Page 1 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996Project SpecificationProject Name: Atlas Binary Chip (ABC)Version: V3.04

Page 2 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996Table of Contents1.0 SCOPE................................................................................................................................................ 31.1 ATLAS BINARY FRONT END READOUT ARCHITECTURE............................................................ 32.0 RELATED PROJECTS AND DOCUMENTS............................................................................... 43.0 TECHNICAL ASPECTS.................................................................................................................. 53.1 REQUIREMENTS................................................................................................................................. 53.2 SPECIFICATION OF DELIVERABLES................................................................................................ 73.2.1 Input Level Translators............................................................................................................... 73.2.2 Input Register and Mask Register............................................................................................... 83.2.2.1 Input Register....................................................................................................................................... 83.2.2.2 Edge Detection Circuitry...................................................................................................................... 83.2.2.3 Channel Masking Register................................................................................................................... 83.2.2.4 Input Register Pulsing.......................................................................................................................... 93.2.3 Pipeline........................................................................................................................................ 93.2.3.1 Accumulator Register........................................................................................................................... 93.2.4 Readout Buffer............................................................................................................................. 93.2.5 Data compression logic............................................................................................................. 113.2.6 Readout Circuitry...................................................................................................................... 133.2.7 Readout Controller Block.......................................................................................................... 143.2.7.1 L1 Counter........................................................................................................................................... 143.2.7.2 Beam Crossing Counter....................................................................................................................... 143.2.7.3 Event FIFO.......................................................................................................................................... 143.2.7.4 Token Generation Logic...................................................................................................................... 143.2.7.5 Data Formatting Logic........................................................................................................................ 143.2.7.6 Serial Data Output Driver.................................................................................................................... 1533.2.8 Command Decoding................................................................................................................ 153.2.9 Configuration Register.............................................................................................................. 163.2.10 Calibration Logic..................................................................................................................... 173.2.11 Strobe Delay Register.............................................................................................................. 173.2.12 Threshold Register................................................................................................................... 183.2.12a Low and High Threshold DACs............................................................................................. 193.2.13 Clock and Command Inputs..................................................................................................... 193.2.14 Chip ID.................................................................................................................................... 20.3.2.15 Token Input/Output Circuit..................................................................................................... 203.2.16 Test Circuitry........................................................................................................................... 213.2.17 Readout Protocols................................................................................................................... 213.2.18 Control Protocol...................................................................................................................... 233.2.18.1 Level One trigger............................................................................................................................... 233.2.18.2 Control commands............................................................................................................................ 243.2..19 Chip Initialisation and Configuration................................................................................... 253.2.19.1 Operating Modes............................................................................................................................... 253.2.19.2 Resets................................................................................................................................................ 253.2.20 Default Register Values........................................................................................................... 283.2.20.1 Master/Slave Selection...................................................................................................................... 283.2.21 Input/Output Connections....................................................................................................... 283.2.22 Electrical Specifications.......................................................................................................... 303.2.22.1 Supply Voltage.................................................................................................................................. 303.2.22.2 Power Consumption.......................................................................................................................... 303.2.22.3 Input /Output Levels.......................................................................................................................... 303.2.24Timing Requirements................................................................................................................ 323.2.24.1 Clock and Command Input Timing................................................................................................... 323.2.24.2 Readout Timing................................................................................................................................. 333.2.24.3 Input Signal Timing........................................................................................................................... 343.2.24.4 Calibration Timing............................................................................................................................ 343.2.25 Physical Requirements............................................................................................................. 353.2.25.1 Bond Pad Arrangement..................................................................................................................... 353.3.26 MANUFACTURING...................................................................................................................... 363.4 TESTING AND PRODUCT CONTROL............................................................................................... 363.5 INSTALLATION................................................................................................................................. 363.6 MAINTENANCE AND FURTHER ORDERS....................................................................................... 36

Page 3 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 19961.0 SCOPEThe aim of this project is to develop a chip suitable for the binary readout of the proposed LHC ATLAS semi-conductortracker (SCT). This chip is to be based on the work already carried out for atlas in particular the ddr2 chip and CDP128chip. The chip will be designed to interface to the CAFE1 and the DORIC 2 chips in addition it must also be compatiblewith the protocols for receiving and sending data as defined for the atlas silicon micro-strip detector.31 CAFE: A Complementary Bipolar Analog Front End Integrated Circuit for the ATLAS SCT. Issy Kipsis2 DORIC. A Front End Clock and L1 Distribution Chip.J.R. Gorbold & P.Seller3 Proposed Protocols for Data Transmission and Control Functions for the ATLAS Silicon Micro-strip Detector1.1 ATLAS Binary Front End Readout ArchitectureThe ATLAS binary front end readout architecture is based on amplifier/discriminator and CMOS pipeline chips. In oneconfiguration this is arranged as two chips, a bipolar amplifier/discriminator chip ( CAFE-B) and a CMOS pipeline chip(�ABC�). The �ABC� chip reads out 128 channels of silicon strip data from a CAFE-B chip. Data are stored for theduration of the level 1 trigger (L1) latency in a 128 deep 1 bit pipeline. In normal data taking, the data corresponding tohit strips are read out (�sparse� read out). Four modes of data read out are possible: in the level mode the decision isbased on the data in the BC corresponding to the L1 trigger only but in the edge mode there must be a �0� in the channelfor the bunch crossing preceding the trigger. The efficiency is highest for level mode but the occupancy may be up to afactor of two higher. The optimum mode to run will therefore depend on luminosity and therefore both modes ofoperation should be possible. A third mode named hit demands a "1" in any of three bunch crossings, of a given L1trigger, the one preceding and the one following. The mode is used for beam tests and diagnostics. The final mode"read_all" places no requirements on the data. All channels are read out. This mode is used during chip testing.In order to reduce dead time due to queuing losses all the data from an L1 trigger are transferred to an 8 deep de-randomising buffer. The dead time of the system should be less than 1% for a mean occupancy of 1% and a mean L1 rateof 100 Khz. The data from the 6 ABCs corresponding to one side of an SCT module are readout in a daisy chain via atoken passing scheme. The bunch crossing clock, the L1 trigger and the other control information is sent to the chipsfrom the DORIC chip.In order for the system to run reliably for many years at the LHC it must be immune to single point failures. If a singleABC on a module fails then the module can be re-configured so that bypass lines are used to route data and tokensaround the bad chip. If a fibre optic data transmission link fails then the data can be re-routed via the fibre optic link onthe other side of the hybrid. If the clock and control link to a module fails then the clock and control can be taken from aneighbouring module. Soft errors caused by a loss of a bit in data transmission or clock & control are detected in manycases by consistency checks on the data. This is informational since the system will be reset frequently to clear sucherrors, rather than corrected on error detection. Errors caused by buffer overflows are detected and lost events arelabelled as such in the output data stream. Although an excess data rate can cause loss of data it should never result in thedata being read out for the wrong trigger.

Page 4 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996

128128128128128128128 Silicon Strip DetectorData from top side of module toLED Driver Chip.Commands fromDORICOne Side ofDouble SidedDetector Module(Other side same)Data from bottom side of module toLED Driver Chip.128128128128128ABCABCABCABCABCABCClock fromDORIC22Amplifier/Discrim-Amplifier/Discrim-Amplifier/Discrim-Amplifier/Discrim-Amplifier/Discrim-Amplifier/Discrim-Figure 1.0 Block Diagram of the Binary Readout System2.0 RELATED PROJECTS AND DOCUMENTS1). DORIC. A Front End Clock and L1 Distribution Chip.J.R. Gorbold and P.Seller.2). Digital Read-out Chip for Silicon Strip Detectors at SDCKanex Shankar Nikhil Kundu et al3) A 128-Channel Digital Pipeline Chip for Silicon Strip Detector Read-OutJoel DeWitt4). CAFE: A Complementary Bipolar Analog Front End Integrated Circuit for the ATLAS SCT.Issy Kipsis5). DDR2RH Operating Manual6). A Binary Readout System for Silicon Strip Detectors at the LHCA.Ciocio, T.Collins7).AROW Specification for Input Decoding v.11J. Gorbold8).Requirements for Wilkinson ADC Based Digitisation and Sparsification Circuits for ATLASEric Evans9).Proposed Protocols for Data Transmission and Control Functions for the ATLAS Silicon Micro-strip DetectorA.Grillo10) Dead time calculations for SCT readout architectures. A.R. Weidberg ATLAS-INDET-124.

Page 5 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 19963.0 TECHNICAL ASPECTS3.1 Requirements1)The chip will be designed to accept the 128 output signals from the CAFE amplifier and comparator chip2)At the start of each clock cycle the chip must sample the outputs from the CAFE and store these values in a pipelineuntil a decision can be made whether to keep the data.3) Upon receipt of a Level 1 Trigger signal the corresponding set of values together with it’s neighbours are to be copiedinto another buffer, the readout buffer.4) The data written into the readout buffer is to be compressed before being transmitted off the chip.5) Transmission of data from the chip will be by means of a token ring and must be compatible with the Atlas protocol.6) The chip will be responsible for supplying the CAFE chips with their calibration pulses.7) The chip is required to provide reporting of some of the errors that occur 1) Attempt to readout data from the chip when no data available. 2) Readout Buffer Overflow. The readout buffer is full and data from the oldest event/s has been overwritten. 3) Readout Buffer Error. The readout buffer is no longer able to keep track of the data held in it. (Chip reset required) 4) Configuration error (ChipID sent).8) The chip will incorporate such features that will enable it to be tested both at the wafer level and in situ. Test include but are not restricted to : a) the functionality of input level translators b) transmission of programmable pattern through the pipeline and readout circuitry.9) The chip shall incorporate features that will enable the system to continue operating in the event of a single chipfailure.10) It is a system requirement that the fraction of time during which data is lost due to the readout buffer on the chipbeing full is less than 1%. This assumes that on average only 1% of the silicon strip detectors are hit during anyparticular beam crossing.11) DACs will be included on the chip to enable the thresholds of the comparators on the CAFE chip to be set.

Page 6 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996

Current toVoltageTranslatorsInputRegisterInput PadsBadchannelMasking128 X 128Dual PortedRAM array128128128128Write PointerRead PointerDataCompres-sionDataReadoutLogicCalibrationLogicCommand DecoderHits InData OutCalibrationStrobe &CaliibationModeData InToken OutToken InClockCommandsMaskRegister12824 X 128ReadoutBuffer128128ConfigurationPower OnReset222222210L1 Trigger3Soft ResetDAC’s2ThresholdsReadoutControllerPower on ResetTest Figure 3.1 Block Diagram of the Binary Readout Chip

Page 7 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 19963.2 Specification of deliverables3.2.1 Input Level TranslatorsThe outputs from the CAFE chip, which are fed to the inputs of the Binary Readout Chip are open collector to enable alow voltage swing current mode interface to be formed between the two chips. The input level translators on the BinaryChip must provide a source of current which can be sunk by the outputs of the CAFE chip. These inputs must also beable to detect the amount of current sunk by the individual outputs of the CAFE chip and translate it into the logic levelsused inside the Binary Readout Chip. The input impedance and circuit response time must ensure transition times <2nSon both the rising and falling edge. The effective threshold is set by a reference current provided by the CAFE chip. Thedesign of these inputs is such that the chip is operational with inputs floating or shorted to ground. Built into the blockwill be the facility to selectively set a quarter of the input channels at a time to the level of a hit channel. This facility isrequired to enable the inputs to the chip to be tested without the need to probe all input pads.i(127:0)irefreturno(127:0)128128FromCafeChipcalmode(1:0)testinputs2 Fig 3. 2 Input Level translators Inputs/OutputsTable 3.1 Input Level Translator I/O Signal DefinitionsSignal NameActive State/EdgeFunctionirefCurrent reference (from CAFE chip)i(127:0)Hit Inputs (from CAFE chip))returnSignal Return (to CAFE Chip)testinputsHighEnables testing of inputscalmode(1:0)Selects group of channels to be testedo(127:0)Data Outputs (to input reg.)Table 3.2 Test Modestestinputscalmode(1)calmode0)Channels of Chip Tested0XXTesting disabled100in0, in4 in8,...in124101in1, in5 in9,...in125110in2, in6 in10,...in126111in3, in7 in11,...in127N.B. The calmode bits are also used for selecting the calibration mode of the CAFE chip (see section 3.2.10)

Page 8 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 19963.2.2 Input Register and Mask RegisterThe functions of the input register and mask register will be implemented in a single functional block. The input/outputconnections to this block are shown in Fig 3.3.i(127:0)o(127:0)load128128clkmodesinpulseedgemodeFig 3.3 Input Register Inputs/OutputsTable 3.3 Input Register I/O Signal DefinitionsSignal NameActive State/EdgeFunctioni(127:0)Hit Inputs (from input translators)loadActive HighsinConfiguration Data Inputsmodesee table 3.4clkPos Edgeo(127:0)Data Outputs (to pipeline)edgemodeHighEnables edge detection logic.pulse

High

Forces Input register to output a testpattern while the pulse input asserted3.2.2.1 Input RegisterThis register latches the incoming data, delivering a well defined pulse width to the pipeline.3.2.2.2 Edge Detection CircuitryThe function of this block is to detect a low to high transition in the data entering the chip, and for each of suchtransition found the block outputs a pulse of duration 1 clock cycle irrespective of the length of the incoming pulse. Theeffect of this block is that only a single �1� is written into the pipeline for every hit detected regardless of the responsetime of the CAFE chip. This circuitry can be turned on or of by setting the appropriate bit in the configuration register.3.2.2.3 Channel Masking RegisterThis register serves a dual purpose. Firstly the Channel Mask register enables any bad or noisy channels to be turned offthus preventing them from increasing the data rate to a level which would create dead-time from errors. Secondly it canbe used during chip testing to apply a set of test patterns to the pipeline. The contents of this register can be changed bysending the appropriate control command to the chip.Table 3.4 Masking Register Modes of OperationmodeMode of Operation0Normal Data Taking (Contents of register used to "Mask Inputs")1Test Mode (Contents of mask register are used to supply test values to pipeline)

Page 9 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 19963.2.2.4 Input Register PulsingThe pulse input forces all the outputs of the Input register to go to a high level when asserted. The pulse input will isasserted for a duration of 1 clock cycle in response to the appropriate slow command being received by the chip. Thepurpose of this function is to facilitate the testing of the pipeline (see next section)3.2.3 PipelineThis consists of a block of dual ported RAM 128-bits wide by 128 locations deep. This must run at 40MHz. The RAMblock is addressed by an address pointer. During data taking the chip is instructed to write into the RAM and incrementthe address pointer every clock cycle. When the address register reaches a count of 127, it automatically resets itself onthe following clock cycle. When a level one trigger arrives, the hit-pattern from the appropriate time bin is copied intothe readout buffer together with the hit pattern from the previous and next clock cycle. Incorporated into the pipeline isthe accumulator register. This function can be enabled and disabled by setting a bit in the configuration register.3.2.3.1 Accumulator RegisterThis is a 128-bit wide register used for accumulating hits in the pipeline. This register marks all channels that have beenhit since it was last cleared. If the Accumulator Mode is selected in the configuration register, a L1 trigger results in thetransfer of the contents of this accumulator into the readout buffer instead of the appropriate time bin of the pipeline.This accumulator column is cleared by a power-up or soft reset command.i(127:0)o(127:0)clkclrBlevel1128128acenFig 3.4 Pipeline Input/OutputsTable 3.5 Pipeline Input/Output Signal DefinitionsSignal NameActive State/EdgeFunctioni(127:0)Data InputacenHighEnables Accumulator Registerlevel1HighReads Value out of pipelineclrB

LowInitialises pipeline pointers and clearsaccumulator registerclkPos edgeClock inputo(127:0)Data Output3.2.4 Readout BufferData corresponding to each L1 trigger will be held in a Readout buffer pending readout. This data buffering is needed toremove the statistical fluctuations in the arrival time of L1 triggers. Data compression and read out will be started onlywhen this buffer is not empty. Three bits of data will be stored in this buffer for each channel per L1 trigger. These bitsrepresents the three beam crossings centred on the L1 trigger time and are set if the input was above threshold during thecorresponding crossings. In the case when the Accumulator Register has been enabled, the contents of this register willbe copied into the buffer 3 times resulting in the same amount of data being written into the readout buffer regardless ofthe operating mode. This buffer will be 128 bits wide by 24 locations deep. This is sufficient to hold the data from eightL1 triggers. This satisfies the ATLAS specification of maintaining <=1% data loss at a L1 trigger rate of 100 KHz and astrip occupancy of up to 1% [10].

Page 10 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996RAM and PointersThis buffer will be implemented as a "barrel store" i.e. it will be addressed by 2 cyclic pointers, a write pointer and a readpointer. Once a pointer has reached the end of the block of RAM , the next time it is incremented it will return to thebeginning of the block of RAM.The write pointer will be allowed to go past the read pointer and over-write data that has not yet been read out. Howeverif this happens the Overflow flag will be set to indicate that data has been over-written. The read pointer will not beallowed to pass the write pointer and if the read pointer should catch up with the write pointer the EMPTY flag will beset. This is to prevent attempts to readout the buffer when there is no data in it.Overflow CounterA counter will be used to track the number of events that have been over-written in the buffer. This counter will beincremented for every time an event is written into the buffer while the buffer is full. The outputs from this counterrepresents the number of events from which data has been lost. This counter is decremented for every event that isreadout of the buffer, until it’s value reaches zero. Once it’s value has reached zero it is no longer decremented. This isbecause in this state all the events from which data has been lost will have been cleared and none of the data in the bufferwill have been overwritten. Should this counter overflow the ERROR flag will be set This will occur after 21 events havebeen overwritten. This flag will remain set until either a software reset, or power-up resets has been issued to the readoutbuffer and associated logic.Flag LogicThree signals EMPTY, OVERFLOW and ERROR are produced by the readout buffer. Empty indicates when there is nodata in the buffer to be readout. This signal is used by the Data Compression logic to determine when to start a readoutcycle. OVERFLOW indicates when data in the buffer has been overwritten and hence data lost. This signal is sent to thereadout logic which results in the readout logic sending an error message to say that data from the current event beingreadout has been lost. Finally the ERROR signals is generated when the buffer has overflowed and it has also lost trackof the number of events from which data has been lost. This flag can only be cleared by issuing a reset to the chip.Write PointerBlock of RAM24 X 128Read PointerBuffer ControlLogicData InData OutError128128EmptyCKCKL1ReadL1ReadOverflowFig 3.5 Block Diagram of the Readout Bufferi(127:0)o(127:0)clkclrBwrite128128readerroremptyoverflowFig 3.6 Readout Buffer Input/Outputs

Page 11 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996Table 3.6 Readout Buffer Input/Output Signal DefinitionsSignal NameActive State/EdgeFunctioni(127:0)Data InputwriteHighWrite value into readout bufferreadHighReads value from readout bufferclrBLowResets buffers pointers and counterclkPos edgeClock inputo(127:0)Data OutputemptyHighBuffer EmptyoverflowHighBuffer OverflowerrorHighBuffer Error3.2.5 Data compression logicIt is anticipated that on any event very few channels will contain hits. This fact can be used to reduce the number ofbits of data that have to be read out of the chip for each event. The data compression logic works by examining in turnthe 3 bits of data that make up the hit pattern for each channel. Each group of 3 bits is compared against one of 4selectable criteria. If the pattern meets the criteria then the hit pattern from that channel is sent to the readout circuitry fortransmission, if not, no data is sent from that channel and the hit pattern from the next channel is examined. This processis repeated until the hit patterns from all 128 channels have been examined. The following table shows the 4 selectioncriteria, (currently there are only plans to use 3 the 4th is for chip testing only )Table 3.7 Data Compression Criteriamode(1:0)

Name of Selection Criteria

Hit Pattern(Oldest data bit 1st)Usage

00Hit1XX or X1X or XX1Detector alignment01LevelX1XNormal Data Taking10Edge01XNormal Data Taking11TestXXXTest ModeN.B. X = Don’t care state.This block operates as follows.As soon as the chip receives a L1 trigger the three 128-bit words that make up an event are written into the read outbuffer. This results in the empty flag on the readout buffer being negated, indicating that there is data to be processed.The data compression logic monitors the state of this flag until it finds that there is data available. Providing that it is notalready processing data it then proceeds to read in the three 128-bit words that make up an event from the readoutbuffer.The next thing that happens is that the data compression logic re-arranges the order of the data from being 3 128-bitwords into 128 3-bit words. The reason for this is that the data compression algorithm requires all 3 samples of an eventto be examined in parallel.The data compression logic then starts to scan through all the channels in turn until it finds one which has a pattern ofhits which matches the data selection criteria. If it finds such a pattern of hits it asserts the "datavalid" signal and placesthe pattern of hit bits on the "hit<2:0> " outputs and places the address of the hit channel on the address outputs"ch<6:0>". The logic then waits until the readout logic signals it to proceed by asserting the "next" input. The datacompressin logic responds to next by presenting the address and data for the next hit found if any. If the next hit found ison the next adjacent channel the "adj" is asserted with the data from the previous channel.. If no more hits are found ,the"end" signal is asserted.In certain situations e.g. in the case of a overflow of the readout buffer, it is not necessary for the Data compression logicto process the data from the readout buffer but it is still necessary for it to read the 3 values from the buffer in order totflush them from the readout buffer. There are 3 cases when this happens

Page 12 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 19961) When the Readout Buffer overflow flag has been set.2) When the Readout Buffer error flag has been set.3) When the chip is chip is in its SEND_ID mode of operation.The following table shows how the datavalid, end and overflowout outputs are used to indicate the status of the Datacompression logicTable 3.7a Data Compresion Logic Output Statesdatavalidendoverflowoutconditionlow lowlowno events available to be read out i.e readoutbuffer empty.high lowlowdata from hit channel waiting to be read out. (notlast channel)highhighlowdata from last hit channel waiting to be read out.lowhighlowall hits read out or no hits foundlowlowhighdata for event lost due to readout buffer overflowi(127:0)ch(6:0)clkclrB1287hit(2:0)3endmode(1:0)2datavalidnextdataavailbuffrdadjsendidoverflowoverflowoutFig 3.7 Data Compression Logic Input/OutputsTable 3.8 Data Compression Logic Input/Output Signal DefinitionsSignal NameInput/OutputActive State/EdgeFunctioni(127:0)inputData InputoverflowinputOverflow output from readout buffersendidinputindicates chips mode of operationdataavailinputHighData available to be readoutmode1:0)inputSelects data compression modenextinputHighFind next hit channel.clrBinputLowResets logicclkinputPos EdgeClock InputoverflowoutoutputHighOverflow output to readout circuitryadjoutputHighNext Hit found on adjacent channelch(6:0)outputChannel address of Hitshit(2:0)outputHit Data patterndatavalidoutputHighHit Data outputs validendoutputHighLast Channel scannedbuffrdoutputHighReads Value out of Readout Buffer

Page 13 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 19963.2.6 Readout CircuitryThe readout circuitry will be responsible for capture and release of the token and outputting data from the chip. Thereadout circuit always waits until the token arrives. On arrival of the token it checks if any hits have been found by thedata compression logic. If so, it then outputs the appropriate header information. It then proceeds to output the address ofthe hit channel together with the data from that channel. Once the readout circuitry has finished sending the data fromone channel it proceeds to output the data from then next channel. In the situation were one or more neighbouringchannels are to be read out, only the address of the first channel is output., but the data from all hit channels is sent. Thisprocess continues until the data compression logic indicates that all channels have been examined by asserting "end".Once all the data corresponding to a single event has been read out, a token is sent out to the next chip in the readoutchain. This token will be sent out ahead of the last bit of data sent out. If the chip has no data to be readout circuitrysends out a "No hit data " packet and passes the token on to the next chip in the chain.If the chip is in "send-id" mode or the readout buffer has overflowed or generated an error condition, the readoutcircuitry sends the appropriate error packet or configuration data packet. In these cases the readout circuitry is stillrequired to signal to the data compression logic that it has processed an event by asserting the "next" signal. Thisoperation is needed so that a correct count of the number of events waiting to be read out can be maintained.In the case of an error condition occurring e.g. attempt to readout data and no data available, the appropriate error codewill be sent by the readout logic. If the chip is in the "send_id" mode of operation, no data or error codes are outputfrom the chip but instead a special packet of data containing information about the chips current configuration is sent..datavalidhit(2:0)clrBclk id(3:0)overflowch(6:0)dataouttokenoutdataintokeninsendiderrornext73end4adjconfig<15:0>16Fig 3.8 Connections to Readout Circuitry

Page 14 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996Table 3.9 Readout Logic Input/Output Signal DefinitionsSignal NameInput/OutputActive State/EdgeFunctiondataininputData InputtokenininputHighToken Inputch(6:0)inputAddress of Hit Channelhit(2:0)inputHit data patterndatavalidinputHighData available for sendingadj input

High

Hit found on adjacentchannelendinputHighEnd of data to be sentid(3:0)inputLS 4 bits of chip addressoverflowinputHighReadout buffer OverflowerrorinputHighReadout Buffer ErrorsendidinputChip mode of operationconfig<15:0>inputData from config-regclrBinputLowResets circuitclkinputPos EdgeClock inputdataoutoutputData outputtokenoutoutputToken OutputnextoutputHighScan Next Channel3.2.7 Readout Controller BlockThis block is to control the readout of data several ABC chips connected together in a token ring. This block is enabledby placing the chip in "Master Mode". This block has to detect when a L1 trigger has been received. Issue a token to allthe ABC chips connected to it Collect all the data from these chips and tag the data with the Beam crossing number fromwhich it came and the number of Level 1 Trigger. This block then has to transmit this data serially to the LED driverchip.3.2.7.1 L1 CounterThis a 4-bit binary counter which is incremented every time the chip receives a level 1 trigger. The counter is zeroed byeither a hardware reset or a software reset.3.2.7.2 Beam Crossing CounterThis is an 8-bit binary counter which is incremented on every clock cycle. This counter is zeroed by either a hardwarereset, a software reset., or a special BC Reset Command3.2.7.3 Event FIFOThis is a 29 location deep 12-bit wide FIFO. Each time the chip receives a L1 trigger the output of the L1-Counter andthe Beam crossing counter are loaded into the FIFO prior to the counters being incremented. These values are read fromthe FIFO every time an Event is readout and are used to tag the data with 12-bits of information about which triggernumber and beam crossing number the data came from.3.2.7.4 Token Generation LogicThe purpose of the token generation logic is to detect when the chip has received an L1 trigger and to generate a token toinitiate the read out of data from that L1 trigger. This logic waits until the Event FIFO become not empty and it thenissues a token . It then waits until the token has come back before checking to see if the Event FIFO empty. If the EventFIFO is still not empty it repeats the cycle.3.2.7.5 Data Formatting LogicThe purpose of this logic is to attach the header information to the packets of data output from the chip on the Serial DataOutput.

Page 15 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 19963.2.7.6 Serial Data Output DriverThis is the output from the chip outputs its data to the DAQ system.clrBclkdataintokenintokenoutledoutid<5:0>dataoutenablelevel1Fig 3.9 Connections to Readout Controller CircuitryTable 3.10 Readout Controller Input/Output Signal DefinitionsSignal NameActive State/EdgeFunctiondatainSerial Data InputtokeninHighToken Inputid<5:0>Address of chiplevel1HighLevel 1 TriggerenableHighEnables Controller blockclrBLowResets blockclkPos EdgeClock inputdataoutSerial data outputtokenoutHighToken OutputledoutSerial data out to LED driver33.2.8 Command DecodingThe command and control information all comes into the chip on the control input pin. There are two main classes ofinformation which arrive here, which must be separated. Depending on which class arrives further information mayfollow. This will also need decoding, formatting and sending to the appropriate functional blocks of the chip. These twoclasses of information are:Level 1 Trigger CommandIf this command is received the control logic writes 3 samples from the pipeline or the accumulator register, into theReadout Buffer.Fast CommandIf this command is received, the second field of 4 bits is decoded and the appropriate command is executed. No addressor data fields are included in these commands..Slow Control CommandIn this case the contents of the 5th Data field in the instruction is decoded, and the data value contained in the 6th datafield is loaded into the appropriate registerThe command decoder block is required to decode the command and sends the relevant instruction and data to otherparts of the chip. The input/output connections to this block are shown in fig 3.10.

Page 16 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996commandclrBclkloadmaskreglevel1loadconfigregCommandDecodercalstrobesoftresetBid<5:0>sendidmode6loaddelayregloadthresholdregbcresetBpulseinputregstrobeconfigregFig 3.10 Command Decoder Inputs/Outputs:Table 3.11 Command Decoder Input/Output Signal DefinitionsSignal NameActive State/EdgeFunctionid<5:0>Chip IDcommandCommand Data InputclrBLowReset BlockclkPos EdgeClock InputsendidmodeSets chips mode of operationsoftresetBLowSoftware controlled resetcalstrobeHighSend Calibration pulse to CAFEloadmaskregHighLoad Mask Registerlevel1HighLevel_1 Trigger receivedloadconfigregHighLoads Configuration reg.strobeconfigregHighStrobes data into configuration regloaddelayregHigheLoad Strobe Delay RegisterloadthresholdregHighLoad Threshold RegisterbcresetBLowBeam crossing reset3.2.9 Configuration RegisterThis is a 16-bit register which is used to hold information about the chip’s current configuration. The following tabledefines the usage of the bits in this register. The power up value of this register will be zero. The input/outputconnections to this block are shown in fig 3.11loadclrBin16ConfigurationRegisterdataout(15:0) clkshiftFig 3.11 Configuration Register Inputs/Outputs

Page 17 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996Table 3.12 Configuration Register Input/Output Signal DefinitionsSignal NameActive State/EdgeFunctionloadPos EdgeTransfers data to register outputsinSerial Data inputshiftHighEnables data to be shifted into regclrBLowResets register to default valuesdataout(15:0)Data Outputs See section 3.2.5Table 3.13BitNameFunction0-1Readout ModeSelects the data compression Criteria (see table 3.7)2-3

Cal_Mode(1:0)

Selects the Calibration code for the CAFE chip (see table 3.14). The state of thesetwo bits also determines which channels are tested when Test Mode is enabled. (seetable 3.2).4Cal_EnableWhen this bit is set the calibration strobe output to the CAFE chip is enabled5

Test_Mode

When this bit is set test values are applied to the channels defined by bits 2 & 3 ofthis register.6Edge_DetectWhen this bit is Set the edge detection circuitry in the input stage is enabled.7

Mask

When this bit is set the input register is disabled and the contents of the mask registerare routed into the L1 pipeline.8AccumulateWhen this bit is set the Accumulate function is enabled. (see section nnn)9Input_BypassThis bit determines which set of token/data inputs are active.(see section nnnn)10Output BypassThis bit determines which set of token/data outputs are active.(see section nnnn)11MasterEnables Readout Controller Logic on Chip*12EndWhen the chip is acting as a slave this bit configures the chip as the end of a chain.13Feed_ThroughEnables Clock Feed Through Mode if the chip has been configured as a Master14reserved15reserved* This bit is "x-ored" with the value on the "masterB" input. If the resutl is "0" the chip is placed into slave modeotherwise it is placed into master mode.3.2.10 Calibration LogicThe calibration logic produces a calibration strobe signal for the CAFE chip This strobe is produced in response to acontrol command when the "Cal Enable" bit is also set in the configuration Register. A two-bit calibration code is alsosent to the CAFE chip which selects one of the four possible patterns in the CAFE chip. The two-bit calibration codeoutputs are single-ended CMOS levels. The calibration Strobe is a differential current output. The calibration Strobesignal must be sent to the CAFE chip a fixed number of clock pulses after receipt of the control command. The phase ofthe strobe signal relative to the clock edge will be adjustable via an 8-bit register which can be loaded via another controlcommand. The precision of the delay is not critical as long as it spans the period of one clock period.Table 3.14 Calibration CodesCal enable BitCal Mode Bit 1Cal Mode Bit 0Channels of Cafe Chip Pulsed0XXCalibration disabled100in3, in7 in11,...in127101in2, in6 in10,...in126110in1, in5 in9,...in125111in0, in4 in8,...in1243.2.11 Strobe Delay RegisterThe Strobe Delay Register is an 3 bit register which enables the rising edge of the Calibration Strobe output to theCAFE chip to be delayed in eight, 4nS steps relative to the rising edge of the clock input.

Page 18 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996loaddatastrobeinstrobeoutclrBclkFig 3.12 Strobe Delay Register Inputs/OutputsTable 3.15 Strobe Delay Register Input/Output Signal DefinitionsSignal NameActive State/EdgeFunctionstrobeinStrobe inputdataData input to registerclrBLowResets registerclkPos EdgeClock inputloadHighLoads delay value into registerstrobeoutDelayed version of STROBE_INTable 3.15a Strobe Delay ValuesDelay Register SettingStrobe Delay (Relative to Pos edge of clock)000 0nS001 4nS010 8nS01112nS10016nS10120nS11024nS11128nS3.2.12 Threshold RegisterThe threshold register is a 16 bit register which holds 2 8-bit values. A high threshold value is held in the MS byte of thisregister and the low threshold value is held in the LS byte of this register. The outputs of this register are used to control2 separate 8-bit DACs. The outputs from these DACS supply 2 independent threshold levels to the CAFE chip.dataloadhighthresholdlowthreshold88clrBcllkFig 3.13 Threshold Register Inputs/OutputsTable 3.16 Threshold Register Input/Output Signal DefinitionsSignal NameActive State/EdgeFunctionloadPos EdgeLoad Values into registerdataData input to registerclrBLowResets registerclkclock input to registerhighthresholdHigh Threshold Output from 1st DAClowthreshold

Low Threshold Output from 2ndDAC

Page 19 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 19963.2.12a Low and High Threshold DACsTheses are two 8-bit DACs which are used to set high a low threshold values supplied by the ABC chip to the CAFEchip. These DACs will receive an input reference current "iref" from the CAFE chip. This reference current will bescaled at the output of the DAC by a value of 0 to 255 depending on the setting of the threshold register.8outputirefdata<7:0>Fig n I/O connections to Threshold DACs3.2.13 Clock and Command InputsTwo sets of clock and command inputs will be provided in order to make the system in which the "ABCs’ will be usedfault tolerant and to provide an additional method of setting up the timing of the system. Each chip will be supplied withtwo independent sources of clock and commands. In the event of the fall out of one of these sources the alternativesource can be used. An external input to the chip "clkselect" will be used to determine which pair of inputs will be usedby the chip.clk0clk0Bclk1clk1BclkelectclkBond Padscommandcom0com0Bcom1com1BFig 3.14 Clock & Command Data InputsTable 3.17 Clock Input/Output Signal DefinitionsSignal NameActive State/EdgeFunctionin01st Clock/Command Data Inputin0BComplement of abovein12nd Clock/Command Data Inputin1BComplement of aboveclkselectSelects which pair of inputs to useclkClock outputcommandCommand Data Output

Page 20 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996Table 3.18 Clock Input Modes of OperationclkselectclkcommandLowclk0com0Highclk1com13.2.14 Chip ID.To enable a chip to be individually addressed six inputs (ID(5:0) will be used to implement a geographical addressingscheme. This is because there will be a total of 12 chips on each module (6 a side), and under certain conditions it maybe necessary to address all the chips on 2 modules using the same control line. These inputs will be wire bonded to aunique set of logic levels on each chip mounted on the detector module. This set of logic levels will form a geographicaladdress which will enable individual chips on the module to be addressed. The chips will be bonded according to thefollowing scheme. For Historical reasons the geographical address using 6-bits even though not all these bits areessential. Internal pull ups on these inputs will force these inputs to go to a logic �1� level if left unconnected.Table 3.19a Geographical Addresses (ID(5-0)id(5:0)Type of Chip SelectedSide of ModuleOdd/Even Module010aaaABCTopEven011aaaABCBottomEven110aaaABCTopOdd111aaaABCBottomOdd111111All ABC chipsTop and BottomBothN.B aaa is the 3 bit address of the ABC chip on any one side of a module see table 3.19bTable 3.19b ABC Geographical Addresses (ID2-0)Chip PositionID(2)ID(1)ID(0)1stLOWLOWHIGH2ndLOWHIGHLOW3rdLOWHIGHHIGH4thHIGHLOWLOW5thHIGHLOWHIGH6thHIGHHIGHLOW7thHIGHHIGHHIGH8thLOWLOWLOW.3.2.15 Token Input/Output CircuitIn order to provide some measure of fault tolerance in the system, a token and data bypass circuit will be built into eachchip. The purpose of this circuit is to enable a chip to source or send it’s token and data to another chip other then it’sdirect neighbours. Each chip will have 2 token and data inputs. It will also have two token or data outputs. Pairs of inputsand pairs of outputs will be connected to different chips enabling it to send or receive data from one of two chips. In thisway should one of chips neighbours fail an alternative chip can take its place. Commands are used to direct each chip touse its normal or bypass inputs and outputs.in0inOBin1in1BoutbypassinFig 3.15 Token and Data Inputs circuit

Page 21 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996Table 3.20 Token and Data Input Signal DefinitionsSignal NameActive State/EdgeFunctionin01st Data/Token Inputin0BComplement of abovein12nd Data/Token Inputin1BComplement of abovebypassinWhen High in1 is selected else in0outToken /Data Outputinout_0out_0Bout_1out1Bbypassout(1:0)Fig 3.16 Token and Data Outputs circuitTable 3.21 Token and Data Output Signal DefinitionsSignal NameActive State/EdgeFunctioninToken/Data inbypassout(When High out1 is enabled else out0out01st Data/Token Outputout0BComplement of aboveout12nd Data/Token OutputoutBComplement of above3.2.16 Test CircuitryTo simplify the testing of the chip during production and module assembly, it is proposed that additional test pads beincluded on the chip to enable selected parts of the chip to be tested easily3.2.17 Readout ProtocolsOutput data from the ABC can be grouped into one of four classes.:1) Physics DataThis is the compressed hit data from the detector. The format of this data is as follows:< 01 > < aaaa > < cccc ccc > < 1> < ddd><1><nnn>-----<01> <aaaa>< cccc ccc > <1>< ddd ><1><nnn>LeaderChip AddressChannel Addressof 1st word of dataSeperator Bit1st DatawordChannel Addressof nth word of dataSeperator Bitnth DatawordChip AddressLeaderMs BitMs BitNext channel*Next channel*Ms BitSeperator BitSeperator BitFig 3.17 Readout Data Format

Page 22 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996whereaaaaLS 4 bits of the chips geographical addressccc,cccc7-bit address of the channel on which the hit or 1st channel in a groups of hits was founddddIs the 3 bit hit pattern read out from the hit channel.nnn*Is the 3-bit hit pattern read out from the next channel.*N.B. This field is only sent if a hit is found on the channel which is next to the one which has previously been readout.This field will be sent n-1 times for all the channels is a contiguous groups of n channels that have been hit.e.g. If all the channel on the chip have been hit, then the address of the 1st channel would be output followed by the datafrom that channel. This would then we followed by a string of 127 values from the other channels.If the next channel is not next to the previous channel , then the leader, chip address and channel address of this hit mustbe sent before the data can be sent.2) No Hit DataIf a chip has received the event currently being read out but has not found any hit channels, it outputs a No Hit DataPacket.< 00 ><1> LeaderFig n No Hit Data Packet3) Configuration DataConfiguration data is sent by the chip in response to a L1 trigger when the chip is in its Send_ID mode of operation, i.e.the chip is not sending data. A packet of data is sent from the chip which contains the chips address and the contents ofthe chips configuration register.< 00 ><1> < aaaa > < 111> < 1><cccc,cccc><1><cccc,cccc><1> LeaderChip AddressControl codeSeperator BitMs BitMS Byte of Config RegLS Byte of Config RegMs BitMs BitSeperator BitSeperator Bit4) Error Data.Error data is only sent if the chip detects an error e.g. Buffer overflow,. In this cases a data packet of the followingformat is sent :< 00 ><0> < aaaa > < eee> < 1> LeaderChip AddressError codeSeperator BitMs BitFig 3.18 Error Data Format

Page 23 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996Error Codes:At present only 3 codes have been defined :eee = 001No Data Availableeee = 010Buffer Fulleee = 100Buffer Overflow (Soft Reset needed)N.B. Error messages are only sent if the chip is Data_Taking Mode. (see section 3.2.19 )4) Module DataThis type of data packet is only output from chips which have been configured as masters. The packet consists of 2elements, a 13-bit header generated by the Master ABC chip and string of physics data packets, from the other ABCchips daisy-chained to the Master ABC chip.< 11101> <0>< nnnn > < bbbb,bbbb ><1> < data_block_1> <data_block_2>--< data_block_n><100,0000,0000,0000>Level 1Beam Crossing numberData from 1st chip in readout chainMs BitMs BitData from 2nd chip in readout chainData from 1ast chip in readout chain 1st Bit1st Bit1st BitPreambleSeparatorTrailerDTFig 3.18a Module Data FormatDT(Data TypeThe value of this bit determines the type of data which follows. This can either be Level 1 Trigger Data (DT=0) orInformation Data (DT=1). In the case of the ABC chip only Level 1 trigger Data is Sent and hence this field is always setto ’0’.Level 1 Current count of Level1 Trigger modulo 16 since the last system reset. This field can be used for event building by theDAQ and also to monitor for lost data.Beam Crossing NumberCurrent count of Beam Crossing modulo 256 since the last system reset. This field is not really to tag Beam Crossingnumbers since it wraps around so quickly. It is intended to monitor for clock pulses lost by the on-detector electronics.3.2.18 Control ProtocolThere are 3 groups of control commands; Level One Triggers, Fast Commands and Control Commands that can beissued during data takingTable 3.22 Control CommandsTypeField 1Field 2Field 3DescriptionLevel 1110------Level one TriggerFast

1010101 or0010

Soft ResetsBC ResetSlow1010100CommandControl Command see table 3.233.2.18.1 Level One triggerThis is the most frequently issued packet and hence the smallest. All ABC chips that receive this packet act on it. Thereis no addressing. If this command is received 3 samples are readout out of the pipeline and written into the readoutbuffer.

Page 24 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996Fast CommandThis type of command is sent when a command has to be issued to the chip more quickly than can be achieved bysending a slow command to the chip. In the case of the ABC chip only two commands of this type has been defined i.e.the soft reset , and BC reset commands. It is expected that these commands will be sent to the chip at regular intervals,during periods of time when no Level 1 triggers will be sent to the chip. The purpose of these commands is perform alimited reset of the chip. (see section 3.2.19 for details)3.2.18.2 Control commandsThese are long packets that enable the operation of the chip to be controlled. While they are being sent it is not possibleto send a first level trigger. Only the addressed ABCs will act on the packet, unless the address sent equals ’111111’, inwhich case all chips will act on the packet. All chips that receive the packet must decode it, even if they do not act onit. This is to avoid un-addressed ABCs erroneously decoding parts of the data field as the start of packets. To ensure thatthe chip does not respond to erroneous commands the chip will be placed out of taking mode for any command itreceives which effects the configuration of the chip. i.e. all commands in which the 1st bit of field 5 is ’0’. Hence it willbe necessary to issues a command to the chip to Enable data taking after issuing a command to change its configuration.When the chip is not in data taking mode it will send its ID. This is the power on default state.Table 3.23 Control CommandsField 3Field 4Field 5Field 6Description0001,1100aaaaaa000 000dddd,dddd,dddd,ddddWrite to Configuration Register1000,1100aaaaaa001 000d---,----,----,---dWrite to Mask Register0001,1100aaaaaa010 000dddd,dddd,dddd,ddddWrite to Strobe Delay Register0001,1100aaaaaa011 000dddd,dddd,dddd,ddddWrite to Threshold Registers0000,1100aaaaaa100 000-------------------Pulse Input_Reg0000,1100aaaaaa101 000-------------------Enable Data taking Mode0000,1100aaaaaa110 000-------------------Issue Calibration Pulse0000,1100aaaaaa111 000-------------------Reserved N.Bxxx= don’t care state.aaaaaa = 6 bit chip address(MS bit first)dddd= data value for register (MS bit first)Field 3This is an 8 bit count of the number of bits in the following instruction.Field 4This is the 6-bit address of the chip for which the command is intended (see Section on Geographical Address)Field 5This 6 bit field is used to determine into which register on the chip the data contained in the following field will bewritten.Field 6This field holds the data that is to be written into the selected register. With the exception of instruction which load themask register, this field will be 16-bits long.Field 7This field contains a single bit which enables a parity check to be performed on the bits contained in fields 4, 5 and 6.

Page 25 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996 3.2..19 Chip Initialisation and Configuration3.2.19.1 Operating ModesThe chip has 2 modes of operation, "Send_ID mode and "Data_Taking Mode". After a Power-up reset the chip is placedinto Send_ID mode.Send_ID ModeIn this mode of operation the chip sends its ID and Configuration data in response to a L1 trigger. There is no commandwhich explicitly places the chip in this mode of operation, however any attempt to alter the contents of the contents ofthe chips various registers automatically results in the chip being placed into Send_ID mode.Data_Taking Mode.When the chip is not in Send_ID mode it is in Data_Taking Mode and visa-versa. In this mode of operation the chipsends out any physics data that it has The chip may be placed in this mode of operation by sending a command to thechip to enable data taking. The chip may be taken out of this mode of operation and placed into Send_ID mode by eithera Power_up reset or any attempt to change the contents of the chips registers. In addition, if parity checking is enabledon the chip any command received by the chip which fails its parity check will also have the same effect.Clock Feed ThroughIf the clock feed through bit in the configuration register has been cleared and the chip has been configured as a Master ,the chip outputs the chips system clock divided down by 2 from it�s data output pins. This feature has been included tosimplify system testing.3.2.19.2 ResetsThere are three kinds of reset in the system.Power up resetThe power-up reset is an asynchronous (i.e. clock independent) reset that sets the value of the chips command register tozero, it’s default value, and clears all the buffers in the chip. Thus placing the chip into a well defined state. This type ofreset is issued automatically when power is first applied to the chip. Provision will be made to enable this signal to besupplied externally to the chip.Soft ResetThis type of reset is sent to the chip via a command instruction. Its purpose is to clear all the buffers in the chip, whileleaving the configuration of the chip unaffected. This type of reset will be issued to the chip periodically during datataking to eliminate synchronisation errors.1) Upon receipt of the reset command, the ABC chip resets all internal counters, clears tokens and sets itself to the no-data state. If it was transmitting data, it terminates this immediately.2) The external system must wait a time consistent with any data in the serial ring at the reset clock cycle to flush roundthe ring. This is one clock cycle per chip in the read-out ring, or 0.3ms for a 12 chip ring.N.B. It should be noted that the off-detector system must then be able to determine the last complete event transmittedbefore the reset and discard it (Complete in the sense that all read-out rings supply a header and trailer). With either resetit must also be able to recognise and discard partial events since there is no guarantee that different read-out rings will bereading the same event when the periodic reset arrives. This section will define how the chip behaves on power up, i.e.default state of registers etc. latch-up prevention measures needed , and any special power cycling or power rampingrequired.BC ResetThis type of reset is sent to the chip via a command instruction. Its purpose is to zero the Beam Crossing counter. It hasno effect the operation of any other part of the chip.

Page 26 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 19963.2.19.3 Data Readout and RedundancyThe figure below shows the data and token interconnections on a typical silicon detector module. The module has 6-ABCchips on each side. The LED outputs of 2 of these chips are connected to an fibre-optic interface and are configured toact as Masters in controlling the readout of data from each side of the module. On the diagrams the Master chips aredenoted by a �M� and all the other chips are configured to act as slaves as denoted by a �S� or "E’ on the diagram.INOUT0011tokenin0tokenin1dataout0dataout1tokenout0tokenout1datain0datain1token from previoustoken from previousdata from nexttoken to nextdata to previousdata from nexttoken to nextdata to previousINOUT0011MINOUT0011Schipconfiguredas Masterchipconfiguredas SlaveINOUT0011Echipconfiguredas EndFig. 1 Key to symbols used in following DiagramsAfter the receipt of a Level 1 Trigger the Master chip initiates a readout cycle by sending the pre-amble bits at the start ofeach data block to the LED driver. A few clock cycles before the last bit of the pre-amble has been sent it sends a tokento the slave chip on it’s right. The slave chip on the right responds by sending its data packet to the Master which in turnit appends it to the pre-amble and sends it to the LED driver.N.B. each chip always sends at least 3 bits of data even if it hasn’t found any hit channels in the event being read out.INOUT0011MINOUT0011SINOUT0011SINOUT0011SINOUT0011SINOUT0011EINOUT0011MINOUT0011SINOUT0011SINOUT0011SINOUT0011SINOUT0011EFig 2 Diagram Showing the Interconnection of ABC chips on a Silicon Detector Module.Once this slave chip has finished sending it’s data it also passes on the token to the next chip on the right. The next chipon the right passes its data onto the previous chip on the left which in turn passes it back to the Master chip fortransmission to the LED driver. This process continues until the last chip in the chain has sent it’s data.

Page 27 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996A bit is set in the last chip in the chain to inform it that it is the last chip (these chips are shown as ’E’ on the diagrams).When this chip has sent it’s data it appends a trailer to the end of the data stream. While the Master chip is outputting datait is constantly looking for the trailer pattern which has been carefully chosen to be distinct from the data. Once it findsthe trailer patter it knows that all the data from the event has been sent and can start processing the next event.INOUT0011MINOUT0011SINOUT0011SINOUT0011SINOUT0011SINOUT0011EINOUT0011MINOUT0011SINOUT0011SINOUT0011SINOUT0011SINOUT0011EFig 3 Diagram Showing the normal flow of Data and Tokens between chips. (Active links are Highlighted)INOUT0011MINOUT0011SINOUT0011SINOUT0011SINOUT0011SINOUT0011EINOUT0011MINOUT0011SINOUT0011SINOUT0011SINOUT0011SINOUT0011EFig 4 Diagram Showing the flow of Tokens and Data in the event of the failure of a Slave ABC chipIn the event of the failure of one of the Slave chips the previous and next slave chips in the chain are programmed toroute their data and tokens around the failed chip. If the last chip in the chain should fail, then the penultimate chip inthe chain is programmed to perform the operation of the "End chip".In the event of the failure of a Master chip in the chain, the data and tokens from the chain with the failed Master chipare routed to the working master chip as shown in the next diagram .

Page 28 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996INOUT0011MINOUT0011SINOUT0011SINOUT0011SINOUT0011SINOUT0011SINOUT0011MINOUT0011SINOUT0011SINOUT0011SINOUT0011SINOUT0011EFig 5 Diagram Showing the flow of Tokens and Data in the Event of the failure of a Master ABC chip3.2.20 Default Register ValuesOn power up the contents of the configuration register will be set to zero. This results in the following configuration.Read Out Mode is set to Detector alignment modeCalibration Mode is disabledSend_ID mode is enabled.tokin0 and din0 inputs are enabledtokout0 and doutO outputs are enabled.Input test mode is disabled.Edge Detection Mode disabledClock Feed Through Mode is Enabled if the chip is acting as a Master.Chip will not be configured as the end of a readout chain.The chip will be configured as a Master if masterB is asserted else it will be configured as a slave.3.2.20.1 Master/Slave SelectionThe default state of the chip on power up is determined by the state on the masterB input pin. If this pin has been leftunconnected or tied high the chip will power-up as a Slave. If this pin has been tied to ground the chip will power up as aMaster. The masterB signal is "x-ored" with bit 11 of the configuration register and the resulting signal determines theoperational state of the chip. This enables the power-up state of the chip to be pre-determined and also enables the modeof operation of the chip to be changed via a Slow Control Command if required.3.2.21 Input/Output ConnectionsThe following diagram shows all the external connections to the chip. These connections are listed and described in thefollowing tables.

Page 29 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996i<127:0>clk1com1calmode<1:0>calstrobetkout0dout0id<5:0>dout0Btkout1tkout0Bdout1tkout1Bdout1Btkin0din0din0Btkin1tkin0Bdin1tkin1Bdin1B2com1Bclk1Bclk0com0com0Bclk0BATLAS Binary Pipeline Chipirefhighthresholdlowthreshold222resetBclkselectledoutledoutBmasterBFig 3.19 External Connections to the ChipTable 3.24 Input SignalsNameFunctionTypein<0:127>Signal InputsCurrent Modeclk0 & clk1Clock inputLVDSclk0B & clk1BComplement of above signalLVDScom0 & com1Command InputLVDScom0B & com1BComplement of above signalLVDStokin0 & tokin1Token InputCurrent Modetokin0B & tokin1BComplement of above signalCurrent Modedin0 & din1Data InputCurrent Modedin0B & din1BComplement of above signalCurrent Modeid<5:0>Geographical address of chipCMOSmasterBSets chip default to masterCMOSclkselSelects clock/command inputsCMOSresetBResets ChipCMOS

Page 30 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996Table 3.25 Output SignalsNameFunctionTypetkout0 tkout1Token OutputCurrent Modetkout0B tkout1BComplement of aboveCurrent Modedout0 dout1Data OutputCurrent Modedout0B dout1BComplement of aboveCurrent ModeledoutData Output to LED driverLVDSledoutBComplement of aboveLVDScalmode<0:1>Calibration Mode Output to pre-amp chip.CMOScalstrobeCalibration Strobe Output to pre-amp chipCurrent ModehighthresholdHigh threshold output to CAFE chipAnaloguelowthresholdLow Threshold output to CAFE chipAnalogue3.2.22 Electrical Specifications3.2.22.1 Supply Voltage4.0 volts – 5%.The ramp up times and ramp down requirements of the power supply will be specified as soon as known.3.2.22.2 Power ConsumptionLess than or equal to 64mW when operating at a 1% occupancy and 100Khz Level 1 trigger rate.3.2.22.3 Input /Output LevelsTable 3.21 Input Levels for Hit Inputs.ParameterMinimumTypicalMaximumLow Level Input Current IIL4m

6m9mHigh Level Input Current IIH128m

160m

192m

Table 3.22 Output Levels for Calibration Code OutputsParameterMinimumTypicalMaximumLow Level Input Voltage VOL

30mHigh Level Input Voltage VOH

60mTable 3.23 Output Levels for Calibration Strobe OutputParameterMinimumTypicalMaximumLow Level Input Current IOL

30mHigh Level Input Current IOH 60m Page 31 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996Table 3.24 Input Levels for Voltage Mode Inputs (Clock, Control)ParameterConditionsMinimumMaximumUnitsInput Voltage Range Vi

Vgpd < 950mV0

2400 mVInputVoltage Common mode Vicm

Vgpd < 950mV50

2350 mVDifferential high input threshold+VidthVgpd < 950mV

100mVDifferential high input threshold-VidthRload =100W–1%-100 mVThreshold hysteresis(+Vid) - (Vid)25mVReceiver input impedance

90110WTable 3.26 Input Levels for Current Mode Inputs (Token_in, Data_in)ParameterMinimumTypicalMaximumLow Level Input Current IIL

High Level Input Current IIH

Table 3.27 Output Levels for Current Mode Outputs (Token_Out, Data_out)ParameterMinimumTypicalMaximumConditionsLow Level Output Current IOL

15mCL=40pfHigh Level Output Current IOH

30mCL=40pfTable 3.27a Output Levels for LED OutputsParameterConditionsMinimumMaximumUnitsOutput Voltage low VIL

Rload =100W–1%1000 mVOutput Voltage High VIH

Rload =100W–1%

1400 mVOutput offset Voltage

Rload =100W–1%1125

1275 mVOutput Differential Voltage

Rload =100W–1%250

400mVOutput impedance

Iload =2mA to 3mA40

280Wa timing diagram for inputs and outputs will be included here when available. together with a set of timingparametersan example of a test circuit will be included for these inputs and outputs when available

Page 32 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 19963.2.24Timing Requirements3.2.24.1 Clock and Command Input Timingto be specifiedFig 3.20 Clock & Command Timing

Page 33 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996Table 3.28 Clock and Command Timing ParametersSymbolParameterMinTypicalMax.ConditionCL=xxpfCL=xxpfCL=xxpfCl=xxpf3.2.24.2 Readout Timinghe timing for the readout circuitry is shown in Fig 3.10Fig 3.21 Readout Timing

Page 34 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996Table 3.29 Readout Timing ParametersSymbolParameterMinTypicalMax.ConditionToken In set-up timeToken In Hold TimeData In set-up timeData In hold timeClock High to Token out HighCL=xxpfClock High to Token Out LowCL=xxpfToken High to Data Out ValidCL=xxpfToken Low to Data out invalidCl=xxpf3.2.24.3 Input Signal TimingTo be definedFig 3.22 Input Signal TimingTable 3.30 Input Signal Timing ParametersSymbolParameterMinTypicalMax.ConditionCL=xxpfCL=xxpfCL=xxpfCl=xxpf3.2.24.4 Calibration TimingTo be definedFig 3.23 Calibration Signal TimingTable 3.31 Calibration Timing ParametersSymbolParameterMinTypicalMax.ConditionCL=xxpfCL=xxpfCL=xxpfCl=xxpfthe following parameters will be specifiedVoltage level of 2 bit patter outputs (the 2 CMOS levels)Current levels of the stroberise time of strobe (mas strobe duration i=16 clocks

Page 35 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 19963.2.25 Physical RequirementsThe die size will be 6.2mm x less than 5mm. Assuming a 0.8mm 3-metal process.Level 1Buffer128 X 128

Input PadsLevel 1 Pointers

Input Level Translators Input Mask Register

Data ReadoutBufferCalibrationLogic

Readout LogicCommandDecode

5mm6.2mm

Input RegisterFigure 3.24 Chip Layout ( not to scale)The input pads to the chip must be arranged on a pitch so as to enable the Binary Readout Chip to be wire bonded to theCAFE chip. The input pads on the CAFE chip are arranged as 2 rows of 64 pads. Each pad has an area 130m x 60m andthe pads have been laid out on a pitch of 44.0m.Figure 3 .25 Input Pad Layout3.2.25.1 Bond Pad ArrangementThe arrangement of the bond pads will be defined in conjunction with the people involved in the design of the DetectorModules All service pads should be large enough to allow double bonds if possible.a diagram of the chips bond pads will be inserted here when defined

Page 36 of 36___________________________________________________________________________________________________________________________________________________________________________________Binary Readout Chip Specification Version V3.04 31st July 1996Table 3.32 Bond Pad ConnectionsPad NoConnectionPad NoConnection1-128IN<0-127>TOK_IN129CAL_MODE<0>TOK_OUTCAL_MODE<1>DATA_INCAL_STROBEDATA_OUTCLKBIASCLKVSSCOMVSSCOM_BVSSID<0>VSSID<1>VDDID<2>VDDID<3>VDDID<4>VDD3.3.26 ManufacturingInitial manufacture of the chip will be subcontracted to Honeywell, who will fabricate the chip on their 0.8m RICMOS IVradiation hardened bulk CMOS process. After initial development of the chip other suitable vendors will be evaluated.3.4 Testing and product controlA plan for the testing of these devices will be drawn up as soon as it is known who will be involved. This plan will beproduced no later than the intermediate design review to ensure that the chip is testable.3.5 InstallationNot applicable.3.6 Maintenance and further ordersTo be determined at the concluding review stage.