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Barrel TOF service hybrids (SH)

Requirements:
e Mechanical: must fit within BTOF envelope. It is part of the detector.
e Electrical:
o Readout 56 FCFDs per half-stave
o Power 56 FCFDs per half-stave, w/ distance dependent voltage
o Deliver BVs to 56 AC-LGADs strip sensors per half-stave
o Power active components (IpGBT, VTRx+)
e Thermal: power section requires cooling (30% of a half-stave)
e Interface: compatible with FPC, input LV/BV

Service hybrids: 576 total Half-Stave = 7 x Modules + SH = ~ 1280 mm Front-side
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28 (front-side) + 28 (back-side) = 56 FCFDs Back-side




FCFD requires:

Analog: 1.2V, 2.5V

o 2mW (2.5)vs 1.6 mW (1.2) per ch

Digital: 1.2V

Power and current distribution:

Digital and analog 1.2 share the same input

Requirements from ASICs - FCFD (FNAL)

Table 2: Preliminary estimate of power consumption of various blocks in FCFD 32- and 128-channel options. The totals are .
also shown for a single 128- and single 32-channel designs. | | n k

Unit power(mW) [Unit power(mW)| Unitsin | Unitsin

(32-ch) (128-ch) FeFD32 | FerD128 FCFD32_Power(mW) | FCFD128_Power (mW)
analog_front 3.6 4 32 128 115.2 512
TDC 0.2 0.22] 32 128 6.4 28.16
eRx 1 1 2 1 2 1
elx 2 2 1 1 2 2|
Readout16 30 30 2 8 60 240
Serializer 3 3 1 1 3 3
fc_decoder 5 5 1 1 5 5
data_aligner 2 2 1 0 2 0
12C 2| 2 1 1 2 2
Total (mW) 197.6 793.16

A bPOLA48V provides up to 10W

Channel ASIC Stavelet FPC line Half-Stave
(4 ASICs) (2 stavelets) | (7 stavelets)
Power 2 mW 256 mW 1.02 W 205W 714 W
2.5V (Analog) —— 1 bPOLA48V for 2.5V
Current 0.41A 0.82 A 2.87 A
Power 1.6 mW 205 mW 0.82 W 1.64 W 574 W
1.2V (Analog)
Current 0.68 A 1.36 A 476 A
Power 330 mW 1.32W 264 W 9.24 W
1.2V (Digital)
Current 1.1A 22A 7.7A
Power 535 mW 2.14 W 4.28 W 15W
1.2 V (Total) —— 2 bPOLA48Vs for 1.2V
Current 1.78 A 3.57A 12.46 A 3



https://indico.bnl.gov/event/32708/contributions/123952/attachments/70028/120024/Design%20Change%20Justification%20Document%20v7.pdf

FTOF/FF SH

|
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Proven design for FTOF/FF SH, serving 12 ASICs
and similar heat load, has a thickness of ~14mm.
BTOF requires one extra IpGBT.

Fixed output voltage (1.2V) to ASICs, while BTOF
requires 1.2V+2.5V+distance dependence



Barrel TOF service hybrids - current design
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New mechanical constraints (9/10/26)

Barrel TOF Mechanical Design

B 2-layer design B 3-layer design
25 mm| | B ® 15 mml

Sensor-overlapping length > 3 mmy
Gap angles 0.14° ‘
\

® Sensors overlap in ¢ direction

® Sensors do NOT overlap in ¢ direction ® Overlapping lengths more than 3 mm
® Overall acceptance on r — ¢ plane is 95.3% ® Overall acceptance is 100 %
® Thickness of Service Hybrid is 25 mm ® Thickness of Service Hybrid is 15 mm

Total thickness (incl. cooling structure) is 25mm; ~10mm for each SH (?)



Power Board with three CERN Modules (Top View)

AI te rn atlve CEb48V basePower Modul

. bPOL48V bPOL48V bpPoOL48V
d e S I n . module with module with module with
g . 60 mm acard edge a card edge a card edge

connector connector connector

(for 2-tayer; 3 layer I [

is not possible)

Power connectors to Readout Board

3 mm LV and BV inputs - VTRX+ and other parts

1mm Readout Board
1mm
4 mm
FPC (stavelet)
1 mm ower Boar
24mm [ 2amm_[| 24mm BV connector
~100 mm ~60 mm

BTOF Service Hybrid (Option 1 with CERN Power Modules)

e Thinner DC-DC convertor: CERN module, PCB air core inductor

e | DOs moved to stavelets: no need to worry about voltage drop;
improved output voltage stability

e ~240 CHF each; Need 3*2*144*2 = 1728 modules



Backups



FPC conceptual design (NARA)

Signal lines:
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H H RST
1 | g H HH H HH 12C
Fast Fast | [ | H H H H Fast
Comm| || |1 : i Corm
1 i DataQ 1 i I i DataOut
ut
CLK=320M CLK320
Hz
Temp Temp
- Reset : 1 forall BV
+ I2C (Slow) : 4 pairs ( 2 pairs (SCK/SDA) for 4 stavelets) LV
« FastCommand : 8 pairs (1pair for stavelet)
+ DataOut : 32 pairs (320Mbps) # Signal Lines = 108 Pairs + 1
- CLK320 : 32 pairs (320MHz) = 217 lines > 31Tmm width

« Temperature

: 32 pairs ?

+GND
# of LV lines: 4 (1.2V) + 4 (2.5V) + 4 (GND) =12

# of BV lines: 8 (BV) + 8 (GND) = 16

Charge #1,2,3

Layer structure:

40mm

i' E18um
------- ' 75um + glue
18um
75um + glue
18um
75um + glue

15mm 15mm
BV for a stavelet
2mm

1.3.2 3 2 3 2 3 1 0259 0.5 %5 0.5

LV for a stavelet



Charge #6

Simulation studies of FPC (NARA)

Recommendation:

e Inclusion of additional simulation work on PCB design for transmission lines to
define the technical performance and in particular for the resistivity on the BTOF

« Ist FPC simulation with a simple assumption
« Streight line with 135cm long
« Designed Layer structure and line/space

Strip line structure
(Covered by top and bottom

R-F755: PL75um, Cu: 18um
Pler=3.2

Glue sheet : YBL-000-OL, 50um
er=2.5

R-F755: PI:75um, Cu: 18um

Line width :70um, space btw lines:70um

« Evaluate the distortion at 0.8"1GHz (2.5 x reference frea. (320MHz))

Signal loss and reflection

_Signal loss ._Reflection . Cross Talk

freq. GHz freq, GHz freq. GHz

. Signal loss : -7.5 dB = 42% Pre-emphasis of [pGBT

» Reflection : -28 dB =4%
« CrossTalk :-25dB = 6%

» These values are good enough for 320MHz clock — — -/

- This is ideal case (simple straight line), redo with the realistic condition
« pGBT can use “pre-emphasis” which help the pulse shape
« Need the driver characteristics of the FCFD driver
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Schedule (TOF

FY FY28

CDs

6.03.01.03 Particle Identification
(PID)

6.03.01.03.01 High Performance
Direct Internally Reflecting
Cherenkov Detector (hpDIR

6.03.01.03.02 Dual Ring Imaging

calendar year 2028.

* Key Schedule Drivers/Assumptions:

* BTOF : Assuming FCFD ASIC becomes available mid of
CY2028 for BTOF stave preproduction article.

* FTOF :Assuming EICROC ASIC becomes available
during mid of CY2028 so preproduction can begin by mid

Charge #2

Cherenkov Detector (dRICH)
6.03.01.03.03 Proximity Focusi - QiAni :
: . DY P se » Key Take Away : Significant reliance on ASIC development
6.03.01.03.04 Time of Flight I
Detector,(TOF)
Level 0 Milestones
Key| IMMQ S s Critical Path
FY 2026 FY 2027 FY 2028 FY2029 FY 2030 FY 2031 FY 2032 FY 2033 FY 2034
Milestone Q1 Q2 Q3 Q41Q1 Q2 Q3 Q4]Q1 Q2 Q3 Q4JQ1 Q2 Q3 Q4jQ1 Q2 Q3 Q4|Q1 Q2 Q3 Q4)Q1 Q2 Q3 Q4)Q1 Q2 Q3 Q4]Q1 Q2 Q3 Q4
non-beam
cn—j cD-3 conmlediaing cD4

Finalize preliminary sensor design
Finalize preliminary stavelet design

Completed for CD-2 Finalize preliminary sensor ASIC integration
Finalize preliminary cooling and mechanics
Finalize sensor design
Finbalize sensor-ASIC integration

Completed for CD-3 Finalize stavelet assemebly process
Finalize stave assembly process
Finalize cooling
ASICS deliverd
BTOF staves assembled

Construction BTOF ready for installation
FTOF modules assembled
FTOF modules ready for installation
Electron-lon Collider
38

Director's Review of the EIC Project Status, March 9th -12th, 2026

S. Tarafdar, B. Zihimann




Overview of TOF readout chain

Off-detecto
AC-LGAD electronics

r] > Monitoring

EICROC,
' FCFD

On detector electronics

<>

Optical link

Topic of this talk
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TOF ASIC specs and data rate

Both EICROC2 (FTOF)
and FCFD (BTOF)

Clock

320 MHz
(40 MHz internal)

Fast Command

8 bits @ 320 Mbs

Data Lane #

1

Data Rate

320 Mbs

Zero-suppressed data

Yes

Streaming

Yes

Control Iface

12C @ 1 Mbs

Charge #1,2,3

< Both ASICs will be readout
using CERN IpGBT and VTRX+
ASICs with associated protocols

< These are the most important
specifications for ASIC readout
& control via IpGBT so we
wanted to make them the same
to simplify interfacing
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Forward TOF SH prototype - PBv1

print p
Custom wound 300nH inductor &

Solenoid wound, anti-parallel
07-01.5-G-V-S-W-TR DC losses ~ 400mW @ 8A DC

Inductor height ~6.0mm

>-G-V-S-W-TR
J1PIN-1

ins carrying power.

Mounting cutouts for #2 screws x6

103mm x 22mm service hybrid power board

J2 PIN-1
6x Layers, 93.0 mil thick

Single side components

Bottom copper to cooling plate

1 PBv1 w/ 3 bPOL48V and 2 PBv1 w/ 1 bPOL48 V assembled and being tested
(1x channel PBv1 already in use to power RBv1)

More PB to be assembled with the availability of 10 more bPOL48V chips

14



Forward TOF SH prototype - RBv1

6 boards assembled
RBv1 front

RBv1 schematics

1 VTRx+
Power Board Ve : E
| — 1V2_Analog Power Lbo = VTRX+ _ 2.56Gbps Downlink E 1M UX64
bPOLASY| to Module Board 1 2v5.TX Rad Hard Y, N
— R—— ; > - =
—.’T’-ﬂ Optical Transceiver 10.24Gbps Uplink (DAQ) (Co]
bPOLABY! RDO3 RX ™ | Controls . MUX64
1v2_Digital to RDO3 Rad Hard SF'© [ Address > Rad Hard
_Dig &
— and Module Boards Readout LpGBT Internal 64-channel
bPOL48V/ it i Board ASIC ADC[1-8] & “A.n.al?g
= 1V2_Analog Power’to EDIN ECLK EDOUT ASIC
Module Boards 2 and 3 ‘r 2 112 3 241 " RBVl baCk
W 13,15V Analog Inputs G
g Data Inputs
Control Outputs
BV |—  Bias Voltage
g Cod
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EICROC EICROC EICROC EICROC EICROC EICROC
EICROC EICROC EICROC EICROC EICROC EICROC
Module Board 1 Module Board 2 Module Board 3 MOdUIe connector:

78-pin Kyocera
245897078002829+ 15



