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ATLAS LAr Calorimeter Phase-|
front-end readout upgrade
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« LAr Trigger Digitizer Boards (LTDB) will be installed in 2018 (Phase-l upgrade)
» Consecutive trigger digital data readout requires about 250 Gbps/board
 LOCId1 and LOCId2 are designed for ATLAS LAr readout optical link
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On-detector, rad-tol

Optical link for new LTDB
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 Requirements: low power, radiation tolerance, high bandwidth, 68 mA
modulation current(typical VCSEL driver)

 Based on a commercial 0.25 um Silicon-on-Sapphire CMOS technology, the
design goal is 8 Gbps.

* Fabricated the first version, LOCld1, in 2012; The second version added 12C
salve controller in 2013; The two-channel version, LOCId2, fabricated in 2013.
e Built a low-footprint dual-channel optical transmitter module (MTx)
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Differential Amplifiers design
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6 stage differential amplifier with active shunt-peaking, 3.3V power supply

peaking strength programmable for radiation effect

12C slave integrated, thanks CERN ME group for sharing HD
VCSEL modulation current and biasing current are programmable

L code



Active Shunt Peaking
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Active shunt peaking, inductive
load region between the zero
(low) and pole (high).

PMOS M6 is equivalent to a

S resistor (R;), peaking strength
programmable

? * Full transistors design, small area.



Current source regulator

* Observed biasing current change in first version due to V,,, shift

 Simplel100 pA constant current source as the reference, not sensitive
to Vy, shift

* An off-chip resistor R3 is needed.
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LOCId1 packaged for Test
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LOCId1 electrical signal Jitter

Total jitter VS. Vp

==board1l 8G ====boardl 5

14 15 16 1.7 18 19 2 21 22 23
Vp (V)

* Measure the electronic signal jitter with 200 mV differential PRBS signal input

* Active shunt peaking improves jitter of 8 Gbps signal transmission but not help
much for 5 Gbps

* The programmable peaking strength is useful to tolerant V,, shift.
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Optical eye diagram
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share 12C controller etc.

ie,

ivers on one d

LOCId2 include two channel dr

Save package and PCB cost in assembling
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LOCId2 lab tests
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* Very preliminary, incomplete test at lab so far
* Settings: Vp =2.25V, Ibias =8 mA, Imod = 8 mA, TOSA: Truelight TTF-1F59-427

e Similar performance as LOCId1: Total jitter (pk-pk) is about 25 ps, no more than

30 ps at 8 Gbps.
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Summary

* Design and fabricated VCSEL laser driver,
| OCld1 and LOCld2, for ATLAS LAr readout

Phase-| upgrade
* Both chips are assembled into a customized
small factor optical module, MTx.

* Both chips achieve design goal, work above 8
Gbps, consuming 200 mW per channel.




