DEEP UNDERGROUND NEUTRINO EXPERIMENT

High-performance test bench for
the automation of DAPHNE board
minimum performance tests

Diego Restrepo (PhD in Physics)

Jaime Osorio (PhD in Physics)

Oscar Zapata (PhD in Physics)

Jorge Lopez (PhD in Physics)

Fabian Castano (PhD in Electronics Engineering and Computer Science)

Universidad de Antioquia (DUNE collaboration member since June 2022)

IIIIIIIIIII

IIIIIIIIIII
ANTONIO NARINO Ser,SaberyServir




DEEP UNDERGROUND NEUTRINO EXPERIMENT

What is DUNE?

Sanford Underground
Research Facility

Fermilab
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Investigate Neutrino oscillation to prove charge parity violation
(CP)

Determine the order of the mass of the neutrinos

Study supernovae, the formation of neutron stars and black

holes
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Far Detector (FD)
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B. Abi, R. Acciarri, M. Acero, G. Adamov, D. Adams, M. Adinolfi et al., Volume IV. the DUNE far detector single-phase technology,
Journal of Instrumentation 15 (aug, 2020) T08010-T08010.
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Horizontal and Vertical Drift

* ProtoDUNE-2 HD

Prototype Experiment built in CERN (Geneva, Switzerland)

bottom field cage

Membrane
Wall
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NEUTRINO

DAPHNE V1 and V2A rimware
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NEUTRINO

DAPHNE V3

» Kria KR260 — DAPHNE V3

Design of new architecture for Data Acquisition System

- Acquisition of development boards for the
collaboration

XILINX

n
https://github.com/fabioc967§}|KtI3AL|Star'ErLlGuide/blob/ V I T I STM G it H u b

documentation/Tutorial/T01 Kria and Vivado.md
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https://github.com/fabioc9675/KRIA_Starter_Guide/blob/documentation/Tutorial/T01_Kria_and_Vivado.md
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

CHALLENGES (Operation and Diagnosis)

It is necessary to implement an

automatic test. VOLTAGE GENERATION AND MONITORING

0 V-

Range (V)  12-70 0-4.096

Manual test:
- Alot of time

BiasRaw

- Reprocessing

Generated DC-DC Custom DAC+custom
Boost Circuit circuit
Converter

- Non-standardization

Adjusted FPGA/M2bits FPGA/M2 FPGA/12  bits
by DAC bits DAC  DAC

- Possible failures

Adjustment 14,16 mV 14,16 1mVv
Precision (for mV

BiasRaw=70

V)

Automatic test:
- Better performance

General 8 Individual
enerated channels  channel
5

groups

- Multiple evaluation simultaneously

- Standardization
Also, can be used to do diagnosis and

- Traceability. . : :
y evaluation of performance in real time
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Institutional Goals

To define of minimum operating requirements
and testing protocol.
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To design and manufacturing an electronic e L @ W
test bench board system. : :

To evaluate and validating the test bench
performance.

To evaluate the performance of a DAPHNE
board using the test bench.

Use the test bench infrastructure to simulate hardware event signals
and assess the performance of the DAPHNE board.
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Proposed technical tests

- Operating voltage test: Verify the board operation under specified voltages.

- Board impedance test: Evaluate signal integrity, power distribution and high-
frequency performance.

 Digitizing systems (AFEs) test: Validate the AFE's performance, linearity,
noise levels, dynamic range, and overall fidelity in digitizing signals from various
sources.

* PL operation (Fast DAQ) test: Timing accuracy, synchronization capabilities,
data integrity, and overall system throughput.

 Signal conditioning test: Gain, frequency response, linearity, noise levels,
distortion, and impedance matching.

« PS operation (Slow control) test: Reliability, responsiveness, and accuracy in
performing slow control tasks, such as adjusting settings, configuring
parameters, or managing system states.
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Test bench architecture

| Optical coupling analysis | Raspberry Pi Power supply
(User interface)
Programing test protocols
1GBETH
(SFP) [ 1
Power initilization
sequence
10GBETH |,
(SFP) B KRIA SOM “L ExtemalADC Total current
comsumption
€ measurement
(Hall effect)
Validation with
(I:’r;as"f;ggg; FLUKE power
. measurement meter (M.e dical
Events simulator (Hall effect) grade equipment)
High Speed
External DAC
AFE Hardware connection v Signal comparator Vector Network Analysis
(Daphne specific N (VNA)
connection, 40 ch) ‘—I._ Signal generator » External DAC
Offset, Trigger and Biaset N PS and PL integrity Line impedance
DACs control monitoring External ADC test External ADC (Differential pairs)
Cooperation with Gustavo and Vinicius
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Test bench as event signal simulator

DAC3154 @ rcve https://www.ti.com/product/DAC3154

Dual-channel, 10-bit, 500-MSPS digital-to-analog converter (DAC) with
iInput FIFO and current sour
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Test bench as event signal simulator

DAPHNE Waveform

100

* Generation of simulated events
based on physics.

Y Axis
o

W

« Measurement of the
performance in readout SyStem " e 0 1:.";0 33-0 0.’:0 60:0 '::'0 90:0 1:.’00 1220 1350 1500 fG.’oO ::WDD ;950 2100 :22501400 ;:550 ;00 :2850 3000 ;150 —3300*:30 *

Sample Number
. . . 1 ROOT Object Browser
» Diagnosis of electronics' system '
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Concept design
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Update March 2024
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NEUTRINO

DAC High Speed new analysis

DAC53508 Octal, 10-bit, buffered-voltage-output DAC with SPI
(https://www.ti.com/lit/ds/symlink/dac53508.pdf?ts=1707117365109)

AFE7950 4-transmit, 6-receive RF-sampling transceiver, 600-MHz to 12-GHz, max 1200-
MHz IBW

(https://www.ti.com/lit/ds/symlink/afe7950.pdf?ts=1707153096602&ref url=https%253A%25
2F%252Fwww.ti.com%252F product%252FAFE7950)

AFE7900 4T6R RF Sampling AFE with 12 GSPS DACs and 3 GSPS ADCs

(https://www.ti.com/lit/ds/symlink/afe7900.pdf?ts=1707154656670&ref url=https%253A%25
2F%252Fwww.ti.com%252Fproduct%252FAFE7900)

AD9088 Apollo MxFE Octal, 16-Bit, 16 GSPS RF DAC and Octal, 12-Bit, 8 GSPS RF ADC
(https://www.analog.com/en/products/ad9088.html)

MAX5869 16-Bit, 5.9Gsps Interpolating and Modulating RF DAC with JESD204B Interface
(https://www.analog.com/media/en/technical-documentation/data-sheets/MAX5869.pdf)

AD9164 16-Bit, 12 GSPS, RF DAC and Direct Digital Synthesizer
(https://www.analog.com/media/en/technical-documentation/data-sheets/AD9164.pdf)
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KR260 Carrier Board Explorer
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NEUTRINO

Simulation model building

« Biexponential model (Radiation
events’ model)

y(t) = A(‘e” to)/T0 _ p(t—to) )

« Radiation Event sampled (Geiger
Detector)

 Baseline noise extraction

2000 1

1000 A
od A, VSRR Y iy A A= ..

T T T T T T
0.0000 0.0001 0.0002 0.0003 0.0004 0.0005

« Event model fitting

5000 5000 -
4000 4000 4
3000 -
3000
2000 1
2000
1000 1
e e . Sfor e M)y Sl b oafecs | 1000
o
Y : y T A A\ AA AN A
01270 01272 0.1274 01276 01278 0.1280 o &= Ao ol .
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Simulation model building

* Multiple event simulation « Trapezoidal Shaper Filter and

DPP implementation
5000 -
4000 1
3000 -
2000 ~ Trapezoidal Shaper
1000 A
o{ ! : . : . d vln] = yln — 1] + Cln|

0.0 0.2 0.4 0.6 0.8 1.0
C[n| = Bln] + M % A[n]

* Design of Event counter

Bln] = Bln— 1] + A[n]

Aln| = z[n| ~ z[n - K| ~z[n - L] + z[n - K ~ L]
z[n]
[ b —msmee—s{ b0 | -

m > 1
z[n - K|
A 4
bufix(K) :é ‘i M« An)
)

Clnl
3 qam
Hn-1) )
L2 'y L B il
buffx(L) Acs_L Boc———— om_sanple——b{I|
sfn -1
buffx(K+L) -Acc_KL-
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Simulation model building

* Multiple event simulation

top_tb_behav.wcfg

Q W @ @ I ¥ « Il = 2 4 o

@ clk

@ clk_au

@ rst

8 n_rst

¥ X[31:0]

o y(31:0]

W datao[31:0]

¥ cha[15:0]
' datai[31:0]

> W datao[31:0] 0000671
8 stop FALSE

8 start
4 N_SAMPL
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Simulation model building

* Multiple event simulation

top_tb_behav.wcfg

Q W a @

"
P2Y
X
s
=
h e
E3

200.000000000 s 300. 400.000000000 50 0 ms 500. 000000000 ms 700.000000000 ns 00000 ms 900.000000000 ms

W x(31:0]

o y[31:0]

o y[31:0]

> W datao[31:0]

> W fifoo[31:0] 00000000 | I 00000000
» fifo_o[31:0] 00000000
W fifoy[0:10] 533221,

4 [0]
e [1]
4 (2]
4 3]
8 [4]
@ [5]
4 6]
8 [7]
4 (8]
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Next Steps

 Finalization of component evaluation
» Present a first version of the Schematic definition and design

» Generate a difference equation of the simulation model and
implementation in Hardware
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Update August 2024
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Components support

3 [ 1| s Jic cux surren 1:4 250w eTss0p $ 19.700,0 5 15.700,00)
A 7] 1 | v e $10.200,00) $ 10.200,00,
ELECTRONICA |+D 5.A.S 38| 3 | ued |ic EEPROM 6aEIT C 1MHZ 8TSSOP [Ma4ces-DROWETP /K $3.200,00 5 9.600,00)
39| 1| Una [com see RCPT 20605 SLD /A WO [Fessrocon S, § 18.100,00
Direccién: 40| 1 | ues fcom rcrT eceos suo colo Joraorc.ors005-0.4v(51) 5 11.200,09 §11.200,00
poor Sipdaliosit vl 41| 3 | Usd ficPWR SWITCH -chan 1:1 50235 S8, 5 24.500,00
N 900.034.424-0 Rbimen Comin @ | 1| Und [iCUSB HS QUAD UART/SYNC 64-L0FP [Fraam TRy 53910009 § 39.100,00
B e KN e : Tsand
Asesor de venta: Juan Camilo Rendén 44| 1 | Und [COMN RCPT USE2.0 MICRD AB SMD RA § 6.100,00f $ 6.100,00}
45| 6 | Und i REG LNEAR POS AD) SooMA QP [wessorco L s 5 73.00,00)
R AT T O T T R S T O e S R s BT T [T ey e 2 e
. 7508, Col. @ | & | una fcom o.cammHDR 6p0s WD LSLA2ATR $130.500,00 $1.004.000,00
.v."““m‘:a‘.“qz‘;‘ﬁ'.?“"‘"“”“’ 5| 4 | Und |ROUND SPACER STEEL 3w, fs77acs0960n 57.300,00) 5 29.200,00)
55547 383 o ¢ [ § 1.3x00) s7300,0
5 | 2 | Und | CURRENT MONITOR 0.15% 1675500 [azsanirw § .30, s 78.600,00)
31| 1| Und b PWR LNT SWITCH N-cH 1:1 160N §3.000,09 $9.800,00]
2 1 Und [Camisicn por transferencia $ 120.000,00] $ 120.000,00|
1 1 Und |ANALOG DISCOVERY 3 PRO BUNDLE S reTr
2 1 Und |EVAL BOARD FOR DACI154 JDACYTS4EVIM $ 3.245.900,00f $ 3.245.9%00,00{ 50,
QR 23 de Mayo ds 2024 S e
4 1 Und |COMN HEADER R/A 14P0S 2MM $ 11.800,00{ $ 11.800,00{
5 4 Und |CONN HDR 12P0S 0.1 GOLD PCS R/A ' 7.800.00] $31.
3 R ] T — T —TT Se rebe modend a coobumidad y wopleto o —
7| 4 [ [poToomn sz $75.400,00 $ 301.400,00) .
8 | 1| uea [icREG Uw 7os ADs Sowa 850KC lnor710sur0z 17 54010000 5 40.100,00 Touake L__$17.563.567,00]
9 | 1 | und [icousswiron 2 x 14 serssoe [rcasssaarvm s 5 8.300,00
10 ;] Und JIC M8 [PCAI06DCTR '$ 3.500,00| $ 3.900,00{
Wl | WAL —40C-125C awsP [wcrsscer-emes. S 8.600,00 s R“- e:
12| 1 | Und ficAC sz sa tewar jaos713sanTERGY $52.800,09 5 52.800,00
B 1 | | 5 150.500,00 5 150.500,0]
14| 1| Und [XTAL OC X0 25.0O0MAZ LYCHDS [cwazt-azs.0m 526.7%0,09 5 26,700,09
15| 1| Und hC TRANSLTR BOWECTIONAL SC706 [swraxciasocn 53,5000 53 Ontrecscdad  cle A"h‘*"m
%l 1 Und I USB TO UART BRIOGE QFN24 [CP2102N-A02-GQFN24. $27.300,004 $ 27.300,00|
i Und [FIRTER RC(PT) 22 OHW/GBPF SMD $3.300,00/ $ 3.300,00/
Ll Und [IC DAC 12887 V-OUT 1675500 {aDs3278RUZ $ 148.000,00f S 148,000,001
DRI [honesaerz s 5 70.600,00
| 1 Und [IC CMOS 2 CIRCIAT S5OM $ 23.900,00 $ 23.900,004
21 | 1| Und [CONN DSUB ACPT 5908 R/ASLR § 11.600.09 § 160,00
2 1 Und (I MOD SOM K26C ZYNQ MPSOC [SM-K26-XCL2GC 'S 2.602.600,00( S 2,602.640,00f
o] 2 | um fuseszasrans .00, § 98,000,
" 2 Und 111 0PN USB3320C-EZK-TR § 13.300,00( $ 26.600,00]
5 | 4| Una [1vs 0oo0E 5 5vv 1ave sauson § 4.300,0] § 720000
26 5 Und [TVS DIODE 5.5VWM 6SON 20RYR $ 3.700,00( S 18.500,00]
7| 1| Ued [ic s crmen vsa 2.0 3¢ ares 5 15.400,00 § 15.400,00
£ 1 Und [TV DIODE 5.5vWM 8-UQFN [TPostoomsER $ 3.700,00| $ 3.700,00{
29 | 1| Una_[conN MICRO SD CARD PUSH-PUSH /A 2. 52720000
0| 4 Und IC ETHERNET PHY 48VOIN $ 47.900,00] $ 191.600,00(
1 4 Und JACK 4PORT 1000 BASE-T PCB. S 137.500,00) § 630.000,00)
2| 2 Und JCONN RCPT DISPLAYPORT 200 SMD RA. [472720001 $ 37.500,00{ $ 75.000,00]
33| 1 | ona [vsoione 59,700, 5970000
M| 5 Und 1OUQRN [SH7aavCIT2ERSWR $6.400,00) $ 32.000,00|
35 | 1| Und i WR SWITCH AN 1:1 507235 [swrszrsisn 5 8,400, $8.400,%)
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NEUTRINO
schematics design

 Libraries design

Serching for the libraries of non-generic componentes such as
the SOM and converters like DAC and ADC.

omponents
& 7

Categories « Design ltem ID

. Description C
I SM-K26-XCL2GI  ZynaA® UltraScales... *
Search

» All (697)
Simulation Generic Componen{
SM-K26-XCL2G.IntLib
ADS7138QRTERQ1.IntLib
CWX813-100POM.IntLib
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NEUTRINO

schematics design

« Component placement

After gathering all the necessary libraries, each schematic

sheet was created, following Fermilab’s schematic format.

4 2 Test_Board_Design.PrjPcb
4 M Source Documents
L _G_H.SchDoc
[3] Sensor_I2C.SchDoc
[4] SPI_Devices.Schl
T.SchDoc

nerator_Chip.SchDoc

.SchDoc

ADCiapt (S sy il DAC st PL i)

571 DeiwisD) AT

S A —
ok Gumrner CHpl2C) KRIAUAI D

12C Temperature Sensor

anivGaio (oS
Aocaion
o

s
auzgr

sooR
op
5

12C 8 Channel ADC

AooR=16

Ay o
I

|

s

bl

DD ODEBD D

n.BomDoc

Clock Generator Chip

Onclr- 25 Mis

Level Translatng from 33V t0 1.3V

0 W 8D oS s P A o3
WaDm

oamiins fom B ot A

USB UART

e 3
ek e

e T e
.
s —5

B
I )
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

schematics design

« Component placement

The KRIA, SOM_A B C D, and SOM_E_F G_H schematics *The libraries needed to be updated
correspond to the sheet 3 of the Fermilab’s schematics.

B0l Dot ol o 1 L oy 4
i i B GHen s | 1
e aHa
Fous il &R B
H S em o
i B i an o bR MIO 12C Level Shifter
H FBie G em  ow B2 A i
HR et G B bmm .
] i c1e Dia v W a2 - Clock_Geoaranee_ Chip(2C). Semser 12CTIA]
B 1 GHE: Db ) ne o e e S e
b wit) G ow R T Sl
fe et Heab ] ;
R He G dn B Lo a0y
[Emo %0 crE| $i% DI png - 3 ol
2 P3R! £B! Grjae 2R s o
} 4 g i E
HE e GHeE BEh
3 Foi ool b
Fas ERE: G B Do o
E 55 i B HE b Y
i GHar mp = E
THaw ow L o s
s o B Gk o [DI0 d 1
All (PS) MIO pins use 1.8V logic
Power rail provided by SOM
All (PL) HPIO pins (LVDS) use 1.8V logic
. Bl 1.00V-180V MIO I2C Switch =
SOM _E_F G_H schematic* .
. I
l;]DIg Pins 8 e
.20V - 3.30" ﬁ - L
2  BE
2 i o o e
+5VD Decoupling Caps 2
Ea . o 2 2 )
A E 2 = 2 = . By =g
§ B g B g B P
s B as D¢ as D3 i B’ Bl Bt oo H-
oom & mhe g B w -
® o= % He B § g B 0
Moo @ @
¥ou & @
Mon @ o @ B
¥ OB & e & B
B @ g @ R
o & & B
¥ OB B & B
% won % & B & ° = °
He whR He  mER e =R
fun| 3% ar o0 ars o2 o
a) PR Sa  ups e Hps
= i R e BER He  HE
B8 g =B & B
- ga S & B
g B & B
g B g B
& B & B
% % - = § % - = %
H g B 8 B

BEEBEEEEEEE

SOM_A B _C_D schematic*
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

schematics design

« Component placement

The KRIA, SOM_A B C D, and SOM_E_F G_H schematics *The libraries needed to be updated
correspond to the sheet 3 of the Fermilab’s schematics.

B0l Dot ol o 1 L oy 4
i i B GHen s | 1
e aHa
Fous il &R B
H S em o
i B i an o bR MIO 12C Level Shifter
H FBie G em  ow B2 A i
HR et G B bmm .
] i c1e Dia v W a2 - Clock_Geoaranee_ Chip(2C). Semser 12CTIA]
B 1 GHE: Db ) ne o e e S e
b wit) G ow R T Sl
fe et Heab ] ;
R He G dn B Lo a0y
[Emo %0 crE| $i% DI png - 3 ol
2 P3R! £B! Grjae 2R s o
} 4 g i E
HE e GHeE BEh
3 Foi ool b
Fas ERE: G B Do o
E 55 i B HE b Y
i GHar mp = E
THaw ow L o s
s o B Gk o [DI0 d 1
All (PS) MIO pins use 1.8V logic
Power rail provided by SOM
All (PL) HPIO pins (LVDS) use 1.8V logic
. Bl 1.00V-180V MIO I2C Switch =
SOM _E_F G_H schematic* .
. I
l;]DIg Pins 8 e
.20V - 3.30" ﬁ - L
2  BE
2 i o o e
+5VD Decoupling Caps 2
Ea . o 2 2 )
A E 2 = 2 = . By =g
§ B g B g B P
s B as D¢ as D3 i B’ Bl Bt oo H-
oom & mhe g B w -
® o= % He B § g B 0
Moo @ @
¥ou & @
Mon @ o @ B
¥ OB & e & B
B @ g @ R
o & & B
¥ OB B & B
% won % & B & ° = °
He whR He  mER e =R
fun| 3% ar o0 ars o2 o
a) PR Sa  ups e Hps
= i R e BER He  HE
B8 g =B & B
- ga S & B
g B & B
g B g B
& B & B
% % - = § % - = %
H g B 8 B

BEEBEEEEEEE

SOM_A B _C_D schematic*
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

schematics design

« Component placement

Board sensors

Clock Generter Chip[2C), KRIAGaN)["SCL™>

ADC imputs (1S side) will eceive DAC utpues (PL k)

Clock Gencrtee Chip[2C], KRIAG4A)- D

L0 L] anmor
e e o
S Ao Pt
— Ao i
e prvieid i e
. ANTGRIOT iy S
Ao A [ av o
= Dicar Bvon >
- N
cw cs sy
e
= = &
Go G =
Dl et s vt e s g wd o
12C 8 Channel ADC
T
T o
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Analog chain test
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

schematics design

« Component placement

JTAG and UART Clock generator

Level Translating from 3.3V to 1.8V

‘With the DIR i configred FIGH, vrarslaion s from Pot AtoPot B
Wit DIR LOW, ransaton i fom Pot B to Pt A

Clock Generator Chip

-
3PS - Sar = VoD
" Voo
s sy o= Vbboo
e sl ot e wos ournur
B @ oo Vobo: b |2
@0+ om e — B B e = Free Ruaning Clocks 0 FPGA
CORRTRY ety 4 = ] ey ST TGVE MGT REFCLK shoakd be AC cotpled per UGS g 5.3
MGTREFCLKhainernal tezmitaion i FRGA
omT )
Siomsas o | £ 2
GPIO 3 WAKEUP 4 gl 562k Oscillator - 25 MHz
me REGN
<asvpso—L] voca =8 L A nuy
T s | I coan ook PA—as RO
o J=r ) aEn cim o3 COTRRCIETY 13030k DAQar 10 Gl Re Clock (PL)
o 2 , e = cikive e S
i = sk - s, CLKIA Z QX100 P, 100 MHz - FPGA Clock
iy 100aF s—of FOBK CLkin ek CLKIO0 N » &
Hax e N 4] vee — L FOBKE =
& o =
33 B cuen b 28— famm e
) L ew eiss  cikm e, L
10, USB to RS232 Seria Bt = = - 1, ir_-3 (EEEEEE
= hfuod T T b GRD  CWRITEOTW A Seme B EorseL ks OTERECIET ;2 it - b Bthrnt Refrence Clock (P5)
UART R UART Duabeigrceived SON = @ o B ——— = Wik
= 126 Addes = 111000 STRATGNE Ui nerml FPGAL00 o sinaton a FPGA
'UART TX = UART Data being transmitted from SOM Dis == 12C Address = 112 GND
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

schematics design

« Component placement

SFP connection

3V
mme A
Lasfraolesolzsrfmaafesslass 3
I I ko)
SR TX O T —
<5 GTR 4 T
L o
_ L) e L
e [EDoET:
- | saxcning
O IR0 B
S OTE ABS i = module is absent | ”‘"’ i
SR GTR 08 g - o ofsignal on RX. i HEy NSNS EEEEEEEEEEEEEEEEEEEESEEEEES ERN
12C stave addess = 1010000 or 1010001 EEY
423 minmm e S duluimd;);\umm T LS. 1'—1‘”035121!10_]_
| b soredin modules o 1F ] IF S L
support corrol s and elmetry such aemperauze
g S e i SfcaE 3
Remove PU an RS1 forslow speed i B i @D G
=] 12C save address = 1010000 r 1010001
&D D @D At's minimom the SFP module should ave some 1D
i stored in BOM. ed SFP module
suppor: cortrol bt nd telemery
olisge. optical X powes,hours ofoperanon, i c

Remove PU an RS for slow speed.
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

schematics design

« Summary progress

Schematic ________________________|Progress

Kria SOM connection 28
Analog sensor chain 17
Dac signal chain 20
JTAG and UART 90
Clock generator 90
SFP connection 52
Test point coupling 3

Voltage sources 80
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Generation of exponential pulses

 Pulse simulation

The Generation of Exponential Pulses with Modulation
combines the use of the Z-Transform and predefined data

arrays to create pulses in digital systems.

UNIVERSIDAD

UAN T EIA

RSIDAD
ANTONIO NARINO Ser,SaberyServir

‘ W 7
UNIVERSIDAD
34 DE ANTIOQUIA Cinvestav



DEEP UNDERGROUND NEUTRINO EXPERIMENT

Generation of exponential pulses

 Pulse simulation

Difference equation implementation

--import Library

library IEEE; if Ypaso = "00000000" then
use ieee.std_logic_1164.all; current_s <= S2;
use ieee.numeric_std.all; --1if Ypaso is @, then transition to state S2
entity expo_transf_Z is end if;
Port ( clk : in STD_LOGIC; --clock divided to 115200 elsif current_s = S2 then

reset : in STD_LOGIC; --reset
pulse_trig : in STD_LOGIC; --pulse
signalout : out STD_LOGIC_VECTOR (7 downto ©); --output signal
enable_tx : out STD_LOGIC); --enables transmission
end expo_transf_Z;
architecture Behavioral of expo_transf_Z is
constant Yinicio : integer := 253;
constant alfa : integer := 968;
type states_type is (S_rst, SO, S1, S2); --defines 4 states
signal current_s, next_s : states_type; --signal to store current and next state
signal counter : integer := @; --for counting

signalout <= (others => '90");
end if;
end if;
--if the current state is S2, set the output to @
end process;

states_logic : process(current_s, pulse_trig)
--this process defines the logic between states
begin

case current_s is

begin when S_rst =>
transition: process(clk; raset) --S. ::tt;iw;_ssi;ansitions to state S1
variable Yvector : std_logic_vector(19 downto ©); — y:
variable Ypaso : std_logic_vector(7 downto 8); when S8 => X .
variable Yactual: integer; if pulse_trig = "1' then
variable Ycambio: integer; next_s <= s6; . . .
begin --S0@ transitions to itself if the pulse is active
if reset = ‘1’ then else
current_s <= S_rst; next_s <= S1;
--if reset is activated, set the current state to S_rst end if;
elsif rising_edge(clk) then --otherwise, it transitions to S1
enable_tx <= '1'; when S1 =>
current_s <= next_s; if pulse_trig = "1' then
--if there is a rising edge in the clock, enable transmission and update the current state with the next state next_s <= 50;

if current_s = S_rst then --51 transitions to S@ if the pulse is active

Yvector (others => '@"); else

Ycambio := @; next_s <= S1;

Yactual := Yinicio; end if;

signalout <= std_logic_vector(to_unsigned(Yactual, 8)); --otherwise, it transitions to S1
--if the current state is S_rst, initialize variables and set the output signal when S2 =>
--to the binary representation of 253 if pulse_trig = "1' then

elsif current_s = S@ then

Yactual := Yinicio;

signalout <= std_logic_vector(to_unsigned(Yactual, 8));
--if the current state is 5@, show the binary representation of 253
elsif current_s = S1 then

Yactual := Yactual * alfa;

Yvector std_logic_vector(to_unsigned(Yactual, 20));

Ypaso := Yvector(17 downto 18);

signalout <= Ypaso;

Yactual := to_integer(unsigned(Ypaso));
--if the current state is S1, perform calculations with Yactual and alfa, updating Yvector and Ypaso
--displaying the binary representation of Ypaso

next_s <= S@;
--S2 transitions to S@ if the pulse is active

else
next_s <= S2;

end if;

--otherwise, it transitions to S2

when others =>

next_s <= S2;
--in other cases, it transitions to S2

end case;
end process;
end Behavioral;
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NEUTRINO

Generation of expo

 Pulse simulation

Array approximation implementation

--import Libraries

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity burned_data is

Port( clk : in std_logic; --clock divided to 115200
reset : in std_logic; --reset
pulse_trig : in std_logic; --pulse
signalout : out std_logic_vector(7 downto @); --data output
enable_tx : out std_logic); --enables transmission

end burned_data;

architecture Behavioral of burned_data is

type data_arr is array (@ to 127) of integer range @ to 255; --array of the 128 burned data

97, 93, 89, 86, 83, 79,
48, 46, 44, 42, 41, 39,
24, 23, 23, 22, 21, 20,

12, 12, 12, 11, 11, 1e,
6, 5,5, 5,5, 5,4, 4,
2,2,2,2,2,2,2,2,
1,1, 1, 1, 1);

values
76, 73, 71,
38, 36,
19, 19,
1e, 9,
4, 4,
2, 2,

signal data_array : data_arr := (128, 123, 118, 113, 109, 165, 161,
68, 65, 63, 68, 58, 56, 54, 52, 50,
35, 33, 32, 31, 30, 29, 27, 26, 25,
18, 17, 16, 16, 15, 15, 14, 14, 13,
9,9,8,8,8,7,7,7,7, 6, 6, 6,
4, 4,4,3,3,3,3,3,3,3,3,2,
2,2,1,1,1, 1,1, 1,1, 1, 1, 1,
signal index : integer := 127; --index traversing the array
begin
process(clk, reset, pulse_trig) --this block is activated by changes in the divided clock, reset, or the pulse
begin
if reset = "1° then

--index <= @;
signalout <= (others => ‘@")
--if reset is activated, then the output is @
elsif rising_edge(clk) then
enable_tx <= '1°;
--if there is a rising edge in the clock, then transmission
if pulse_trig = "1’ then
index <= @;

is enabled

signalout <= conv_std_logic_vector(data_array(index), 8);
--if there is a pulse, then the index is reset and signalout is assigned the first

--element of the array
if there is no pulse
if index = 127 then
signalout <= "@0000000";

else

--if the index is 127, meaning the end of the array, then the output is 00000000

else

signalout <= conv_std_logic_vector(data_array(index), 8);

index <= index + 1;

--otherwise, signalout is assigned the corresponding value from the array and the index is incremented

--to move to the next element in the next iteration
end if;
end if;
end if;
end process;
end Behavioral;

reset 0

reset 0
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processing_ system?_0
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ZYNG7 Processing System
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NEUTRINO

Generation of exponential pulses

 Pulse simulation

Comparison

Name
v« synth_1 (active
~& impl_1
v Out-of-Context Module Runs
v « design_2

/ design_2_processing_system7_0_0_synth_1

«/ design_2_expo_transf_Z_0_0_synth_1

«/ design_2_serial_tx_0_0_synth_1

/' design_2_rng_pulse_gen_0_0
v «/ burned_data_design

Constraints Status WNS TNS WHS THS .. TPWS Total Power
constrs_1 Synthesis Out-of-date
constrs_1 Implementation Out-of-date 13534 0.000 0.125 0.000 0.000 1.675

Submodule Runs Complete

design_2_processing_system7_0_0 synth_design Complete!
design_2_expo_transf_Z_0_0 synth_design Complete!
design_2_serial_tx_0_0 synth_design Complete!

Using cached IP results
Submodule Runs Complete

+/ burned_data_design_processing_system7_0_0_ burned_data_design_processing_system” synth_design Complete!

+/ burned_data_design_burned_data_0_0_synth_1 burned_data_design_burned_data_0_0 synth_design Complete!

+/ burned_data_design_serial_tx_0_0
+/ burned_data_design_rng_pulse_gen_0_0

Using cached IP results
Using cached IP results

Fa. Methodology .. QoRSugg.. LUT FF
0| o

0 113CW,2Wam 223 180
24 0

9 18

105 77

24 0

3 47

BRAM URAM DSP

0
0
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Previous Concept design
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Next Steps

« Completing all remaining schematics with their appropriate
libraries.

« Designing boards for DAC testing

« Random Signal Modulation
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DEEP UNDERGROUND NEUTRINO EXPERIMENT

Office of

Thank you!
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