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ACTIVITY #1
SETUPS WITH ITS3 COMPONENTS

]



TRANSMITTER (MOSAIX EMULATOR) + RECEIVER (DAQ)
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TRANSMITTER (MOSAIX EMULATOR) + CHANNEL (ITS3 FPC) epf&j

== Seeing real eye-diagrams will

y LD 0O
LRI O

h, LR

o oo = - > only be possible in Q4-2026

with a new oscilloscope

(to-be-ordered)

Blue: Directly from Tx
Pink: Tx + FPC
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TRANSMITTER + CHANNEL + RECEIVER

BER measurements ongoing
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ACTIVITY #2
PREPARING 157 LTU PROTOTYPES

3



N

PROTOTYPES FOR SIGNAL INTEGRITY TESTS

4 N\
Prototype A-1 Prototypes to |nv.e§t|gate elfacfrlcal properties with thinnest
“standard” aluminium-polyimide sheet from LTU (LTU-15-10)
Top Sifglaj’ égyfg I SIS = A-1: Without cover layer, 25 pm middle spacer layer
T Polyimide 10 pm
= A-2: With cover layer, 50 ym middle spacer layer
Middle Spacer Layer I Polyimide 25 um = Diff.impedance = 100Q = Space b/wtraces = 80 pm
= Trace width = 70 um = Trace pitch = 150 pm
Bottom Ground Layer AR OF) .
LTU-15-10 = Trace thickness = 15pum
Polyimide 10 pm . . .
L ) =  Further sub-variants with £10% trace width
- ~ = 5test samples of each variant (18 cm trace length)
Prototype A-2
Cover Layer I Polyimide 25 pm - g Delivered!
Top Signal Layer Aluminium 15 pm
LTU-15-10 Polyimide 10 um
Middle Spacer Layer | Polyimide 50 ym
Bottom Ground Layer I Aluminium 15 pm
LTU-15-10
Polyimide 10 pm
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PROTOTYPES FOR BONDING TESTS

-

.

IB Wirebonding Geometric Parameters

Layer 2
Layer 3 Layer 1

v/

Domenico Colella
Antoine Junique

——————————1 ~1600um
P ~1980um

{ ~3900 um
{ ~4800 um

~
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-
Tests with IB Wirebonding Geometric Parameters Next Week
Top
Pi 26um Kapton g;:c;;—
Bottom
Prototype B-1 Prototype B-2 Prototype B-3
\.
-
Jian Liu et al. James Glover et al.
OB FPCs OB FPCs
i |. b t’l I l = x:l'{"l fi
! ! | 1]
\.
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ACTIVITY #3
EXTRAPOLATING TO (ALMOST) FINAL DESIGN



N\

FPC: SENSOR TO SEGMENT INTERFACE BOARD (SIB)

Finding fundamental signal FPC properties to inform next LTU prototypes

Many “auxiliary” boards and connections in current test setups which won’t be in the final readout scheme

= FPC lengths (and maybe cross-sections) are subject to change

= Next setof LTU FPC prototypes are foreseen to be ordered later this year

Segment Control Board (SCB) #1 Segment Interface Board (SIB) #1

Cross sections — check the shadow!
Control fiber
(1RX + 1TX)
Detector Power Board (DPB) f » 254 » 254
Bulk PCB to wi ctor (TBD ‘
Pwr Suppies i seamant ) ‘ - 202 0, 22
‘ PST
f T r ) 7 FPCs lengths:
| ‘ /
Control Tiber Segment Control Board (SCB . Segment Interface Board (SIB) #N L4 ~ L0415 mm
(1RX * 1TX) - b L1387 mm
Rescue ; L2310 mm
12C i typical values, few mm variations
Control fiber i happen within the same layer
(1RX+ 1TX) !
|

tewm [\ o /

YD 4

T ey wew

Segment Service Module (SSM) #N
- 1x SCB
- 1x SIB (including SIB to SCB flex)

PSUB
> to layers =

i
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DE-EMBEDDING AUXILIARY CONNECTIONS

LeCroy WavePulser High-Speed Interconnect Analyzer for De-Embedding (will arrive in July)

Example Case
NOT with our test setup
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https://www.teledynelecroy.com/wavepulser/
https://www.teledynelecroy.com/wavepulser/

ANSYS SIMULATIONS OF FPC

N

4 N p
Example Case: Initiated 3D simulations mimicking LTU A1 prototypes
ITS3 FPC 3D Simulations (with wire bonds)
Antoine Junique
https://indico.cern.ch/event/1603472/contributions/6756797/attac
hments/3162243/5618933/A_JUNIQUE_TWEPP_2025_.pdf
- /
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MATLAB CALCULATION AND SIMULATION FRAMEWORK

Preliminary statement / estimate on the max. LTU FPC length usable with GWT_PSI Tx and VTRx+

TX1
serdes

Tx RX1
serdes_tx W1 serdes

100.0ps - 100ps * 0_diff_strip_9... Rx
None $W1:Length serdes,_rx

@Trieste

}i

Tx

Y2

ransmission Line Model = * diff_micro_103chm.mod (System Generated Model}

) Single Conductor @ Di

[] Coupled Aggressors::D Conductors: 2

W
Model Type & Tabbed Routing
(1 Simple Lossy T-Line Trace ] Enable
— — ) Microstrip . Tab Pitch (um)
- Dielectric Er ~ Tab Top Width {um)
J Stripline Angle (45 - 90 degrees) Top Width (um)
Tab Base Width (um)
)

Reference Plane oo | os | Tab Height fum »
FFE AnalogOut

Air

4
I
Differential Input Voltage
< <
= . =

Differential Tpd Ci Ci Trace Trace Thickness | Dielectric Height | Dielectric Height f Eratf] Loss Table-Driven Differential Conductor Roughness -
Impedance(Ohms)| (psim) | (mORms/m)|  (nHim) (pFIm) | (MegS/im) | Width (um) (um) (H1 in um) (H2inum) | (GH2) Tangent| Loss Model | Separation (um) (Microns ) 00 X1 X2 1-X2 1-X1 1.0
Derived Derived |Derived  |Derived |Derived 560 1016 1651 2159 286 10 | 425 | 002 [Neme |+ 1270 0.5 Normalized Time {Unit Interval)
Figure 6: Electrical Eye Mask for 4.2.5 Tx Input & 4.4.5 Rx Output
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IMPLEMENTING ITS3 SIGNAL FPC

3

Vs
o ’ . . ) )
A. Junique’s Calculations and Observations A. Junique, TWEPP 2025 | Link
. + . - MOSAIX_FPC_SIG
75 pm thick, coverlay Pyralux HP ORE ot Hi [ 1e000
- Edge-Coupled Embe Substiate 1 Dielectric Erl 3_201|j
35 pm thick, Copper Substate 2 Height H2 0]
Substrate 2 Dielectric Er2 30000 j
Lower Trace Width w1 21000 :IJ
Upper Trace Width W2 210,00 j H
Trace Separation 51 171][']::]1 :
38 m thick ) =— o — 1\ 35 pm thick S~ T T T R T
/ \ 75 pum thick E 151205,
- - - - Differential Impedance Zdiff 9508
200 pm 220 pm
\_
7
MATLAB Simulations
Lossy Transmission Line Editor T - [m] X . ) . .
e MATLAB uses a relatively simple FPC simulator, which
ransmission Line Madel — * diff_ micro_950hm.mod (System Generated Model)
| © Sigle contuctr ® Differenca - e requires calculating effective dielectric constant (&, )
[ Coupled Aggressors: [\ | | Conductors:2 . = e )
| ot tpe R -‘-‘-*—*—MM of the FPC cross-section
7 Simple Lossy T-Line O Rectangle [ Enable
 Microstrip ab Pitch (um
 Bured Microntp J] ® Trapenoi e &y i+ &, hy
e Dielectric Er BN TR Tab Top Width (um) £ — — 3 13 S _ b =
Tab Base Width (um) T eff h + h . ForiTS3, &4 =38.2,h; =150um
| Save H Save As H Close ‘ Reference Plane oz | wo Tab Height (um} 1 2 &, =3.0, hy =75pum
Differential Tpd Resistance | Inductance | Capacitance | Conductivity Trace Trace Thickness | Dielectric Height | Dielectric Height f Eratf Loss | Table-Driven Differential Conductor Roughness
Impedance(ohms)| (psim) | (mOhmsim)|  (nHim) (pFim) | {Meg S/m) | Width (um) {um) (H1in um) (Hzinum) | (&H2) Tangent| Loss Model | Separation (um) (Microns) . o o
" ssur  |swers| mesms s | seema w0 | @00 | 30 w01 w0 | 10| 51| 0003 [Hone T¥] 10 0 Comparable differential impedance (= 95Q)
\
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SETTING UP RECEIVER (VTRX+) EYE MASK

Y2

LI B LR R LR LRy -

| PR

Y2 : ; : :
] L ' ]
. ' . .

0 X1 X2 Ul - X2 Ul-X1

Figure 7.1 Mask 1
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Mask specs based on Optical Internetworking Forum’s guidelines
(OIF-CEI-05.3 Clause 8) for NRZ baud rates 0f 9.95 ... 11.2 Gsym/s

Implementation Agreement OIF-CEI-03.0, Common Electrical I/0O (CEI) (2011) | Link

Table 7.2. Uplink Electrical and optical eye mask for VTRx+ and TRx
(Ul = 97.66 ps)

VTx+ Elec. Input @TP1; X1 X2 X3 Y1l Y2 Y3
(Mask 1, Fig. 7.1)
7.2.1 Value 10.7 30.3 95 350
Unit ps pS mV mV
VTx+ Optical Output
@TP2
55 (Mask 3, Fig. 7.3)
o Value 22.5 33.2 42 0.27 0.35 0.40
Unit ps ps ps Norm. | Norm. Norm.
Amp.* | Amp.* [ Amp.*
COTS Rx Elec. Output
@TP4
7273 (Mask 2, Fig. 7.2)
Value 28.3 48.8 150 425
Unit ps ps mV mV

*Normalized Amplitude

Alan Prosseret al., Versatile Link Plus Technical Specification - Part 1, EDMS Document No.1719328 (2019)
J. Troska et al., The Versatile Link+ Application Note, EDMS Document No. 2149674 (2021)

K. Agarwal et al. - Ongoing Activities on Signal FPCs
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https://www.oiforum.com/wp-content/uploads/2019/01/OIF_CEI_03.0.pdf

SETTING UP TRANSMITTER (GWT-PSI) — JITTER

Test Name

Configuration

Side remark: Value higher than
the VTRx+ eye compliance mask

Tx Output
Jitter
(Intrinsic)

Rate: 10.24 Gbps
Pattern: PRBS-31
Pre-emph: OFF
(cfg=00)

GWT-PSI Chiplet Characterisation and
Qualification Plan (2026) | Link

[Sackinger]

ng

Sam Palermo, ECEN720: High-Speed Links Circuits and Systems, Spring 2023, Texas A&M University | Link
Jitter Analysis: The dual-Dirac Model, RJ/DJ, and Q-Scale, Agilent White Paper (2004) | Link

Acceptance
Criteria

Total Jitter
(TJ):

< 0.30 Ul
(standard)

Random lJitter
(RJ):

< 0.04 Ulgps
(simulation)

< 0.01 UIRMS
(standard)
Duty Cycle
Distortion:

< 0.05 Ul

NRZ Signal + Noise

11.06.2026 - SVT WP3 Meeting
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Reference

Jitter specs based on Optical Internetworking Forum’s guidelines
(OIF-CEI-05.3 Clause 8) for NRZ baud rates 0f 9.95 ... 11.2 Gsym/s

Implementation Agreement OIF-CEI-03.0, Common Electrical I/0O (CEI) (2011) | Link

[OIF-CEI] 11G-MR Tx Spec, Table 9-3.

RJ =0.15UIL,, /16 = 0.0094 Ulps =
derived from Uncorrelated High

Probability Jitter req. Note the big

discrepancies between the standard

System lJitter Budget to achieve minimum BER performance
Total Jitter
TJ,, (BER)

Deterministic Jitter + Random lJitter
DP +
J (g

N bp 2 - Q(BER) - o, ,
Y Y
Dual-Dirac Fit Gaussian Tail Fit

and the simulation expectations,

thus TJ requirement is probably too
strict.

= GWT-PSI serialiser has BER requirement of ideally 10"° (< 107?)
Q=+2 -erfc™1(2 - BER) =v2 -erfc™1(2-1071%) = 7.94

Bit
E
rors = Totallitter (TJ, ) = 0.30 UI = 29.30 ps
Random lJitter (RJ) =2-7.94-0.01 =0.16 Ul = 15.63 ps
= Yoru Deterministic Jitter (DP )= TJ,,—RJ = 0.14Ul = 13.67ps

DP,, comprises duty cycle distortion of 0.05 Ul

Noise Statistics (Worst case) values of each jitter components

applied in serialiser definition

K. Agarwal et al. - Ongoing Activities on Signal FPCs
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SETTING UP TRANSMITTER (GWT-PSI) — PRE-EMPHASIS

= Feed Forward Equaliser (FEE) for transmitter pre-emphasis

N
S
§§ H(f) :zck .e_jzn'fkTsym
é% A
§ § 3 =  For GWT-PSI transmitter with two taps, 1 cursor and 1 post-cursor
TEY .
£8% k : Tapindices [0, +1]
Egs .
§§ § Tsym : Symbol period or 1 UI(1/10.24Gbps = 97.66 ps)
528 Cx : Tap coefficients (X |ck| = 1)
:33\:5' _ |Vsteady| + |Vpeak| _ |Vsteady| - |Vpeak|
533 0 = L=
333 2- |Vpeak| 2- |Vpeak|
EES
» I
O - 1 1 1 1 | 1 1
Pre-Emphasis Mod ol ;
re-empnasis Mode _ =
(serializer cfqg 2) Cursor Tap (cq) Post-Cursor Tap (c4) :—JT N ]
=
Off (2’ b00) +1.000 0.000 =
g 3 ]
Mild (2’b01) +0.933 -0.067 S —
Moderate  (2’b10) +0.865 -0.135 “F o1s ]
+ 2'b11
MaX (Z,bll) +0.801 -0.199 ,50--1-1;1---é-...;....;....;....;}....;..
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WIREBONDS B/W MOSAIX AND SIGNAL FPC

MOSAIX_FPC_LO0_V1 A side [ Coverlay: 25 pm

Polyimide: 25 pm
| | Coverlay: 25 pm

PPREG no flow: 50 ym |

FPC_ANA

FPC_DIG

PPREG no flow: 50 pm | —— 500 um

A. Junique, TWEPP 2025 | Link - FYRALUX HP502500: 75 10 ! | ::ggg 32
M. Imhoff, TWEPP 2025 | Link E - 1 ] ~ ul
A. Junique, JINST 21 (2026) 03, C03001 e ,;* % I : ~;ggg um
) g } { ~4800 um
PYRALUX HP502500: 75 pm -
D. Colella (Uni. & INFN Bari), Private Communication, 09.06.2026
= Signal FPC is at the bottom of the FPC stackup, i.e., shortest bond wire < 3 mm
= Inductance (L) for a straight bond wire
r . Bondwireradius (25uym/2=12.5 um)
[ : Bondwire length (3 mm) For the sighal FPC, the bond wire
Uo - Permeability of free space (1.2566 pH/m) inductanceis = 3.25 nH
L uoxlxl l+ 1+l2 1+r2+r+1 ”Oxlxl 0.75
= — n| - — | — —+ -+ = — n|{—|]—0.
21 T r2 21 4 21 A o . . . .
Xiaoning Qi, PhD Dissertation, Stanford University (2001) | Link

Joerg Berkner, Klaus-Willi Pieper, Bondwire Inductance, Infineon | Link
Straight-wire model overestimates the inductance by 10 to 50%
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MATLAB CALCULATION AND SIMULATION FRAMEWORK

Preliminary statement / estimate on the max. LTU FPC length usable with GWT_PSI Tx and VTRx+

TX1
serdes

Tx RX1
serdes_tx W1 serdes

100.0ps - 100ps * 0_diff_strip_9... Rx
None $W1:Length serdes,_rx

@Trieste

}i

Tx

Y2

ransmission Line Model = * diff_micro_103chm.mod (System Generated Model}

) Single Conductor @ Di

[] Coupled Aggressors::D Conductors: 2

W
Model Type & Tabbed Routing
(1 Simple Lossy T-Line Trace ] Enable
— — ) Microstrip . Tab Pitch (um)
- Dielectric Er ~ Tab Top Width {um)
J Stripline Angle (45 - 90 degrees) Top Width (um)
Tab Base Width (um)
)

Reference Plane oo | os | Tab Height fum »
FFE AnalogOut

Air

4
I
Differential Input Voltage
< <
= . =

Differential Tpd Ci Ci Trace Trace Thickness | Dielectric Height | Dielectric Height f Eratf] Loss Table-Driven Differential Conductor Roughness -
Impedance(Ohms)| (psim) | (mORms/m)|  (nHim) (pFIm) | (MegS/im) | Width (um) (um) (H1 in um) (H2inum) | (GH2) Tangent| Loss Model | Separation (um) (Microns ) 00 X1 X2 1-X2 1-X1 1.0
Derived Derived |Derived  |Derived |Derived 560 1016 1651 2159 286 10 | 425 | 002 [Neme |+ 1270 0.5 Normalized Time {Unit Interval)
Figure 6: Electrical Eye Mask for 4.2.5 Tx Input & 4.4.5 Rx Output
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THANK YOu
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EXTRA SLIDES
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