nF] 40 % 45 % 50%
0,3V 10 3,19 4,92 7,09
100 3,60 5,29 8,67

0,5V 10 2,86 5,12 7,86
100 4,10 5,06 8,07

Dynamic Range ‘ PDE

VGAIN[V] | Ci[nF] 40 % 45 %

0,3V 10 263 204 131
100 268 216 135
0,5V 10 633 466 295
100 613 474 313
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DAPHNE was damaged

Analog Voltage for AFE

U4l

+SA
Q 10
< IN
21
—T—csa
10nF 22uF P IN
AGND! |||—| C331 NR/SS

100nF
AGND AGND

»—1 EN
05AO—6D- SS_CTRL

AGND-I”i EP

ouT

ouT

FB

GND

PG

TPSTA9201DSKR

During the test, | shorted the +5A causing
a spike of current that damaged the
analog voltage 3,3V regulator.

The regulator still works, and our
DAPHNE is still functional, but is limited.
(e.g. disabling the integrators on all AFEs
causes the regulator to enter in an
unstable operation).

Looking to buy a spare, we realized that
the lead time for this component is 1-2
years.

One supplier has it in stock, charging
~40US$ per chip with a 80USS$ shipping
rate.
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Histogram of integrals
- VGAIN = 0.3V - PDE = 40% - ¢, = 100nF
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ADU

Histogram of integrals
- VGAIN = 0.5V - PDE = 40% - C,_ = 100nF

Miscellaneous

Histogram of integrals
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-VGAIN=0.5V-PDE=45%-Cin=100nF 250 T |
350 1 380 1" I
11 F
11
300 300 200 | | }
|
|
250 250 ! | :
I 150 + I | A =1.1713e-05
A —6.1885¢-06 | A =T7.7261¢-06 @ | I oy =1.45160-06
o 200 ¢ o4 =1.506¢-06 @ 2007 1 ™ =1.5275¢-06 = : | SNR =8.0695
2 = NR =5.057¢
£ SNR =4.1003 £ : R =p.0579 S ! !
Woyg | 150 ! 100 1 | |
| | |
i 100} | |
100 | 50 | 1 I
} 11 |
11 |
50| 501 | ‘ 1 kJ I
| 11 |
1 0 L1l | L
0 - 0 5 4 5 s 10 0 2 4 6 8 10
* -5
ADU*s ><1075 ADU*s X1O’5 ADU*s %10
_ Average single PE- VGAIN = 0.5V - PDE = 45% - C__ = 100nF Average single PE- VGAIN = 0.5V - PDE = 50% - C, = 100nF
Average single PE- VGAIN = 0.5V - PDE = 40% - C, =100nF 30 ‘ ‘ . . n L e e ———— T ————
25 . ‘ ‘ ‘ ‘ ‘ ‘
___________________________________________ 56} ol |
20 f 1 o jtude = ]
| ‘ | Ampiitude =34 5204 | | Amplitude =52.2624
‘l 20 || l\
15+ ‘ | Dynamic range =613.3048 | \I ‘ Dynamic range =474.6175 | 20k ‘I ‘ Dynamic range =313.4947 |
‘.\ 150 || 1 \I
0 || 1 I \
o)
| =) \ L |
‘ o 10
O 10 ‘ 1 ‘
\ < | A H
5 \ 7 ‘I J \
‘ Vo o
“ ST ‘ 1 0 p- \ \WTNWMMMVW\NWVW Fed P el g e g
| Al An A m I\ \ "JN/J ! -
0 ki &‘ /,,JJW VA ol Wmwﬂ\fmw\,ﬂ,fd.fumrww\ R A \ Al " o
| i | NSRS s 1 \
‘ ‘ 0 paml L il AN AN A A S \
A ‘L m‘rw 10 4
5+ *MM ] \ v 7 M
77777777777777777777777777777777777777777 -5 by /M’ﬂ 4 R R R e e e
‘4'\‘
al— N S L L S S 0 I SN SR NN S I S
0 2 4 6 8 10 12 14 16 -10D 2 1‘4 é é 1‘0 1'2 1‘4 1 0 2 4 6 8 10 12 14 16
Time [s] ) Time [us]
Time [;8]
DEGLI STUDI
g

©9 UNIVERSITA’

- ((INFN ()
A

Istituto Nazionale di Fisica Nucleare

21



Histogram of integrals
-VGAIN=0.3V-PDE=40%-C, = 10nF
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Histogram of integrals
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Histogram of integrals Histogram of integrals
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