The OTIS TDC Chip for LHCb Outer Tracker Readout
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The OTIS TDC Chip

LHCb Outer Tracker
Front End Electronics

connect to the 32bit wide input of the subsequent GOL
chip. The latter serializes the date and drives it off the
detector via an optical link. The schema of the LHCb outer
tracker DAQ in shown in Fig.1.
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Figure1: i
the LHCb outer tracker

Chip Architecture

The OTIS chips consists of four main components shown
in Figure 2:

*The TDC core with pre-pipeline register

+ The pipeline memory and derandomiser buffer
* The control algorithm

* The slow control circuit and DAC Block

The TDC Core

Pipeline memory and
derandomiser buffer

d 48x240 bit re b s !
crossing clock new data sets, consisting of drift time data
from pre-pipeline register, bunch crossing number and
status information's are stored into the pipeline. The
pipeline is able to hold 164 data sets to cover the 4ps LO
trigger latency. Upon a trigger the corresponding data sets
(1, 2 or 3 words) are copied to the derandomizing buffer,
which compensates the trigger rate fluctuations. The size
of 48x240bit is large enough to hold the data of 16 triggers
(a4 3 words) which is an LHCb requirement.

The control algorithm

The control algorithm performs the memory access
required for trigger handling and data retrieval for readout.
In addition it provides the 50ns and 75ns measurement
ranges by combining data from up to 3 consecutive bunch
crossings. The transmission of the data frame on the OTIS’
8bit parallel output port is indicated by a DataValid signal.
Furthermore for the OTIS 1.2 it implements two different
formats of the readout data stream, described in the
following.

*Encoded Hitmask: The 4byte header information
(containing e.g. BX- and EV counter, Chip ID and status
information) is followed by 32byte representing drift times
of the 32 channels. While the lower 6bits are the measured
drift time within the clock cycle, the first two bits indicate
the bunch crossing of the hit. Obviously only the first hit
per trigger and channel is read out, allowing for a 100%
occupancy. The fixed 900ns readout time required by
LHCb is intrinsic to this mode. The data format for the
Encoded Hitmask mode is shown in Table 1 and the
extended drift time encoding in Table 2.

Table 1: Data format of the OTIS chip in Encoded Hitmask
mode
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Figure 2: Block schematic showing the OTIS chip basic building
blocks

Table 2: 8bit extended drift time encoding of the OTIS 1.1
in Encoded Hitmask mode

The OTIS 1.1

The OTIS 1.1 (Fig.3) is the latest full scale prototype chip
and is available since February 2004. On a die size of
5.1 x 7.7mm?2 it implements all key features except the
Plain Hitmask readout mode.

Figure 3: Bonded OTIS 1.1 chip on Test-PCB

Measurements performed on
OTIS 1.1

Power Consumption
After powering the chip, it performs a power up reset. In
this state power consumption is 480mW. The power
consumption increases to 560mW when operating at the
nominal clock frequency of 40MHz (17.5mW/Chan).

Control Algorithm
The control algorithm performed as from
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Drift Time Measurements
The measured drift times are expected to follow the
detector signals position within a bunch crossing linearly.

The show the
between hit position and drift time.
Figure 6 shows the measured drift times of two channels
as a function of the “hit"-signal position within the bunch
crossing for 1BX Encoded Hitmask mode.

For Figure 7 the OTIS 1.1 TDC is programmed to 3BX
Encoded Hitmask mode.
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Figure 6: Delay scan (Drift Time vs. Hit Position) of the OTIS 1.1
for 1BX Encoded Hitmask mode.
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simulation. Readout of the data frame takes exactly 900ns,
and while working in playback mode which is also fully
functional, the read data is exactly as programmed and it
was possible to verify the correct encoding of header data
and drift times. Also trigger management shows the
predicted behavior, e.g. a FiFoFull signal after 16 triggers
in 3 BX mode. All debug signals and internal test features
that are included in the chip, such as the memory self test,
show the expected behavior too. Furthermore a random
trigger test performed at 40 MHz clock speed with some
107 triggers did not reveal any problems.

Figure 4 shows a Readout Burst for the OTIS 1.1 running
in Encoded Hitmask mode. The first 4bytes represents the

First Hit Position | Data= BX of Hit + Drift Time
181BX 0OXXXXXX
2 BX 01XXXXXX
31 BX TOXXXXXX
No Hit TIXXXXXX

header with information concerning TDC-ID, Readout
mode, Error-Bit, Event- and Bunch Crossing number. The
header is followed by the 32 extended drift times.

Figure 5 shows the Readout with an optional comma for
nonconsecutive readout which is implemented for
synchronization purposes.
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Figure 7: Delay scan (Drift Time vs. Hit Position) of the OTIS 1.1
for 3BX Encoded Hitmask mode.

Conclusions

The OTIS 1.1 TDC already fulfills the LHCb basic
requirements regarding timing and control signals e.g. the
DataValid signal for the subsequent GOL serializer and an
optional comma for the synchronization. The OTIS 1.2 will
return at the end of September and finally comprises the
additional 2" readout mode for Plain Hitmasks as well as a
reliable bunch crossing counter. Concurrently some minor
improvements for the TDC core are done. The OTIS 1.2
features all planned readout modes and modifications to fit
seamlessly into the LHCb outer tracker readout chain. In
turn it is intended for production to equip the detector.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Europe Prepress Defaults)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


