Optical Readout and Control Systems
for the CMS Tracker

J.Troska, G.Cervelli, F.Faccio, K.Gill, R.Grabit, A.M.Sandvik, F.Vasey & A.Zanet
EP Division, CERN, Geneva, Switzerland

2
H
3

i

Analogue Readout

The ~10 million microstrip channels of the
CMS Silicon Tracker will be time- .
multiplexed with a ratio of 256:1 and read- = ==
out over ~40000 analogue optical links. e

The readout link must transmit
detector data over 50-100m to
the remote counting room with
the following characteristics:
Settling time: 20ns (40MS/s)
Dynamic Range: 7-8bits
Linearity: 1-2%
Gain: 0.8V/V (target)
The system operates over single-mode

optical fibre using Fabry-Perot edge-
emitting diodes lasing at 1310nm.

Digital Control

The CMS Tracker control system will
consist of 320 control rings. Each control
ring requires two digital optohybrids for
redundancy, which yields a total of ~2500
digital optical control channels.
The control link must transmit control information as well as
the multiplexed 40MHz bunch-crossing clock and Level-1
trigger over 50-100m between the remote counting room and
the front-end with the following characteristics:

Speed (Data): 40Mb/s

Speed (Clock): 80Mb/s (40MHz)

Bit Error Rate: <10-12

1/0 levels: LVDS
Due to the significantly smaller number of digital compared to analogue
links required, the control system links re-use the components of the
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Measurement of the these two limits for different

its allows 1t of the inter ili
the fully commercial back-end components with the
semi-custom front-end ones. It is clear from the plot
shown that the margins from the typical operating range
to the limits are quite wide in this system.

In order to implement a 'hard-reset' signal without
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Data are shown from such testing carried out on the
analogue receiver ASICs from the pre-production batch.
Data from 5 measured devices (60 channels) are shown.
Both noise and linearity performance comfortably meet
the specifications for the analogue readout system.
Linearity and Noise measurements are shown referred to

the link input. This allows better comparison of overall
link operating parameters for both front- and back-end
components as well as components from different

increasing the number of optical links this signal is
coded onto the data channel by the Front-End
Controller (FEC) as an absence of light. Missing Data

Equivalent Input Noise (mV)
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of this kind lasting for ~10 clock cycles or more is
interpreted by the digital receiver ASIC (Rx40) of the
control link as a reset. The generation by the DOH of
this signal is shown to the left.

production batches.
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Full-system testing has also been carried
out in parallel to the component-level
testing. Both front- and back-end optical
link components have been integrated into
larger mechanical structures together with
silicon detector modules that have then
been successfully read-out.
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Components that are unique to the control link are currently
L ing final i ion and the col ial actions
required for them to go into production will take place by Q2
2003.

The final validation of the control link embedded in a full control
system is currently being carried out. Preliminary results from
the system-level testing confirm the detailed link testing already
carried out.

the counting room adjacent. Only

the central barrel of CMS is shown for

clarity. The optical cable path for both readout
and control is highlighted.

Radiation Hardness Assurance

The high levels of radiation that will be present within the CMS
Tracker, together with our strategy of using COTS components
which are not guaranteed radiation tolerant, require us to
qualify the components that will be used inside CMS.

We have confidence, based upon the extensive radiation testing carried out on candidate
components to date, that the chosen components are and will remain sufficiently radiation
tolerant throughout the 2002-2004 production period. A programme of Advanced Validation
Testing (AVT) has been put in place to monitor the o
radiation tolerance of the fibre preforms and - = = —
laser diode wafers that will be used in the production =

Laser Samples
=
Total Mass: 12500T
Length: 21.5m
Diameter: 15.0m
Magnetic Field: 4T

Typical gamma irradiation setup
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