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Abstract

A 9U 400mm VME FED Tester card (FT) has been
designed for evaluation and production testinghef EMS
silicon microstrip tracker Front End Driver (FEO)he FT
is designed to simulate both the tracker analogutecal
signals and the trigger digital signals requiredab¥ED.
Each FT can drive up to 24 FED optical input chdsmne
The internal logic of the FT is based on large FB@ich
employ fast digital logic, digital clock managersida
memories. Test patterns and real tracker data edodded
via VME to the memories. DACs operating at 40MHz
convert the data to analogue form and drive thdaard
CMS tracker Analogue-Opto-Hybrids (AOH) to convide
data to analogue optical format. Hence, they agatidal to
the signals produced by the CMS tracker. The Fheeit
transmits the clock and trigger information dirgctb a
FED or to the CMS Trigger and Timing Control (TTC)
system. Four such cards will be used to fully ®e$tED.
One FT prototype has been manufactured and isntlyre
being used to evaluate the CMS tracker FED. Thjsep
describes the FED Tester design and architecture.

[. INTRODUCTION

The signals produced when charged particles pass
through the silicon tracker are processed and dtaithin
the analogue pipelines of APV25 ASICs [1,2]. On a
positive Level 1 Accept (L1A) decision, the datanfr
multiplexed pairs of APV25s are converted to anaog
optical signals using the CMS tracker Analogue-GOpto
Hybrid (AOH) [3,4]. These are transmitted from the
detector to the Front End Drivers (FEDSs) [5], l@chin the
CMS counting room, via optical links.

Testing the FED prototypes requires a device that
emulates both the tracker analogue optical sigaatsthe
trigger digital signals required for the proper @t®on of
the FED. This is a challenging task because itireguhe
CMS Trigger and DAQ environment to be created ‘oa t
bench’ providing signals whose shape and timing is
identical to those that will eventually be avaikbk CMS.

A FED can receive data from 192 APV25s on 96
optical fibres. The front end is split into 8 sens, each of
which digitises and processes data from 12 fibr&sch
section contains a 12 way analogue Opto-Rx modyld]|
6 dual 10bit AD9218 dual ADCs [6], three Virtex-ll

XC2V40 FPGAs [7] for ADC clock skewing and a Virtex

I XC2V1500 FPGA [7] which performs APV25 data
frame recognition, common mode subtraction, petlesta
subtraction and cluster finding.

The variable length clustered data fragments frioen&
front end sections are sent to a back end FPGA hwhic
collates the information into a single event arates them
in an external 2MB buffer to absorb fluctuationdhe data
rate. A VME transition card enables the eventbdcsent
to the DAQ via 400MB/s copper links using the S-Kid
protocol [8, 9]. Alternatively the events can lead via
VMEG64x which will be used during system commissiani
and for calibration and monitoring.

Figure 1: The FT with one 3-channel and sevendiohl AOHs
mounted underneath the perspex cover. Fifteecaldibres can
be seen connected on the left side of the photbgrap

The immediate goal of the FT (fig. 1) is to veritye
FED front-end, but it should also provide a vefsatdol
for debugging the FED back-end FPGA and S-LINK64
interface. The FT needs to be programmable saittican
accommodate any type of test pattern required to
characterize the FED front end. It needs to beilflex
robust and compatible with the FED crate elect®rind
software so that it can eventually be used fordasgale
automated production testing. Finally it needséaable to
be loaded with real tracker data, which will haealrhits,



pedestals and common mode noise, so that it caisdmbto
perform validation tests of the FED cluster findimgro
suppression algorithms. This last test is essetigdibre
commissioning the firmware of the FED algorithms rfeal
data taking in 2007.

Il. REQUIREMENTS

The primary task of the FT is to mimic the datatden
the 96 fibre inputs on the FED by the APV25s oreigtcof
a L1A. The data consist of a pair of APV25 datnfes
multiplexed together. The APV25 frames compride dit
digital header followed by 128 analogue values. @

APV Data Frame
<+—12bit digital header

128 analogue values(one for each microstrp

Signal amplitude—»

ADC sampling at 20MHz—»

Figure 2: An APV25 data frame with a Minimum lomigi
Particle (MIP) event in one strip.

A large number of these multiplexed frames will shee
to be sent to the FED to verify that it performseapected.
In addition to this the FT analogue performanceukhbe
sufficient that the analogue performance of allcBénnels
on the FED can be characterised.

1. A RCHITECTURE

The FT architecture is shown in figure 3. The ¢to
contained within two Xilinx Virtex Il XC2V1000 FPG
[7]1. The VME FPGA acts as a VME to Wishbone bridge
Wishbone [10] is a set of rules for creating a déad
interface to firmware cores thus making design se-u
easier. This FPGA also allow&l access to the AOHs and
performs the AOH temperature control again Vi@ | The
System FPGA generates digital data for the threeC®A
and contains an emulation of the Trigger Contro$t&m
(TCS) [11].

On the System FPGA the APV25 frame data for all 6
virtual APV25s (3 multiplexed APV25s) are storeddn
12bit wide by 233 deep frame pattern memory. This
memory is quite small, but new frames can be ugdddn
the fly" without stopping the virtual APV25s. His proves
insufficient then the digital I/O daughter cardicegallows
for memory chips to be added later. The 6 virtlaV25s
access this frame pattern memory sequentially @vt.
Each virtual APV25 also has a 1k deep frame pointer
memory that contains pointers to the start of frammethe
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Figure 3: The FED Tester architecture



pattern memory. Consequently, the FT can recefa4 1
L1As before the sequence of frames is repeated.

The extracted frame pattern data is then multimlexe
with the output from another APV25. It can then be

to approximately +/- 0.2°C,

temperature of 26°C.

except at the nominal

delayed by up to 32 clocks to replicate fibre dslayro 16 l l l l
mimic fibre delays of less than the 40MHz clockipérthe Nominal fig. (@)[f
DACs are driven by 3 separate clocks which carkeeved 14 — |temperaturg o
in steps of ~100ps. 5o )I,"r .7

The three AD9753 DACs [6] and an external input 12— == 28 °C / )
drive the three AD8108 programmable analogue cross- w -----30°C ,/‘,//
point switches [6] which act as a 3-to-24 fan-otihe S 04| 32°C '—’ v
outputs of the switches drive 8 CMS tracker AOH nied \25 —--34°%C /',/,’
which convert the electrical signal to an opticainal for S_ g s 1/
the FED channels. To supply 96 optical analogymits 3 Ty
we will require 4 FTs. To ensure synchronisatiotween 5 /
all of them they are all clock and control slaveslarone § 6 Decrease in
of them is also a master supplying clock and robnt laser output =
information from the TCS emulation. QPLLs [12] pice 4 — -3.8 MIPsfora
a redundant 40MHz clock that stays within the Xlin measured
FPGA clock specifications even after synchronisatass. 2 ] temperature

L increase from

The FT design is implemented on a VME 9U 400mm 26.3 to 32.4°C
card which acts as an A24/D16 VME slave. The FT 0
printed circuit board has 8 layers; 2 signal, 4 eoand 2 ! ! ! !
ground. The board thickness is 2mm. All softwhes -10 -5 | 0 | IE\S/HP 10 15
been written under the XDAQ framework [13] so thas nputsignal (MIPs)
compatible with the FED. One FT has been built has 34 | | | |
been integrated in the FED test setup.

’ " 33 , —
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IV.  TEMPERATURE CONTROL OFAOHS o] T g g |
The AOH is temperature sensitive. This will not &e —_ . e
problem for the tracker because it will be operateel0°C @3+ ------ I .

at which the temperature sensitivity is less thamoam e
temperature. Furthermore, the tracker temperatiltebe = 30 N e s B
carefully controlled and the FED will apply a conmo 8 59" o ) |
mode subtraction to each APV25 data frame. Howeker £
temperature in the laboratory has been measured to F 28— —
fluctuate by 6°C peak to peak and the AOHs areaipdrat
~30°C. The AOHs are mounted on a 9U, 400mm deep 27— —
VME card and thus for practical reasons its is fieasible 26— |
to place them in an environmental chamber.

To decide whether an AOH temperature control system 25 T T T T
was necessary a prototype system of that used e Th 10 5 0 5 10 15

was built and used to investigate the magnitudé®AOH
temperature sensitivity and evaluate if our congydtem
would work. It was not intended as a detailed wptofthe
temperature sensitivity of the AOH at ~30°C andhibuld
be noted that the results presented are from gesitgnnel
of one AOH. However, the limited statistics were
sufficient to persuade us that a temperature cbaystem
was necessary.

Input signal (MIPs)

Figure 4: (a) The effect of temperature on the Al@sér output
signal (b) The temperature measured for a givenimareet-point
temperature. The key in (a) applies to both graphs

At the lowest nominal temperature of 26°C the
temperature gradient between the AOH and the PQ&ois
small to provide sufficient cooling to compensate the
heat being dissipated in the AOH at large lasers bia
currents. However, at these large laser bias wtgrthe
12way Opto-Rx is already saturating and we are heybe

The temperature sensitivity is shown in figure fa i
which the laser output is plotted versus lases biarent at
different nominal temperatures for channel 0 oféhannel
TOB type AOH. The actual temperature at which the
measurements were made is shown in figure 4b. The
temperature control system maintains temperatatgilisy



+/- 4 MIP range required for the FT. Alternatively a
larger temperature stability region is necessaeysystem
can be operated at a higher nominal set-point testypre,
although this will require more heating power.

The axis in fig 4 have been rescaled so that teerla
output measured in volts by channel 0 of a 12 way
analogue Opto-Rx is in MIPs. Similarly the laseash
current controlled by setting alRQ register in the linear
laser driver [14] has been rescaled into MIPs.

The calibration was performed at 30°C and had 2
stages. The first stage consisted of determirtiegstaling
factor to convert from laser output in volts to MIPThe
laser bias current register was set to 22, thereefit the
laser output versus laser bias current transfevecurThe
laser bias current was then modulated by driving a
differential square wave of ~100kHz and magnitude +
100mV, +/-200mV and +/- 300mV into channel O of the
AOH. The remaining 2 channels were driven withnaO
differential signal. A MIP was defined as a di#iafial
signal of magnitude 100mV across the AOH termimatio
resistors. A straight line graph of laser outpiat volts
versus input signal in MIPs could therefore betplbt with
gradient providing the laser output in volts pgyut MIP.

The second stage consisted of re-plotting the laser
output in volts versus laser bias current registdting as
laser output in MIPs versus laser bias currentstegi
setting. The gradient of a straight line fit alkeavthe MIPs
per register setting to be calculated and thudaber bias
current register axis for all temperature measurgsn® be
rescaled in terms of MIPs.

At the centre of the transfer curve of laser outmrsus
laser bias current the laser output was seen tedse 3.8
MIPs as the temperature was increased from 26.8°C t
32.4°C, which is equivalent to ~0.6 MIPs/°C. Td this
into perspective the nominal input range to the RER3
MIPs, of which the output frames from APV25s occiy
MIPs. Consequently, in the absence of a temperatur
control system we would expect large drifts in thput
signals to the FEDs. The risk is that APV25 datanes
drift out of the input range of a FED or that autdim
APV25 frame finding logic within the FED fails becse
the digital header onto which the FED locks hakefabut
of preset limits.

For precise analogue measurements it will be nacgss
to use common mode subtraction. The 128 analogue
samples from an APV25 data frame are digitised.4p$
Temperature fluctuations should not be apparenthese
timescales.

A temperature control system was therefore develope
It relies on maintaining the AOH temperature a flagrees
above ambient by supplying heat from a resistor aia
thermal bridge. The temperature is monitored opee
second by using a combined ADC/DAC to first measure
the temperature. The data is then sent to an FA&AN
I’C bus where the optimum heating power is calculated
with a PID algorithm. The latter should be betiesn a
simple on/off switch because it should avoid terapae

overshoot/ringing and the average temperature dhbel
the set-point temperature and not a degree or kahe

The heating power is written back to the DAC vi@ and
the process starts again.

The temperature control system can be seen
implemented in figure 5 which shows two AOH mougtin
positions with one occupied. Three optical fibraw
exiting the picture in the top left. A brass sugistructure
acts as a thermal bridge conducting heat geneiatéloe
large resistor on the right to the AOH. The sahermal
bridge conducts heat down to the temperature sensor
situated on the PCB.

Figure 5: Two AOH mounting positions on the FT,wiihe top
one occupied.

The main challenge is to insulate the structure
sufficiently in order to obtain a sufficiently larg
temperature rise without dissipating too much poivehe
heating resistor. Consequently the thermal bridge
insulated from the PCB with perspex except for albm
area close to the temperature sensor. A perspex ¢oot
shown) protects the AOHs and reduces cooling fram a
flow. The power planes are removed around the tiata
thermal bridge makes contact with the PCB and apsxr
sheet is attached to the back if necessary todurdduce
heat loss. This insulation is necessary to achieM@C
temperature rise with the resistor dissipating 0.7Whe
low power consumption of the digital logic of thedsd has
allowed us to increase the maximum power dissipgier
heating resistor to 1.6W which should allow thetsgsto
absorb larger temperature fluctuations in the latmwy.

V. TESTING

After ensuring that the FT powers up correctly Bie
digital interconnects were verified with JTAG boang
scan. Preliminary tests indicate that all the ¥iame works
as expected. The 3-channel AOH and seven 2-channel



AOHSs that are currently mounted on the FT provide 1 VII. A CKNOWLEDGEMENTS
optical outputs. All these appear to function eotly. The

FT is currently being integrated into the FED tegtset-up

(fig. 6) and the first sets of data are being rdedr
Preliminary measurements indicate that the analogue
performance meets requirements.
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