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=(~={J= Introduction - Boundary Conditions

CMS Pixel Phase | Upgrade

* Performance improvement
—More layers for robust pattern recognition
—Reduction of material in tracking region
—Higher rate capability, reduce readout deadtime

* Minimal disruption of data taking
e Interface to CMS (DAQ, control)

* Re-use existing services ( power cables, readout fibers, cooling tubes )
—3layers + 2 disks — 4 layers + 3 disks factor 1.6 increase of channels

—Readout: analog coded 40 MHz — digital coded 320 MHz
~ factor 2 bandwidth increase
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= Readout overview (1)
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d_’T—E[_ Readout overview (2)

Pixel Optohybrid Splice Fanout Ribbon Patch Multi-Ribbon New Array Receiver
Cable on FED
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New components

Existing components

New optical hybrids, re-use exiting fibers  |VeW daughtercards
existing laser driver and with receiver arrays
level adapter chips, ( Zarlink )

new lasers
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w(~={J= Optical hybrid tests

Existing laser driver (LLD) + Laser
320 MHz

Amplitude (a.u.)

Time (ns)
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(- [-{=» Barrel TBM architecture

320 MHz pseudo-balanced
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Forward detector has one fiber per two modules: separate MUX
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o] Optical Hybrid

TOSA laser diode Detachable
retainer for optical _
POH hybrid: fibers Detachable optical
17.8mm x 40 mm fibgr holder

@ i Optical fiber

Optical fiber holder can
be vertically removed in
this position —no need to
remove POH from supply
tubefor fiber replacement

Aluminum body for
TOSA laser diode and laser
driver chip cooling
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-] e Supply tube with opto hybrids & DC/DC converters

DC/DC converters
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@ —=1)" POH opto hybrids in supply tube slot
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@ Cross section of one slot on supply tube
50 mm pitch of POH's in slot
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=== FED / Optical receivers (HEPHY)

‘FED
e Interface to CMS DAQ

« Optical receivers on daughter-cards

e 12 PIN array (ZARLINK)
+ de-serializer in FPGA

e Tests with simulated data patterns
— Unacceptable bit errors observed
— Deterministic, errors occur at
sequence segments with largest 0/1

imbalance
— Pseudo-balancing not sufficient

— much better with balanced code
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«(-={J= Link tests (CERN)

Similar conclusion from CERN test,
although less severe (different RX version)
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w(~={J= Summary

*The phase | upgrade of the CMS pixel detector must re-use exsting fibers, the
bandwidth per fiber must be doubled

*A digital 320 (400) MHz link will replace the analog data transmission
*Tests with possible components and prototypes are underway
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o= -

Forward TBM Architecture
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o] -

Barrel TBM Architecture

400 Mb/s, balanced by
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woaaa s NICTO TWiSted Pair Cable
cross-section Eirst Choice:

:

20 . twi i ing wi
OHM el Bonding Enamel ° tWisted pair self bonding wire

Polyamide

Isolation
Polyesterimide

* 125 um wire diameter (4um Cu)

Cu

Al core . .
Electrical characteristics:

. 125pm » Impedance: 50 Ohms diff.
~ Alcore +Cu (low)

« v=2/3 ¢, (5ns/m)
* C =100 pF/m, L=250 nH/m

o
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w(~=1J= Verilog Simulation of Readout Logic

Full module digital functional simulation includes:

* 16 ROCs: DCOL Readout, Readout Buffer, ROC Readout, daté mux & serializer

» Dual TBM: 2 TBM5 cores, digital readout logic, serializer (no programming logic 12C)
* 320 MBit/s serial data output

* FED decoder

* Simulation speed: 60 ps/sec

0y
physics simulation -
PYTHIA, GEANT Verilog
or
> model
random data t
v -
s errors, warnings,
or
— DigiPix statistics, output
Library (C++)
handwritten events Iog file
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