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Electronics Control and Dataflobetween the Read-Out Module
and the Front-End Electronics Systems

BaBarDAQ Group

Contact: Gunther HallefGérard Oxoby; Stanford Linear Accelerator Center

1. Introduction

The BaBar detector electronics system comprises a number of front-end electronics subsystems i.er@®yT (V
DCH (Drift Chamber), DIRC (&rticle ID), EMC (Calorimeter), IFR (Flux Return), and the TR@gger) system.
This document describes the electronics control and datbibveen th8aBar standard Read-Out Module @)
and the detecta’front-end electronics. The front-end electronics systems are controlled fro@khéelRectronics
set-up, timing, clock, trigger accept, etc) and transmit dagéstee read-back owvent data) back to the@M via this
interface. This document does not address thie@mmental monitoring and control of the detector (e.g., readout and
control of temperature, pressure, currentdtages, etc.). The gimonmental control and monitoring path is separate
from the electronics control and dataflpath to and from the front-end electronics.

2. Electronics System Owrview

Figure 1 sharis a high-lgel block diagram of the electronics function blocks. The Data Acquisitid@JDTrig-
ger, and Fast Control and iming System (FCTS) crates are located in the Electronics House (EH) angsioalph
accessible during run periods. In this document, we refer to them ad-theté&ftor electronics. The subsystem-spe-
cific electronics, located on or near the detector within the radiation area, are referred to as the On-detector electron-
ics. (The trigger sub-system is located in the EHi$ connected to theAD) like other sub-systems. Thus, the same
rules as for the On-detector sub-systems alid.y

The timing and control of the On-detector electronics is realized BaBar standard Read-Out Modules(R!)
in DAQ crates in the EH via high-speed serial Control links (CLINK), and the data coming back from those electron-
ics is transmitted on high-speed serial Data links (DLINK).

Several components in the fdetector electronics are used for all the subsystems. In e&@hckate, there are
one Read Out Controller ), one kst Control Distriition Module (FCDM), and a number of Read Out Modules
(ROM). The ROC is aBABARSstandard high performance commercial VME magtke FCDM is 8ABAR standard
custom VME module which reaads signals from the FCTS for disuition within a DAQ crate. The RM consists
of aBABAR standard commercial CPU board with a PCI-to-i960 PMC card, together with a cus@rald with a
mezzanine personality module. The personality module &uesfto the FEE via optical fiber@rfon-calorimeter
systems the personality module supports one CLINK transmitter for control and timing, and one DLIM& fecei
the data returning from the FEE. The personality module for the Calorimeter system lootdsdver links, called
FLINKS. The CLINKs and DLINK/FLINKs are based on Wett Packard HDMP-1012/HDMP-1014 Gagit-rate
chip-sets and Finisar FTR8510 fiber optics tranvsesi The system clock frequgnfor theBABAR sub-system elec-
tronics is 59.5MHz. The commands reeal by the ®M from the Rst-Control and iming system as well as set-up
commands with corresponding data originating on tlRare serially applied to the GLINK transmitters. The
Glink transmitters are here used as mulkipts, as illustrated in Figure 2. The data at each of the 16 inputs of the
Glink transmitters are serialized data streams that are time-mxatipbsto a single high-speed link (16 x 59.5Mbit/s
x 5/4 encoding werhead ~ 1.2bit/s). For non-calorimeter systems, the Glink reees are used as data demultiple
ers. The receer demultiplees one single high-speed data stream to 1&esl(69.5 Mbit/s) serial data streams. This
enables one ®M to send data to, and reeeidata from, up to 16 independent front-end electronics (FEE) sections in
the On-detector electronics at 59.5 Mbit/s each. The data is stor&Mmimory

The calorimeter system uses the standard personality module for contropstel readback dataoFthe @ent
data, a calorimeter specific personality module is used becausA@hsyBtem recees continuous untriggered data
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Figure 1: Oervien of BaBar electronics.

streams from the FEE as opposed to triggered data. The calorimeter personality modulechBldbli& and no
CLINK. (The FLINK is similar to the DLINKs of the non-calorimeter systems.)

The data rate from the@M to each of the 16 FEE sections is 59.5Mbit/s. The data rate from each FEE section to
the ROM is 59.5Mbit/s, or 59.5Mbit/s/2, or 59.5Mbit/s/4, depending on the sub-system. As indicated ir2kityere
clock for the FEE isxracted from the incoming serial stream by the Glink xeredn the multipleer board and
connected to each of the 16 FEE sections. That clock (59.5 MHz) is also usec ttherGlink transmitting the
detector data back to theORI. The clock signal dving the Glink is conditioned by a Phase-Lock-Loop (PLL) and
delayed to account for cable delays between the muigipleoard and the FEE sections. Sub-systems using a sub-
multiple of the 59.5 MHz clock for readout couldidie the system clock e.g. on the multygeboard.

3. Control of the On-Detector Electonics

We distinguish between twtypes of electronics control commands:

- Run-time commands: commands that can be executed during run time.

- Non-run-time commands: commands which cannot be executed during run timeubonly during calibra-
tion, setup, or diagnostics time(Both are transmitted via the CLINK at the same bit frequgnc

For non-run-time commands thgagt time of occurrence must not be crucial. Examples are set-up commands as
loading a calibration mask, calibration or threshokld3, mode rgisters, etc. The datales associated with these
commands (e.g. the mask pattern) are written via @€ Rto FOM memory After the FOM is instructed to send
the specific command to indiilual FEE sections, the command as well as the associated data is sent to the On-detec-
tor electronics. The protocol controller on th®MR coordinates this transmission. The protocol controller has 16 data
output lines clockd at 59.5MHz dviing the CLINK transmitteras shan in Figure2. Note that each line carries
serial data assigned to only one FEE section. The 16 serial data streams arexetlttipie the high speed CLINK
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Figure 2: Control and datafloto/from On-detector electronics.

which is recaied at the On-detector electronics end. The On-detector Glinkeedemultiplges the data from the

CLINK to 16 lines clockd at 59.5MHz, carrying the same information as the output of the protocol conEattar

of the 16 data lines is connected to &edént FEE section. Since the information on the 16 data lines from the proto-

col controller is serialized, one can send a commandyte@nmbination of the 16 FEE sections. The transmission to

ary section can be disabled on th@MR. One cannot send ifent commands simultaneously to widual FEE sec-

tions connected to oned®1. Once the command to be sent is selected fdD & ,Rhe only choices are to send it or

not to ary combination of FEE sections. The data associated with the command sent simultaneously to each FEE sec-
tion can havever differ from section to section. (The data writtenvprasly into the ®M memory is sent).

The only commands alleed during run time are Run-time commands. (These commands are of course also
allowed during non-run time). Theact timing of occurrence is or can be crucial. Examples are timing synchroniza-
tion commands, trigger accept signals, calibration or timing strobe commandsyeaadaammand, etc. The com-
mands as well as the datalues (not sub-system selectable) associated with those commands aesl fegehe
ROM from the FCDM and transmitted via the Protocol controller to the FEE sections. Note that some of these com-
mands do not he to hut can be time crucial e.g. for diagnostics purposes. Examples are calibration strobe or read
event command. All commands for which the timing is or could potentially be crucial, either concerning the absolute
timing or the relatie timing, or coordination betweerORIs are Run-time commands. All Run-time commands are
predefined and can not be modified by a sub-system (same is true for the data field).

The idle state of the CLINK is indicated by the transmission of bits witlite\zero rather than no transmission as
used in pacit transmission modes. This ensures that the On-detector electronics CLINKIreaai avays etract
the 59.5MHz clock and distrifbe it to its up to 16 FEE sections so thattban remain in timing synchronization
with the rest of the detecterélectronics.



With the architecture presented abpa common communication protocol for all subsystems has beeloukd
to configure, control, and run the On-detector electronics. All electronics control and timing commands, run-time or
non-run time, are encoded and transmitteel the CLINK, with no separate strobe, timing, or clock lines from the
Off-detector electronics to the On-detector electronics.

The commands are encoded intefbits for a maximum of 32 main Op-codes. The command fieldi&yaltrans-
mitted Least Significant Bit (LSB) first and isnalys preceded with a start bit, a bit set to one, which indicates the
start of transmission. There isvalys at least one leading zero before the start bit. When the system is initialized, e.g.,
after a pwerup sequence, there are mai0,000s of) zeros which could be used to put e.g. a command state
machine in the FEE in idle state. Also, the idle state of the link (transmitting zeros), ensures thavagsqsratede
a\alid transmission.

Run-time commands span Op-codes 0 througdaBd are appended by adibit data field. The command as well
as the data bits are predefined and cannot be modified or determined by a sub-system.

Non-run time commands are assigned by each sub-system (preferable in descending order) and span gp-code 1E
through Gg. They are appended with a éwit address, and Y a \ariable data field length. The address field of the
non-run time (or subsystem specific) commandsvisyd transmitted LSB first. This address is nemgiby a FEE
section and can be decoded internally to addrageus elements such a®\Ds, reisters etc within a section or
board. The address field canwwwer, also be used and interpreted as sub-command field. The data field is transmit-
ted preferably LSB first,i in a fev cases to simplify the hardwe, this rule may beawved.

Commands which are not defined for a particular sub-system must still\@dyadécoded and treated as No-Op
commands. There is no slcelectronics configuration of On-Detector Electronics while in data taking (run time)
mode. (As anxample, pattern gisters in the On-Detector Electronics can not be set while detector data is being
receved by the same®M). Again, when the detector is in run mode, electronics set-up commands (all sub-system
specific commands) can thus not be transmitted.

As indicated in Figuré, the slav ervironmental control and monitoring path is separated from the On-detector
electronics control path. As aranple the signals from on-detector based sensors are connected to analog modules
(SAM) in ervironmental monitoring crates, Viag their avn readout controller

We distinguish thus between:

» Electronics control:

Non-run time commandsxact time of occurrence is not criticaket calibration/threshold/otherAlTs, set con-
trol/pattern/mask wgisters, etc. (Not alled during run time)

Run-time commands: couldubdont have to be time critical (promptaét)Trigger accept, Readvent, Sync,
Reset, calibration/timing strobe, et@Allowed during run time)

* Environmental control/monitor:

Readout of temperatures, pressures, curreoltages, etc.

In the follaving chapters the electronics control commands are described.

3.1.Run-Time Commands

In this section the specifications for the run time commands are presented with apElaodtien of hw the
on-detector electronics should respond. Genenaltytime commands are reogid by the ®M from the FCTS and
then transmitted to the on-detector electronics. The ReadtEEemmand is presently generated on edah Rout
could also be generated on a higheele

The format for these commandsisscccccddddd
z => one leading bit = 0 (link idle)

s=>one start bit=1
¢ => five command bits, LSB first



d => five data bits, LSB first

The five command bits form the Op-code which is interpreted by the FEE to perform a specific action. The inter-
pretation (decoding) must be performed in a constamr (tme), knavn number of clocks after the command is
receved.

The data bits areahys sent with a run-time command and o€ sub-system definable. Thenay be zero or
have a significance. In either case, the on-detector electronics need Ye weudiaccept these bits so as to not inter-
pret the data bits as ammeommand.

The list of run-time commands folls.

Op-code: 0
Command: No Op
Data: 0

Description: No local Operation is required from the On-detector electrorfi@emmand still has to be decoded
as No-Op so as tovaid wrongful action after e.g. a misread start-bit in case of a transmission error)

Op-code: 1
Command: Clear Readout
Data: Resered

Description: Flush or Resetvent huffers in the FEE sections. The content of th#drs is not necessarily mod-
ified but the pointers to thevent huffers are reset so that when thetri.1 Trigger Accept” command is reseid,
the first luffer is filled while the other ones are tagged emiptyhe case of a system with FIFOs asnt huffers, the
FIFO full flags aredlse and the FIFO empty flags true after a “Clear Readout” command. After a “Clear Readout”
command ay events which may still be stored in the FEE are lost to tA@ hus there will be at least one “L1
Trigger Accept” command before thextéRead Eent” command. This command must not be used to ragistars
which can be written into with a subsystem specific (non-run time) command.

Op-code: 2
Command: Sync
Data: Resered

Description: This command is used to resynchronize the timing of the FEE with the rest of the system. It resets
the divide 2" counters which are used to generatastaclocks in the FEE (e.g., sampling clock)y aounter which
has to do with timing, and counters whose state is returned toAje Any events stored in thevent tuffers may
still be read out with subsequent “ReaceBEt commands.

Op-code: 3
Command: L1 Trigger Accept
Data: 5 Bits Trigger Tag

Description: The “L1 Trigger Accept” command is deéired to the FEE with a latenof 12us (minus 0 to 1us,
trigger jitter)

“L1 Trigger Accept” commands can be delied to the FEE as close as @s2apart from each other and aneayls
followed eventually by a “Read EBnt” command (Op-code 4), unless a “Clear Readout” command is issued.

Since the “L1 Tigger Accept” commands may “stack up” the FEE of triggered systems nwessdéiaral huffers
to hold the data for subsequements while onewent is being read out.

When a triggered systemFEE receies an “L1 Tigger Accept” command, it transfers the state ofvaiétiming
counters and data to thexhevailable @ent huffer. Additionally, the trigger tag (data bits) reeed with the com-
mand bits is also stored within that samfdr. The DAQ will not send this command when itsfter occupang
model determines that naiffer in the FEE is\ailable.

Op-code: 4
Command: Read Eent
Data: resened

Description: Send gent from FEE to BM



When a triggered systemFEE receies a “Read Eent Bufer’ command, it starts transferring the data held in the
“oldest” not yet readvent huffer since the last “Clear readout” to thOR.

The ROM runs a model of thevent luffer occupang of the FEE. The &M will never issue a ne “Read Eent”
command until all data associated with a current “Reash&whas all been recaid by the ®RM.

Minimum time between “L1 Accept” and its “Readdft” is 2.2us

Op-code: 5
Command: Timing or Calibration Strobe
Data: Resered

Description: This command can be used to inject aknehage to the input of channels preusly selected by
calibration pattern gisters. The alue of the [ACs and the content of the calibration pattegisters are written
with subsystem specific (non-run time) commands. Thenifig or Calibration Strobe” command is folled with
the 12usec lategdoy a “L1 Trigger Accept” command. The data is readout from the FEE with a “Reatt"Ebom-
mand. This command can also be used for timing calibration. This command is under Run-time commands because
there is the possibility that a system might need a timing signal (strobe) during run time.

Op-code: 6 - Big

Command: Resered

Data: Resered

Description: These Op-codes are reseavfor future uses. Thieshould be acted on as a No Op command unless
otherwise permitted.

3.2.Non-Run Time (Subsystem-Specific) Commands

The non-run time (or subsystem-specific) commands are generally used to configure the On-detector electronics
and to ‘erify proper operation of the electronics and the dete@onfiguration consists of such actions as setting
DAC values, writing calibration pattern, and channel enalgisters. \érification consists of writing test patterns or
reading back BC values, ADCs, or gisters to name avieexamples. These commands are by nature not time criti-
cal (in respect to their occurrence absolute in time or velébi other FEE sections) electronics control commands
and are neer issued when the detector is in data taking modan§mission speed to each FEE section is still
59.5Mbit/s).

The format for these commandsisscccccaaaaaddd....

z => one leading bit = 0 (link idle)

s =>one start bit=1

¢ => five command bits, LSB first

a => five address bits (or sub-command bits), LSB first

d => n data bits, LSB first preferred, specified by usar) for read commands)

The command format is the same for this group of commands as it is for the run-time commandsctbésfiv
form the Op-code.Wo of the Op-codes in the non-run time (subsystem specific) graelean reseed. Op-code
1F¢ is resered for future gpansion, and Op-code {f£has been dedicated as a subsystem reset which can be used
to reset rgisters or the lik as required. Op-codes 1D16 through C16 are defined for each subsystem.

The address can be used to select components on the éiEafple, a 64-channel FEE mayhbkal6 DACs to
set the pedestal of 16 feahannel discriminators, addresses 0 througiweuld be used to select iniiual DACs
when writing a alue, and address {d-could be a broadcast address to write the sahe\n all 16 [ACs. The
address field can also be interpreted as sub-command field.

Write commands hee generally associated data bits whereas read commands carathdata bits. As an
example, writing a calibration patterngister may require 64 data bits, writing A© may require eight data bitgytb



reading the rgister back must not kia ary data bit as part of the command, only the command field and the address
field are &ailable. The data from the FEEgister to the RM will be transmitted wer the DLINK.
Typical subsystem-specific commands arexshelov as eamples.

Op-code: 1D¢6
Command: Write channel enable gester
Address: 0 (Thee is only one stcregister in this particular FEE).
Data: 64 bits(This FEE supports 64 subsystenacnels.
LSB <= Channel MISB <= Channel 63.
bit = 0 <= Disable channel
bit = 1 <= Enable channel
Description: Write 64-bit rgister to enable or disable indlual channels.
Bit 0 enables/disables channel 0, and bit 63 enables/disables channel 63.
A bit set to zero disables the channel, while a bit set to one enables it.

Op-code: 1Cyg

Command:  Write threshold BCs

Address: 0 - 15, 1Fgis broadcas{Thete are 16 theshold DACs on this FEE).

Data: 8 bits MSB first(These ag 8-bit DACs with serial input needing MSBdi.
Description: Write 8-bit DACs individually addressed.

However, the samealue can be written in all 16ATs with one command when the address is 1F

Op-code: 1Byg

Command: Read channel enablegister

Address: 0 (Thee is only one stcregister in this particular FEE)

Data: n/a

Description: Read 64-bit channel enablegigter The data is read back via the DLINK with channel 0 as the
LSB and channel 63 as the MSB, in otherds first-in first-out with command 4paborve. The format of the data
on the DLINK is a header foleed by the data, axglained in the ne section.

4. Data Flov from the On-Detector Electonics to the DAQ

All electronics read-back and/ent data from the On-detector electronics are transferred toAke dder the
DLINK. The DLINK operates on the same principle as the CLINK, in that the high speed serial data contains infor-
mation from up to 16 sleerspeed serial data sources. The samelétePackard and Finisar components are used as
in the CLINK hut nov the source of the data is the On-detector electronics and the destination GMhédrR
non-calorimeter (triggered) systems, th@NR controls the eent dataflv from the FEE via the Read-&nt com-
mand. The eent data has been written into a datfidy in the FEE on receipt of an L1 trigger accept command. After
the FOM issues a readvent command to the FEE, the FEE starts transmission ofvibat @ata to the @M. The
recever controller shan in Figure2 detects the start of the data transmission and stores the d@MimBmory
The controller detects the end of data transmission and signals the status to the main controller

The primary data from the On-detector electronics to D&IRs the &ent data, and secondary data is data read
back from the On-detector electronics itself such as contentgisfars or test patterns.

There are tw types of data format accepted by ti@NRover the DLINK: \ariable length and fed length data.

Variable length data is typicallwent data when the FEE performs compression, e.g. zero suppressioariThe v
able length data format has a headevariable length data field, and a unique (compared to the data). ffditer
headerdata field, and trailer must eachvéan gen number of bytes. The first bit in the header is the start bit and
must be set to one. The trailer must be unique so it can be distinguished from thend®, tie trailer must be the
same for all FEE sections within a subsystem. Ideally the trailer should consist 8f Zheotrailer must be folleed
by the idle state of the link (zes): The 16 FEE sections which are transmitting data to@i 8er a DLINK must
have the start bit aligned with each othidowever, since the data field from one FEE section may be longer than the
data field from anothethe trailers are not usually aligned with each other

Fixed length data can beent data or read-back data. The length of the data field amgyrem command to com-
mand lut is alvays the same for a particular command and for the 16 FEE sections transferringidate @LINK.



A fixed-length data transfer still has a header and dattés bot required to va a trailer (It must, havever, be fol-
lowed by the idle state of the link, i.e. z&x)o’

The construction of the headaries from subsystem to subsystem, and possibly within a subsystem, with the type
of data being read out to th®©RI. There are te catgories of headers: headers sent withré data and headers sent
with read-back data.

In general, an\vent data header contains, besides the start bit, #adifitrigger tag data resid with the “L1
Trigger Accept” command, the time the trigger occurred, and mighgt &so a module type identification, serial
number status information, or other general information about the FEE section. The header should, if possible, con-
tain information about the “occuparicstate of the FEE Udfers, e.g. which bifer the data is from, or momary buff-
ers are fulllemptyThis information can be used tenfy the luffer model running on the ®M. A header for
read-back does not require a trigger tag or time, these may be replaced lyyod ttmpcommand data field and
address or other refant information.

The \ariable length data trailer must be unique when compared to the data, and in most cases, 3¥editsecuti
set at zero should satisfy this requirement.

Below two examples of data read out from the On-detector electronics are presented. Theaffinskees a
response to a “Read &nt” command for a triggered sub-system which performs data compression. Therefore the
data is of type ariable length. The secongample would be the FEE response to the commang; 1Bead Channel
Enable Rgister” presented as arample in the subsystem-specific commands section.

Example No. 1:Response to “Read Ent” command.
Variable length data field.
Data read back from each FEE, four bytes headeytes/hit, four bytes trailer

4 Bytes HeadeStart bit lbit=1
Event data / Rgister data 1bit=1 1=Data 0= Raister
Trigger tag 5 bits LSB first
Resered 1 bit to keep byte alignments
Trigger time 5 bits LSB first
Error code 3 bits To be defined later
FEE serial number 8 bits LSB first
Resered or @ailable 8 hits e.g., could be type of FEE
4 Bytes Data/H{€hannel number 6 bits LSB first
64 channels on each FEE
2 bits
TDC value 16 bits  LSB first
ADC value 8 bits LSB first
4 Bytes Tailer Zeros 32 bits  all zeros

Example No. 2:Response to “Read Channel Enable” command.
Fix length data field.
Data read back from each FEE section, four bytes headtigtes rgister data.

4 Bytes HeadeStart bit lbit=1
Event data / Rgister data 1bit=0 1=Data
0 = Raister
Command Op-code 5 bits First-in, first-out
Resered 1 bit to keep byte alignments
Address receed 5 bits First-in. first-out

zes in this case



Error code 3 bits To be defined later

FEE serial number 8 bits LSB first
Resered or @ailable 8 bits e.g. could be type of FEE
8 Bytes Data/HiChannel number 64 bits  LSB first, first-in, first-out

The FEE sections kha seeral levels of eent huffers implemented asgesters or FIFOs. On eachigger accept
(L1 trigger accept) command from th©Rl, an &ent is stored into arvent huffer in the FEE. Aneent is read out
to the FOM only after a Readvent command is recetd by the FEE. So, after eactigber Accept command there
will be a Read went command. The minimum time from thagBer accept to its Readlent command is 2.@s.
Note that there can (and will) beiJger accept commands issued while the data ofvdgueevent is still being read
out to the ®M. In that case the relevel of event luffer is filled. The number ofvent huffers depends on the system
and is dependent on the readout time, the trigger rate, and thedlaslkd dead-time. So, the order afdger accept
and Readwent commands could beidger, Read, Tigger, Trigger, Read, Read.

In other words, with a Tigger command arvent huffer is filled on the FEE, and with a Read command ttfeb
is read out to the ®M. Since the RM runs a model of thevent huffers in the FEE (which is a requirement) the
buffers in the FEE can nowerrun. The ®M “knows” when the FEE can not accept additionager commands,
and inhibits the system from sending morigders (-> dead-time).

Event data can be substituted bygister read-back data, when for diagnostics digigikters in the FEE are to be
read back. The type of data could be redrky a type bit in the Header

The Read eent command is, at this time, generated on e&M Reparatelywhich means the Reagient com-
mands of the RMs in a system are not coordinated or synchronized.

5. Interface Specifications and Requaments on the ®M and FEE.

5.1.Requirements imposed on the transmitting section of the@®Vi

5.1.1.ROM must hae serial fibeoptic transmitter to deler electronics control commands to On-detector
electronics (ODE). (SC-style connector)

5.1.2.The serial signal must be generated by mubltipg sixteen 59.8/bit/s serial lines using an HP Glink
HDMP-1012 transmitter component with subsequent electrical/optice¢ion. (specify mode)

5.1.3.Idle state of transmission link must be zero (no light)

5.1.4.The command protocol must adhere to the BaBar standard protocol described in thigRapéme
commands: leading zero, startbit, 5 command bits, 5 data bits; Non-run time (subsystem specific)
commands: leading zero, start bit, 5 address bits, n data bits, n=0 for read commands, 0 Mhitsfop
write commands).

5.1.5.ROM does not send non-run time (sub-system specific) commands (set-up commands) when in run mode.

5.1.6.The minimum time between the start of transmission of subseqtiggeifaccept commands must be 252

5.1.7.The minimum time between aigger accept command and its Readrd command must be 2. (The
Read gent follows the Tigger accept command)

5.1.8.The minimum spacing between the start of transmission oigger accept command and a faliog Read
event command that belongs to an earlier issugghy@r accept command is bSec (one clockycles).

5.1.9.The minimum time between the start of transmission of commandsisetone clockycles).



5.1.10.A buffer model (occupancof FEE &ent tuffers) must run in the ®M (or higher lgel) to ensure that the
number of gents stored at grtime in the FEE does noxeeed the number of allocatedfters.

5.1.11.The FOM must not transmit a Reademt command if the FEEUlers are, according to thaiffer model,
empty

5.1.12.The ROM must not transmit arigger accept command if alvent tuffers in the FEE are, according to the
buffer model, occupied.

5.1.13.The jitter and phase stability of the Glink base clock must be better than +/- 0.5 ns (tbd).
5.1.14.The transmission of the commands (i.e. the calibration/timing strobe command) must be adjustable with
increments of 16.8s (1/59.9MIHz). (This adjustability is on the®M or in the FCTS.) Finer delay settings

have to be implemented in the FEE.

5.1.15.ROM must be configurable to transmit commands tp @mbination of the 16 FEE sections. (Mask-of
individual FEE sections).

5.2.Requirements imposed on theaceving section of the FOM

5.2.1.ROM must hae serial fibewoptic link to receie data from the On-detector electronics. (SC-style connector
FINESAR transcefer)

5.2.2.Serial signal must be de-multipled into sixteen serial lines using an HP Glink remeHDMP-1014 deice.
(specify mode)

5.2.3.The FOM must be capable of handling data reediat rates of 59.5MBit/s, or 59.5MBit/s/2, or 59.5MBit/s/4
on each of the 16 demultiped lines.

5.2.4.The ROM must be capable of regeig data formatted according to BaBar standard protocol as described in
this paperFixed length padkts where BM must count number of bits to determine the end of transmission,
or variable length paaks where BM must determine end o¥ent by detecting trailefype of transmission
to be recaied is predetermined and command specific.

5.2.5.ROM must detect start of transmission of data kegkup to x us after data has been requested from the FEE.
ROM must determine start of transmission by detecting start bit.

5.2.6.ROM must hae time-out function in case that datepected from the FEE sections is not being rexki
(time-out range?)

5.2.7.ROM must be able to reca data from the FEE sections when one or more other sections are defunct or not
connected (mask-bindividual sections).

5.3.Requirements imposed on theaceving section of the On-detector electnics

5.3.1.0DE must hee serial fibeoptic link to recete data from the @M. (SC-style connectprFINESAR
transcever)

5.3.2.Serial signal must be de-multipkd into sixteen serial lines using an HP Glink HDMP-1014 vecele/ice.
(specify mode)

5.3.3.The ODE must be capable of handling data weckat rates of 59.5MBit/s on each of the 16 demukgale
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lines.

5.3.4.The ODE must be capable of raéeg and decoding data formatted according to BaBar standard protocol as
described in this papgiRun-time and non-run time (sub-system specific) command types).

5.3.5.All Commands are preceded by a minimum of one zerowellbby a start bit (=1). (1 means light on fiber).
5.3.6.All command and address fields are reegiLSB first.

5.3.7.Run-time commands consist of 5 resehcommand bits (0 through § and 5 reserd data bits. Command
and data bits are not sub-system definable. There are no address bits.

5.3.8.Non-run time (sub-system specific) commands consist of 5 command bitg {10,¢), 5 address or
sub-command bits, and n data bits. n is dependent on the command. (0 <sMbis:fBr write commands,
n=0 for read commands).

5.3.9.Non-run time command }kis resered for future gpansion.

5.3.10.Non-run time command Lk is used as sub-system reset.

5.3.11.A No-Op command or a command that is not defined must be decoded as no-operation.

5.3.12.The ODE must be capable of radeg commands spaced by &Sec (counted from the end of a command to
the startbit of the follwing command). Exceptions are 1)igger accept commands which are spaced at
minimum 2.2us and 2) Readvent command which folles a Tigger accept command with a minimum of
2.2 ps. (Note that this is only true if the Readert command requests data from thagder accept
command. If the Readrent command request data from an earliggger Accept command, the minimum
spacing is 1msec.)

5.3.13.0DE must reset all timing orwdde counters on sync command.

5.3.14.0DE must resetvent luffer occupang flags (or pointers) on Clear readout command.

5.3.15.0DE must see event data with trigger tag and state of timing counterviene luffer on Tigger accept
command. (to be returned later tOR on Read went command)

5.4.Requirements imposed on the transmitting section of the On-detector eleotrics.

5.4.1.0DE must hee serial fiberoptics link with SC-style connector (FINESAR tranecgito delver event or
read-back data to®M.

5.4.2.Serial signal must be generated by multiplg sixteen serial lines each at 59.5Mbit/s, 59.5Mbit/s/2, or
59.5Mbit/s/4 using an HP Glink HDMP-1012 transmittevide. (specify mode)

5.4.3.Idle state of transmission link must be zero. (no light)

5.4.4.0DE must not transmit data unless requested ®RRead gent command or Read-back command). (See
EMC exception)

5.4.5.The data structure must adhere to the BaBar standard protocol described in thiBgtapgpe can either be
fixed length or ariable length format. (See EM@azption)

5.4.6.Header field must precede data. (See EM¢c2ption)
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5.4.7.Start bit of Header in all 16 FEE sections connected tOMd Rust be aligned in time.

5.4.8.Header and data format must be identical for all 16 FEE sections ferema gpmmand. (Number of data
paclets can be diérent from each FEE sections fariable length data transmissions).

5.4.9.Header field must beven number of bytes (one byte = 8 bits). Minimum Header field is thbgsl&Start bit
is part of Header

5.4.10.Data field for ariable length data must beem number of bytes. (no requirements foedixength data).

5.4.11.Unique (compared to data) trailer must falleariable length data transmissiorrailer should consist of
even number of bytes with all bits zero. There is rplieit trailer required for fied length data fields,ub
the data must be folleed by the idle state of the link, i.e. zexo{The ROM will test whether the fixd
length data field is follwed by zers. The idle state of the link is thus interpreted as a trailer fed fength
data fields). (See EMCkeeption)

5.4.12.Transmission of\vent or read-back headelata, trailer (if ay) must be continuous.

5.4.13.Maximum time between receipt of Reaget command and start of transmission is B8€c.

5.4.14 EMC exception: The EMC system transmits itvéat” data continuous, untriggered from the ODE to the

ROM (no Headertrailer). All abae requirements are Wwever still valid for the rgister read-back data
transmitted from the ODE to the dedicated read-b&@@N&
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