The Upgraded CMS Preshower High Voltage System
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INTRODUCTION AND MOTIVATION
The CMS Preshower is part of the CMS Endcap Electromagnetic Calorimeter system. It is a sampling
calorimeter comprising two layers of lead, each followed by a layer of silicon strip sensors. There are a total
of 4288 sensors. From 2009-2011 the sensors were biased by 192 commercial high-voltage (HV) power
supply channels through 16 custom 9U distribution boards (4 types, with 7 different types of plug-in
mezzanine). The distribution boards fanned-out the voltage to around 2200 HV “lines”, most of which
powered two sensors in parallel and some that powered singlets. The sensors originate from 6
manufacturers and have a large spread in voltage required for full depletion (Vfd) – from 50V up to 300V.
The sensors were grouped on the detector such that a single HV channel powered between 12 and 30
sensors with similar Vfd.
The Vfd is expected to change with accumulated radiation fluence – increasing up to 500V before
decreasing again. The fluence is strongly dependent on pseudorapidity, and the optimum HV grouping of
the sensors is expected to change with time. The initial HV system was not flexible enough to deal with
these changes. In addition, in 2010 & 2011, 2% of the sensors started to exhibit anomalously high leakage
currents, requiring them to be disconnected via jumpers in the distribution boards. Identification of the
sensors responsible for the high currents was difficult since the granularity of the current monitoring was
only at the HV channel level.
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Data Quality Monitoring (DQM) plot showing the situation in
2011 in all 4 planes of the CMS Preshower before the upgrade
The two planes at each end of CMS are ES+F, ES+R and ES-F, ES-R respectively

CONCEPT
The distribution boards have been designed to provide additional
flexibility and the possibility of in-situ current measurements of
individual HV lines. The new design comprises a single multilayer
PCB that can be configured for any present or future powering
scheme. This is achieved through the use of a large array of
connector pins and the placement of jumpers between appropriate
pins, depending on the configuration required. The boards include
voltage divider networks for measuring the current of each HV line
via plug-in “ELMB” monitoring cards (used extensively in ATLAS
and CMS). Each board distributes HV from up to 24 HV power
supply channels to up to 200 HV lines and carries 5 daisy-chained
ELMBs that are read-out through CANbus.
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IMPLEMENTATION

COMMISSIONING
The new HV system – consisting of 32
12-channel power supplies and 16
distribution boards – was installed in
March 2012. The system is flexible
and permits a better optimization of
the voltage distribution. The new online current measurements will be
used for the early detection of
problems, and for monitoring silicon
sensor behaviour with radiation. This
will be useful for estimating longterm performance as well as the levels
of radiation in CMS.

Student configuring a distribution board

The manufacture of the distribution boards was not simple. In particular, the large pin
arrays were extremely difficult to solder reliably, and warping of the 9U PCBs was severe.
A press-fit solution for the assembly of the pin arrays was chosen and was found to be
100% reliable.

MONITORING
The ELMBs are read-out by a software
application (PVSS), providing regular online measurements of the current of each
HV line. This allows the evolution of the
sensor currents to be followed in real time
and any problematic sensors to be identified
quickly.

The boards installed in the
experimental area

RESULTS
The new system has allowed the
previously “unplugged” sensors
to be re-connected to individual
HV channels. This has restored
to operation all the sensors that
were missing in 2010/2011 due
to high-leakage currents.
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DQM plot showing the situation in 2012 in all 4
planes of the CMS Preshower after the upgrade

