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* Overview of SBND Experiment

SBND TPC Cold Electronics Development

System Integration Test and ENC Projection
QA/QC Procedure for Cold Electronics Production
* Summary

BROOKHFAEN 3= Fermilab

SBN NATIONAL LABORATORY

2 07/31/2019  S. Gao - SBND CE R&D - DPF2019



SBN

¥

“mobile”

mmmmm
plane down

ppppp

 SBN (Short Baseline Neutrino) program”
— Use Booster Neutrino Beam for sterile neutrino search
— 3 detectors: SBND, MicroBooNE and ICARUS
— SBND is expected to be in operation in 2020

 SBNDis a 260 ton LAr TPC as near detector in SBN program
— Central cathode plane assembly (CPA), 2 anode plane assemblies (APA) on either side
w/ 2m drift distance each
— 11,264 sense wires to be read out
— Cold electronics enables an optimum balance among various design and
performance requirements for large LAr TPC detector
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LAr TPC (Liquid Argon Time Projection Chamber)

Charged particles passing through detector ionize the argon atoms, and the
ionization electrons drift in the electric field to the anode wall on a timescale of

milliseconds. The anode consists of layers of active wires forming a grid.
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Signal Formation [us]
(induced signals from
a track segment)

X wire plane waveforms

Time information: when ionization electrons arrive (drift distance)

Geometry information: which wires are fired (transverse position)

Charge information: how many ionization electrons (energy deposition)
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SBND TPC Electronics Iy
TPC Readout Crate R ; 1g€‘°
Fiber .
optica &2 TPC Readout Electronics
' — o« H FPGA FPGA
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e Back End Electronics
Fiber L L By = - e A I
Optical Optial
Front End Electronics System o " Front End Electronics
— 704 FE ASICs/11,264 ADCs/88 Cold FPGAs __ [emcr g 4
— 88 Front End Mother Board assemblies  Diagnostic L'l:?ﬁ”l%*—”—‘ﬁlj BNL
— 4 sets of cold cable bundles DCln cecmicnl ons 1| oca .
_ 4 sets of signal feed-throughs | — Warm Interface Electronics
—  ~28 boards in WIEC = 1|
T Signal Feed-through
N
> % | [T Cold Cable
Cable
P Il % coTs H 9 .
Ik z <Aoc T e [ _|_— Cold Electronics
L 16-ch FE ASIC 1-ch ADCx 16 /q
128-ch Analog Mother Board FPGA Mezzanine
L - Front End Mother Board Assembly (x 88) d

Fat Fat
Membrane Cryostat
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Motivation of Cold Electronics (CE) in Large LAr TPC &<
Much lower noise Much less cryostat penetrations
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(1/e drift) I
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o i Warm Readout vs. Cold Readout
“L\/ * Signal digitization and multiplexing to high-
speed links inside the cryostat results in large
reduction in cables and feed-through
penetrations, and the freedom to choose the
optimum configurations for both the TPC
and the cryostat

* BNL has started cold electronics study since 2008
— Successful deployment of cold electronics system in MicroBooNE and ProtoDUNE-SP

along the CE R&D with collaborators " _
SBN BROOKHAMEN, 3= Fermilab
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* Integrated front-end electronics close to
detector electrodes yields the best SNR

e CMOS in LAr has less than half the noise
as that at room temperature



CMOS Devices Qualified for Cryogenic Operation

Block Diagram 16 channels, programmable

& Cold FE ASIC [ @W—tgﬁ Charge amplifier
) : - o | GmE | peskingimed modes || Adjustable gain: 4.7, 7.8, 14, 25mV/fC
mece &‘ ‘ Adjustable filter time constant
‘- _|: l _|: l s Lol | .. Designed for 77K-300K operation
duak-stage charge amplifier  filter  acidc o Designed for long lifetime
I 16 channels Tech. CM0OS 180 nm, 1.8V, 6M, MIM, SBRES
—"7  Commercial devices study
@ S 1. Screen various commercial devices to find survivors at
LN2 temperature (77K)
coume E{Eﬁi > Single channel SAR ADC AD7274
- 12bit, 3MSPS, <5mW, ENOB 11.2bit
AD7274BUJZ (COTS) o > Cyclone IV GX FPGA

» Low dropout voltage regulator
2. Lifetime study to determine qualified chips
» Hot Carrier Effect (HCE) is the dominant
degradation of CMOS at cryogenic temperature
Voltage Regulator (COTS) » Accelerated lifetime evaluation test

(< 100mV dropout) CMOS circuit is placed under a severe electric field
stress (large Vps), to reduce the lifetime due to hot-
FPGA (COTS) electron degradation
SBN BROOKHAVEN 3= Fermilab
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SBND COTS ADC Cold Lifetime Study

* The COTS ADC work benefits the future program, \

Current Variation compared to beginning / %

8

100.5

100.0 1

100% cold yield
0.25 LSB scale DNL measurement
<5 mW at 2MS/s

—— AD7274: V(0) = 5.248V, I(0) = 4.917mA
—— AD7274: V(0) = 5.252V, I(0) = 4.975mA
—— AD7274: V(0) = 5.499V, I(0) = 4.581mA
—— AD7274: V(0) = 5.499V, I(0) = 4.843mA
—— AD7274: V(0) = 5.747V, I(0) = 5.147mA
—— AD7274: V(0) = 6.000V, I{0) = 5.511mA

AD7274: V(0) = 5.997V, I(0) = 5.691mA

99.5

99.0 '*‘1.,‘*,- |

98.5

., Measured by BNL and Manchester Univ.
-0 100 200 300 400 500 600 700 800

Time of duration in LN2 under test / h

The HCE is negligible for COTS ADC used in
SBND, and we’ll be staying out of HCE during
the detector operation

07/31/2019 S. Gao - SBND CE R&D - DPF2019
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AN SBND collaboration has made decision to use COT%&Q&

Regulator Eval Board I

Test Board \ 3

AD7274@LN2 Lifetime Projection
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A Complete Cold Front-end Readout Chain

CMOS LDO FE ASIC COTS ADC COTS FPGA
e 2 MS/s, 12 bit

overall 128:4
multiplexing

J
Y 1x
N 8 x )

"128Ch Front End Motherboard Assembly (FEMB)

APA ENC vs. Tp(Raw data, 14.0mV/fC, FPGA DAC)

SBND cold s 2000
g Olanze Ty - SEESaEEE 1184493  962+54 905+32 91228
and JTAG 1750 4 1185+82  966+50 910+33 919+31
""" . 1178+97 958+58 902+34 916+36
C, = 150 pF
RT d P
]
o 1000
g —— —e
750 LN2
To APA wires 500 - N — ’ —— X wires
e« e, 603+35 516+28 A473+38 470+40 X
128 channels of d|g|t|zed TPC 250 593+42  509+34 466+29 47330  —#— V wires
501+56  505+45 464+38 467+37 —— U wires
0 T T T T T T T
wire readout with low noise - o ” " . e " py 20

Peaking time / (us)

88 FEMB assemblies for 11, 265 sense wires in SBND TPC
SBN BROOKHRVEN 3= Fermilab
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Integral APA and CE Concept D
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A necessary (but not sufficient!) condition to achieve a good performance,
the integral design concept of APA + CE + Feed-through, plus Warm Interface

Electronics with local diagnostic and strict isolation and grounding rules will
have to be followed

PD Flan

Demonstrated with ProtoDUNE-SP APA + CE + FT + WIEC integration

* =
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Warm Interface Electronics

Warm Interface Electronics Crate

SvSTEM POVIER TO NEVIS DAQ
12V ~240W 1
8 3
ETHERMET I: ll: ll: ’I: ll: II:
= SLOW CONTROL jLE Ale AlE AJE Als  A]E
E E E E E
% (AN W A
N

NEVIS
16MHz 100MHz
4 FIBER CLOCK

SYSTEM CLOCK

CALIBRATION 4
PULSE

SYNC &
COMMAND

ADC SAMPLE \ é IIS !B é !B é
MBB (Magic Blue Box)

POWER &
TIMING
BACKPLANE

 Warm interface electronics will be installed on flange

 Each Warm Interface Electronics Crate (WIEC)
contains the following ABLES
— 6x Warm Interface Boards (WIB)
* Each WIB controls up to four 128-ch FEMBs
— 1x Power and Timing Backplane (PTB)
— 1x Power and Timing Card (PTC)

 WIEC s a faraday cage with only power and optical @MJJJJHHMMHJJJJ
signals going in and out
SBN BROOKHAVEN 3% Fermilab

NATIONAL LABORATORY
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40% APA Integratlon Test Stand at BNL

oI 3 1
F I =;.~

=
—

4 layers: G, U, V, X
’, 448 2.8m X wires
’i 288 4.0m U wires
288 4.0m V wires

CE + 40% APA fully submerged in LN2

SBN BROOKHIVEN, 3¢ Fermilab
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ENC /e-

SBND Grounding and Isolation Rules

SBND TPC uses extremely sensitive electronics to measure the charge from the

TPC wires

Principle
— The only electrical connection between cryostat and detector common ground is

through the signal feed-throughs
— Avoid ground loop

APA ENC vs. Tp(Raw data, 14.0mV/fC, FPGA DAC)

800 -

600 -

400 A

200

07/31/2019

328+15

375+7 331+9 317+12
474+13 413+16 376x14 380x14
488+9 427+14 402x13 409=+15

% —— —3

—— 55 X wires
—— 35V wires

—— 35 U wires

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Peaking time / (us)

40% APA and FEMBs Fully Submerged in LN2

BROOKHFAEN 3= Fermilab
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ENC Projection

Noise Performance

1000
—— BNL Caps Raw Data
Fitting with MicroBooNE Raw Data
and ProtoDUNE Raw Data SBND SBND
8001+ ¢ MicroBooNE Raw Data - -
« MicroBooNE Filtered Data Collection Induction
= 40% APA Filtered Data
$ VST Filtered Data 1 —
1 6001 ¢ 40% APA Raw Data | /
o ProtoDUNE Raw Data
~ 1
U .
= |
W 400 .
1
200
0

0 2 4 6 8 10
Equivalent Wire Length (18.1pF/m) / m
1. Following correct grounding rules, both MicroBooNE and ProtoDUNE-SP have the required noise
performance even before coherent noise filtering

2. Expected SBND noise performance before offline filtering:
Induction plane (5.77m) < 600 e, collection plane (4.0m) < 500 e"

3. Expected SBND noise performance after offline filtering and strictly followed grounding guidelines:
Induction plane (5.77m) ~450 e’, collection plane (4.0m) ~350 e"

* =
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Production, Installation and Commissioning Procedure

B.Kirby’s talk at 17:30: The ProtoDUNE-SP LArTPC Electronics
Production, Commissioning and Performance

Key components (FE, XO, etc) warm & cold screening Cold Electron |CS Prod uct|on at BN L (DONE)
FPGA Mezzanine Analog Motherboard Assembly Warm Interface Board Power and Timing Power and Timing CE Flange Board
Assembly 8 FE + 128 ADC Assembly Card Assembly Backplane Assembly Assembly
FEMB assembly QA/QC test (warm and cold) QA/QC test QA/QC test QA/QC test QA/QC test
Cold Power and
Data Cables Flange installation

>10% cold screening Feed-through assembly

Packaging, ship to Fermilab

1

FEMB assembly functionality checkout Final mechanical checkout Post-installation checkout & monitoring
. . FEMB installed on APA Performance characterization at warm

Cold power and data cable inspection

Post-installation checkout Monitoring during cooldown
WIB, PTB, PTC functionality checkout

Cabling Performance with HV off at LAr
Continuity Checkout on flange PCB board
Feed-through Installation Performance with HV on at LAr
WIEC checkout (fan, HV)
Grounding and isolation checkout Commissioning support

Cold Electronics Installation & Commissioning at Fermilab (ongoing)

* =
SBN BROOKHIVEN 3¢ Fermilab
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Summary

 Readout electronics developed for low temperatures (77K-89K) is
an enabling technology for noble liquid detectors for neutrino
experiments

Much lower noise and less cryostat penetrations

 SBND cold electronics development is progressing well

SBN
16

Benefit from ProtoDUNE-SP CE development
SBND collaboration has studied and made decision to use COTS ADC

An integral design concept of APA + CE + Feed-through, and Warm Interface
Electronics with local diagnostics and strict isolation and grounding rules is
crucial for the success of SBND experiment

* Integration test of 40% APA at BNL shows satisfactory noise performance
* ENC projection shows cold electronics meets SBND requirement

The QC plans, infrastructure, and experienced QC team are sufficient to

deliver a high-quality, functional system
* SBND CE production is completed as planed

e Continuous effort for installation and commissioning
BROOKHPVEN 2% Fermilab

NATIONAL LABORATORY A
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Noise Sources in Detector-Amplifier

Overall system processing function: h(t);W(t); H (ja))

e [ .

|
|
n
IE ; :feedback (reset)
|
|

Input | T
node : o 2 i
Vo(t)
shaper
(filter)

Dominantnoise sources are from the components and circuits directly connected to the input
node. Noise sources from the rest of the signal processing chain should be made negligible.

. i% arises in the sensor, e.g., from the leakage (dark) current; 2

. ¢ Mmayarise in feedback circuit

l4ier thermalfluctuations in dielectrics (dielectric loss noise)

. ez,., noise associated with the input transistor:
MOSFET gain: “series white noise”
trapping-detrapping: 1/f eq. noise voltage generator in series 18



Signals in LAr TPC

Charge signal

A 3mm MIP track should create
210keV/mm x 3mm /23.6eV/e = 4.3fC

After a 1/3 initial recombination loss:
~2.8fC

Assume the drift path to equal the
charge life time, reducing the signal to
1/e=0.368

The expected signal for 3mm wire
spacing is then =1fC=6250 ¢, ... and

for 5mm, =10%e, for the “collection -----

signal”

The induction signals are smaller
The time scale of TPC signals is
determined by the wire plane spacing

and electron drift velocity, (~1.5
mm/us at 500 V/cm)

-
-
-
-
-
-
-

Induced Current Waveforms on
3 Sense Wire Planes

0° track, 0.6pus rms "diffusion”, 3x3 cell

-
-
-
-
-
-
-

Drift Distance [mm]

Sampling rate £ 2 Ms/s

19



Signal to Noise

Total equivalent noise charge (ENC) shall be less than 1/9 of the expected
worse case instantaneous charge arriving at the APA from a MIP.

e Driven by far detector S:N requirement to “distinguish a Minimum lonizing Particle (MIP)
track cleanly from electronic noise everywhere within the drift volume.”

* Simple calculation of charge from a MIP track at the cathode parallel to the wire spacing:

[ Eioss (0.5€M)  Recombination _DL/velocity 0.83 MeV 3.6m/1.6 m/ms

. . = 0.7 = -
LArE., * (500 V/cm) * e e lifetime 3360V “ e 3ms 11,629 e ]

e Sets the collection wire noise parameterat ENC< 1300 e
 Equivalentchargeon the induction wiresis expected to be 0.5 x collection wire charge

® |ndUCtI0n ere n0|se pa ra meter ENC< 650 E' Energy deposition in 0.5 cm Ligquid argon from MIP
B B

2.5_— [
o 5¢
s 20} :
E’ [ 4t
d 5} a
3 10} L
c | 2t
g o5 | I
i 1t

0.0 L i Til1'cl’:r1e?5,f[ljitl:|h =IE.§|]5 ger‘flc ml2 ] ]

o X " ° T 1.5 2.0 2.5 3.0

Thickness (gm/cm™2)

MeV
20



Dynamic Range

The requirement to measure a MIP-size charge from the cathode with a precision of
1% in the collection plane determines the lower end of the dynamic range. The need
to collect charge deposited at the vertex of a neutrino event (mainly by protons)
without suffering saturaOon sets the upper end.

* Lower end calculation

— To obtain 1% charge resolution requires 1% of 11.6k e: ~116 e per ADC count
 Upper end calculation

— Proton energy distribution is isotropicin the range 10-100 MeV

— Worst case assumption: all energy deposited in one 0.5cm voxel

— Proton at wire plane: no drift losses, instantaneous deposition

[ Eoss (0.5cm) Recombination _ 21 MeV

X - x 0.25 =222.5k e"
LArE_, (500 V/em) 23.6 eV }

— For CCv, - Ar interactions assume a mean of 2 protons/vertex
— 445k e maximum charge + 116 e /count = 3,836 counts

12-bit ADC is sufficient for digitization

21




CMOS Characteristics In LAr

?CMIosollg B s R
[ 9 .o ] 120 MEASURED i
ol R S
10° ¢ ~ Jillp nmvos pmos T=77k
s 100 ——— —— 1 =360nmMm
— 10tk ] N —— ——|=270nm |
(%) E E L=180nm
E MEASURED ] 80 | i
o 102k —_— LN ]l = .
= ——-RT ] = 60 L NMOS PMOS T=300K i
£ i ‘ 1 = —— —=—1=360nm
- 10k g}' {4 ° [ —— ——L=270nm
3 ,1\ . ; 3 40 —— —— 1 =180nm
10k 3 20
_ NMOS, L=0.18pum, W=10um ]
1 0-5 x ] \ ] \ ] \ ] \ 0 e
0.0 0.3 0.6 0.9 1.2 1.5 1.8 10° 10° 10* 10° 10% 10 10° 10 102
Vs V] Drain Current Density [mA/mm]
Transconductance/ — 8 q _ 30 ar T =300K
. - =
drain current 1, nk,T = |~116 at T=77K

At 77-89K, charge carrier mobility in silicon increases and thermal fluctuations
decrease with kT/e, resulting in a higher gain, higher g./1,, higher speed and
lower noise.

= In parallel, studies of CMOS lifetime and reliability at 77 K have been conducted

= "LAr TPC Electronics CMOS Lifetime at 300K and 77K and Reliability under Thermal
Cycling,” IEEE Trans. on NSci, 60, No: 6, Part: 2, p4737(2013)
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CMQOS Lifetime Study — Principle FIndings

= A study of hot-electron effects on the device lifetime has been

erformed for the TSMC NMOS 180nm technology node at 300K and

7K. Two different measurements were used: acce¥erated lifetime
measurement under severe electric field stress by the drain-source
voltage (V ), and a separate measurement of the substrate current
(I,p) as a f{mction of 1/V ;. The former verifies the canonical very
steep slope of the inverse relation between the lifetime and the
substrate current, T oc I, , and the latter confirms that below a
certain value of Vi a lifetime margin of several orders of magnitude can be
achieved for the cold electronics TPC readout. The low power ASIC design
for MicroBooNE and DUNE falls naturally into this domain, where hot-
electron effects are negligible.

= The slope of lifetime vs 1/V 4, is independent of the technology node
(from 180, 130 to 65 nm) and of the foundry (TSMC, Global ...). For all
three nodes the lifetime is extended by an order of magnitude if V,
(V4 is reduced by ~6%. This may be related also to the two basic
underlying parameters, electron energy for impact ionization and for
creation of an interface state, as well as their ratio.



Basic on HCE and ALT
Hot Carrier Effect e

2

%)

-

Z,

)
4 A
# pEve’

Accelerated Lifetime Test

Si0,

__ o Drain

e o—— /)

— === = o

P-Substrate

—>Some hot elegtroni¢s exceed the energy
required to create dan electron-hole pair,
resulting in impact ionization

- A very/small fraction of hot electrons
exceeds the energy required to create an
interface state at the Si-SiO2 interface

- Due to the generation of interface
states, negative charges will accumulate
causing the degradation

- More severe at cold than at RT

SBN

24

CMOS in DC operation

- ALT at any temperature (well-
established by foundries) transistor is
placed under a severe electric field
stress (large Vps), to reduce the lifetime
due to hot-electron degradation to a
practically observable range.

= ALT is widely used by industry

- Lifetime is projected by empirical

equation lOgloT X 1/Vd5

CMOS in AC operation

- Lifetime of digital circuits (ac operation)
is extended by the inverse duty factor
A4/(f 1ock *trice) COMpared to dc operation.
This factor is large (>100) for deep
submicron technology and clock
frequency needed for TPC

m JE i
BRODKHAVEN 2% Fermilab



Basics on Hot-eleciron effects (HEC) and NMOS lifetime

= Indeep submicron NMOS (L<0.25um) electrons Gate
can become “hot” at any temperature, by
attaining energy E > kT. 8io,

= Some hot electrons exceed the eneriy required to Source o /7 / ////// el 1]

create an electron-hole pair, resulting in 7
impact ionization. Electrons proceed to the drain. =~ ——— | =

The holes drift to the substrate. The substrate
current n+ ol = nE
— ey B}

_ -¢1/9AE, 7
ISUb — C1|dse (1) S <A \\ impact
loup .. lonization
= A very small fraction of hot electrons exceeds the P-Substrate S —— -
energy required to create an interface state (e.g.,

an acceptor-like trap), in the Si-SiO, interface,
for electrons (~4.6eV for holes). This
causes a change in the transistor characteristics

(transconductance, threshold, intrinsic gain). g = electron charg e
= Thetime reqﬁired to change any important A = electron mean free path
parameter (the changes in different parameters E, = electric field

are correlated) by a specified amount (e.g., g, by
~10%) is defined as the device lifetime. It can be
calculated as,

I,= drain-source current

r= C2 ﬂ egoit/qlEm (2) W= channel width

ds
C,, G, - constants

25



Warm Interface Electronics

 6x SBND Warm Interface Boards (WIB)

* 1xSBND PTC

. Power & Timing
1x PTB Card (PTC)

-

 1xFlange Purging Port

Compression Plate

\

(\/\/

Warm Interface

Boards (WIB)
Flange 8x SHV Connectors
PCB Indium seal Signal Feed-through + WIEC
SBN 3¢ Fermilab
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SBND TPC Data, Clock & Calibration Signals
* DAQ

— WIB > Nevis DAQRACK Online Monitoring
* 192 Fibers

e System Clock
— Nevis timing to MBB

RACK

* Copper
MBB(DAQRACK) —~ PTC FIBER - NEVIS DAQ
* Four Fibers o —
* Sync/Cntrl SR
* Fourfibers 100MHz

* GbE Ethernet
— To online monitoring

— Six per WEC 24 total ¢ i i 4‘\ Eivomet
° WIB 69 SW|tCh 48 4 F|B_ER 48 A8

* Fiber QVL| 2\*

— One MBB

. CRATE 1 e CRATEZ W’y CRATED Qe  CRATE 4 S
* Fiber or copper ” ~ ~ !

e (Calibration

— Nevis timing to MBB
* Copper
— MBB (DAQRACK) = PTC -—h >

* Encoded on Sync/Cmd
SBN aE I Clinnav
27 07/31/2019 S. Gao - SBND CE R&D - DPF2019
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BNL-Nevis Integration Test

Master

16 MHz CLK e
NIM Crate

@
o
=]
=g
=y
o
@
=
S

CALIB signal

i

Trigger Pulse
128 ch 64 ch
128 ch 64 ch
128 ch 4 ch
128 ch ‘ W """ 64 ch B
z Optical link
128 ch ; o
WIEC 128 ch 64 ch 90 MB/s % 2) ;.
64 ch r
g
64 ch
BNL component
Optical connection 64 ch DAQ server
Nevis component
—_— -
Others component 6U crate (with trigger)

Copper connection

Successful joint BNL-Nevis integration test
— Full readout chain from FEMBs to Nevis FEMs established
— Successful trigger readout stream data acquisition with artdaqg

— Successful clock distribution from Nevis Clock Fanout (NIM)
to BNL's MBB and subsequent distribution to WIBs

SBN 2% Fermilab
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ProtoDUNE-SP

Cold Electronics Performance

» 99.74% (15320 of 15360) TPC channels are active
—> 31 are missing or disconnected wire candidates
— 3 channels are missing in several runs
—> just 6 inactive cold electronics channels in 9 months of operation

» 92.83% (14259 of 15360) TPC channels are working with excellent noise performance (ENC < 800 e’)
— the abnormally high RMS of the remaining 7% is probably due to the TPC instrumentation
— more detailed noise performance study is now ongoing

Eyn 5102 (Noise)

»F
of
: U plane o Vplane
“ ENC: : ,
2000 APA3 Noise Distribution(Raw data after ADC stuck code removal) k- g L ¢ - ENC: g
X Plane, ENC = 543 = 44 e~ £ 681 ->593 i ©-  672->582 :
—— V Plane, ENC = 639 + 50 e 2ol e ] ! q
1500 —— UPlane, ENC = 623 + 47 e NT— 1
lr,\}
0“‘ AL T I ik s ‘v Ll

10 30 X0 4 D & W W 0 W0 T T T lm wm 1000
ENC e

W plane ;

0 500 1000 1500 2000 2500 % ENC:
APA Channel Num i
Thanks to Shanshan Gao @ BNL for this plot sl 564->506r;

.....

0 0 0 WO &31 Vﬂ t-ﬂ WO M0 00 1000
ENC

Thanks to Wengiang Gu @ BNL for these plots

SBN 2% Fermilab
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40% APA Cooldown

ENC (Gain = 14mV/fC, Tp = 2.0us) vs. Temperature

ENC/e™

1000
«2018-11-20 15:04:54
800
600
4007 R, ' A R R
R R T T — ]
200 -
B ENC of X plane
Bl ENC of V plane
B ENC of U plane
D T T T T T
0.0 0.5 1.0 1.5 2.0 2.5

Time [/ hour
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Gain e~ /LSB

Gain e~ /LSB

40% APA and FEMBSs Fully Submerged in LN2

FEMB2 (SBND-Production Side FEMB) — Gain Measurement

Gain Measurement

[ J
1000 Gain Measurement(FPGA-DAC, 25.0mV/fC)
114+1 109+1 108+1 108+1
800 114+1 110+1 108+1 108+1
114+1 110+1 109+1 108+1
600 A
400 -
200 —— 55 X wires
*— Py Py ° —— 35 V wires
—— 35 U wires
0 T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0
Peaking time / (us)
1000 Gain Measurement(FPGA-DAC, 07.8mV/fC)
359+4 348+4 346+4 345+4
800 | 359+5 348+5 346+4 345+5
360+4 349+4 346+4 346+4
600 -
400 4
= & < . ]
200 - —— 55 X wires
—$— 35 V wires
—4— 35 U wires
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Peaking time / (us)
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Gain e~ /LSB

Gain e /LSB

Gain Measurement(FPGA-DAC, 14.0mV/fC)

1000
202%2 195+2 193+2 193+2
800 202%2 195+2 193+2 193+2
202+2 195+2 194+2 194+2
600 ~
400
200 Lo . » O —— 55 X wires
—4— 35V wires
—— 35 U wires
0 T T T T T T T
0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0
Peaking time / (us)
Gain Measurement(FPGA-DAC, 04.7mV/fC)
1000
601+8 582+8 578+8 577+8
800 602+8 583+8 579+8 578+8
6038 584+8 580=%8 579x8
600 - o— - o .
400
200 4 —— 55 X wires
—— 35V wires
—— 35 U wires
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Peaking time / (us)



300K and 89K
Signal for 3x3 and 5x5 mm Sense Wire Spacing

Signal for
DUNE with warm \ (e drift
electronics (300K)
ENC~6x103 e rms 3x3 5x5
10%—
HB'DD{]

w"ﬁ« 10

ENC~400 e rms /'/75 .
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8m Samtec
Power Cable

toAPAFrame

data cable with
isolation wrap

26X Top FEMBs
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9X Side FEMBs

" p Connectorsto®hel §
Mountingtholes _ geometry@oards

8m Mini-SAS 128CH FEMB Assembly

Side FEMB Adapter Board
2& Fermilab



Power & Timing
Card (PTC)

Warm Interface
Boards (WIB)

8x SHV Connectors
PCB Indium seal

PTC 2& Fermilab
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N2 = s o
b L \'v

e AV ERALA M DAL

MBB (Magic Blue Box) for timing

MBB is placed in DAQ rack

GbE (UDP)
HSMC Daughter Card

Mm@ Om == W

FIBER TX SN C/COMMAND ;
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Flange daisy-chain test board

2% Fermilab
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Test Stands for CE Productlon QA/QC

Nevis-BNL IntgrationTest Sﬂand WI, PTC, and PTB

(Support Back-End Electronics QA/QC) Joint Test Stand Flange Daisy-chain Test Stand
SBN BROOKHAVEN 3= Fermilab
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