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Slice Testboard Noise Issues

e Pedestal noise measurements with Slice Testboard (that uses 8 LAUROC2
chips connected to 8 COLUTAv3 ADC chips) show some issues:

o Individual channels seem significantly noisier than expected (particularly apparent for LO gain)
o Coherent noise across channels is significantly higher than <5% specification and what was
achieved previously with Analog Testboard (using LAUROC1 and COLUTAV2)

e As summarized in these slides, we have been systematically investigating
these issues, trying many different configurations and making many different
measurements to try shed light on what is going on

e Two main noise features observed: 250kHz line and 20kHz “bump”
o 20kHz noise appears to be main source of correlated noise



Slice Testboard Setup, LAUROC Configuration

Slice Testboard in Test Setup
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v1.1 slice testboard in test setup

8 LAUROC2 + 8 COLUTAV3 chips
Readout via IpGBTs into FELIX

Inject signals through dedicated SMA
: | 1 B input into LAUROC20 ch4 input

G A L . Configuring LAUROCSs with defaults in
AN A A Ep LAUROC? datasheet

o Using 250hm, 10mA settings

: m  sw _R025 10mA =1
m sw _R025 5mA=0
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Figure 1: COLUTAVS functional biock diagram

e For these studies, DRE configured to use fixed 1x gain mode, MDAC is effectively 4x gain
o Impacts measured noise magnitudes, but channel performance is similar

e Each LAUROC outputs to 4 DRE channels, 4 MDAC

o  LAUROC ch1 LG+HG = DRE, ch2 HG+LG = DRE, ch3 LG+HG = MDAC, ch4 HG+LG = MDAC



Standard Slice Testboard Noise Measurements

1.6 1

141

DRE Chs |

0.8 4§

(fixed 1X gain, to  °°]
avoid issues of 0.4
DRE with shifted |

baseline)

6

5 4

MDAC Chs »

24

1

LOW GAIN

RMS DRE Lo Gain Run0434

0.0 -

1.5 ADC RMS

48 49 52 53 56 57 60 61 64 65 68 69 72 73 76 77
Channel

RMS MDAC Lo Gain Run0434

~4.5 ADC RMS

0-
50 51 54 55 58 59 62 63 66 67 70 71 74 75 78 79

Channel

2.5 4

2.0 4

1.5 4

1.04

0.5

0.0 -

10 1

HIGH GAIN

RMS DRE Hi Gain Run0434

~2.5 ADC RMS

48 49 52 53 56 57 60 61 64 65 68 69 72 73 76 77
Channel

RMS MDAC Hi Gain Run0434

8,5 ADC RMS

50 51 54 55 58 59 62 63 66 67 70 71 74 75 78 79
Channel

Noise measurements made
with no detector load on
LAUROC inputs

Expect ~4x more noise on
MDAC chs vs DRE chs in 1x
gain mode, by design

Sampling performance for
MDAC and DRE channels
similar in CV3 testboard
measurements

Notes: (1) HG channel noise
only ~2 times LG noise

(2) COLUTA-only noise
~1.3 ADC counts



Relative Gain Measured with Injected AWG Signal

Slice Testboard ch79: MDAC Chs
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Main Noise Features: 20kHz Bump+250kHz Line in FFT

Slice Testboard ch79: MDAC Chs
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20kHz and 250kHz Noise Features are Dominant

Slice Testboard ch79 FFTs 500kHz Range
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Noise is >10-20% Correlated Across Slice Testboard Halves
HIGH GAIN Chs

Run 0434 MDAC + DRE Pairwise Noise Correlation [%], hi gain
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20kHz Noise Visible as ~50us “Ripple” in Waveforms,
Anti-Correlated Between LG and HG Channels
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Noise Features Not Seen by COLUTA without LAUROC

Slice Testboard ch79: MDAC Chs
LG Ch Disconnected from LAUROC
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250kHz Noise Not Seen When Using External Linear PS (ie.
DC-DC Converters Not Connected), but 20kHz Bump Remains

Slice Testboard ch79: MDAC Chs

6860 WP e 3"

LOW GAIN WAVEFORM LOW GAIN FFT
o o - u=6789767) %7 | Disconnecting DC-DC converters
= ' ¥ ' /| removes 250kHz but not 20kHz nojse
L
()]
@)
@)
(@)
()]
< 55
0 1000 2000 3000 4000 5000 6000 7000 8000 0.0 0.1 0.2 0.3 0.4 0.5
Sample # Frequency [MHz]
HIGH GAIN WAVEFORM HIGH GAIN FFT
O U=6874783 95 1
0 6900 90
= m 85
W 6850 S, 80
8 8 75
8 a 70
@)
<

[=)]
[e]
B
o
L
[*2]
o

0 1000 2000 3000 4000 5000 6000 7000 8000 0.0 01 0.2 0.3 0.4 05

Sample # Frequency [MHz]



ADC CODE [ADC]

ADC CODE [ADC]

20kHz+250kHz Noise Remains with PA,G20,S1 Off

Slice Testboard ch79: MDAC Chs
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20kHz+250kHz Noise Remains with 500hm Resistors on

LAUROC Outputs
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Setting DAC VDC LG/HG to Low Value Removes 20kHz Noise

ADC CODE

Slice Testboard ch79: MDAC Chs

DAC VDC LG =0, DACVDCHG =5
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Pulse Signals Still Visible with Low DAC VDC (so PA/S still working)

Slice Testboard ch79: MDAC Chs
DAC VDC LG =5,DACVDCHG=5
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Measured Pedestal RMS Vs DAC VDC

(e}

Pedestal RMS [15-bit LSB]

=N
1

Pedestal RMS Vs DAC VDC

@
1

~
Il

(o)]
1

(8]
1

—— LG Channel

| —— HG Channel

10

20 30 40

DAC VDC Config Value [counts]

50

60
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Measured 20kHz Noise Magnitude Vs DAC VDC

Measurement of 20kHz Peak Size 20kHz Noise Peak Size wrt Noise Floor

wrt Noise Floor s | = tacnme
Lo, —+— HG Channel
90 om
85 3 30
= 80 —
D 2 LG Ch S
O 704 ey -
g ] |_||_ 25
60 - 4
55 4 M 20 -
0.0 01 gf
Frequency [MHZz] v
0 15 A
95 O
90 - Z
— 85 N 10 1
S 80 HG Ch E
oo 5 o S \ . .
& 70 ™ ,/ — 20kHz Noise Negligible
65 1 . ; ; i , . .
60 . 0 10 20 30 40 50 60

Frequency [MHz] DAC VDC Config Value [counts] 18



Pedestal Mean Vs DAC VDC

Pedestal Mean Vs DAC VDC

12000 A —e— LG Channel
—e— HG Channel
10000 A
8000 -
6000 -

4000 -

2000 -

N [

Pedestal Mean [15-bit LSB]

0 10 20 30 40 50 60

DAC VDC Config Value [counts]

Low gain and high gain channels vary differently wrt DAC VDC value
Related to anti-correlated low gain and high gain 20kHz noise?
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Run 0429 MDAC + DRE Pairwise Noise Correlation [%], lo gain

Correlated Noise <5% with Low DAC VDC
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Probe LAUROC Outputs with Diff. Scope Directly,
See Impact of 40MHz Sampling when COLUTA Connected

Scope Data
WAVEFORM FFT

0.64

u=0.606
O

0.62

';' 0.60

o

=)

g 0.58

i

o

E 0.56

© v

wn o o

) 3

See transients 02ty
every 25ns Fre el
due to COLUTA 052 %,
sampling ’

0 20000 40000 60000 80000 100000 0 20 40 60 80 100

Sample Time [ns] Frequency [MHz]



Probe LAUROC Outputs with Diff Scope when no
COLUTA Connected, Smaller 40MHz Impact

Scope Data
WAVEFORM FFT
0.62 1
p=0.584
: " . 0=001
0611+ .. . Wby g
° ° .O ., ?... ¢ ' ...".7 40_
"".‘.'?,".".o I -.‘{.-.
0.60 E8=2:8-"
=
0]
3 059
©
>
Q
Q. 0.58
e
©
n
0.57 4
No transients wiigrrat . dER-"F", 22 S F@ua ™ o
COLUTATOtT » =0 = = T=ie -
connected : \ S
0 20000 40000 60000 80000 100000 0 20 40 60 80 100

Sample Time [ns] Frequency [MHZz]



250kHz+20kHz(?) Noise Visible on LAUROC Outputs
with Diff. Scope and COLUTA Connected

COLUTA CONNECTED

Sample Value [mV]

WAVEFORM

0547 .

0.52 1

0 25000 50000 75000 100000 125000 150000175000 200000
Sample Time [ns]

PSD [dB]

FFT

80 -

60 -

40 1

20kHz Noise???
| 40kHz on scope(?)

250kHz Noise Peak

01

0.2 03 0.4 0.5

Frequency [MHz]
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250kHz+20kHz(?) Noise Visible on LAUROC Outputs
with Diff Scope and No COLUTA Connected

COLUTA NOT CONNECTED

WAVEFORM
0.61 u=0.584
0=0.01
0.60 . ¢ .
E % e " ° '.' = : :.o'. .
&b § :. ; A # s i ° o P
.6. k'.';'- :‘n . 2 ‘.{. L .‘i:.-‘ ':— H > ) - .;3‘.::
- o %, % - & bl B
S 059 fggct ._‘:-‘...} s s:{,}:, ‘-;\_ &F weg o 13420
('>U 3 '?‘ .;.‘ °
Q@ A .
Q. ®s! a ~
%o.ss ﬁfb .ia_.v.e.‘, .
1 . g J""’ bk d
G Vet SR L
v. ’1. ". ..;"..'..r ":" "'s'."' ;":\;.‘
0.57 1 AEE * %0 Tgisenas
0 20000 40000 60000 80000 100000

Sample Time [ns]

PSD [dB]

FFT

40

20 A

-201

| 20kHz Noise???

40kHz on scope

250kHz Noise Peak

0.1 0.2 03

Frequency [MHZz]

0.4

0.5
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COLUTAv3 MDAC Input Driven by THS4509 PA

THS4509 injecting Sine Wave to COLUTA Ch

>
>

THS4509 into CV3 Board Ch8 Waveform+FFT

COLUTA WAVEFORM, Measurement_160

.;’ \ ’ v . . =

COLUTAV3 = 8 -0
Ch8 Inputs
O 25000 = §: @& TS5 ~100 1 No 20kHz or 250kHz
< RMS ~5.93 ADC noise features
EX am pl e COLUTA _08-' 20000 0 1000 2000 3000 4000 5000 6000 70::m:|?2 0.0 02 0.4 0.6 Freq?j:ncy[MHzll.o
Sampled Sine Wave oo . . .
Sign|:| via THS4509 g . e Tried driving COLUTAv3 with THS4509 on
. Cv3 testboard as a comparison
Oh. 5(50 1(;:0 1500 Z(;:D 2500 . DO nOt See 20kHZ “bump” 25

Sample Time [ns]



Reminder: Analog Testboard Noise Measurements

Run_2184_Output.hdf5, colutal, channell, Meas # 0 Run_2184_Output.hdf5, colutal, channel2, Meas # 0

WAVEFORM FFT WAVEFORM

50.0 FFT
1049, : : H=1045719 . . pi33691.63-7
_ 2. |l T P R ———— -
8 1047 AT ‘ i Q %23 — a5
2 2. lm 2 2
0 1046 8 | ' 8 -8 40.0
8 = 30 = 937.5 - %
8 1045 g ~ Q - ot meresss emom—s o e comms ¢ e @ Son L — g 7
< g 28 935. i §
0 500 1000 Sl‘—f;or;)1 plzéozt 2500 3000 3500 00 25 5.0Freasu . r1]ocoy [}\24?_‘ Zis.o 175 200 ° s00; 000 ésao?nplgoif a0 Fréé uerﬂ;f;{ [I\lflzljz] 15:00 1m5: 200
Config LG, DRE 1x HG, DRE 1x LG, DRE 4x HG, DRE 4x
No 20kHz bump
Run # 2011 2011 2012 2012
1x LG noise lower on analog
Ped. RMS [ADC] | 0.77 2.59 +/-0.07 2.30 +/- 0.30 10.52 +/- 0.17 .
D] —— testboard vs Slice Testboard DRE

Chs (0.77ADC vs 1.5ADC)
e Analog Testboard used LAUROC1 + COLUTAvVZ2 (all DRE chs)

o For COLUTAVZ2 only difference was using DRE channels with larger input capacitance
e No obvious 20 kHz “bump” in FFTs, correlated noise < 5% 26



Summary of Slice Testboard Noise Issues

e Pedestal noise measurements with Slice Testboard (that uses 8 LAUROC2 chips connected
to 8 COLUTAvV3 ADC chips) show some issues:

o Individual channels seem significantly noisier than expected (particularly apparent for LO gain)
o  Coherent noise across channels is significantly higher than <5% specification and what was achieved
previously with Analog Testboard (using LAUROC1 and COLUTAv2)

e Two main noise features observed: 250kHz line and 20kHz “bump”

e 250kHz noise from onboard DC/DC converters
o  COLUTA channel not connected to LAUROC does not see 250kHz noise
o  Can be removed using external PS
o  Scope shows 250kHz noise on LAUROC outputs, even when COLUTA not connected

e 20kHz noise:
o  Appears to be correlated across board halves
Opposite phase between LG and HG channels
COLUTA channel not connected to LAUROC does not see 20kHz noise
Not removed using the external PS
Noise remains when PA, G20 and S1 disabled
Not removed by adding 500hm series resistors to LAUROC outputs
Can be removed by adjusting LAUROC DAC VDC HG/LG to low values ie. <5 counts
Scope might show 20kHz noise on LAUROC outputs, even with COLUTA disconnected (??77?)
Not seen in Analog Testboard or Cv3 testboard + THS4509 sampled waveforms

O O O 0O O 0O O O

27



Some questions for PA/S team

e For open input (or for some fixed Cdet), what are the measured and expected
LAUROC noise levels (in muV) at output of HI and LO gain shapers?
e Do you see 20 kHz noise feature on your dedicated LAUROC (or ALFE)

testboards?
o If not, do you think your measurements would be sensitive to its presence?
o  What ADC are you using to digitize the PA/S output signals?

e Have you measured LAUROC output noise as a function of the DAC VDC
used to set the shaper output baseline voltage?

e Is anti-correlation between Hl and LO 20 kHz noise related to the fact that
DAC VDC value moves HI and LO baseline voltages in opposite directions?

e Any ideas about source of (20 kHz) correlated noise, and how to mitigate
and/or remove it?

e What would these results imply with regard to expectations for ALFE2?
28



BACKUP
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From March 2021 LAr-Week:
Investigating 20 kHz Noise

We have so far tried a number of modifications to the board to see if we
could isolate the source of the 20 kHz noise:

* Adding a Faraday cage over the input connectors

* Adding a Faraday cage over the preamps

 Shorting the signal input pins

* Disabling the PA/S 40 MHz clock

* Removing the AC-coupling capacitor in the input protection networks, in order to disconnect the PA/S
input

* Partially disabling the preamp
* ON_pa=0, ON_g20=1, ON_Ig_s1=1, ON_hg_S1=1, ON_Ig_s2=1, ON_hg_s2=1
* ON_pa=0, ON_g20=0, ON_Ig_s1=1, ON_hg_s1=1, ON_lg_s2=1, ON_hg_s2=1
* ON_pa=0, ON_g20=0, ON_lg_s1=0, ON_hg_s1=0, ON_lg_s2=1, ON_hg_s2=1

The 20kHz noise remained roughly consistent through all these tests

10 March 2021 &2 COLUMBIA UNIVERSITY E Busch

I
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Slice Testboard Noise Features, 8192 Sample Readout

channel079
LOW GAIN WAVEFORM LOW GAIN FFT
— 6670 | ; o
T A : U =6652.189 -
— 60.
2 g5
a 40
a
30
20 1
0 1000 2000 3000 4000 5000 6000 7000 8000 0.0 0.2 0.4 0.6 0.8 1.0
Sample # Frequency [MHZz]
HIGH GAIN WAVEFORM HIGH GAIN FFT
6940
-g . u=6893718 80
2 6920
B 6900
@)
O 6880
(©)
9( 6860
. : : : : : : : . 20 1 . : : :
0 1000 2000 3000 4000 5000 6000 7000 8000 0.0 0.2 0.4 0.6 0.8 1.0

Sample #

Frequency [MHz]
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Correlated Noise Measurement

Normalized Frequency

Coherent Noise LG (N = 5951)

0.012 - —— p=174200.2849+0.6583, 0 = 48.7650+0.5375
B Mean: 174199.171, std:49.645

E[0] =34.791

0.010 A

0.008 A

0.006

0.004 -

0.002 -

0.000 -
174000 174050 174100 174150 174200 174250 174300 174350 174400
Sample Value [ADC Counts]

Sqrt( sigh2 - E[sig]*2) = 34.2 cts

Normalized Frequency

Coherent Noise HG (N = 5951)

0.012

—— K=181079.3721+0.6606, 0 =50.8957+0.5394
Ell Mean: 181078.236, std:51.785

E[o] =35.979

180900 180950 181000 181050 181100 181150 181200 181250
Sample Value [ADC Counts]

Sqrt( sign2 — E[sig]"*2) = 36.0 cts
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Even/Odd Effect, Not Related to 250kHz/20kHz Noise

Baseline value, Ped Run (N = 18744)

0.07 A Sample Distribution

—— M=16996.3694+0.3448, 0=9.5028+0.2816
I Mean: 6996.425, std:9.382

0.06 -
4000

o

o

w
!

o

o

&

1

w
o
o
o

N
o
o
o

0.03 A

Normalized Frequency
# Entries

0.02 A 1000 g &

0.01 A
16560 16580 16600 16620 16640

15-bit COLUTA CODE

6970 6980 6990 7000 7010 7020 7030 7040
Sample Value [ADC Counts]
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20kHz Noise Appears When DAC VDC > 5 Counts

DACB DACB Run HG BL LGBL |[HGRMS |LGRMS |LG 20kHz Noise Peak HG 20kHz Noise Peak
HG LG [ADC] [ADC] [ADC] [ADC] wrt Noise Floor wrt Noise Floor

62 32 310 7190 6570 9.0 5.2 25dB 35dB

0 0 313 Underflow | 11860 7.9 3.9 3dB 3dB

5 5 326 Underflow [ 10952 |7.7 3.5 8dB 8dB

10 10 324 223 10400 |7.8 4.45 12.5dB 13dB

15 15 315 950 9500 7.6 4.6 15dB 13dB

31 31 317 2970 6650 8.2 55 22.1dB 20.5

48 48 319 5470 4070 8.6 5.9 22B 23dB

63 63 322 7320 1790 9.2 7.3 28dB 28dB
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Noise Features Remain with LAUROC Clocks OFF

channel078
LOW GAIN WAVEFORM LOW GAIN FFT
73 7166 u=7078.826 90/
[m)]
<< 7090 -
w
0O 7080
@)
O 2070
@)
()]
<C 7060 -
0 1000 2000 3000 4000 5000 6000 7000 8000 0.0 0.1 0.2 03 0.4 0.5
Sample # Frequency [MHz]
HIGH GAIN WAVEFORM HIGH GAIN FFT
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O 7380 {498 o
(@] i . o wn
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O o %0, L 27, . ot Saenite &
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