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Intfroduction

= Cold electronics is an enabling technology for noble liquid
detectors for neutrino experiments

= It decouples the electrode and cryostat design from the readout
design, to achieve better SNR independent of the fiducial volume

= Signal multiplexing results in large reduction in the quantity of cables
and the number of feed-throughs, eases the scaling up to 10kton
detector

= Test stand of cold electronics is crucial to the characterization
of electronics performance

= Development of various test stands are necessary before the final
installation of the cold electronics on detector

= Integration test (as planned at BNL, Fermilab and CERN) and QA/QC
test serve as importance steps to ensure the success of experiments
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Test Stands for SBND and ProtoDUNE-SP

= FEMB TEST STAND
* Introduction of FEMB
= Overview of FEMB test stand
= Calibration and ENC calculation
= List of tests done on FEMB test stand

= FE ASIC TEST STAND
= FE ADC TEST STAND
= INTEGRATION TEST STAND
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FEMB for SBND C]ﬂd Pro’roDUNE ]

- ProtoDUNE TPC FE

6 APAs

120 FEMBs

128-ch per FEMB
Connector: Samtec HSECS8
Samtec twinax cable (7m)

- SBND TPC FE

10/12/16

4 APAs

88 FEMBs

128-ch per FEMB

Connector: Molex 75783-0132
3M miniSAS cable (7m)
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SBND Top FEMB

= SBND FEMB (Top FEMB)
= AM: Analog Mother Board
= 8 FE ASICs & 8 V* ADC ASICs
= 128 FE channels
= Cold regulators: TI TPS74201
= FM: FPGA mezzanine

= FPGA mezzanine is used for
multiplexing and readout of digitized
detector signals

= Cyclone IV GX FPGA

= MiniSAS connector
u Toy TPC

= Emulate detector Capacitance
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Toy TPC: 150pF
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3M miniSAS cable
for SBND

Front-End Mother Board e

FEMB and Toy TPC form a complete cold electronics assembly

Top FEMB has been used to evaluate the noise performance
Extensive tests have been carried out to address the low frequency noise
of cold voltage regulator

Cold FE ASIC used in TOP FEMB: MB FE ASIC
Cold ADC ASIC used in TOP FEMB: V* ADC ASIC
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= ProtoDUNE FEMB (SBND Side FEMB)

= Instead of a long side AM, one can build a
long side adapter board with a small side AM

= Same FM design for both top and side FEMB

= Minimize number of FPGA mezzanines

= Side FEMB Adapter board

= Passive board with only mating connectors

= Side AM
= Same size of top AM
= Same design as (Proto)DUNE AM

= Side AM design has filter on board, it has been
assembled with new FE ASICs

X7

128V
| 128U
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SBND Side FEMB / ProfoDUNE FEMB

Connector adapter

Cold FE ASIC used in TOP FEMB: P1 FE ASIC
Cold ADC ASIC used in TOP FEMB: V*ADC ASIC
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FEMB Test Stand

Warm Test (at RT ;
- ( ? uj~j>\\\

P ‘ § m—
| Farad
&=
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Cold Test (at LN2)

I\

ﬂ

= Characterization of noise performance has been
performed on the SBND/ProtoDUNE FEMB

= Extensive evaluation test of cold voltage regulator
filters

= Caretul study of ADC “stuck-bin” effects on ENC
measurement

10/12/16 Review of BNL Test Stand for cold electrnocis development



DAQ
* LabVIEW

= Live view (GUI), easy to use,
especially suitable for debugging

= Disadvantages: requires many
manual operations before data
acquisition

= Python scripts

= Good for getting statistic results

= Advantages: all tests with different
settings can be tested through a script
it hardware doesn’t need to be
changed during the testing

= Disadvantages: Not as fast as C#

o
e}
£ o
£ o
£ o
-
£ o
o

PC

A A
Register write | Register read request Register read response Register write
port 32000 port 32001 port 32002 port 32003

v v LabVIEW: live view

FEMB

Python scripts
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FE-ASIC Calibration and ENC Calculation

= Calibration
= Step voltages generated by FPGA "DAC” onez | o 1840

CSA

= Capacitor is integrated in FE ASIC

= P1 FE ASIC includes the integrated
calibration injection circuit AQ=AV*C

= ENC calculation

= 250,000 samples per channel to calculate rms
noise

Chn_N
SHAPER

] . Il
I I Il Il
non -collecting mode T from M
input N t
wire °
shaper
\// - r ifier

ggm [mV/fC] dual-stage charge amplifie
14
7.8 M, M,
4.7 Peak time [ps] dis en

—0.5 -I:

o ;8 ] ptﬁ:e _I

/ R 30 \ - L] - L
Injection capacitor

collecting mode
S 0 20 3 o =0 measured: 184 fF at 300 K
Time [is] 183 fF at 77 K (0.5 %)

Amplitude [a.u.]
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Voltage / V

-0.2 ~0.2

Pulse Generator: FPGA "DAC”"

. 1.8V
= Schematic

= FPGA IO source or sink current limit: 2mA RG
= Maximize source current: 0.574mA 1k -
= Maximize sink current: 1.187mA i
= R6=1kQ
i Rg =16.02kQ (1%) R1 R2=>R3 >R4=R5
= R2=8.06kQ(1%) o e At AL
= R3=4.02kQ(1%) 3 g 3 |8 |8
= R4 =2.00kQ(1%) 5 15 |5 |5 |5
. — o S a o w g

RS = 1.00kE(17%) 38 3mV per AV. Range up to 30

Linear fit by Caculation 14 Linear fit by Measuremen t

14

12 Y = (0.038294) * X + (-0.000148)

Slope =0.38294

12 Y = (0.038298) * X + (0.000000)

| Slope =0.38298

0.8

FPGA “DAC” works
well at both room and
LN2 temperatures

0.6

Voltage / V
=)
o

0.4
0.2

0.0

Calculation Measurement

-5 0 5 10 15 20 25 30 35 -5 0 5 10 15 20 25 30 35
Steps Steps

Very good agreement between calculation and measurement
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Internal Pulse Generator of P1 FE-ASIC

* P1 FE ASIC integrated 6-bit internal pulse generator

Vbg
TESTPAD

s0 g VOUT_DAC _ sdac_sw1

st ——P» |
| TESTLINE

s2 ——P

Switch inputs from registers

6 bt DAC sdac_sw2
s3 ——_’ ol
s4 ——_’
Pulse tck
s5 » ] Generator

T Bias signals

for opamp

Output Voltage Range: 0 to 1.18V
Resolution: 18.75mV

Power: ImW

Temperature Range: 27°C to -200°C
Settling time: < 130ns

Lmearity: +0.12 %
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List of Tests Done On FEMB Test Stand

= Noise measurement
= Shielding and Grounding

Study of power supplies

Study of regulator

Study of filters for regulator outputs

Contrast test: scope measurement

= Calibration study
= Performance of FPGA “DAC” and Internal DAC
= Calibration with injected pulse generated from FPGA DAC
= Calibration with injected pulse generated Internal DAC

= Detail test results will be shown in tomorrow talk

10/12/16 Review of BNL Test Stand for cold electrnocis development

15



Shielding and Grounding

10/12/16

Good grounding clears high frequency glitches on the FFT spectrum
A well shielded Faraday cage is made by Ken Sexton
Reliable grounding cables

WIB emulator (SBND test board and Altera Arria V evaluation board) is
directly connected to the same ground

All grounding cables are connected to the ground of power supply

sssssssssss

FFT__CHIP6_CHN2
| ‘ | | ‘ | ‘ | ‘ T I T I T I T T T T

: 25mV/fC - Former, RT- 5 25mV/fC - Present, RT-
4 0.5us - B <4 0.5us - B
=] _
[ ‘ e - B Wmﬂﬁmu

eeeeeeeeee / (Hz) Frequency / (Hz)

Smooth FFT spectrum, no obvious pick up noise

Review of BNL Test Stand for cold electrnocis development 16



Study of Power Supplies

= Three power supplies have been studied
= KEYSIGHT U8031A
= RIGOL DP832A

= Batteries

[l

3 P
a '“. . i .

= Test result showed Keysight US031A is as good as
batteries for FEMB

= Except the 5.0V fixed output
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Power Supply Scheme tor FEMB

KEYSIGHT U8031A KEYSIGHT U8031A

—T 5.0V 4.5V 1.5V 1T

3 A N 2aA - A
U.444 U.a3A U.238A 1.ZUR

] L LI L o O O L L]

Why abandon 5.0V fixed output of Power supply for regulator bias?
Because 5.0V fixed output noise is 50mVpp but programmable output is
10mVpp. We did find it affects the noise performance.

Low noise power supply is necessary for the noise performance of FEMB.
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Output Spectral Noise Density (uWV//Hz)

Study of Regulators
= Comparison between TPS74201 and ADM7151

Regulator - RMS Noise RMS Noise _
- Tout(A) 10 Hz to 100 kHz (uV rms) 100 Hz to 100 kHz (uV rms) PSRR(dB)
94 @ 100 kHz
ADM7151 !
62 @1 MHz
TPS74201 1.5A / 16*Vout (typ) = 28.8 73 @1kHz, 42@300kHz
1 lour = 100MA o = LOADZ 10mA, *[ 25mviic, ca = 150pF mEm LN2: TPS74201,2.50hm
Vour = 1.1V § 10k \ = Egggg?ﬁgaﬁ BN LN2: ADM7151, 2.50hm
i | Average ENC(e-)
e ] el ¢ o
N NN — w
0.1 ‘E->i\ ~ S 100
Cgs = 10nF S g *
2 10
o \\ 3
— o - ¢ =
LG ADM?7151
100 1k 10k 100! 0'10.1 1 10 100 1k 10k 100k

Frequency (Hz)
Figure 12. Noise Spectral Density

11043-041

FREQUENCY (Hz)

Figure 41. Output Noise Spectral Density at Different Load Currents,
0.1 Hzto 100 kHz

2.0
Peaking time / (u:s)

ADMY7151 for FEMB gets slightly better noise performance at LN2.
However ADM7151 needs 4.5Vin, not suitable for cold operation

More detailed study for TPS74201 will be shown tomorrow.
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Study of Filter for Regulator Output

= RC filter vs Chebyshev Filter
L1(R1) L1(R2)

L129 L130

VDDP_FE1_OUT N VDDP_FE1_MID
(0 b vl

1
4.7
C651 | C652
330uF| 330uF
vss

VDDP_FE1

c608

330uF

C666 | C625 | C664

330uF| 330uF| 330uF

vss

'V/DDP of FEASIC | VDDA of FE ASIC
Filter Configuration L1 (\Rl) L2 (F‘KZ) L1(R1) [L2(R2)
09/02, Filterl (Chebyshev) 4.7uH 4.7uH 4.7uH 4.7uH
09/04, Filter2 (R, L) 1 ohm A4.7uH 1 ohm A4.7uH
09/05, Filter3 (R, 0ohm) 2.50hm |0 ohm 1 ohm Oohm
0908, Filter4 (R, 0ohm) 1 ohm 0 ohm 1 ohm Oohm
09/08, Filter54R, 0ohm) 1 ohm 0 ohm Powered by VDDP

At liquid nitrogen, RC filter is much better
than Chebyshev filter, especially in big
peak times.
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Noise / (e-)

Noise / (e-)

2000

ENC comparision

25.0 mV/fC baseline = 900mV DC mode
RT Cd = 150 pF

1500

W 09/02: L1=4.7uH, L2=4.7uH

. 09/04: R1=1ohm, L2=4.7uH

W 09/05: R1=2.50hm, R2=1ohm

B 09/08: Rl1=1ohm, R2=1ohm

= 09/12: R1=1ohm, VDDP and VDDA share a regulator

1000 IE I
500
Average ENC(e-)
1383 1194 1196 1246
1396 1230 1196 1235
1374 1175 1180 1199
1382 1181 1186 1210
0
0.0 0.5 10 15 2.0 25 3.0 35 4.0
Peaking time / (us)
2000 ENC comparision

14.0 mV/fC baseline = 900mV DC mode
LN2 Cd = 150 pF

LN2

-
1=
=3
S

W 09/02: L1=4.7uH, L2=4.7uH
mmm 09/04: R1=1ohm, L2=4.7uH
[ 09/05: R1=1ohm, R2=1ohm
s 09/08: R1=1ohm, VDDP and VDDA share a regulator

mmm 09/12: R1=1ohm, VDDP and VDDA share a regulator

14mV/{C

Average ENC(e-)
656

Review of BNL Test Stand for cold electrnocis development

623 560 548 559
615 553 526 56
613 542 492 502
0
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0

Peaking time / (us)
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Contrast Test: Scope Measurement

= Chip8, channell4 was observed with scope as well

= Scope was directly connected to the same ground

= If scope isn’t directly connected to the same ground
= The noise performance becomes worse
= Many glitches appear in the FFT spectrum

aaaaaaaaaaaa

= Scope in the same ground

Without scope

" P P
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Comparison at LN2

2000 ) ENC comparision ,

25mV/fC, Cd = 150pF

Bl LN2: measured by ADC °

Blue: average ENC was measured before
LN2 Bl LN2: scope(BW = 350MHz)
mE LN2: scope(BW = 20MHz) scope measurement
1500/ Average ENC(e-) .
636 553 525 526 * Red: ENC of Chip8Chn14 was measured
682 578 535 526
623 527 492 477 by Scope
— Full bandwidth = 350 MHz

* Green: ENC of Chip8Chn14 was

%%\j measured by scope

— Bandwidth =20 MHz
— Glitches are filtered by limited BW

0.0 0.5 1.0 15 2.0 25 3.0 35
Peaking time / (us)

4.0

= ENC measured by scope (BW =20MHz) is comparable with V* ADC measurement
= ENC measured by scope doesn’t include the noise from ADC ASIC
= ENC measured by ADC includes the noise from ADC ASIC

= Scope measurement with 20MHz is more reasonable
= Since the glitch is caused by ADC ASIC when sampling operation happens
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Calibration Study

= Both FPGA-DAC and Internal-DAC are good for calibration

Gain / (e-)/(ADC bin)

Gain / (e-)/(ADC bin)

1000

800

600

200

1000

800

600

200

Mean=286 | std=3 Mean=278 | std=4
N Tl L
W FPGA DAC, 4. 7mV/fC
mmm FPGA DAC, 7.8mV/fC
mm 7PGADAC, 14mvic (157 | std=2 Mean=156 | std=2 |
Wm FPGA DAC, 25 TmV/fC
= et onc,7omunc (824 SWZL L : Mean=87_|std=1_
mmm Internal DAC, 14 mV/fC
Internal DAC, 25 mV/fC
0 20 40 60 80 100 120
Gain distribution
Peaking time = 2.0us
ASIC1 ASIC2 ASIC3 ASIC4 ASIC5 ASIC6 ASIC7 ASIC8
Mean=439 | std=5 Mean=439 | std=6
Ny o W AP i - e e
Mean=262 | std=3 Mean=263 | std=3
W FPGA DAC, 4. 7mV/fC
mmm FPGA DAC, 7.8mV/fC
FPGA DAC, 14 FC - &S -
: FPG:D:C,}S ;‘vz\//'/fc 144 | std=1 Mean=146| std=1
i LI IECTS U A A SS— (0
mmm Internal DAC, 14 mV/fC g
Internal DAC, 25 mV/fC
0 20 40 60 80 100 120
Channel

Gain distribution

Peaking time = 0.5us
ASIC1 ASIC2 ASIC3 ASIC4 ASIC5 ASIC6 ASIC7 ASIC8
pean=d/oistd=o Mean=457 | std=6
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Gain/ (e-)/(ADC bin)

Gain/ (e-)/(ADC bin)

1000

800

600

400

200

1000

800

600

400

200
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Gain distribution
Peaking time = 1.0us
ASIC1 ASIC2 ASIC3 ASIC4 ASIC5 ASIC6 ASIC7 ASIC8
Mean=447 | std=5 Mean=443 | std=6
[Pogtvree P0owypen?? PO Perst 0o tonnsenss TPV shussysengteroh S
Mean=267 | std=3 Mean=266 | std=3
e e f.‘;_._..» et |
WM FPGA DAC, 4. TmV/fC
mmm FPGA DAC, 7.8mV/fC
s oo e e [ LAT st =2 Mean=147 | std=2
= e onc 7o 83, LSSl S ) E R
mmm Internal DAC, 14 mV/fC
Internal DAC, 25 mV/fC
20 40 60 80 100 120
Gain distribution
Peaking time = 3.0us
ASIC1 ASIC2 ASIC3 ASIC4 ASIC5 ASIC6 ASIC7 ASIC8
Mean=437| std=5 Mean=438 | std=6
e abeabd®) M' e ey m‘““
Mean=261| std=3 Mean=263 | std=3
W FPGA DAC, 4 TmV/fC -
mmm FPGA DAC, 7.8mV/fC
e ecADac s o k144 | istd=2 Mean=146 | std=2
e £ T N S o dossssssnnMean=83_| std=1_
ik braivied Sl S B S Rt S B e
Internal DAC, 25 mV/fC
20 40 60 80 100 120
Channel
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FE ASIC Test Stand
= Warm stand: Quad Socket FE-ASIC test stand

= Performance test
= QA/QC test (collaboration with MSU on development)

= Wire-bonding die test stand

= One die test board
= Three dies are installed on MB Analog Mother board

= Evaluation test

= MB six sockets test stand

= Evaluation test with ASIC packaged by different fabrication
companies.
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FE ASIC Warm Test Stand

10/12/16

= Quad Socket FE ASIC Test Board
= Readout, DAQ, control and monitoring is
through DUNE 35T FPGA mezzanine
= DAC: TI 16-bit DAC8411 is used to inject
test pulse
= ADC: Linear Tech 14-bit 4.5Msps LTC2314

is used to digitize analog output signal
= Sampling scope mode for better timing
resolution

= The test stand is used to evaluate the

P1 FE ASIC

= C(lose collaboration with MSU on
firmware and software development

= Next step

= The quad socket test board will be revised
to use SBND/DUNE FPGA mezzanine and
Enplas clam-shell sockets

= The new design will accommodate both
warm and cold test, with proper shield for
low noise measurement

; Quad Socket FE ASIC Test Board |

Review of BNL Test Stand for cold electrnocis development
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List of Revision of Quad Socket FE ASIC Test Board

= 1. Two versions of Quad Socket FE ASIC Test Board

= one is for warm test in the RF shielded box

= the other is for the cold test
= 2. SBND/ProtoDUNE FM is used to replace the 35Ton FM
= 3. Enplas clam-shell socket is adopted

= Clam shell socket has more reliable operation in cold

= 4. Add 150pF MICA capacitor for each channel of FE ASIC to emulate the
detector capacitance

= 5. Except the ADC, the circuit around the FE ASIC is same as SBND/ProtoDUNE
Analog Mother

= Same filters for power supply as FEMB
= Protection diodes, capacitors and inductors, etc
= 6. Add current sensing capability to each power rails and temperature sensing
capability
7. Four FE ASIC are unrelated with each other
= Each FE ASIC has dedicated SPI interface

The schematics has done, the layout is ongoing
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Revision of Quad Socket FE AS C Test Board

= Layout is ongoing ,'
a8 BT
Two versions of Test Board I }l
one is for warm test in the RF shielded box o L Ll o

the other is for the cold test

2500+,

ZzZzZ
23232
EREEEEIZEZER

+:2 |
aced

S
4

200

Layout of test board for warm test
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Wire-bonding Die Cold Test Stand

= Single FE ASIC test board for performance characterization
and debug test in LN2

= Wire bonding die has been tested
= SBND/ProtoDUNE FM for configuration
= Signal generator for calibration pulse injection
= Oscilloscope for data acquisition

= List of tests done so far
Internal DAC and Pulse Generator Test
Peaking Time Test
Baseline Test

Smart Reset Test
Pole-zero cancellation test
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P1 FE Cold Test Setup

= MicroBooNE FE ASIC Cryo Test Board is used
= SBND/ProtoDUNE FM for configuration
= Signal generator for calibration pulse injection
= Oscilloscope for data acquisition

= List of chip tested so far
= P1 FE ASIC packaged by MOSIS

= P1 FE ASIC die
= P1 FE ASIC packaged by Quik-Pak

______

= Package issue is confirmed

0 £ ‘ / /
Chip immersed in LN2
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Test Summary from SBND FEMB with P1 FE-ASIC

= Performance of internal DAC was studied

- Linear fit (LN2) . DNL (LN2) . INL (LN2)
LSB = 0.017762
10l Y = (0.017847) * X + (-0.008498)
DNL(i) = (V(i) - V(i-1) - LSB) / LSB 2r
05|
0.8
1ise = 0.017762
> INL(i) = DNL(0) + DNL{(1) + ... + DNL(i-1)
; 0.6 ) o
3 : 3 WWMW
E §00f g papemenspee penennenne e e A s vvvf\f“ 3 of o
g o4 i z
<
B N
0.2
-05
0.0 <2
-0.2 . . . . =70 i i i &3 i i i
<10 0 10 20 30 a0 50 60 70 0 10 20 30 0 50 60 0 10 20 30 20 50 60
DAC bins DAC bins DAC bins

= [ocated new issue when P1 is set to collection-mode at LN2

1600000 Callbratlop of chip8

350
wooot  LN2 temperature .. 300
woe 4.7 mV/{C, Tus 27 \ —#—LN2,200mV,chip5, no
77 250 resistor
1000000 Z"
200 .
2 1800000 —=#—LN2,200mV,chip7, no
g 600000 150 resistor
, 100
e \\ 2 / LN2,200mV,chip5,
200000 LN2 temperature 50 N = e 1GOhm
0 4.7 mV/{C, 1us 0
200000 1234567 8 91011121314 1516
=500 0 500 1000 1500 2000 2500 3000 3500

When the baseline is lower than 100mV, the FE channel may fail to amplified the
injected pulse properly
10/12/16 Review of BNL Test Stand for cold electrnocis development



Bare Dies Were Studied

3 P1 dies on MB Cryo Test Board Tet stand

Trig'd

P1 RE ASIC
(LN2, buffer ON, 100pX, TEST PAD disable)

300
250 M —@—25mV/fC,3us, 200mV,DC

=@=14.7mV/{fC, 0.5us, 200mV,DC

baseline /mV
N
S

100 25mV/fC,3us, 200mV,AC ®n
58 47mV/C,05us, 200mVAC  Vpulse = N*10mV, N =1 ~ 8
chn0 chnl chn7 chn8 chn9 chnll chnl4 chnl5

hannel No degradation of baseline
Good linearity on all channels
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Baseline and linearity check
for P1 FE ASIC packaged by Quik-pak

= Test was performed on MB socket cryo test stand

400 400

350 350

300 300

250 —+—chipl E 250 ’\,\ v-/ —+—chip6
200 . —m—chip2 g 50p Nk : %/’ —#—chip?
150 chip3 g 150 % chip8
100 chip4 100 chip9
50 ——chip5 50 CHIPS8 CH3 is dead ——chipl

" 123 4567 8 910111213141516 " 1234567 8 910111213141516
Channel no Channel no

Linfzarity check for chanrnels with lowest baégline _.1‘

l

Chip2 ch8 -~ = Chipl ch8 ~= 32 Chip4 ch9 —~ 3 Chip3 ch8 oo
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Conclusion: Quik-pak is a qualified packaging house for P1 FE ASIC
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ADC ASIC Test Stand
= V* ADC test stand

= Three different configurations
= Chip on board
= Open top socket
= Clam shell socket with filter

= P1 ADC ASIC test stand

= One die has been installed on one V* ADC test board

= Since the P1 ADC ASIC has different configuration interface and pin
mapping from V* ADC, modifications on board had been made during
the wire bonding process

= New single socket ADC ASIC test board is ready
= Revised board is compatible with P1 ADC ASIC and V* ADC ASIC
= P1 ADC ASIC with package will arrive this week
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V* ADC ASIC Test Stana

= The test stand has been used to characterize V* ADC ASIC
extenswely before submission of P1 ADC ASIC in ]uly

Single Socket ADC ASIC Test Board Single Socket ADC ASIC Test Board Assembly LN2
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V* ADC ASIC Test Board

= Single ADC ASIC Test Board

= Readout, DAQ, control and
monitoring is through DUNE 35T
FPGA mezzanine

= Three different configurations
= Chip on board
= Open top socket
= Clam shell socket with filter

= Next step

= Quad socket ADC ASIC test board
will be designed for both warm and
cold test soon

= Revised board is compatible with P1
ADC ASIC and V* ADC ASIC

................
nnnnnnnnnnnnnnnnn

Single Socket ADC ASIC Test Board — Clam Shell
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P1 ADC ASIC Die Installed on V* ADC Test Board

= Reuse the test stand for V* ADC test board
= Signal generator (KEYSIGHT 33600A)

= Two waveforms were used

= Saw-tooth wave
= Range is from -0.2V to 1.6V
= 0.01 Hz

= DC Source for sweeping each input channel
= Range : 0.0000 V to 1.60000 V
= Step=0.1mV

= The test is ongoing
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P1 ADC Die Test Stand

= P1 ADC ASIC with package will arrive soon
= Single P1 ADC ASIC test board with clam-shell socket is ready

= Once the chip arrives, assembly kit for version of chip on
board will be delivered to assembly house >
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P1 ADC ASIC test board and SBND FM

PCB of chip on board
For P1 ADC ASIC
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Preliminary Result of P

Amplitude /ADC bin

Amplitude /ADC bin
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Integration Test Stand

= Integration test stand is an important step to study the
detector and readout electronics integration and
performance

= Test stands are being prepared at BNL, Fermilab and CERN with
different focus

= BNL: APA and FEE integration at both RT and LN2

= The TPC APA+Cold Readout+Feed-through+Faraday
Cage with Warm Interface and Local Diagnostics should
be treated as an integrated whole

= BNL integration test stand will test the full readout chain from
APA to WIB

= Cold box will house the 40% APA from DUNE prototype, plus
cold electronics and cold cable

= Signal feed-through assembly and warm interface electronics
housed in the crate will be installed
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Integration Test Stand

40% APA with 80/20 frame

Cold Box

Cold box top cover with interface
to feed-through chimney

= Foam and support installation has been done
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Integration Test Stand

b= =

I
) — U
<

L : g

 40% APA

1

8 adapter boards j

|

= 8 adapter board had been assembly on the APA

= SBND/ProtoDUNE FEMB will be installed on the adapter board for the
integration test
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WIB + FEMB is Ready for Infegration Test

= Once the flange board arrives, the integration test will start.
= WIB is able to operate 4 FEMBs now
= We are working on the python version of DAQ
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Summary

= Test stand development and thorough test of cold

electronics are important steps to ensure the success of
the experiment

= Development of cold electronics test stands are ongoing
for both SBND and ProtoDUNE-SP

= Integration test stand will include active detector as learned from
the past experience

= The experience will be directly applied to the test stand
development of the DUNE far detector
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