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B JUNO-SPMT Electronic: Project Context

\m_mn*qo:mn

Photomultiplier Tube).

Photomultiplier Tubes).

/@mm:o: des photomultip

I

« 17 000 photomultipliers 20 '" = LPMT (Large
« 36 000 photomultipliers 3"

« 234 UWB (Under Water Box) = électronique de

iers.

= SPMT (Small

* DAQ

Under Water Box
* Build and split HV from LV

Up to 128 PMT ch./UWB :
» 25-35 kPMT €= 200-275 UWB
* About 15W Power on Ethernet

* Decouple HV from Signal
* Front-End Elec

SURFACE

MAIN
DAQ

-
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JUNO-SPMT Electronic : Under Water Box @
SPMT

Under Water Box ?
CAT5

Lv

Oomx cable Clocks
H . r— X2 o Data
s I 16:<%me -
m fi : mb\&mﬁ : : y ° °
| 128 \ IN2P3’s mission /
¥ g O g m;.ﬂﬁw :
=) » To Define and to'lead the
>_m_x” z UWB'’s realisation.
Front-End » To Chracterize the 3
inches SPMT .
* Power Board: « To define the waterproof
» The UWB’s Power Supply. .
connection.
« GCU (Global Control Unit) : » To develop the front end
« The UWB'’s control system: Transfert of data to the electronic board.
Project’s Commande Centre
) « DAQ development
« 2 x HVS (High Voltage Splitter) : « GCU Interface
« The Photomultipliers’ High Voltage Supply , reception e Test benches
and demodulation of signals coming from these
detectors.
» ABC (Asic Battery Card) :
« qacquisition and freatment of detectors’ signals.
8th & 9th /03/2018 JUNO SPMT Electronics review



B JUNO-sPMT Electronic : Project Review @
sPMT

SPMT — JUNO - PROJECT

Solution Solution

Définition Strategy

—

_Z._.mm_»>.:OZ &

VERIFICATION VALIDATION

_Zﬁmmx\.,._._OZ &

VERIFICATIUN VALIDATION

ABC Board v1. INTEGRATION &

VERIFICATION VALIDATION

SsPMT Elec V-Cycle

SPMT-ELEC- CONFIGURATION MANAGEMENT
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B JUNO-sPMT ABC Electronic: Specifying Requirements

« Document prepared , and approved by the collaboration
» Clearly define the constraints of the ABC card in its environment

“GENBG

Specifying Requirements for a Module
(PIDS: C61100004)

JUNO-sPMT - Front End Electronic:
ABC Specifications: D91100005
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Documentary mastery

[

Action Name function date Signature
Written by A. Rebii SEM 13/04/2017 S5
Verified by Caytano Santos FEB expert 21/04/2017

(APC)
Verified by A Noury HwE 21/04/2017 Alexis . ...
Noury
(APC)
Verified by C. Huss HwE 13/04/2017
Verified by F. Druillole CENBG'SEA 13/04/2017
Manager
Verified by B. Lachacinski Fw Expert 13/04/2017 P
Verified by S. Conforti HwE 19/04/2017 ﬂﬂt >
(OMEGA) o S
JUNO-SPMT
Approved by C. Cema Technical 13/04/2017 \\\\ s
Manager =
JUNO-SPMT
Approved by A. Cabrera Scientific 13/04/2017 Ok
Manager
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sPMT Front End : ABC proto 0 Schedule

Travaux Préparatoire

Jalons KOR
Specification BJ
Specification ABC
Specification e-DAQ
Conception ABC
Conception e-DAQ
Jalons PDR

Specification IVV
Developpement ABC PCB
Developpement e-DAQ
Conception Tests ABC
Jalons CDR

Realisation ABC VO (ST)

Realisation Moyens de test
Jalons TRR1

IVV ABC board

Realisation Q_Injector

Jalons TRR2

Jalon CDR ABC V1
Realisation ABC V1

UWB; Jalon CDR

L&A/ .A.A/ G/\A/ kA/ L&; ® /7&
8 N & &~ © <
) D D Y Y %

e 03/03/2017 ]

] _ ; w» 21/01/2018 Date de debut

1 02/04/2017 -
| = 11/05/2017 O Réalisé (j)

— 10/04/2017
| ——— 11/05/2017 @ Avance pour
| 1 11/04/2017 graphe

13/04/2017 OReste a faire initial
| AW_ pour graphe
| _ wessssss (01/07/2017
] PDR- _ ——=—=1 13/01/2018
| ——= 21/12/2017
| 1 24/06/2017
| 01/07/2017 |
| ————weese 10/08/2017
| * _ — 15/09/2017
1 03/11/2017
| CDR 22/01/2018
| _ I 1 31/03/2018
| 13/03/2018
‘ TRR1 + 1131/03/2018
| ._._»:MTI 02/05/2018
08/01/201. VO

] 1 20/01/2018 CPR
| V1
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- JUNO-SPMT Electronic Development : Asic Battery Card @

ABC functional Diagram (high level)

JTAG Interfac

CONFIGURATION MI
P. Supply Interface E F
M
C

USB Interface

N C
(0]
N
N
E
C
T
DATA READOUT > (0]
R

INSPECTION —
— |

External Instrument Interface

Arrow indicate related blocks
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SPMT

= A CATIROC (Asic) block :
« Analogue signals
processing
« Analog to Digital
Conversion

= Two ASIC-dedicated secondary
blocks:
A Serial Control
« A Data Readout

=) four ABC-dedicated secondary
blocks:

* A Power Supply
« An Inspection
« Monitoring
» USB interface

» .

One expert interface:

« The JTAG Interface

JUNO SPMT Electronics review



B JUNO-SPMT Electronic Development : Asic Battery Card

16 x

=2 8 ASIC (Application Specific Integrated Circuit):
216 channels inputs , time and charge, self triggering

= External Trigger: One signal for the 8 CATIROCs

= FPGA KINTEX 7 : the asics’ slow control and reading their data.
= DDR3: RAM 2 Giga.

= FMC Connector : interface with the Global Control Unit (GCU).
= USB 2.0 : Computer interface
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JUNO-SPMT Electronic Development : ABC Scheme revue

Functional Diagram

e

hierarchical
Schematic

Schematic Review
Analysis of stresses and critical
points.

=

4§ & 3

a2

Control of crosstalk.

lines.
+ Study of propagation times .
* Impedance Control
« Thermal Dissipation.

o

» Impedance conftrol of differential

~

)
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Asic Battery Card - Hierachical Scheme

SPMT

BLOCKTOR_FPGA

FPGA_FROM_CATIROC1<0.22>

FPGA_TO_CATIROC1<0..13>
FPGA_FROM_CATIROC2<0..22>

PXt
IN_SMA
CALIB_CATIROC
T —— CATIROC_TO_FPGA)
X T IND.15> _ CATIROC_FROM_FPGA
TO_CATIROC Bl 1 IN.CALIB EZGE ¢ OVF|
FIGE 5
BLOCKTOP_CATIROC
CATIROC_TO_FPGA|
IN<D.15> _ CATIROC FROM_FPGA
2 IN.CALIB ZAGE 1l OVF
BLOCKTOP_CATIROC
BLOCKT02. ANALOGSMC CATIROC_TO_FPGA|
X 7 IND.15> _CATROC FROM FPGA
TO_CATIROC_B|__ 3 |mNcams BAGE 13 OVF|
PAGE €
BLOCKTOP_CATIROC
CATIROC_TO_FPGA
IN<D.15> _CATIROC FROM_FPGA
4 IN.CALIB B2GE 15 OVF
BLOCKTOP_CATIROC
CATIROC_TO_FPGA
IND.15> _CATROC FROM FPGA
l5s _|N.CAUB BAGE 17 oV
BLOCKTOP_CATIRCC
CATIROC_TO_FPGA
IN<0.15> _CATIROC_FROM_FPGA
BAGE 18
(6 fINcams EAGE 1¢ OovF|
BLOCKTOP_CATIROC
BLOCKTOP_ANALOGSAMTEC CATIROC_TO_FPGA
TO_CATIROC_A |15 _CATROC FROM FPGA
X - b7 _IINCALIB ZAGE ZI OVF|
TAGE 24
BLOCKTOPR_CATIRCC
CATIROC_TO_FPGA
L IN<D.15> _CATIROC_FROM_FPGA
{8 _|INcaumB BAGE 33 OVF|
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FPGA_TO_CATIROC2<0.13>
FPGA_FROM_CATIROC3<0.22>
FPGA_TO_CATIROC3<0..13>
FPGA_FROM_CATIROC4<0..22>
FPGA_TO_CATIROC4<0..13>
FPGA_FROM_CATIROCS<0.22>
FPGA_TO_CATIROCS<0..13>
FPGA_FROM_CATIROCE<0.22>
FPGA_TO_CATIROCE<0..13>
FPGA_FROM_CATIROCT<0.22>
FPGA_TO_CATIROCT<0..13>
FPGA_FROM_CATIROCB<0.22>
FPGA_TO_CATIROC8<0..13>
ovF

FPGA_FROM_USB<0.2>
FPGA_TO_USB<D..105]

o33
TH_12C_SD.

_|oT#33

BLOCKTOP_POWERFEGA

PAGE 34

DAGE 20
LockToR

TH_I2C_SDA

TH_I2C_SCL

TH_I2C_SCL

CLK_MGT115i
CLK_MGT115A

CLK_MGT115N

CLK_MGT115P

VREF_FIO

DDR3_PWR_GOOD)|
XADC_VCC]

DDR3_PWR_GOOD

XADC_VREFP
DDR3_EN|
VTT_DDR3

_|xanc_vrerp
__|DDR3_EN

xapc_vee

PAGE 30

BLOCKTOP_DDR3

\VTT_DDR3




Printed circuit requirements:

» Electrical
Thermal

« Mecanical. Layout optimized to

reduce crosstalk
between Inputs

....... o . . N %% te ety ¥ i I IIIIY
R A AL 2% v T o s s e s - I K

|_|O_U m_Qm ,...:L: :T & T:: i . . - ” ,.E ,{: ,; ,:, {{ i ﬁ ..

Printed circuit conception 2 To study the
ways and methods allowing to define and to
obtain corresponding drawing.
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B JUNO-SPMT Electronic Development : Asic Battery Card

Standardization

« Normalization IPC.
+ Jedec type.

« Jedec ref.

Quality Procedure

» Traceability.

« Component Obsolescence
management.

» Technological surveillance.

Added-values
« Technical Documentation.
« 3D Representation.

Referencing
» Suppliers.
* Producers.
» Stocks & prov. delay

I . .
CAD - Component's print creation
i Component Browser library.com == X
File View Configuration Help
B BR% ®Q
0 Pat | PaitDeals T4ACTIZ5744CT125_T550P14 |
Symbol|1 v ot E@@ _
N
| [
|
\\Emma footprint name
_ IA 1
Graphics | PPT
U ’a_ W\a 7 i» 7
_ DESCRIPTION
| I [SHll| Quad Buffers with 3-State Outputs [ Q[ hfto fuw
Article Code
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Technical documentation
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JUNO-SPMT Electronic Development : Asic Battery Card .
sPMT

CAD - Cross Section

Overmolded

Plastic C
g / Thermol Via Sigoal Via N

Optional Buried Isolation
Copper Processed | Distance
|
Planes Layer Supplier Descrip Coverage ID | Thickness
PROBIMER77 50,000
1 4 CSC_0.49_12/12_HTE_Punched 0,000 1 45,000
y i 106_GEA679F(J)_JORE(73.5RC)_Hi_punched 53,300 106,600
Ground i 106_GEAS79F(J)_JORE(73.5RC)_Hi_punched 53,300 ,
Mane 2 B ] 80,000 17,000
F9 0.1 17 17 Hi MCL-E-679F() 100,000 100.000
3 20,000 17,000
O 106_GEAB79F(J)_JORE(73.5RC)_Hi_punched 41,400 82,800
i 106_GEA679F(J)_JORE(73.5RC)_Hi_punched 41,400
4 A 20,000 17,000
F9 0.1 17 17 Hi MCL-E-679F(J) 100,000 100,000
5 2 W B 3 60,000 17,000
nm. i 1080_GEAG79F(J)_JUME(65RC)_Hi_punched 64,800 129,600
T 0 1080_GEA679F(J)_JUME(65RC)_Hi_punched 64,800
6 S 20,000 ] 17,000
sl [ F9 0.1 17 17 Hi MCLE-679F(J) 100,000 100,000
7 2] N 80,000 17,000
M 1080_GEAG79F(J)_JUME(65RC)_Hi_punched 66,500 133,000
m. 0 1080_GEA679F(J)_JUME(65RC)_Hi_punched 66,500 5
[ 8 = 20,000 3 17,000
F9 0.1 17 17 Hi MCL-E-679F(J) 100,000 100.000
® 9 i 45,000 17,000
0 106_GEA679F(J)_JORE(73.5RC)_Hi_punched 43,525 87,050
@ i ] 106_GEA679F(J)_JORE(73.5RC)_Hi_punched 43525 -
10 , P2\ PN F' N N AT, 20,000 4 17,000
. F9_0.1_17_17_Hi_MCL-E-679F(J) 100,000 100,000
R 1 - = | 80,000 17,000
0 ] 106_GEA679F(J)_JORE(73.5RC)_Hi_punched 53,300 106,600
® I ] 106_GEA679F(J)_JORE(73.5RC)_Hi_punched 53,300 -
12 v 0 W W W W W ©sC_049 1212 HTE_Punched 0,000 45,000
® I PROBIMER?7 50,000
Copper Thickness = 260,000 | Dielectric Thickness = 1145,650 | Solder Mask Thickness = 100,000 | Stack

PCB Cross Section
E— ZOO—A <<_Q=._ Via Characteristics ° \lQV\m‘\m ZC3 Umﬁ.

Via Hole Diameter

' ' ‘ Neck Gap - 0,35 mm ° .\.V\Um of BQ*.@:.Q\M
“ “| S Internal Pad Diameter ° FQKQ‘\M *j\O\AD mmm-
® 00 -

0,5 mm
Ref Plane

+ Layers Affectation.
1,016 mm
* Impedances controls

1,6 mm °

Via Plating
Via Height
cee

Via Plating Thickness

0,0254 mm
1PC-2152 with modifiers mode
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B JUNO-SPMT Electronic Development : Asic Battery Card

CAD - routing with constraints

Constraint Manager User Interface cadence
Object ECSet Constraint
Worksheets column reference values
B 1813
Vie! od Manfacture  Tools  Help i \ -
_Q,. Bﬂ aa| \[Olsod | el 1] o] pl ol o
S > [%]
=0l
,-‘.maoax&ns.ss%?o_ﬁ_ =181
=l 1 [nle] a(2e
=4 Elechical Constiant Set EIp Doty m_
| mmﬁm?...a Mox | pctual | Margin
N T preroute 2831 3064...
# FP_GRP
| [ FsB_ADD |
B FSBDOL | 2831 ... u.n».!
A ﬁ Total Etch Length = FSB_D_LO _ .3”: lmoc ..
B Relative Propagation G USD1.D3:UBE1.¥26 _ |2000... 5499.7... 3499.7... 6000 mil 5499.7... 500.24 ...
UTHA.Y26:UBE1.Y26 _ 12000... 4831.. '2831.. 6000 mil 4831... 1169 mil
/m FSB_D_L1 1 | ECe
JSD1.B2USE1.ARZT N |2000 mil 3064.7... 7064.7... 6000 mil 9064.7... -304...
Ui qgatz | _w ~§:ﬁ 8& ~a..= mil ngal 4831 .. :S mil
mmmuo v
| | 2| TP Teg@ X ingoonce \Mintex Propagetion Deeys Toia ¢ il
a ( I\ A - v I
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SPMT

Constraintes Management

* Track Impedance .

« Différential Impedance.

* Insulation between tracks.
» Tracks width.

* Propagation time.

« Thermal dissipation.

Advantages
* Requierment’s respect.

* Automatical help.

* Violation constraintes
alarm.

» Signal integrity checking.

JUNO SPMT Electronics review



B JUNO-SPMT Electronic Development : Asic Battery Card

8th & 9th /03/2018
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Top view
All layers
L1 Top
L2 GND
L3 SIG
L4 SIG
L5 POWER
L6 SIG
L7 GND
L8 DIFF PAIR
L9 POWER
L10 DIFF PAIR
L11 GND
L12 Bottom
Bottom view



- JUNO-SPMT Electronic Development : Asic Battery Card
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Top view
All layers
L1 Top
L2 GND
L3 SIG
L4 SIG
L5 POWER
L6 SIG
L7 GND
L8 DIFF PAIR
L9 POWER
L10 DIFF PAIR
L11 GND
L12 Bottom
Bottom view



- JUNO-SPMT Electronic Development : Asic Battery Card .U
sPmT

Asic Battery Card VO

Top view
All layers
L1 Top
L2 GND
L3 SIG
L4 SIG
L5 POWER
L6 SIG
L7 GND
L8 DIFF PAIR
_ i : L9 POWER

8l L10 DIFF PAIR
£ H L11 GND
el v o U H L12 Bottom
BralHt i RS S PRCE TSRO NER | @ . Bottom view

Layer | - Thickness 33 p - Impedance single 50 ohms & differential pairs 100 ohms
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B JUNO-SPMT Electronic Development : Asic Battery Card

Asic Battery Card VO

Layer 2 - Thickness 18 ;1 - GND plane
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Top view
All layers
L1 Top
L2 GND
L3 SIG
L4 SIG
L5 POWER
L6 SIG
L7 GND
L8 DIFF PAIR
L9 POWER
L10 DIFF PAIR
L11 GND
L12 Bottom
Bottom view



- JUNO-SPMT Electronic Development : Asic Battery Card

Layer 3 - Thickness 18 ;1 - Impedance single 40 & 30 ohms
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Top view
All layers
L1 Top
L2 GND
L3 SIG
L4 SIG
L5 POWER
L6 SIG
L7 GND
L8 DIFF PAIR
L9 POWER

8 L10 DIFF PAIR

L11 GND
L12 Bottom
Bottom view



- JUNO-SPMT Electronic Development : Asic Battery Card

Layer 4 - Thickness 18 ;1 - Impedance single 40 & 30 ohms
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Top view
All layers
L1 Top
L2 GND
L3 SIG
L4 SIG
L5 POWER
L6 SIG
L7 GND
L8 DIFF PAIR
L9 POWER
L10 DIFF PAIR
L11 GND
L12 Bottom
Bottom view



- JUNO-SPMT Electronic Development : Asic Battery Card

Layer a - Thickness 18 | - POWER plane
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Top view
All layers
L1 Top
L2 GND
L3 SIG
L4 SIG
L5 POWER
L6 SIG
L7 GND
L8 DIFF PAIR
L9 POWER
L10 DIFF PAIR
L11 GND
L12 Bottom
Bottom view



- JUNO-SPMT Electronic Development : Asic Battery Card

Layer B - Thickness 18 ;1 - Impedance single 40 & 30 ohms
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Top view
All layers
L1 Top
L2 GND
L3 SIG
L4 SIG
L5 POWER
L6 SIG
L7 GND
L8 DIFF PAIR
L9 POWER
L10 DIFF PAIR
L11 GND
L12 Bottom
Bottom view



B JUNO-SPMT Electronic Development : Asic Battery Card

Asic Battery Card VO

Layer 7 - Thickness 18 ;1 - GND plane
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Top view
All layers
L1 Top
L2 GND
L3 SIG
L4 SIG
L5 POWER
L6 SIG
L7 GND
L8 DIFF PAIR
L9 POWER
L10 DIFF PAIR
L11 GND
L12 Bottom
Bottom view



- JUNO-SPMT Electronic Development : Asic Battery Card

Asic Battery Card VO

Layer 8 - Thickness 18 ;1 - Impedance single 40 & 30 ohms - Differential pairs 80 & 100 ochms
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Top view
All layers
L1 Top
L2 GND
L3 SIG
L4 SIG
L5 POWER
L6 SIG
L7 GND
L8 DIFF PAIR
L9 POWER
L10 DIFF PAIR
L11 GND
L12 Bottom
Bottom view



B JUNO-SPMT Electronic Development : Asic Battery Card

Asic Battery Card VO

Layer 3 - Thickness 18 | - POWER plane
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Top view
All layers
L1 Top
L2 GND
L3 SIG
L4 SIG
L5 POWER
L6 SIG
L7 GND
L8 DIFF PAIR
L9 POWER
L10 DIFF PAIR
L11 GND
L12 Bottom
Bottom view



- JUNO-SPMT Electronic Development : Asic Battery Card

Asic Battery Card VO

Layer 10 - Thickness 18 p - Impedance single 40 & 50 ohms - Differential pairs 80 & 100 ohms
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Top view
All layers
L1 Top
L2 GND
L3 SIG
L4 SIG
L5 POWER
L6 SIG
L7 GND
L8 DIFF PAIR
L9 POWER
L10 DIFF PAIR
L11 GND
L12 Bottom
Bottom view



B JUNO-SPMT Electronic Development : Asic Battery Card

Asic Battery Card VO

Layer I - Thickness 18 |1 - GND plane
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Top view
All layers
L1 Top
L2 GND
L3 SIG
L4 SIG
L5 POWER
L6 SIG
L7 GND
L8 DIFF PAIR
L9 POWER
L10 DIFF PAIR
L11 GND
L12 Bottom
Bottom view



B JUNO-SPMT Electronic Development : Asic Battery Card

sic Battery Card V

Layer 12 - Thickness 33 - Impedance single 40 & 50 ohms
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Top view
All layers
L1 Top
L2 GND
L3 SIG
L4 SIG
L5 POWER
L6 SIG
L7 GND
L8 DIFF PAIR
L9 POWER
L10 DIFF PAIR
L11 GND
L12 Bottom
Bottom view



B JUNO-SPMT Electronic Development : Asic Battery Card

.
mymn

£
a
-
n
-
a
a

Top view
All layers
3 e L1 Top
g L2 GND
L3 SIG

- “-::E = rh m—o

L5 POWER
L6 SIG
L7 GND
L8 DIFF PAIR
L9 POWER
L10 DIFF PAIR
L11 GND
L12 Bottom
Bottom view
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- JUNO-SPMT Electronic Development : Asic Battery Card @

ABC VO prototyping in Numbers

TORP layer not mounted BOTTOM layer not mounted

Conclusion

Asic Battery Card

1721 components.

12 |ayers.

45 differentials paires .

6400 connections /
fracks.

« 3 full equiped Board

« 1 naked PCB

500 houres of routing by
TOP layer mounted Cédric Huss . BOTTOM layer mounted
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