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Introduction

This document describes the requirements for lyaia Silicon detectors and power their
associated front-ends. In addition there are cemattbns for also supplying power and bias for the
QUARTIC/GASTOF detectors and for temperature mamtpof the front-ends. We start by
presenting the general specifications. Varioustsgwis based on supplies frc@AEN S.p.Aand
Wiener, Plein & Baus GmbHrinally a summary of the studied solutions andrtbest is presented.

Definition of terms and overview

We will start from the broadest view and graduédigus down on individual details.
In Figure 1 is a top view of the context in whitie tFP420 proposal should be seen.

The Silicon pixel, QUARTIC/GASTOF detectors aregped into 4 locations in the tunnel: 420m
before and after CMS and Atlas interaction poistdlastrated in Figure 1. In this discussion we
nominate those locationsP420 statios or simplystations
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Figure 1: Top view of the FP420 setup showing th&tP420 stations are located at the LHC downstream laen,
420m away from the CMS and the Atlas interaction pmts measured along the beam-pipe. The distances tme
drawing is the approximate cable distances betwedfP420 station, alcove (RR17/13 for Atlas and RR5735or
CMS) and counting room.

As can be seen, the FP420 detector’s are all Idgatthe LHC tunnel close to the downstream
beam-pipe, with a distance along the beam of 420the interaction point, but the distance to the



counting room is longer; up to 500m has to be actamlifor. Obviously this is depending on the
exact cable route and where in the counting roaretactronics will be located. But both CMS and
Atlas specialists have confirmed these lengthsawmlrealistic estimates. Between the interaction
point and FP420 stations is an alcove (RR17/1&flas and RR57/53 for CMS) where a rack with
service electronics could be placed (Ref: DetlefCGRODA).
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Figure 2: Overview of one of four FP420 stations fghlighting the power and monitor items. It also ilustrates
how the front-ends are physically distributed at astation. Each station is built around a cryostat. his drawing
shows a typical station with 3 pockets and 5 supeayers in each pocket. Each superlayer require 2 loand 2
high voltage supplies and a temperature monitor.

In Figure 2 is an overview of one of four FP42Qistes. One station has up to 3 pockets each with
up to 5 detector Superlayers. The detector asseimblypocket is illustrated in Figure 3.
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Figure 3: lllustration of one detector assembly loated in a pocket. This shows how the detector is ma out of
individual hybrids ( also called blades) stacked ujin pairs. Each pair is called a Superlayer. The dawing is not
to scale and only illustrates the concepts and nomations.

One Superlayer consists of 4 detectors and asedai@hdout electronics. Physically a Superlayer
consists of two hybrid planes, but for this disemsghis is irrelevant because the low voltage and
high voltage supply is shared between the two glama Superlayer.
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Figure 4: Crossection of the LHC tunnel at the loctons of FP420

In Figure 4 is a cross sectional view of the LH@rtel at the location of the FP420 detectors. The
tunnel is 3.80 m in cross section diameter. Undetimadjacent magnets there is room for electronics
which can sustain the radition. Here the heighlinsted to <400mm. This is enough for an 9U
standard crate (482,6mm (incl. 19" rack-mountingfifg) x 352mm (9U) x 553mm (WxHxD). The
radiation field at the location of the service @élesics is estimated to
15Gy(Si)/lyear=1.5kRad(Si)/year. (Ref: LHC-PM-ES-6d1D-10, edms 565013 antdHC Project



Note 296,27 May 2002 andLHC Project Note 295,27 May 200) The field is a mixture of neutrons,
protons and gamma radiation. We expect a lifetifrie0oyears.
There is no significant magnetic field in the laoatunderneath the adjacent magnets.

Segmentation

The system has to be segmented into reasonablefsings. There are many criteria to consider
when selecting the partition. The most importarésare the goal to
1. Minimize electromagnetic interference (ground lgops
2. Minimize the impact of failing supplies on the pmrhance of the total detector system. It is
an advantage that in case of failure in a supply arsmall part of the system will be out of
operation. To full-fill this is obviously a questi@f how many resources are put into play.
3. Make maintenance simple and replacement of modagts
4. Minimize cost of support cables, connectors andtedaics.

In practice one has to make a pragmatic choicedoas¢he various requirements which are often
contradicting of each other.

We recommend to keep the supplies for the Supedagone segment of supply. This allows for
keeping each Superlayer electrically isolated fthenother, even within a pocket. This also stems
from the fact that the readout of one Superlayeoise by one chip. l.e. a readout chip is common
for two hybrids which makes splitting of the supglinto even smaller segments covering a hybrid
less relevant.

Now if we should do as we preached in the listadlg above, we would like to have a separate
power supply with low voltage and high voltage éach Superlayer, but here we are faced with the
limitations imposed by the products available amttarket. There is no commercial product
available which has both high voltage and low \g#tan the mix we would like. This would require
a custom design to meet this specification. We ltavsidered this option but it has been
abandoned due to lack of resources. In stead wgestithe use of standard multi-channel
commercial supplies for the high voltage and sirmt@dules for the low voltage supplies. This
means in practice that each supply module will supgeveral Superlayers, and it is thus possible
that a failure inside such a module can bring deewxeral super layers. But as mentioned this is
choice based on a balance between requirementesmarces.

Superlayer chips and detectors

The detectors are 2D detectors also used in AR&SINZIA could add a few lines here??).The
amplifier and readout chips are the PixelCHREFERENCE) and MCC REFERENCE).

Obviously the requirements are derived from repomntshese chips. As mentioned, each Superlayer
has four 2D-detectors and thus four PixelChipstaegt are read out with one MCC chip. This
architecture is illustrated in Figure 5
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Figure 5: Block diagram of the supply for one Supdayer. Vbias1=Vbl is for the pair of detectors cleest to the
beam and Vbias2=Vb2 is for the pair further away. A/DD is the analogue supply and DVDD is the digital
supply for readout chips.

Superlayer supplies for FP420
The low voltage supply to a Superlayer should batihg relative to any other Superlayer.

Each Superlayer requires two low voltage supppesterably floating with minimum 1V
compliance range relative to each other:
Analogue AVDD nominal 1.6V
Digital VVD nominal 2.0V.
In addition a Superlayer requires
Two high voltage bias supplies Vbiasl and VBiasthwemote controlled voltage in the
range 0V to minus 120V.
These 2 different bias supplies Vbiasl and VBias2lb not have to be floating relative to
each other within a superlayer.

Low voltage power supplies specifications

From the specifications of the Atlas FE-13 fronteship we get the requirements for one chip as
listed in Table 1

One Pixel FE[Voltage [Voltage norfCurrent Current
I3 chip range limit
Analog 1.6-2.0V | 1.6V 5-70mA 100mA
AVDD

Digital 1.5-2.5V | 2.0V 1% occupancy: 40-50mA100mA
VDD 10% occupancy: 60-70mA

Table 1: Low voltage requirement for one Atlas FE-B front end chip.




Notice that the required digital supply current eleghs on the detector occupancy. High occupancy
results in higher current. The supply and its caBleould take this into account.
In Table 2 are the requirements for one readoutrctber chip MCC.

One MCC \Voltage Current Current limit
Digital (vDD) |1.8-2.5V 120mA-150mA 170mA
Table 2: Supply requirement for one Atlas MCC chip

As each Superlayer has 4 detectors end 4 FE-I3 gz one MCC chip sharing the digital supply
with the front-end we can sum up the total requeetper Superlayer as shown in Table 3.

4 FE-I3 + 1 MCCHVoltage [Voltage [Current Current
Read-out driver Jrange [nominal limit
Analog (AVDD) [1.6-2.0V|1.6V 20-280mA 310mA

[Digital (VDD) 1.8-2.5V|[2.0V 1% occ 280mA-350mA [480mA
10% occ 360mMA-430mA

IMonitor resolution<20mV <10mA

Table 3: Overall specification for a Low voltage spply segment for one Superlayer consisting of 4 RiChips
FE-13 and one MCC chip. Remote monitor should enalgl observation of the voltage and current.

There will be decoupling capacitors close to ttallo

Note: At very high occupancy the Digital part o€ thE and the MCC chip can go into a mode of
latch-up. The chip does no longer work when in sitége, but the supply should have a current limit
set such that it does not damage the chip. Itnently assumed that a simple current limit for the
collective supply of four FE-I3 plus 1 MCC chip cbmed with a means to monitor remotely the
current consumption and to take corrective actiwispe sufficient to avoid damage to the chip.

The voltages may need adjustments in the courdedifetime of the system due to radiation
effects. It is an advantage if this can be doneotely.

The low voltage supply may need to have remoteestesiback to compensate for voltage drop.
The wire and connector resistance and currentti@midetermines if this is necessary.

There must be a current limit which can be setkeeitbcally or remotely at the value indicated in
Table 3. It would be an advantage if its value loarset remotely as this will allow a more flexible
system capable of dealing with changes due ta&iance radiation damage. The current limiting
can be either of a saturating type or a fold-battk \@tching action. The latter obviously requires
some means of reset from the remote control system.

Currents and voltages must be monitored and restdtsded remotely with accuracy as mentioned
in Table 3. Sample rate in the order of 1 Hz idicignt.

Each Superlayer low voltage supply should be imldiglly on/off controllable from remote.

High voltage power supplies specifications
The high voltage bias supply to a Superlayer shbalfioating relative to any other Superlayer.



Each Superlayer has two individual bias suppliesrder to better cope with radiation damage. The
closer the detector is to the beam, the higheadgtion damage is likely to be. As the bias \gdta
for depleting the detector increases with radiattamage, it is an advantage to segment the supply
into two: One for the pair closest to the beam (Mid one for the pair away from the beam (Vb2).
To simplify matters it is not required to separite GND between Vb1 and Vb2.

There will be passive RC low-pass filtering closette load.

4 detectorp/oltage Current Current limit
2 voltages

Vbl 0 to -120V <1mA 1mA
Vb2 0 to -120V <1mA 1mA
Monitor <1V 1 A~12bitres

Accuracy

Setting <3V ~ 6 bhitres

Resolution

Table 4: Specifications for the high voltage biasupplies for one Superlayer consisting of four detdors
segmented onto a supply of two independent voltageghe voltage and current should be monitored frontemote
with at least the specified accuracy. The voltagéeuld be controllable from remote with a resolutionof better
than 3V.

There must be a current-limit which should be sé¢ha indicated value. To increase flexibility, it
would be an advantage if its value can be adjugtederably from remote. The limiting can be a
simple saturating current-source type of limit. ats and voltages must be monitored and results
provided remotely. Sample rate in the order of lidHaufficient.

The high voltage supply has to be remotely cordbdd to set the voltage in the range 0 to minus
120V.

The high voltage supply does not require remotaasémedback on the wires to the load as the
current-induced voltage drop is negligible in riglatto the required accuracy.

In Figure 6 is a block diagram illustrating the nention of the bias supply to the front-end. This
setup is used in the Atlas On-detector setup. Mdtiat the bias is connected to the detector anode
and is thus negative and that the other terminti@bias is referred to the analogue AVDD and
not to GND. R1, R3 and C1 are included for filtgrof noise. The purpose of R2 as reported by
Atlas, is to enable measurement of the bias cumeatest setup. If the supply has built-in cutren
monitoring capabilities, R2 should not be required.

Notice that due to the construction of the inpagstof the Front-end FE-I3 chip any decoupling
locally on the hybrid, should be returned to AVDidanot GND. This actually means that if R2 is
included in the layout, its resistance value shdaélch small as possible because this improves the
filtering efficiency of C1.
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Figure 6: Connection diagram for the high voltage bias syppld for AVDD as suggested by the
Atlas group. Notice that the bias is referred @ @inalogue AVDD and not to GND. The purpose of
R2 is to enable measurement of the bias curremt@st setup where the supply is not offering
current measurement features. R1, R3 and C1 arefse filtering.



Power budget

In Table 5 is listed and summed the power dissghate¢he front-end. This scenario is for a worst
case setup where the occupancy is 10% and thegeslare at a maximum. Notice that for cooling
design the power from the radiation and the thefioalfrom the ambient will have to be added to
this list.

One Superlayer | Voltage | Current | Power
V] [A] (W]
AVDD 2.0 0.28 0.56
VDD 2.5 0.43 1.08
Vbiasl 120 0.001 0.12
Vbias2 120 0.001 0.12
Total per Superlayer| 1.88
#SL's
Total per pocket 5 9.38
# Pockets
Total per station 3 28.13

Table 5: Power dissipated in the front-end electroiecs assuming 5 superlayers per pocket. Numbers aveorst
case values with 10% occupancy and maximum voltagesd currents. For other values see Table 3 and T&b4.

Low and high voltage channel count

One One Fp420
# channels Superlayer o2 pesiE! station | experiment

4 det.+ with 5 with 3 with 4
FE+1MCC| Supelayers | pockets | stations

Low voltage 2 10 30 120
High voltage 2 10 30 120
Table 6: Number of channels of Low and high voltagsupplies.

Table 6 counts the channels needed in the nomamdilguiration of the Silicon detector setup. The

final count may differ from this.

Temperature monitoring

The temperature in the front-ends need to be mi@utdt will probably be a good solution to have
a probe on each Super layer. Temperature sensdbif@type are known to be radiation tolerant
and are used in other detectors at LHC. For insthitCb (Velo repeater board, Low Voltage
Card) using NTC 103KT1608-1P from Semitec. Theyaaalable in many resistive values and
form factors, including tiny surface mounted SMIxkeages. They are passive resistive types which
need an excitation current in order to operate. Oubeir relatively large resistance (kohms) they
can be operated on two wires, as long as the w#istance is only a small fraction of the probes
resistance. With very long and thin wires, comp&asaof the wire drop can be necessary. The
selection of the most appropriate device will requ later study. It is however given that therk wi
be the need of both excitation circuitry and an AldCead the values. It is an advantage if this
excitation and measurement system can be integiratethe power supply crates. Assuming one
detector per Superlayer the channel count willdksted in Table 7

Temperature channely One Superlayerl One pocket One station with
with 5 Superlayers | 3 pockets of 5 SL




| Channel count | 1 | 5 | 15
Table 7: Temperature monitor channel count. This nmber is only an approximate number.

QUARTIC/GASTOF detectors high and low voltage suppl ies

The QUARTIC/GASTOF modules have different requiraiseas the Silicon detectors. At this
moment the specifications per station are rathesdly set as described in Table 8:

QUARTIC/GASTOHRNumber ofVoltagdCurrent Current
detector channels [nomin limit
[High voltage 4 -3.5kM| TBD TBD
AVp12 1 12v | TBD TBD
AVmM12 1 -12v | TBD TBD
|DVp5 1 5V TBD TBD
|DVp3.3 1 3.3V | TBD TBD
Monitor resolution | TBD TBD

Table 8: Preliminary specifications for QUARTIC/GASTOF detectors power supply for one station.



Discussion about solutions considered

Originally a couple of solutions were studied basedcommercial power supplies (CAEN S.p.A.,
Easy3000 series and Wiener, Plein & Baus GmbH, MR@dDMaraton series) being located in the
tunnel next to FP420 stations stowed underneathdfaEent magnets. This setup is illustrated in
Figure 7.
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Figure 7: All power supplies and monitoring locatedn the tunnel adjacent to the station. Only commuitation
and raw power pass over the 500m

The big advantage of these solutions is the loviecadist combined with options for extensive
remote control and monitoring. The major drawbacthe sensitivity to radiation combined with
difficult access for maintenance.

A study of the radiation tolerance by Thijs Wijnan(@€ERN-TS) of a solution as in Figure 7
proposed by CAEN (see Table 12) concludes thatwthigxhibit 0.1 SEU (Single Event
Upsets)/module/day if placed in the tunnel closthostations. This will be the case from day-one
of operation. This means that there will be sevBEdl’s per day to deal with. In addition to this,
there will be the usual effect of radiation damggedually accumulating over time.

With these considerations in mind we have studiedtraative solutions as the one in Figure 7.

Inspired by Totem Roman Pot detectors it is bemgswered to place the power supplies in the
Alcove area’s RR17/13 for Atlas and RR57/53 for Chttal use long cables (Figure @EED
WORKING ON: IT IS UNCLEAR HOW MUCH THE RADIATION WILL BE IN THE

ALCOVE AREA, GIVEN THAT THE LOCATION AVAILABLE IS ABOVE THE BEAMPIPE)
Finally we have also considered solutions whereréical power supply electronics is in the
counting room and only very simple linear radiati@rd regulators are located in the tunnel next to
the station.

Common for these solutions with low voltage supgables of 200m or more is that they require
local regulators next to the load. Without suchutatprs it will not be possible to maintain a seabl
load voltage.

These alternative solutions are described below.dgscription It mainly focuses on the cable
infrastructure which is a significant part of tleéal cost when using solutions with many long
cables.

The solutions described, with long cables betwemmep supply and detectors are all having the
high voltage in the counting room. This is consadea good solution because radiation is no more a
concern. The wires for high voltage can have alstnass section due to the small current (<1ImA)
and need no remote sense. The high voltage cahisisbha well shielded and with a noise filter at
the detector.

Linear regulators next to the front-ends



Cables of 200m to 500m of length will have to béhwather large cross section in order to limit the
voltage drop to the level required in the low vgetssupplies (roughly <200mV). Remote sensing,
which is the classical way of overcoming this, @ effective due to the long delay in the cable.
The phase shift at the frequency f due to the cadliey is 2 f . At 500m of cable, the phase

shift will be 45 at 25kHz but to this has to be added the phaséuagdo the capacitive load which

is required to high frequency stability. This rdpithakes the total phase shift approaching 180
degree and instability. The only cure is to lowe bbop bandwidth correspondingly but at the cost
of the response time for dynamic load changesh8adble delay will limit the obtainable
bandwidth of the regulation control loop. Testshvitie Wiener MPOD power supplies shows that
it is not possible with this equipment to stabilihe voltage sufficiently.

We therefore suggest to place linear regulators toethe load to stabilize the voltage and to lower
the requirements for the stability at the end efltng cable. This solution is shown in Figure 8.
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Figure 8: Block diagram showing the principle of ugg a local radiation hard linear regulator. Here for a
positive voltage. A remote sense at the regulatonput will compensate for the slow varying voltage ariations
there. It may not be needed however if the cablesatie a sufficient cross section. In that case connieat Opt. 1. A
similar circuit exists for negative supplies using HC7913-4.

Such setups, al be it with much shorter cablesysed in many LHC detector systems, such as
Totem Roman Pot and Vertex Locator (VELO) of LH@Ipair of radiation hard linear regulators
has been developed in the framework of RD-49. Egelators are LHC4913 for positive voltages
(SCEM: 08.57.56.011.7; 1.23V to 9V at 3A) and fegative voltages LHC7913-4 (SCEM:
08.57.56.111.4; -1.2V to -7V at 3A). Both types available from CERN stores at around 15CHF
a piece.

A setup as in Figure 8 will not allow monitoringtbie actual load voltage. Only the load current
can be monitored. In addition it is not possibladust the voltage remotely.

In other LHC experiments using a linear regulahaoseparate monitoring system for the voltage is
put in operation. This obviously has to be radatiard. For instance CMS's central tracker use a
system of FEC, DOHM and CCU's. The main issue With solution is that it is highly specialized
for these experiments and not easily adapted t@EB4equirements. Added to this is the difficulty
of finding the components. Queries has shown ti&parts are not available so new batches would
have to be produced.

As an alternative solution we suggest the setugpigare 9 which allows remote monitoring of the
load voltage.
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Figure 9: Block diagram showing the principle of ugg a local radiation hard linear regulator. Here for a
positive voltage. Here is the option of remote motur of the load voltage via isolation resistors R

The voltage at the load is fed back to the locatibtihe power source via pairs in the same cable as
the power source. A major issue is to avoid ingtbf noise into the regulation loop of the linear
regulator. Putting an operational amplifier woukldn option but it will be cumbersome because it
need power itself and need to be a radiation N&litht we propose in stead is to put isolation
resistors in series with the sense wiresiiRFigure 9). As long as the ADC's at the acqigsisiend

has high impedance and low leakage and bias cuthenaiverage current and thus the voltage drop
across the sense resistoksRl be small. This means that the average voltagasured at the
acquisition end will equal the average voltagéhatlbad. Rs should then be chosen sufficiently
large compared to the impedance level in the régulaop to avoid injection of noise and
disturbance into the regulation. It is clear tte tnonitor will only give a correct measure at low
frequencies. The bandwidth will be given by thelealapacity C and by RWith roughly
C=50nF/500m and a typicakR10kOhm the upper 3dB cutoff frequency will be21/Rs C)=

160Hz.

The cost of such modules with linear regulatossismated to be 1500€ per station of FP420 i.e.
6000€ for Atlas+CMS.

In Figure 10 is a table listing the required vodtagnge at the input to the linear regulator. Lower
bound on the voltage (column: "Regulator In Minimyims established at the maximum current and
the upper bound of the load voltage plus the mimmnagulator drop-out voltage. The maximum
input voltage to the regulator (column: "ReguldtoMaximum®) is given by the operating range

of the regulator, here LHC4913. This leaves an labsanaximum cable drop in the long cable
supplying the regulator of 12V-4.7V=7.3V. In praetihowever it is better to stay below this limit.
The upper voltage limit will have to be somewhasléhan 12V in order to avoid voltage
overshoots from oscillations on the long cable.

gy Lz Property of cable between regulator and load REINIRNET | <epeior (NepulEr
name voltage V drop In In
max length | wire cross sect | wire resistance | current | total V drop | Minimum [ Minimum | Maximum
Volt m mm2 Ohm/km A Volt Volt Volt Volt
VDD 2.5 20 0.25 74 0.48 1.42 0.70
AVDD 2 20 0.25 74 0.31 0.92 0.70

Figure 10: Required voltage range at the input tahe linear regulator for the low voltage supply forthe silicon
detector front ends. This result is independent othe cable length from the power supply to the regaitor.




Special issues when employing linear regulators fo r QUARTIC/GASTOF

QUARTIC/GASTOF's preliminary supply requiremente asted in Table 8: Preliminary
specifications for QUARTIC/GASTOF detectors powepgly for one station. As seen there, these
detectors require 3V, 5V and +-12V. The linear tagus LHC4913 (Vout = 1.23V to 9V at 3A,
Vin<12V) and LHC7913-4 (Vout = -1.2V to -7V at 3A/in <9V) will not support the voltage

+12V and -12V. Practical limits using these reguisitwould probably be in the range -6V to +8V.
We will have to await the exact requirement from @QUARTIC/GASTOF to elaborate on further
solutions.

Low voltage in Alcoves, High voltage and temperatur e monitor in
counting room. Local regulators at load
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Figure 11: Low voltage in alcoves, rest in countingopom using 200m cables from alcove to station. “PRs a
patch panel. “Reg”are linear regulators next to tle load.

This solution is based on the use of Weiner Mar&anvoltage supply placed in the alcove.

CAEN also has radiation tolerant power supplies tihhet Wiener Maraton has the best proven
radiation tolerance of the systems studied heréElgANiener MPOD and Wiener Maraton.

The Wiener Maraton are used in Totem Roman pottwteand placed in the Alcoves, although
placed at a different location in the alcove asahe available to FP420.

The Wiener Maraton modules have been radiatiorifiedato 722Gy, and 8 1fn/cm2. Their

good radiation tolerance is partly obtained by mgthe digital part of the control and monitoring
circuitry away from the radiation zone. This resullbwever, in less flexibility compared to the
CAEN and the Wiener MPOD solutions. So in the WigWlaraton system the output voltage and
current limit can not be adjusted from remote, armhitoring is via analogue differential wires.
One pair is required per measurement value (volagecurrent) resulting in the requirement of a
fair amount of monitor wires. The ADC's for thisliwieed to be in a low radiation environment, i.e.
in the counting room. For improved radiation tofex@, mains supply AC to DC conversion is done
in the counting room. The cabling listed below wkecount of this scenario.



LV: One crate per pocket HY: one half MPOD per station LV: One crate per pocket
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Figure 12: Low voltage Wiener Maraton supplies in lhe alcoves. High voltage MPOD type supplies in the

counting room. The Wiener Maraton system is qualifd for the radiation environment we have with a lage

margin. Here illustrated for either Atlas or CMS part

This solution requires a customization of Wiener&an low voltage modules in order to optimize

it for low currents. The length of the monitor cablf 300m is beyond the specification in the data
sheet, so this length of cable need further gealiibn. Cost for the Wiener modules has not been
discussed. As shown in Figure 11 andFigure 12eafinoltage regulator is placed next to the
frontend to ensure the voltage stability at thelldghe voltage drop in the long cables from power
supply to regulator has been set to not exceed 8&ting the requirements in the table in Figure 10
with a large margin.



Cables layout
Counting :
Room Alcove Station
< 300mM---------m-mmemm | e >|< 200m >
Mon_Ctl LV
Power 385V
LV-AVDD(Si)
LV-VDD(Si)
LV(Q/G)
HV(Si)
HV(Q/G)
Temp.

Figure 13: Cable routing using the Wiener Maraton bw voltage power supply in the alcove. Each colour
corresponds to a cable function. "Mon_Ctl LV" is monitor and remote control for low voltage. Power_38Y is
DC raw supply for the Wiener Maraton crates. LV-AVDD(SI) is low voltage AVDD and LV-VDD(SI) is low
voltage VDD for Si detectors LV(Q/G) is low voltagdor QUARTIC/GASTOF. HV(Si) and HV(Q/G) is high
voltage for Silicon and for QUARTIC/GASTOF. Temp isfor remote monitor of temperatures.

The list of cables with the electrical and mechahproperties is tabulated in Figure 14. Total eabl
cost for ATLAS+CMS is estimated at 4*39,380CHF=166K-=100k€. This does not include the
cables from the linear regulators to the fronteritctv is roughly 20m of length.



Cables for one arm of FP420
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Mon_Ctl LV | 108 | 04.21.52.145.9 | NE36 0.50 | 36 | 6 3 4.70 8,460 | 18.5 | 0.001 1 0| 37.0| 0.022 | 300 | 216
Power 385V 3 | 04.08.82.060.3 | 3*6.0CEM | 6.00 | 3 2 1 5.80 3,480 | 14 1 1 0 3.1 | 1.850 | 300 6 0
LV-AVDD(Si) | 15 | 04.21.52.228.7 | NG28 1.00 | 28 6 3 6.30 7560 20 0.3 1 1] 185 | 2.220 | 200 | 60 48 | (6)
LV-VDD(Si) | 15 | 04.21.52.228.7 | NG28 1.00 | 28 6.30 ' 20 0.4 1 1] 185 | 2.960 | 200 | 60
LV(Q/G) 6 | 04.21.52.228.7 | NG28 1.00 | 28 | 3 1 6.30 3,780 | 20 2 4 1 4.6 | 3.700 | 200 | 60 | 24 | (4)
HV(Si) 30 | 04.21.52.140.4 | NE26 050 | 26 | 3 3 5.20 7,800 | 16.5 | 0.001 1 0| 37.0| 0.037 | 500 | 60 | 18
HV(Q/G) 4 | 04.31.51.555.2 | HTC-50-3-2 | 0.50 | 2 4 1 1.00 2,000 6 0.001 1 0| 37.0| 0.037 | 500 8 0
Temp. 15 | 04.21.52.020.1 | ND26 0.25 | 26 | 3 1 4.20 6,300 | 14 | 0.001 1 1| 740 0.074 | 500 | 60 | 18
Total cable cost per station (arm): 39,380 QHF

Legend and notes:
(1): Number of individual channels per FP420 arm
(2): Cable count is a multple of this number. Used to ensure each pot has its own cables
(3): Diameter of one cable
(4): Q/G detectors need +-12V. The LHC4913 only goes to +9V and LHC7913 to -7V, which means that it is not useful for long wire
LHC4913: Vin=3to 12V, Vout = 1.25 to 9V, Vdropout<0.7V LHC7913: Vin=-3 to -9V, Vout -1.21 to -7V, VdropOut<0.8V
(5): Change this collumn's value to explore different configurations of cable count and cable drop
(6): AVDD and VDD wires share the same cable
(7): Maraton has up to 12 LV channels per crate. We need 3 crates in this setup
LV AVDD(SIi): Low voltage Silicon detector analogue supply LV(Q/G): Low voltage Quartic/Gastof
LV VDD(Si): Low voltage Silicon detector digital supply HV(Q/G): High voltage Quartic/Gastof
HV(Si): High voltage Silicon detector

Figure 14: Cable inventory for a solution using Wiaer Maraton LV supply in the alcove to supply bothSilicon and QUARTIC/GASTOF over 200m low
voltage cables but having additional linear regulatrs next to the load. All cables are standard CERNtores items. High voltage, monitor and temperatwe
monitor is in the counting room. Total cable costdr ATLAS+CMS estimated at 4*39,380CHF=160kCHF=100k€




Low and high voltage and temperature monitor in cou nting room. Local
regulators at load

S 500m k-20m >4
HV
Lv - Station
mon+ctl ) Adj.
ThICI( Magn_
Counting cables
room

Figure 15: Low and high voltage in counting room uisig 500m cables to a patch panel with regulators xéto the
station. “PP” is a patch panel. “Reg” is linear regilators next to the load.

The low voltage need to be regulated at the loadexstioned. This can use either the solution in
Figure 8 and Figure 9.

Cables layout

Counting

Room Station

< 500m >

LV-AVDD(Si)

LV-VDD(Si)
LV(Q/G)
HV(Si)

HV(QIG)

Temperature

Figure 16: Cable routing, showing the different cales and the colour code used in Figure 17



Cables for one arm of FP420
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mm2 CHF/m CHF mm A 5) /km Vv m
LV-AVDD(Si) 15 04.21.52.228.7 NG28 1.00 28 9 3 6.30 28.350 20 0.31 2 1 9.3 | 2.868 500 90 12 | (6)
LV-VDD(Si) 15 04.21.52.228.7 NG28 1.00 28 6.30 20 0.48 4 1 4.6 | 2.220 500 | 150
LV(Q/G) 6 04.21.52.228.7 NG28 1.00 28 4 1 6.30 | 12,600 20 2 8 1 2.3 | 4.625 500 | 108 4| (4
HV(Si) 30 04.21.52.140.4 NE26 0.50 26 3 3 5.20 7,800 | 16.5 | 0.001 1 0 37.0 | 0.037 500 60 18
HV(Q/G) 4 04.31.51.555.2 HTC-50-3-2 | 0.50 2 4 1 1.00 2,000 6 0.001 1 0 37.0 | 0.037 500 8 0
Temp. 15 04.21.52.020.1 ND26 0.25 26 3 1 4.20 6,300 14 0.001 1 1 74.0 | 0.074 500 60 18
Total cable cost per station (arm): 57,050 CHF

Legend and notes:

(1): Number of individual channels per FP420 arm

(2): Cable count is a multple of this number. Used to ensure each pot has its own cables

(3): Diameter of one cable
(4): Q/G detectors need +-12V. The LHC4913 only goes to +9V and LHC7913 to -7V, which means that it is not useful for long wire
LHC7913: Vin=-3 to -9V, Vout -1.21 to -7V, VdropOut<0.8V

LHC4913: Vin=3to 12V, Vout = 1.25 to 9V, Vdropout<0.7V

(5): Change this collumn's value to explore different configurations of cable count and cable drop
(6): AVDD and VDD wires share the same cable

LV AVDD(Si): Low voltage Silicon detector analogue supply

LV VDD(Si): Low voltage Silicon detector digital supply

HV(Si): High voltage Silicon detector

LV(Q/G): Low voltage Quartic/Gastof
HV(Q/G): High voltage Quartic/Gastof

Figure 17: Cable inventory for a solution with bothlow and high voltage supplies for both Silicon an@QUARTIC/GASTOF located in the counting room and
supplying over 500m cables, There are linear regulars next to the load. All cables are standard CERNtores items. High voltage, monitor and temperaie
monitor is in the counting room. Cost does not incide pulling and connector mounting.




The maximum cable drop in the low voltage cabled #(Si) detectors listed in Figure 17 is up to
2.8V. Total cable cost for ATLAS plus CMS is 4*57HE=228kCHF=144k€

Allowing a higher drop of up to 5.7V which is stillithin the requirements calculated in Figure 10,
the number of LV(Si) cables can be lowered to 6gpation giving a total cost of 190kCHF=120k€.
Hardware tests will have to be done in order teheine if a voltage drop of 5.7V is adequate or
not.

In summary, the big advantage of this solutiormét the power supplies are not exposed to
radiation. This widens the field of power supplyndaates significantly and lowers their cost and
makes it simpler to maintain. The major drawbadkeéscable cost and the need for local
regulators.

Commercial solutions having power supplies next to the
stations

1S 500m ¥-20m 3t

AcC/DC HV
CAN bus TemP
mon+ctl LV

Adj. Magn.  station

Counting
room

Figure 18: All supplies in the tunnel, adjacent tadhe station
For this setup we have got solution suggestions tiwo companies CAEN and Wiener based on
our preliminary specifications. The suggested smhst still need some refinements and
gualifications. Below is a listing of these propgsd@he CAEN solution has more details presented,
but this is not indicative of any preference oktkolution just that this has been elaborated th&t m
for the time being. Only the CAEN solution suggastting the high voltage supplies in the tunnel.

Commercial solution, CAEN
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FOWER BACKUP
SAESTE =OUBCE SOURCE BATTERY

Figure 19: Generic block diagram of the CAEN systensetup



CMS and Atlas counting room

SY1527
Atlas / CMS AlG76A Al6T6A
Slow control | | Crate CHl Crate Ctl
500m 500m
! LHC tunnel ! : LHC tunnel :
| |
1 I 1 I : | [ 4 I !
1 | A3426
I| EASY 3000 EASY 3000 I : EASY 3000 EASY 3000 | | O~ :
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1 A3501 A3006 | 1 . 1
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Table 9: Block diagram of the solution suggested b AEN. This shows the supply of half of the FP42Ctup i.e.
two stations. The number of pockets illustrated i8 per station. Shown are also the system for tempatiure
monitoring (A3801) and the supplies for QUARTIC/GASTOF detectors A3540 and A3006

One module One station
CAEN module Slots | Channels Number of | Number of | Number of | Spare
type modules slots EASY3000 | channels
oLV supply A3009 4 12 3 12 6
§ % HV supply A3501 2 12 3 6 6
% % Temp mon A3801 2 128 1 2 ?
“[Total 20 1
Oow w
E 9 S [Quartic HV A3540 2 12 1 2 ?
< 0 @|Quartic LV A3006 4 6 1 4 ?
o<
O O TTotal 1

Table 10: Channel and module count for the CAEN sakion for one station, including QUARTIC/GASTOF and
temperature monitoring. Notice that there are 6 spee channels of high and low voltage in the Silicodetector
crate in this configuration. Fully exploited, thisconfiguration could supply up to 18 Superlayers, wich could be
distributed as 6 Superlayers in 3 pockets for instace. Alternatively the Silicon detector supplies add also
occupy space in the QUARTIC/GASTOF crate giving ewe more extra space.



A3801:
A3009: LV A3301: HV  TempMon

Figure 20: Silicon detector supply crate. CAEN’s EAY 3000 crate with low voltage A3009, high voltage3%01
supplies and ADC A3801 for temperature monitoring ér one station with up to 18 Superlayers.

A3540, HV A3006, LV

Spare:
14 Slots

Figure 21: CAEN’s EASY3000 crate with high voltagdA3540) and low voltage (A3006) supplies for
QUARTIC/GASTOF detectors. 14 spare slots are availae in this configuration.

Notice that the A3006 low voltage supply is adjbstan the 4 to 16V range and may thus not be
able to cover all the way down to 3.3V without dataial modification.



Figure 22: A3486 dual channel power supply neededigmcent to the EASY crate's in the tunnel.

Cost of CAEN solution

Module Function Unit cost Units Cost
g A3501n 0-100V 3,621€ 12 43,457 €
% Sy1527 Controller 9,183 € 2 18,365 €
S|A3009 LV 3,554 € 12 42,646 €
§ A3486 Power 3,042€ 4 15,769 €
% A1676A Branch ctl 842 € 4 3,369 €
A3801 ADC 128ch 4,000€ 4 16,000 €
EASY3000 |[Crate 942 € 4 3,767 €
Sub total 143,373 € 143,373 €
2 GIEASY3000 _[Crate 9242€¢ 4 3,767 €
¥ t5I1A3540 akv 4000€ 4 16,000 €
=} S IA3006 4-16V/6A 4,000€ 4 16,000 €
Sub total 35,767 € 35,767 €
Total for CAEN modules 179,140 €

Table 11: Cost of standard CAEN modules for the sation with 3 pockets per station with up to 6 Supdayers
per pocket. Includes both Atlas and CMS. This is etuding spares, cables and cost of customization &AN bus
(10k€). The modules A3540, A3006, A3801 are listedth estimated costs.

Cables layout

Counting

Room Station

< 500m
Communication CAN bus

> <----20m-->

Power 385V

LV-AVDD(Si)

LV-VDD(Si)

LV(Q/G)

HV(Si)

HV(Q/G)

Temp.
Figure 23: Cable routing and color code for use othe following Figure 24.




Cables for one arm of FP420
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mm2 CHF/m | CHF mm A (5) /km V m
CAN bus 13 | 04.21.52.140.4 | NE26 050 | 26 | 1 1 550 | 2,750 | 16.5 | 0.001 1 0| 37.0/0.037| 500 | 26| O
Power 385V | 3 | 04.08.82.060.3 | 3*6.0CEM | 6.00 | 3 2 1 5.80 | 5,800 | 14 1 1 0 31/3.083| 50| 6| O
LV-AVDD(Si) | 15 | 04.21.52.228.7 | NG28 1.00 | 28 6 3 6.30 756 20 0.3 1 1] 185 | 0.222 20 | 60 48 | (6)
LV-VDD(Si) | 15 | 04.21.52.228.7 | NG28 1.00 | 28 6.30 20 0.4 1 1] 18.5 | 0.296 20 | 60
LV(Q/G) 6 | 04.21.52.228.7 | NG28 1.00 | 28 | 3 1 6.30 378 20 2 4 1 4.6 | 0.370 20| 60| 24 | (4)
HV(Si) 30 | 04.21.52.140.4 | NE26 050 | 26 | 3 3 5.20 312 | 16.5 | 0.001 1 0| 37.0 | 0.001 20 | 60 | 18
HV(Q/G) 4 | 04.31.51.555.2 | HTC-50-3-2 | 0.50 | 2 4 1 1.00 80 6 0.001 1 0| 37.0 | 0.001 200 8] O
Temp. 15 | 04.21.52.020.1 | ND26 0.25 | 26 | 3 1 4.20 252 | 14 | 0.001 1 1| 74.0 | 0.003 20 | 60 | 18
Total cable cost per station (arm): 10,328 CHF

Legend and notes:
(1): Number of individual channels per FP420 arm

(2): Cable count is a multple of this number. Used to ensure each pot has its own cables

(3): Diameter of one cable
(4): Q/G detectors need +-12V. The LHC4913 only goes to +9V and LHC7913 to -7V, which means that it is not useful for long wire
LHC7913: Vin=-3 to -9V, Vout -1.21 to -7V, VdropOut<0.8V
(5): Change this collumn's value to explore different configurations of cable count and cable drop
(6): AVDD and VDD wires share the same cable
LV AVDD(SIi): Low voltage Silicon detector analogue supply

LV VDD(Si): Low voltage Silicon detector digital supply

HV(Si): High voltage Silicon detector

LHC4913: Vin=3to 12V, Vout = 1.25 to 9V, Vdropout<0.7V

LV(Q/G): Low voltage Quartic/Gastof

HV(Q/G): High voltage Quartic/Gastof

Figure 24: Cable cost for solution with all CAEN spplies in the tunnel. Total cost for CMS plus Atlags 4*10kCHF=27k€




Required CAEN module customizations

CAN speed

The CAEN standard module solution is not guaranteedork over 500m of cable. The CAEN
CAN bus as standard is operated at 250kbit/s. 286kias been verified to work over cable SCEM
04.21.52.140.4 what signal integrity concerns,dud to the cable delay it violates the timing
requirements of the CAN bus’s arbitration prototaiwering the bit rate to 125kbit/s would make
the cable of 500m meet the specifications of sigmntagrity and arbitration protocol.

Arbitration is only brought in play when more thame module attempts to talk onto the bus at a
time. Therefore, depending on the software protouplemented, it is in principle possible for the
250kbit/s to work despite the long cable delay.

CAEN has, at an additional cost, offered to motliky modules such that they will operate at
125kbit/s, but the modules will no longer be exagfeable with the rest of LHC’'s CAEN equipment
of similar model.

Silicon high voltage bias supply

The CAEN module A3501 is designed for 0 to 100Verdas FP420 may need the ability to go to
minus 120V as specified above. It is however posditat this will not be necessary. Further
radiation tests on the detectors should deternhige HHowever, in case the 120V is needed, CAEN
is able to modify the modules at an additional tosheet the minus 120V specification.

CAEN module radiation qualification

Module | Function | Used Tested ok to References
CAEN by
Low Atlas | Certified for Atlas (1) | 140Gy or 2x1bp/cm?2 Agostino Lanza,
Voltage | RPC, By CERN POOL. See link | Anghinolfi and
A3009 LVL1, below Fontaine
CMS
http://Ihcb-muon.web.cern.ch/lhcb-muon/electroniesl-Uppsala.pd{non conclusive)
2x 48V | Atlas | Certified for Atlas (1) | 140Gy or 2xtbp/cm2 Agostino Lanza
base RPC, By CERN POOL (INFN Pavia)
Power LVL1,
A3486 CMS

http://Ihcb-muon.web.cern.ch/lhcb-muon/electroniesl-Uppsala.pd{non conclusive)
http://Ihcb-muon.web.cern.ch/lhch-muon/electrorids/ TB_04.06.pdf

A3501 -;OOV Not.certified. But Has not been tested.
bias equivalent to A3540
below
4kV Certified for Atlas See links below Agostinahza

A3540 | http://www.pv.infn.it/~servel/atlas/hv/hv_sys/casiac report.ppt(*°Co)
http://mwww.pv.infn.it/~servel/atlas/hv/hv_sys/indetml (proton, 159MeV)
http://Ihcb-muon.web.cern.ch/lhcb-muon/electrontids/ TB_04.06.pdf

128ch ? 147Gy (proton) A. Lanza, G.
A3801 ADC luvino, G.
Passuello

http://www.pv.infn.it/~servel/atlas/hv/hv_sys/tgport jan-2006.pgiproton, 159MeV)

A3006 | 4-16v | [ 2 [ 2 |




Table 12: Status of qualification for radiation asof this date (May 2007)Note 1: The certification limit, as
agreed in ATLAS, is: 2 x 18 p/cm2, corresponding to 140 Gy TID. A3006 could nyde be replaced by A3016
which has been tested.

Commercial solution from Wiener

Note that a solutions for temperature monitoring hat been worked out in detail using Wiener's
equipment.

Wiener, Solution 1, MPOD LV next to station, MPOD H V in counting room

Figure 25: Overview of this solution illustrating ane stations supply.

Figure 26:Wiener solution with LV supplies in the tnnel and high voltage supplies in the counting ram,
delivering the bias via 500m cables. The Mpod willequire custom -120V modules.



This solution based on Wiener MPOD modules suggrgtsig only the low voltage part in the
tunnel. One crate at each location will be neededhe Silicon detector supplies. The high voltage
is supplied from MPOD modules in the counting roaen500m cable. Notice that no auxiliary
power crate is needed in the tunnel as opposdtetoase with the CAEN solution.

Note that the MPOD modules have never been radiédisted. This is a serious issue. According to
the company they are made in a way which is likelgualify them to the level we require. It will
however be necessary to test the modules in botbmpand gamma fields to qualify their use.

Cables layout
CEmiiig Station
Room
Smmmmmmm o 500m ------m-mmemeemm oo > <-- 20m ->
Communciation CAN-bus
Power 385V
LV-AVDD(Si)
LV-VDD(Si)
LV(Q/G)
HV(Si)
HV(Q/G)
Temperature

Figure 27: Cable routing and colour code for use irfrigure 28



Cables for one arm of FP420
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mm2 CHF/m | CHF mm A 5) /km V m
CAN bus 04.21.52.155.7 NF2 0.75 | 2 1 0.88 440 | 6.8 | 0.02 1 0 24.7 | 0.493 | 500 2 0
Power 385V 3 04.08.82.060.3 | 3*6.0 CEM 6.00 2 1 580 | 5,800 14 1 1 0 3.1 | 3.083 500 6 0
LV-AVDD(SI) 15 04.21.52.228.7 | NG28 1.00 | 28 6 3 6.30 756 20 0.31 1 1| 18.5 ] 0.229 20 | 60 18 | (6)
LV-VDD(Si) 15 04.21.52.228.7 | NG28 1.00 | 28 6.30 20 0.48 2 1 9.3 ]10.178 20 | 90
LV(Q/G) 6 04.21.52.228.7 | NG28 1.00 | 28 2 1 6.30 252 | 20 2 3 1 6.2 | 0.493 20 | 48 8|4
HV(Si) 30 | 04.21.52.140.4 | NE26 0.50 | 26 | 3 3 5.20 ] 7,800 | 16.5 | 0.001 1 0| 37.0 | 0.037 500 | 60 | 18
HV(Q/G) 4 04.31.51.555.2 | HTC-50-3-2 | 0.50 | 2 4 1 1.00 | 2,000 6 0.001 1 0| 37.0 | 0.037 500 8 0
Temp. 15 04.21.52.020.1 | ND26 0.25 | 26 3 1 4.20 6,300 | 14 | 0.001 1 1| 74.0 | 0.074 500 | 60 | 18
Total cable cost per station (arm): 23,348 QHF

Legend and notes:
(1): Number of individual channels per FP420 arm
(2): Cable count is a multple of this number. Used to ensure each pot has its own cables
(3): Diameter of one cable

(4): Q/G detectors need +-12V. The LHC4913 only goes to +9V and LHC7913 to -7V, which means that it is not useful for long wire
LHC4913: Vin=3to 12V, Vout = 1.25 to 9V, Vdropout<0.7V

LV VDD(SIi): Low voltage Silicon detector digital supply

HV(Si): High voltage Silicon detector

LHC7913: Vin=-3 to -9V, Vout -1.21 to -7V, VdropOut<0.8V
(5): Change this collumn's value to explore different configurations of cable count and cable drop
(6): AVDD and VDD wires share the same cable
LV AVDD(SIi): Low voltage Silicon detector analogue supply

LV(Q/G): Low voltage Quartic/Gastof
HV(Q/G): High voltage Quartic/Gastof

Figure 28: Cable inventory for a solution with MPCD low voltage supplies for both Silicon and QUARTICGASTOF located next to the station. High
voltage, monitor and temperature monitor is in thecounting room. All cables are standard CERN storeggems.




Total cable cost for this solution for ATLAS+CMS4824k CHF=96kCHF=60k€. The cost of the
MPOD modules has not been discussed in detailh@otetmperature monitor modules in the
counting room.

Wiener, Solution 2, Maraton LV crates, next to stat ion, MPOD HV in counting
room

Figure 29: Overview of this solution illustrating ane stations supply. Wiener Maraton is located nexb the
station in the tunnel

Figure 30: Low voltage supplies in the tunnel. HiglvoltageMPOD type supplies are located in the counting
room. The Wiener Maraton system is qualified for tle radiation environment we expect in the tunnel uner the
adjacent magnets. The illustration shows the setujor either Atlas or CMS.

This solution has the low voltage supplies housed/iener Maraton crates in the tunnel next to the
station. One crate will be needed per pocket. Tigje Woltage is supplied over 500m of cable from
an MPOD module in the counting room. This solutiequires a customization of Wiener Maraton
low voltage modules in order to optimize it for l@wrrents. The monitoring of the Wiener Maraton
is with individual twisted pairs from each chanriéte ADC's for this will need to be in a radiation
free environment, i.e. in the counting room. Thegtld of the monitor and control cable of 500m is
beyond the specification in the data sheet, sdehigth of cable need further qualification. Coss h
not been discussed. In Figure 31 and Figure 32issirg of the required cables and their cost.



Cables layout

Counting =it
Room
< 500m > <-m-=-20mM----->
Mon_Ctl LV
Power 385V
LV-AVDD(SI)
LV-VDD(Si)
LV(Q/G)
HV(Si)
HV(Q/G)
Temp.

Figure 31: cable routing for the Wiener Maraton soltion next to the stations

The advantage of this solution is that it willtlie QUARTIC/GASTOF requirements without much
modification. The disadvantages being the expoturadiation and difficult access for
maintenance. In addition, the Wiener Maraton ofilywathe voltage setting and current limits to be
adjusted manually using potentiometers on the nesdiNo remote tuning is possible.



Cables for one arm of FP420
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(7) mm2 CHF/m | CHF mm A (5) /km \ m
Mon_Ctl LV | 108 | 04.21.52.145.9 | NE36 050 | 36 | 6 3 4.70 | 14,100 | 18.5 | 0.001 1 0| 37.0 | 0.037 | 500 | 216 0
Power 385V 3 04.08.82.060.3 | 3*6.0 CEM | 6.00 | 3 1 5.80 | 5,800 | 14 1 1 0 3.1 | 3.083 | 500 6 0
LV-AVDD(Si) | 15 | 04.21.52.228.7 | NG28 1.00 | 28 6 3 6.30 756 20 0.3 1 1| 185 0.222 20 | 60 48 | (6)
LV-VDD(Si) 15 | 04.21.52.228.7 | NG28 1.00 | 28 6.30 20 0.4 1 1 18.5 | 0.296 20 60
LV(Q/G) 6 04.21.52.228.7 | NG28 1.00 | 28 2 1 6.30 252 20 2 2 1 9.3 | 0.740 20 36|20 | 4
HV(Si) 30 | 04.21.52.140.4 | NE26 050 | 26 | 3 3 5.20 | 7,800 | 16.5 | 0.001 1 0| 37.0|0.037 | 500 | 60| 18
HV(Q/G) 4 04.31.51.555.2 | HTC-50-3-2 | 0.50 | 2 4 1 1.00 | 2,000 6 0.001 1 0| 37.0 | 0.037 | 500 8 0
Temp. 15 | 04.21.52.020.1 | ND26 025 | 26 | 3 1 420 | 6,300 | 14 | 0.001 1 1| 740|0.074| 500 | 60| 18
Total cable cost per station (arm): 37,008 QHF

Legend and notes:
(1): Number of individual channels per FP420 arm
(2): Cable count is a multple of this number. Used to ensure each pot has its own cables
(3): Diameter of one cable
(4): Q/G detectors need +-12V. The LHC4913 only goes to +9V and LHC7913 to -7V, which means that it is not useful for long wire
LHC4913: Vin=3to 12V, Vout = 1.25 to 9V, Vdropout<0.7V LHC7913: Vin=-3 to -9V, Vout -1.21 to -7V, VdropOut<0.8V
(5): Change this collumn's value to explore different configurations of cable count and cable drop
(6): AVDD and VDD wires share the same cable
(7): Maraton has up to 12 LV channels per crate. We need 3 crates per station in this setup
LV AVDD(SIi): Low voltage Silicon detector analogue supply LV(Q/G): Low voltage Quartic/Gastof

LV VDD(Si): Low voltage Silicon detector digital supply HV(Q/G): High voltage Quartic/Gastof
HV(Si): High voltage Silicon detector

Figure 32: Cable inventory for a solution with lowvoltage supplies (Wiener Maraton) for both Silica and QUARTIC/GASTOF located next to the station.
High voltage and temperature monitor is in the couting room. All cables are standard CERN stores item Total cable cost for Atlas plus CMS is 4*37
kCHF=148kCHF=95k€




Summary of solutions
This table summarizes the solutions discussed&iallation of FP420 in Atlas plus CMS

experiments.

Description of solution

LV

HV

Cable
cost

Module
cost

Notes

CAEN
Easy3000

Near
station

CAEN
Easy3000

27kE

180k€E+
10k€

Maintenance access,
radiation and SEU issues

Wiener
MPOD

Near station

Wiener
Maraton

Wiener
Maraton

Alcove

TBD

Counting room

Counting room

TBD

60k€E

TBD

Maintenance access,
radiation and SEU issues
Need further radiation
tolerance qualifications

TBD

95k€

TBD

Maintenance access issu
No voltage tuning from
remote.

TBD

100k€

TBD

Maintenance access issu
Need linear regulator.
No voltage tuning from
remote.

Radiation field is unclear.

QUARTIC/GASTOF's +-
12V issues

TBD

144k€

TBD

Lowest module cost.
High cable cost.

Need linear regulator.
No voltage tuning from
remote.

Little or no radiation or
access issue.
QUARTIC/GASTOF's +-
12V issues

Figure 33: Summary of cable and module cost for vaous solutions covering both Atlas and CMS. Custom
module with linear regulator is estimated to cost dotal of 6k€. The cost of cable pulling and conror
mounting is not included. TBD means that no particlar manufacturer stand out as the best choice basesh the
investigations done so far. "QUARTIC/GASTOF's +-12Vissues" refers to the problem that the LHC4713/
LHC7913 regulators will not be suitable to regulatet-12V. Other solutions will have to be found forhat case.



