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Optical link system for upgrade
● Premise: keep as much as possible from existing system
● The installed fibres from PP0 to USC55
● The control system (DOH & FEC)
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Project overview

● Project Description in EDMS: CMS-TK-MG-0006
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POH development
● First demonstrator PCB allowed us to 

connect a TOSA to the LLD and ALT
● Design matches the dimensions given in 2010 by 

PSI BPIX supply tube
● Keeps current connector and pinout for 

compatibility of possible test setups
● Implements four TOSA footprints (two per LLD) 

to test a wide range of different devices (pinout is 
quite standard between devices)

● Design validated and handed-over to 
FNAL for fine-tuning for production
● First prototype produced and successfully tested
● Discussion on number of links places new 

dimensional constraints and requires a re-think of 
the design

● New (final) design by end of 2012
● May need to go to two distinct designs for BPIX 

and FPIX to avoid over-constraining the layout
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POH

TOSA

POH 4B/5B NRZI 400 Mb/s
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Mechanical Constraints
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F igure 4.11: Pixel barrel su p p l y tube. T he (D) segment is the one closest to the detector w ith the
lo w est mass. M od u le cables are connected in segment (C), both, insi de an d outsi de. T he outer
egments contain au xiliar y electronics (B) an d the dc-dc con v erters ( A ). O nl y one sector is sho w n
w ith electronics. C ooling loops for the au xiliar y electronics are v isible in the other sectors
of segments ( A ,B). T he central sector w ith the opening for the beam-p i pe su p port, contains
cooling loops. T he C C U -electronics is not sho w n.

C onnectors for the mod u le cables are p laced in the next segment (C). Sprea d ing connectors934

properl y along the z-d irection accord ing to the position of the correspon d ing mod u le on the935

barrel per m its using a single cable length for all mod u les. C ables from la yers 1+2 w ill be936

routed to the inner surface an d connected there w hile cables from la yers 3+4 are connected937

on the outer surface.938

C lose to the connectors in the third segment (B) are the electrical-to-optical con v erters (P O H )939

for transm itting the detector d ata an d the on-detector part of the detector control system.940

T he last segment ( A ) w hich is closest to the flange at the patch-panel contains D C-D C con v ert-941

ers. T he outsi de flange is a 15 m m thick A l ring. It stabili zes the su p p l y tube an d pro v i des942

strain rel ief for the stiff po w er cables that are clam ped fi r m l y to the flange.943

In the transv erse v ie w the 1 / 4-su p p l y tube is organi zed into 9 p hi-sectors. E ight sectors are944

equ i p ped w ith electronics pro v i d ing ser v ices for the barrel. T he ninth (central) sector is not945

fu ll y useable because it contains an opening for the hori zontal beam p i pe su p port that is p u lled946

into position after insertion of the p ixel detector in segment (B). T he ( A ) segment of this central947

sector contains the optical con v erters for the C C U system that is used to pro v i de con figuration948

d ata an d monitoring for the au xiliar y electronics in the other eight sectors. T he other eight949

sectors are electricall y i dentical an d contain the com ponents for electrical–optical con v ersion,950

fast detector, rea dout an d dc-dc con v erters.951
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Validation of Receiver

● Measured POH (LLD only) 
connected to Zarlink/TYCO 
Receiver module on evaluation 
board
● Using PRBS7 pattern plus simulated 

physics event pattern
● Event data not able to be transmitted 

error-free at 320 Mb/s due to low-
frequency content of data-stream

● Proposed and validated line-
balancing with 4B/5B NRZI 
encoding 
● To be implemented in TBM

● Two vendors identified for 
supply of receiver modules
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Optical Power Budget
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Optical Link Power Budget Calculation  CMS Pixels Phase I Upgrade Optical Links 

26/03/2012 CMS-TK-ER-0030 4 of 5 

3 Power Penalties 

The radiation field of the installed Pixel detector will degrade the slope efficiency of the lasers mounted on the 

POH.  Radiation-testing (Figure 2) has shown this drop to be less than 10% after 5!1014 n/cm2, which was the 

qualification level applied to lasers used in the current Tracker optical system and which is also appropriate for 

the Phase I upgraded Pixel detector.  This implies a penalty of 0.5 dB. 

 

Figure 2: Radiation-induced drop in slope efficiency. 

4 Power Budget 

The transmitter Optical Modulation Amplitude (OMA) is calculated by multiplying the POH input voltage swing 

by the gains of the ALT, LLD and the laser slope efficiency.  Penalties and losses are accounted for and then 

compared to the Receiver sensitivity.  A positive budget indicates a working link, a negative budget a non-

functional one.  Link designers typically require a margin of 2 to 3 dB to allow for lifetime degradation. Table 2 

and Table 3 show the calculated power budgets for the Zarlink and Fitel receivers, respectively. 

Table 2: Calculated Power Budgets for the Zarlink Receiver 

 Scenario 1 

120 mV input 

Scenario 1 

60 mV input 

Scenario 2 

800 mV diff. 

input to LLD 

Scenario 2 

1400 mV diff. 

input to LLD 

Tx min. OMA -8.3 dBm -11.3dBm -7.7 dBm -5.7 dBm‡ 

Irrad. Penalty 0.5 dB 0.5 dB 0.5 dB 0.5 dB 

Connector Losses 2.4 dB 2.4 dB 2.4 dB 2.4 dB 

Rx sensitivity -14.2 dBm -14.2 dBm -14.2 dBm -14.2 dBm 

Margin 3 dB 0 dB 3.6 dB 5.6 dB 

Table 3: Calculated Power Budgets for the Fitel Receiver 

 Scenario 1 

120 mV input 

Scenario 1 

60 mV input 

Scenario 2 

800 mV input to 

LLD 

Scenario 2 

1400 mV input to 

LLD 

Tx min. OMA -8.3 dBm -11.3dBm -7.7 dBm -5.7 dBm§ 

Irrad. Penalty 0.5 dB 0.5 dB 0.5 dB 0.5 dB 

Connector Losses 2.4 dB 2.4 dB 2.4 dB 2.4 dB 

Rx sensitivity** -13.0 dBm -13.0 dBm -13.0 dBm -13.0 dBm 

Margin 1.8 dB -1.2 dB 2.4 dB 4.4 dB 

                                                             
‡ From LLD qualification report, one might improve the output swing by 60% by increasing the input voltage 

swing from 800 mV to 1400 mV differential 
§ From LLD qualification report, one might improve the output swing by 60% by increasing the input voltage 

swing from 800 mV to 1400 mV differential 
** This number has been set to -13.0 dBm as an estimate of a reasonable specification for this component. 
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Summary & Conclusion

● Proof of concept prototypes exist for all new parts of 
upgraded optical link
● POH, DRx12, fibre connector clip

● Integration issues pending
● BPIX clearances and POH dimensions
● Electrical system tests – with new ASICs (DLT, TBM)

● Laser TOSAs to be purchased in 2012
● Production 2013-2015 for installation in LS1.5 (Jan.17) 

or LS2 (2018) if LS1.5 cancelled
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