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Service hybrids: 576 total 7 + SH = ~ 1280 mm

28 (front-side) + 28 (back-side) = 56 FCFDs

Barrel TOF service hybrids (SH)
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Requirements:
● Mechanical: must fit within BTOF envelope. It is part of the detector. 
● Electrical:  

○ Readout 56 FCFDs per half-stave
○ Power 56 FCFDs per half-stave, w/ distance dependent voltage
○ Deliver BVs to 56 AC-LGADs strip sensors per half-stave
○ Power active components (lpGBT, VTRx+)

● Thermal: power section requires cooling (30% of a half-stave)
● Interface: compatible with FPC, input LV/BV 



Requirements from ASICs - FCFD (FNAL) 
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FCFD requires:
● Analog: 1.2V, 2.5V

○ 2 mW (2.5) vs 1.6 mW (1.2) per ch
● Digital: 1.2V

Digital and analog 1.2 share the same input

link

Power and current distribution:

1 bPOL48V for 2.5V

2 bPOL48Vs for 1.2V

A bPOL48V provides up to 10W

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 lpGBT.

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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SHs at the end of each half-stave, 
on both faces:

●

● RB: 2 lpGBTs, 1VTRx+, 1 
MUX64

● PB: 3 bPOL48Vs, 8 LDOs; 
~9.4W heat dissipation 
assuming 70% efficiency, 

Based on FTOF SH design 
experience (details in the later talk)
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MIC69502



New mechanical constraints (9/10/26)

6Total thickness (incl. cooling structure) is 25mm; ~10mm for each SH (?)



Alternative 
design:
(for 2-layer; 3 layer 
is not possible)
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● Thinner DC-DC convertor: CERN module, PCB air core inductor
● LDOs moved to stavelets: no need to worry about voltage drop; 

improved output voltage stability
● ~240 CHF each; Need 3*2*144*2 = 1728 modules

?



Backups
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FPC conceptual design (NARA) 
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Signal lines: Layer structure:

+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



Simulation studies of FPC (NARA) 
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Charge #6

Recommendation:
● 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
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Overview of TOF readout chain
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Readout board
(lpGBT, VTRx+)

(bPOL48V)

Topic of this talk

DAQ



TOF ASIC specs and data rate
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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 I2C @ 1 Mbs

⇐ Both ASICs will be readout 
using CERN lpGBT and VTRX+ 
ASICs with associated protocols

⇐ These are the most important 
specifications for ASIC readout 
& control via lpGBT so we 
wanted to make them the same 
to simplify interfacing

Charge #1,2,3



Forward TOF SH prototype - PBv1
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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



Forward TOF SH prototype - RBv1 
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RBv1 schematics

6 boards assembled


