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1.0 ROD Description

The Read Qut Driver (ROD) is designed to control and receive data fromSilicon
Tracker (SCT) or Pixel nodules. Control conmands are sent to the nopdul es as
serial data streans and can be L1 triggers, EC or BC resets, calibration commands,
and nodul e regi ster data. The serial return data can be event data or register
data. The ROD is designed to detect and mark format errors, build events, and
transmit the event fragments to an S-Link (interface to the Read Qut System (ROS))
and to any conbination of 4 Slave Digital Signal Processors (DSP) set to trap
event specific data on a non-interfering basis.

The ROD perforns configuration of front-end nodul es and Back OF Crate
(BOC) (optical interface). Mdule calibration and monitoring is perforned by the
Sl ave DSPs.

An Overview of the ROD is shown in the figure bel ow
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Figure 1: ROD | npl ementati on nodel

After power-on or hard reset the Program Reset Manager (PRM fetches its
configuration code froma ROM and allows the host to ROD VME interface (A32/D32)
to become active. Next, the PRMreleases the Master DSP (MDSP) reset control,
allowing the DSP to fetch boot code, and transnits configuration data froma bank
of flash nenory chips to initialize the FPGAs. The flash nenories can be read or
witten by the VME host if changes to the ROD FPGA or MDSP boot code are required.
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The sl ave DSP boot code is |oaded fromthe host via the Master DSP at a | ater
tine.

The PRM al so operates as a bridge between the Cypress slave VME chipset and the
Mast er DSP Host Port Interface (HPI) port address space. Normally the VME
interface is used to set the ROD node and initialize the ROD and BCOC regi sters.

Primtives are used to configure and initialize the ROD and BOC. Primtives are
software entities that performfunctions such as read/wite a register. The
software is in the ROD DSPs and the data in a defined format is sent fromthe ROD
Crate Controller (RCC) over the VME bus.

Tasks are entities that perform operations such as calibration control in the
Mast er DSP and hi stogranming in slave DSPs. Tasks are initialized by prinitives
and are activated by the nain control |oop as required. They return to the main
control | oop when the operation is perforned such as a hi stogram of an event or a
trigger issued fromthe master DSP

Triggering of the FE nodul es can be perforned in three different ways. The first,
a trigger can be issued fromATLAS via the Timng Interface Module (TIM. This is
the normal trigger during data taking. The ROD will issue busy as required to
throttle triggers (i.e. ROD buffers are full, should not happen). The RCC can

al so instruct the TIMto trigger the ROD for calibration or testing. A second way
to trigger is to use the TTMFIFOin the ROD. This node is used in testing of the
ROD and can issue triggers at a rate slightly greater than 100kHz.

The third way is to use the histogramcontrol task in the naster DSP that uses the
serial port to send triggers to the FE nmodules. This is the trigger node used in
cal i bration.

Nor mal event data flows through the ROD across the top of figure 1. Serial input
dat a al ways passes through the data receivers unchanged. The data receivers can
trap the serial data streamin FIFOs (used in nodule configuration or to trap an
event for diagnostics). The FIFO can also be |oaded with events to play through
the ROD (used for diagnostics).

Event data then enters the Formatter. The Formatters convert the serial data
streans to parallel format, and detect and nark data errors. Derandom zing buffers
are located at the output of the formatters and used to queue events for
transmission to the EFB. An event is transnmitted fromthe Formatters to the EFB
when the control |l er FPGA sends the dynam ¢ Mode bits used to control the readout
of each link and a readout token. These signals are generated when a trigger is
det ect ed.

The EFB receives ATLAS event ID data fromthe controller FPGA. In nornal data
taking, the source of the data is the TIMwi th additional information provided by
the ROD (dynam c node bits and event counter resets). After the header and node
information is sent to the EFB the ROD Controller FPGA (RCF) issues one token to
the formatters. The formatters push data to the EFB. The EFB checks L1I D and BCI D
val ues and records errors. It also records any errors that were flagged by the
formatters. The event data is then stored in 16K derandom zing FIFGCs (two each).
There are two identical engines in the EFB transferring data at up to 40MHiz (tota
bandwi dth 80 MHz). Wen and event is ready (header, data body and trailer) it is
transmitted to the Router.

The Router has two nmain functions. The first, which is the main physics data path,
is to transmt 32 bit data words to the S-Link at 40 Miz. If the S-Link is
receiving data faster than it can transfer to the ROS, the S-Link can assert Xoff
to apply back pressure to the ROD data path. Wen back pressure is applied, read
out of data fromthe EFB FIFO is stopped. Wen the EFB nenories are al nost ful
back pressure is applied to the Formatters. This will stop event data

transm ssion fromthe formatter link FIFGCs. The Formatters have a programabl e
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threshol d that sends a flag (Header Trailer Limt) to the serial decoder block
that allows only Iink headers and trailers to be witten to the Iink FIFGCs, and a

programmabl e threshol d that raises a busy signal that will be sent to the TIMyvia
the Controller and PRM FPGAs. The probability of having the ROD go into ROD Busy
as a result of the full input FIFGCs is very low (Simulation with 10,000 events

has shown that there are no header trailer limts with a 95KHz trigger rate at 2
ti mes occupancy. At 2.8 tines occupancy the fraction of header trailer events was
2x10-4). A ROD Busy signal to the TIMshould stop triggers from ATLAS until there
is more space in the formatter FIFGCs. The busy signal will preserve that there is
one event for each ATLAS trigger.

The second function of the router is to trap data for the DSPs. This is perforned
with no effect on the S-Link data during normal running. Wen the RODis in
calibration node the DSPs can assert back pressure to pause the ROD data fl ow.

The Router traps event data by |ooking at the header event types and buffering the
data in a FIFO (1024 words per DSP). A nornal event at 1 tines nmaxi mum occupancy
is about 150 words. The data is transferred by DVA (256 word bl ocks) to the DSPs
at 80MHz so that events larger than 1024 words can be handl ed with no backpressure
(Up to the DSP fast nenory limt of 5632 words).

Sl ave DSPs perform functions such as histograns of event data, nonitoring (not
coded), and error processing (not coded). Fitting of data (not coded) is al so
performed. The master DSP usually controls the operations in the slave DSPs.

The controller FPGA controls the actions that configuration ROD, BOC and Front End
(FE) nodul es and the processing of triggers. Using primtives and tasks in the
Mast er DSP performs configuration on the ROD and all of its peripherals. The
Master DSP has read/wite access to the ROD bus (general read wite bus) to
perform configuration of the ROD and BOC. Serial streanms used to configure
nodul es are connected to the controller FPGA for transm ssion to the nodul es.
Primtives in the naster DSP are used by the RCC to nonitor the operation of the
ROD in nornmal data acquisition. The controller FPGA (in the real tine path)
receives triggers and ATLAS trigger information fromthe TIM An L1 Trigger from
the TIMresults in the ROD Controller issuing a trigger to the FE nodul es

(sel ected by a mask in the controller FPG) and transm ssion of the dynam c read
out node bits to the Formatters. Wen the event description is received from
ATLAS, the Event ID information, node bits that control incrementing of or
decrementing of L1 nunmber and event counter reset nunbers are sent to the EFB for
processing of the event. After a short delay (tine of the EFB to nmake ready the
data), a readout token is sent to the formatters.
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ROD Front Panel |ndicators

SDSP 0

SDSP 1

SDSP 2

SDSP 3

THERM

START

BUSY
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MDSP : Master DSP Heartbeat. Indicates that the MDSP has booted and is running. Therate
is controlled by Timer O.

RBB : (ROD Bus Busy) Indicates communication on the ROD BUS

BOC : (BOC Busy) Onif the BOC isinstalled and if the signal BOC_BUSY isinactive

STO/STL/ST2: These lights are controlled using the Master DSP Serial Receiver ports as
GPIO. They are currently not defined and can be used as required. The control of these
indicators is defined in the Master DSP sections

SLFF : The state of the Xoff signal from the S-Link. Onif SLFF#isactive.

SLON : Status of the LDOWN# signal from the S-Link Card. Thisindicator will flash if
thereis activity on the S-Link.

SDSPNn/GRN: Slave DSP Heartbeat. Indicates that the SDSP has booted and is running. The
rate is controlled by Timer O.

SDSPn/YEL : Thislightsis controlled using one of the SDSP serial ports as GPIO. This
indicates that a DMA block has been transferred from the Router to the DSP by toggling for
each completed transfer. The definition for thisindicator may change in the future.

THERM : (Thermal Overheat) On if the ROD temperature is greater than 70C

START : On when the Program Reset Manager FPGA is configuring and the ROD is coming
out of reset

BUSY : (ROD Busy) Onwhen the ROD isin any of the ROD Busy states defined in the
specification.
5.0V : 5V power supply is operational

3.3V : 3.3V power supply is operational

LINK OUT : Thisfront panel LEMO connector is connected to a signal multiplexor that
allows one link input at atime to be routed to the front of the ROD for examination. Itisa
LVTTL signa that is sourced through a 510 ohm resistor for short circuit protection.

RESET : Thisfront panel push switch allows a hardware reset of the ROD from the front of
the crate. A hardware reset of the ROD will reset al of the DSPs and will force al of the
FPGAs to be re-configured.



1.1 Program Reset Manager FPGA

The Program Reset Manager (PRM) FPGA controls configuration and reset of the ROD
and the interface with the VVME host. Wen the ROD is powered on or the front
panel reset switch is depressed, the PRMinitializes the board by hol ding the DSPs
inreset and transnitting all of the serial configuration data to the FPGA chi ps.
The Master DSP is allowed to boot with the FPGAs. Master DSP tests the ROD Busy
signal fromthe PRMto determnm ne when the FPGAs have boot ed.

Program Reset M anager

Resetall  Configure and
DSPs Reset all FPGAs

Flash Program Reset
Memory Manager FPGA ROD Serial Number

o

Geometric Address from Backplane

Reset DSP from controller FPGA
Busy from Controller FPGA

ROD Busyto TIM

»
L

Interrupt Request and Number from
Controller FPGA Data Bus

VME to Master DSP 32
: < » VME Save
Bndge Control/ Address

Master DSP Host Port Interface

N

> Interface

Figure 2: Program Reset Manager

The VME interface is then able to communicate to the ROD master DSP via the VME to
HPI Bridge in the PRM and the systemcan be initialized. Initialization includes
| oadi ng operation specific Slave DSP (SDSP) code fromthe VME host. ROD Busy is
asserted to the TIMduring configuration. Busy will also be asserted in nornal
running if there is no buffer space available in the ROD. VME access is A32/ D32
with progranmed 1/O or DMA. Al though the ROD supports VME interrupts, they are
not expected to be used. There are no plans at this time to support the full
ATLAS CRS space and | ogi cal addressing (The PRM can be programred to support this
if a need devel ops).

Loadi ng of new FPGA and MDSP code to the flash nenories froma VME host is

support ed.
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1.2 Controller

The Controller is composed of the Master DSP and ROD Controller FPGA. The Master
DSP runs software to perform system functions and the controller FPGA perforns
real tinme functions. The VME host communicates to all of the internal ROD

regi sters by using the Host Port Interface (HPI) of the Master DSP

The Master DSP controls and coordi nates operation of the entire ROD. It has access
to the FPGAs and BCC t hrough a regi ster bank connected to one of its externa
menory interfaces; this also gives it access to the full nenory range of the four
sl ave DSPs through four separate registers attached to their host port interfaces.
The DSP has two internal 64 KB nmenory bl ocks, which are used to store program
instructions and data (separately), and an additional 256 MB of slow menory, for
addi ti onal program storage and general data storage, attached to another of the
external nenory interfaces.

VWiile it is idle, the DSP runs a polling |loop that checks the DSP' s comunication
regi sters for requests fromthe host/user. The communication registers are a set
of words located in the beginning of the DSP's internal data nenory, which
conmuni cate requests fromthe host (via command registers), and indicate the
status of the DSP (status registers). To control the DSP, the user downl oads
"primtive lists" into the a reserved space in slow menory known as the primtive
buffer, and then sets a bit inside the main command register. Prinitive lists
consi st of a header & trailer (used for list coordination and error checking),
together with primtive data.

The list contains a series of primtives (subroutines, encoded using
identification numbers) together with data for each. The DSP then sets its |ist
busy bit inside the main status register and executes the prinmtives in the |ist
in series; one primtive is executed for each iteration of the main | oop. At the
end of the list the DSP renmpves the busy bit and sets an acknow edgenment bit,
signaling to the host that the list is finished. The host then resets the |ist-
ready bit in the conmand register, and the DSP fini shes the handshake by resetting
t he acknow edge bit.

As an example, the primtive RWREG FIELD (read & wite to a register field in the
ROD s FPGA register interface) has five input fields including the register's
identification number, the field s offset inside the register, the field width, a
toggl e i ndicating whether we are reading fromor witing to the register and sone
i nput data (for reading, there is an output data field). If witing to a field
inside the register, the master DSP will read the register, nodify the desired
field, and wite the new value back into it.

Aprimtive' s reply data, if there is any, is stored inside a separate "reply"
primtive list, located in a separate reply buffer. After |ist execution has been
conpl eted, the host retrieves the reply buffer as part of the handshake process
with the DSP. To control operation of the four slave DSPs, there are additionally
two private "inter-DSP" primtive and reply buffers. The DSP has four text
buffers (error, information, diagnostic and transfer buffers); the host using a
separ at e handshake process reads the text buffers. Primtive |ist execution can be
aborted or paused, if needed, using bits within the conmmand register

The DSP can al so run a separate class of "task" routines. Prinitives are typically
executed once during list execution (though a primtive can repeat while a | ong
operation is pending which requires access to the main polling loop, to use a
handshaki ng process), and are executed serially. Tasks are started using a
primtive (START _TASK). Once started, they continue executing, once per iteration
of the nain polling loop, until they conplete (they can al so be halted manual |l y).
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Tasks can be run in "parallel”, in that nultiple tasks will all be executed on
each iteration of the polling |oop. Data output fromtasks is retrieved through
another primtive (TASK OPERATI ON).

A major task on the master DSP is the histogramcontrol task, which controls the
operation of the ROD during a calibration.

The FPGA controller is shown bel ow

ROD Controller FPGA
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Figure 3: ROD Controller FPGA

Read/ Wite fromthe master DSP input is shown in the lower left of Figure 3. The
R/ Wcontrol bridges the MDSP EMF port to the ROD RRWbus. The ROD RRWhbus is
connected to the Slave DSP HPI ports, the diagnostic FIFO nmenories (data
receiver), and to all of the registers on the BOC and data path FPGAs. This path
(programed I/O or DVMA) to the slave DSPs is used to | oad the slave code and
control slave nonitoring and operations.

In normal running the TIMsupplies the trigger (mddle right of figure 3) and
event description (BCID, L1ID and Trigger Type). The trigger (one 25ns wi de

pul se) is detected in the Controller FPGA and expanded into the nodul e trigger
codes required by the SCT or Pixel FE nbdules. Calibration strobes and FE nodul e
reset conmands are al so detected and expanded as per the requirenments. The FE
Trigger code is sent to a 48 wide mask gate that sends the trigger to the active
nodul es. At the start of the run, the naster DSP sets the active links for the
default mask. After the ROD sends the Trigger code to the FE nodul es, a set of
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dynam ¢ node bits (2 bits per link 00b in normal running) are sent to all of the
Formatters. After sending the L1 pulse to the ROD, the TIMtransmts serial data
t hat describes the rest of the ATLAS trigger information. Wen the TIMdata for a
specific trigger has been transmitted, that data, a dynam c mask and t he nunber of
event counter resets are sent to the EFB. After a delay of a few clock ticks a
token to start the readout of the link FIFOs is sent to the formatter. The del ay
is to allowthe EFB to be ready for the data being pushed out of the formatters.

A variant of normal running used in testing is to use the TTMFIFO in the
controller FPGA as the trigger source and the date receiver FIFGs as the data
source. Up to 10 trigger and corresponding data can be | oaded in the FIFGs. There
is also a counter that determ nes how many tines the FIFOs will be transmtted.
This allow for testing of the ROD with trigger rates of 100kHz. Selected data is
recorded in the slave DSPs. There is a second variant where triggers cone from
the serial data streamfromthe Master DSP and the data fromthe Data Receiver
FIFOs. This variant is slower than the first variant.

The controller contains a counter for each link that is increnented for each
trigger sent to a FE nodul e and decrenented when a trailer for each link is stored
in the formatter derandom zing buffers. The counter when all zero indicates that
there is no data in the FE nbdules. The expectation is that the Front End
Qccupancy Counters are to be used with periodic resets to determ ne when the ROD
can start configuring FE nodul es that are not acting properly. The counter can

al so be used as a diagnostic on the performance of the system

The master DSP performs configuration of nodules. It uses the nmaster DSP nulti
channel buffered serial ports O (default) and 1 (corrective) to send data to the
controller FPGA. The controller FPGA has 2 separate 48 bit w de masks that can be
configured to send data to any selected FE nodule fromeither serial port. The
ROD Data Receivers allow return configuration data to be trapped and inspected for
data integrity.

The master DSP normally perforns calibration of npdul es sendi ng nodul e
configuration data and triggers on the conmand out put serial links. In addition
it uses BCID, L1ID and trigger type registers in the ROD Controller (on the |ower
m ddle of Figure 3) to build the event fragnments. There is a separate set of

regi sters for each serial port. The corrective (SP1) and default (SP0O) fornatter
and EFB masks are used to determ ne what nodul es are active for calibration. At
the start of a calibration sequence the resets are issued that zero the BCI D and
L1I D counters on the nodules and in the controller FPGA. ATLAS trigger types are
set with a wite to the register associated with the serial ports. The upper |eft
part of Figure 3 shows the serial port bit masks and the fornatter node bits.
There are eight sets of these node bits and mask bits for each serial port. These
node bits and bit nasks are | oaded at the beginning of a scan. Before serial data
is sent the group register is set. Setting the group register to a group nunber
causes the group information to be |oaded into mask bit register and the formatter
node bits to be | oaded into a register for use. Mdule variables are set via the
serial streams (calibration node is off) as needed. Serial streams are then sent
that contain calibration strobes and triggers to the previously sel ected nodul e
groups (up to 8 nodul e groups that may require different masks). Masks are
changed by the Master DSP based on the trigger streamneeds. A trigger pattern in
the serial stream causes BCID, L1ID, dynam c nmasks and trigger type to be
processed in the normal manner. Routing of data to a particular DSP is controlled
by the trigger type under the Master DSP contr ol

In the sinplest (normal) form each serial stream goes to one or nore distinct
nodul es. The calibration strobes and triggers for each scan point is repeated the
requi red nunmber of tinmes. The scan variable is changed (not in calibration node)
and the sequence of triggers is repeated to build the histograns in slave DSP
assigned. It is slightly nore conplex when 4 nodul es group (one trigger type for

10 4/ 2/ 04



each slave DSP) are being triggered. 1In this case the master DSP nust change the
group nunber, trigger type and L1ID in the controller FPGA as needed.

In the case of cross talk or interference studies, the controller can issue
calibration strobes and triggers to a nbdule and a second strobe during readout of
the first trigger data then trigger and read the second data set. The ROD is
capabl e of routing the data to different or the sane slave DSP. The ROD can al so

i ssue strobes and triggers to multiple nodul es while other nodul es receive tine
correl ated strobes and triggers and route the data to the same or different DSPs.
These correl ation studies are avail abl e because the two serial streams fromthe
master DSP are bit for bit matched in tinme. 1In all cases, the triggers in the two
serial streanms nust be separated by a m nimumof 5 40MHz cl ocks.

The SCT nmodul es are expected to | ose synchronization with the ATLAS L1ID due to
upsets. The design provides for a correction of +1 or -1 to the L1ID as data is
bei ng taken on a non-interference basis. Synchronization problens are detected in
the slave DSPs. The correction indicates what |ink L1 D needs to incremented or
decremented. This value will be put in the EFB corrective dynanm c nask. The
formatter’s corrective mask al so requires node bits that determ ne how each |ink
is to be processed (0lb indicates to skip the link and 11b indicates dunp current
event and read second). After the corrective nasks are set the next trigger wll
execute the action of the masks once for the formatters and conti nuously for the
EFB. The event fragnents fromeach link are then synchronized with the ATLAS
triggers. Wien a periodic reset is received the corrective action is renmpoved from
t he EFB mask.

1.3 Data Receivers

The Controller FPGA controls all input menmory functions. The basic operations
i ncl ude, passing normal data through with no trapping, trapping data fromthe
i nput |inks, and playing of test data to the formatters.

The I ayout of the input nenories (Data receivers) is shown bel ow

Data Receiver | mplementation

48 J 48
o] 1 >
18' Y
. & Data
Link Input s Input FIFO uxiz;zk To
48 bits, 32k
from BOC o words Formatter
% . A X XCVR t
B [ |
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é Similar controls as below
m 48 Y 48
y >
A
Data
Input FIFO >\ S
48 bits 32k
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4 XCVR
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y v
Input Control Advance FIFO and latch new input RIW
Memory EIEO Enable FIFO output data Bus
& XCVR ' i Retransmit FIFO Data
Control Operation etransmi
Read orwrite dala 48 bits are written or read as
Select 16 or 32 bit part of word 32 bit word bits 0:31

16 bit word bits 32:47

Fi gure 4:

Dat a Recei vers
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Because the FIFOs are 48 bits wide and connected to a 32 bit w de bus, data nust
be witten in and read out in 2 cycles. The first word is 32 bits wide, and the
second is 16 bits wide. The 2 cycles represent 1 FIFO |location. The contro
signal to performthese actions is provided by the controller FPGA. Data can be
trapped in nornal data taking but cannot be read out until the formatters have
processed all of the event data, and triggers have stopped. Wen the ROD is not
in normal running nobde, the FIFGCs can trap and read as required. This can be used
during calibration of the tinmng of the BOC. The FIFOs can al so be used to read
configuration data back fromthe FE nodul es.

1.4 Formatter

The main function of the formatters is to convert the serial data fromthe nodul es
to word data and provi de derandom zing buffering for the event fragnments. They

al so detects nodul e packet errors, provide signals to the controller FPGA to
indicate that all link trailers have been received, respond to back pressure from
the EFB and provide busy to the controller FPGA to indicate fatal errors (buffers
full). The FPGA has separate versions of the code for SCT and Pixels. The SCT
version has 12 links (6 nodul es) per formatter. The pixel has 4 |inks per
formatter. A block diagramof the formatters are shown bel ow.

SCT Formatter 0 12 Links Shown

R R Token from Controller EFB Halt Output
Serial to Parallel 1 of 6 dual FIFOs shown 32 b
. C%?rr;\é?rsor} and 32b »| FIFO 256 W 39b Data to EFB >
Link0 | correction of 1 by 32 bits £
————» bit errorsin header X Yy A A . DataValid to EF.
and trailer TrailerrWR 0 I Md—&
Record error in WEN 0 \ ~ Cont| Readout Cont
datawords > Cont TR Read out 0- ) 1 | —
FF out:0” | Control of ead out 0-1| One engine Header Trailer Limit
FEouti1 | FIFOsand EF out 0-2| per FPGA — >
Link 1 | Serial to Parallel [ WEN 1 Data MUXCOm H-TR Limit Trailers to
™ g » > Controller
Conversion and il A [ Busy
ct:)(_)rrection_ ofhl g Trailet WR 1 | > Decrement
it errors in header Trigger
and trailer 32b | FIFO 256 W Counters
Record error in > by 32 bits I S
datawords 12eam | =
= 12ea 4 Linkon/off Static Mask 1 bit per Link
Link 105, I converters Readout controller provides
- o Dual FIFO control changes Readout of data of token 3
Serial to Parallel the FIFO to 512 words if one Link time out error detection it

Link 11

link is turned off by the static
mask

Conversion and header generation
Data over flow detection
Header trailer limit
Busy function and limit
Dynamic mode bits

—>

Edge Mode
Timeout

ic Li Data_too_Large

E"ggf?gcﬁrgég! %At%gﬁ Iilt?llt( Header trailer Limit
Expanded Mode per link 1
4 Dynamic
gw RIW Mode bits
us Bus " )
2bitsperlink  1oen to Next Formatter FPGA

Figure 5A: ROD SCT Formatters
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B Layer 4 Links'Mod, 1 Module/Formatter, 1 Readout Cont. Token from Cantroller
_Link 2| serial to Parallel 32 »| FIFO 2048 W 320 A dd Headers for Daato E'i
: Conversion and y 32 bits )
_ngnk correction of 1 | M.CC events b 39b
. bit errorsin header Sipped 7
__LJ.Dk_‘ and trailer —WENQ Cont y .
) ) EE out0_| Control of FIFO and DataValidto EFB
nk | Record error in «FFout D(z;?arl\el L(J)X and e Readout Cont
data words ILaIJﬂ_D_\?( —Cont_— _ E Eatal E
TR Read/outy| One engine
per FPGA —Header Trailer Limit,,
Disk 2 Links/Mod, 2 Module/Formatter, 1Readout Cont| | 1g|; _
— =R LM Gentime out @ EEBHAtOupt
Link 3| Serial to Parallel »| FIFO 2048 W
Conversion and by 32 bits A
Link 3 correction of 1 —
bit errorsin header —>u
and trailer ;2 >
Record error in 4ea X Tralerst
ink ¢ data words railersto
inkp e < Controller
. ’ Decrement
Layer 1LinksMod, 4 Module/Formatter, 1Readout Cont. Trigger
Link 3 Serial to Parallel »| FIFO 2008 W Counters
Conversion and by 32 bits
correction of 1
bit errorsin header !
and trailer
. Record error in
Linic3p- data words Timeout /
M Y Data too_Large
Link5» . . . Header trailer Limit
Link On/off 1 bit per link
Dynamic
Mode bits
R/W R/W 2 bits per link Token to Next Formatter FPGA
Bus Bus

Figure 5B: ROD Pixel Formatters

The SCT formatter can operate in one of 3 nbdes. The Expanded Mbde and

Configurati on Mbde register bits control the formatter decodi ng nodes. The nodes
are condensed (not Config & not Expanded), expanded (not Config & Expanded) or raw
(Config node bit) data. Details of the data Formats for the SCT and Pixel ROD are
in section 3.1. Condensed node is the nornmal data-taking fornmat (one or two hits
per 16 bits). |If there is a framng error in the serial data the formatter wl|
record the error and change to raw data node for the remminder of the |ink data.
Expanded node uses 32 bits to store one or two hits. Raw node places 8 bit of
nodul e data in 16 bits.

The pixel formatter with 4 |inks per formatter can support 4 40MHz |ink inputs
fromthe BOC.

One nodul e of B-layer (2 80Mhz optical |ink per nodule) (1 nodule has 4

40 MHz ROD input per nodul e) or

Two nodul es of forward disks (1 80MHz optical |ink per nodule) (1 nobdules
has 2 40MHz inputs per nodule) or
Four nodul es of layer 1 (1 40MHz optical |ink per nmodul es) (1 nodul e has

1 40MHz i nput per nodule).
Sel ection of nodule type is done with junpers.

The output of the pixel formatter, figure 5B, shows a box “Add header for MCC

ski pped event”. The MCC will wite on the |ast good event how many events have
been ski pped. The ROD will renmenber this number and renove the error fromthe good
event. It then will send the saved nunber of skipped event. Each event has an
error flag. This perforns the needed function of keeping event synchronization and
inforns offline of the number of skipped events for the nodul e.
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The SCT formatter formats and packs the link serial data bits 31:16 or 15:0 of the
32-bit data word. For exanple, an event (Expanded Mdde) could be of the form

Bits 31:16 Bits 15:0
Front End Nunber, d uster
Header L1 & BAD Base Address and First Hit
One or Two Hits Trailer

See section 3.1 for exact SCT and Pixel formats and exanples. As 32 bits words
are nmade they are witten to the input |ink derandom zing FIFO that is 512 words
SCT and 2048 words pixels long. Under normal running condition with 95KHz tri gger
rate, full lunmnosity and 2 times mn bias occupancy the buffers will have and
nmean occupancy of about 20 words. There are two progranmabl e registers that
determ ne special action. One is the header trailer limt that is expected to be
set at about 4/5 of the FIFO size. Wen this linmt is reached only header and
trailers will be stored (one word per link hit SCT or twp words per link pixels).
A bit in the data records this case. The other register is the busy limt
expected to be set at about 9/10 of the FIFO size. Wen this limt is reach ROD
busy is sent to the ATLAS via the TIM |If the events continue to cone in a fata
error is generated and the ROD stops (busy assereted)(should never happen).

Formatter Error Detection:

The Formatter can detect and nmark in the data header 1 bit errors, trailer 1 bit

errors, condensed node data errors, |link readout time out errors, header trailer

limt errors, and |link data FIFO overflow errors. See section 3.1 for the

| ocation of errors in the data stream Special care has been taken to insure the
there is one set of link data per ATLAS trigger. A one-bit error is allowed for

in the header or trailer so that data will be decoded in the fornatters if there

are transm ssion errors. This also helps to prevent the m xing of data fromtine
adj acent triggers.

Header Errors:

The SCT and Pi xel FE nmodul es output a |ink data header at the start of each data
packet transmitted to the ROD. One changed bit in any position is accepted as a
header, but the header error bit is set in the |link header

SCT Headers Accepted:

Data Pattern Header Detected Header Error
111010 Yes No
1111010 Yes Yes
011010 Yes Yes
101010 Yes Yes
110010 Yes Yes
111110 Yes Yes
111000 Yes Yes
111011 Yes Yes
1110100 Yes Yes

Pi xel Headers Accept ed:

Data Pattern Header Det ect ed Header Error
11101 Yes No
11100 Yes Yes
11111 Yes Yes
11001 Yes Yes
10101 Yes Yes
01101 Yes Yes
111101 Yes Yes
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Trailer Errors:

The FE nmodul es output a trailer at the end of each event data packet to indicate
that all data has been transmitted to the ROD. The SCT FE nmodule link trailer is
defined as a 1 followed by 15 0's. The Pixel FE nodule trailer is defined as a 1
followed by 22 0's. One changed bit in any position is accepted as a trailer, but
the trailer error bit is set.

Synchroni zation error detection:

If one of the field separator bits (sync bit) in the serial return data streamis
incorrect or not detected, the link decoder will switch to raw data node until a
trailer is detected. The Formatter will set the “sync error” bit in the link
header word and clear the “normal data node” bit in the FMI_DATA FMI_STATUS()
register. The status register bit will remain set until the register is read, at
that point, the link decoder status is checked and the bit will reset to 1 if in
normal data node, or latch a O if in raw data node.

Condensed node error detection SCT:

The ROD variable “edge_node” is used to determine if the input hit data is
consistent with the state of this variable. |f not a condensed nbde error bit is
set.

Li nk readout time out error detection:

If a link has not received data in the time set in the time timeout register, a
header and trailer will be witten to the link FIFOwith a link tinme out error
code.

Header trailer limt (HTL) error detection:

If the anpbunt of returned |link data causes the |ink FIFO occupancy to reach the
header trailer limt, the Formatter will change to Header Trailer Limt node. |If
the Formatter is currently receiving an event when the limt condition occurs, the
decoder will stop witing data to the FIFOuntil a trailer is detected. The
trailer will be witten to the FIFOw th the HTL error bit set. Wen the next
link header is detected, the Iink decoder will store it in a register, wait for
the trailer to be detected, add the error bit, and wite both half words to the
l'ink FIFO

Data too large error detection (link data FlIFO overflow errors):
This is a historic state that is not |onger needed. |If the event is too |arge
(based on a register) a status bit is set.

In normal operation the MDSP via the controller FPGA sets the registers in the ROD
that determine the followi ng: (See the procedure section for exact details)

Static nasks (links that are active)

Header Trailer Limt (link FIFO al most full)

Busy Limt (link FIFO full)

Li nk Readout Time Qut Limt

SCT Edge and Data Decoder Mode sel ection (Raw, Condensed or Expanded)

After the ROD Controller FPGA detects a trigger, dynam c node bits, 2 per |ink,
are sent to the formatters that determne how the data stored in the |link FIFGCs
will be played to the EFB
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Li nk bits

Mode Bit Definitions

00 Nor mal data readout
01 Ski p readout (used to resynchronize links to the ATLAS triggers)
10 Dunp one event of link data (used in testing)
11 Dunp first event, readout second (used to resynchronize links to the
ATLAS triggers)
A trigger is then issued to the Formatters to start readout.

The 8 formatter chips are arranged in two banks of 4. This architecture allows
the formatters to push the data out at bandw dt hs approachi ng 80MHz, twi ce the

out put bandwidth to the S-Link. Wth 2 banks of Formatters, the bandwidth [imt
of the ROD will be determ ned by the bandw dth of the S-Link.

1.5 Event

Fragment Bui |l der

The Event fragnent builder has two engines that collect the formatter output and
pl ace the reformatted data in large FIFOs (16k words) at the output of the EFB.
These derandom zing FI FOs can store about 200 events at full lumnosity. In
addition L1ID, BCID is checked and error counting is perforned. The last function
is to output the event header, trailer and data.

Event Fragment Builder (EFB)

Data
9 g ] Router Halt Output
Ol-dtalbt EFB Plaéa Engllne 1 Event Data 43
< ? ven checking Output Contro[ 16Kx46
Data Error Counters » Output »
Valid Format e\/mt < Almost Full Fl FO
Format #,| EV Done g
A
Data T &
9 Event Data » 43 .
it EFB Data Engine 2 Output Control! gﬁﬁéﬁ? Nraagl=
Qutput Event ID checking | amesfal | FIFO (04
Data Error Counters v IS
Valid Group counters o
——»  Format event 8 4 hit counters Error i
Format # | ncre{?ent on Summ E\éagra/g{nerrt >
— b event from -
(<D A Dyn EV Dong| Formatter v \égg:gs 2 <
o Control Mask & | 32
L Status, L1-BCO G L4 A A
o) Engine FIFO i ead i Data Type
o ngine R
S E{st — ZSgw x 107b %g\thllpx':'l';g E er/traléer EVQl’]t Event Data |
= 2en o ragment eneration valid
=]
(é E\éﬂ Derandomizing Header FIFO Data Output Control Read Event
Data/  —>FIFO L» <
e}
= Trig Type 2k x 16b 256w x 32b
k=]
|_

Figure 6: EFB

Pr ocessi ng
controller

of an event starts with receiving event descriptor data fromthe
FPGA. This data consists of the EFB dynam ¢ nasks, and event header

data (see section 3.2 for details). The event descriptor is stored in a
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der andoni zi ng FI FO
FI FO

Then passed on as required to the engine FI FO and header

The secondary FIFGCs are used in processing and event.

EFB Data Engine 1 Engine Shown
Output FIFO Almost Full
Halt Output <
Data
Valid A
4.,
39 Add or BCID / Error Format Output FIFO Data
—“—»| subtract from »|L1ID > Detect, ol Data & 43 >
DataLink 1-48 L1 number Check Count Count
Format #
- > Mode
bns%m LID
or sub 1
from BCO
L1ID
v
Error Summary Data
Input bits to error summary
Header bit error (0)
Dyn Trailer bit error (1)
LMla%kC% glagged err(og[)(z) (from front end chip_ Work count to
- ync error
Hit pattern error (4) EFB FIFO
L1ID error (5) —_———— >
-EFCID ertror (6)(7) Summary and
Imeout error
R/W Mask (96 ea.) Almost full (8) Count to EFB
Bus > Data overflow (9)
If summary AND Mask =True FIFO o
Count = Count +1 < >
Summary Error = <
Summary Error | current Error %

Figure 7: EFB data engine

I nput data pushed fromthe formatters is processed with the EFB dynani ¢ mask.

This mask determnes if the L1l D nunber
(used in link resynchronization).

ATLAS BCI D and L1ID.
supplied by the TTC
the |ink headers.

each |link are shown

The next step is to process al
A static mask determines if alink is to be processed.

is increnented, decremented or unchan
The BCI D and L1ID are then checked agai nst

If the values in the |ink headers do not match those
System errors will be marked and sent along in parallel
of the errors in the pipe
The errors processed
bel ow.

ged
t he

W th
i ne.
for

Mask Bit
Locati on

Error Type

Header bit error

Trailer bit error

FE Fl agged error

Sync error

Condensed Mode Hit Pattern Error (SCT) / MCC Error (Pixel)

L1I D error

BCI D error

Ti meout error

Al nost ful

Data overfl ow

Non- Sequential Chip Nunber in Event Data

Invalid FE Chip (SCT)/Invalid Pixel Row Nunmber (row > 159)

Invalid Pixel Colum Nunmber (colum > 17)

el
SIRIEB| o o|~|o|v| s wivik| o

MCC flag to indicate a skipped event (Pixel Only)
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For each link in the event the error bits above are counted, and ANDed with the
conpl ement of the Error Mask register and ORed with errors fromall of the Iinks
ina fragment. The result is that the nunber and type of errors in a fragment
will be recorded and inserted into the Event Trailer.

After the error detection block the data is formatted and witten to the out put
FIFO. EFB formats are shown in section 3.2. Trailers are renoved if there is not
an error inthe link. |If there are no errors in the link and no data the header
and trailer are deleted. After unnecessary half words are renoved, it re-packs
all the data into 32bit words so that there are no gaps in the data. A word count
of the data in the FIFOis then sent to the header section

After error data and the data word counts are available from both EFB engi nes and
trigger type data, an event is delivered to the router (data is pushed). An event
consi sts of the header, data section and trailer

The group counters used in calibration (4 bit counter per group, 8 groups) are

i ncrenent when an event has left the Formatter for each EFB engi ne. The specific

group counter is determined fromthe group FIFGCs. This is used in calibration to

know when and group has been read out of the formatter. A new trigger can then be
i ssued subject to space available in the slave DSP DVA buffers.

I f back pressure is supplied fromthe router, DSP asserts Stop (only calibration

node) or the S-Link asserts Xoff, data will not be transmitted, but the EFB can
still process data and wite to the output nenories. |If any of the internal EFB
FPGA FI FOCs are alnmost full or the output FIFOs are alnmpst full, the FIFO
controller will be told to pause and back pressure will be applied to the

Formatters.

1.6 Router

The Router has two nmain functions. One is to pass date to the S-Link. The other
is to trap and send data to the 4 slave DSPs. The router block diagramis shown
bel ow.
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Q
Router Halt Output Xon/Xoff o)
JDSP Halt Output m
. c
Event Header Data 32 S-link Data » 3
Event Trailer Data A £
Read event data D
Output FIFO Data 43 | and format for DSP Error Data
Event Data Valid _| s-link or DSP
Data Type error data
A
4 event trapping filters for slave DSP
Each slave DSP filter hastwo traps
Filters can trap on event types ATLAS, TIM , ROD or error data
Each trap has a divided by factor that will reduce data to DSPs
Control & Status
for Block Xfer/
R/IW DMA / S-Link
Bus 4 DM A transfer engines. Each engine has a 1k 32b word derandomizing
buffer. Each buffer is broken into 256 word blocks.
DMA moves full blocks of data. The blocks are filled as shown below:
small event —L| word count & continue bit in last word
large event = (=== = word count & continue bit in last word
exactly one block [==== "W word count & continue bit in block 2 last word
< </ | DMA DSP
| -
a =2/ | Cont. Halts
[a)

Figure 8. Router

Event data is passed through the router with only mnor format changes. The
interface to the S-Link is inplemented. When test data is needed for the S-Link
the ROD is taken out of normal running node and the FIFGs in the data receiver or
at the output of the EFB can be |loaded. That data is then played through the ROD

Trappi ng of data for the slave DSP can al so be perforned. There is a separate
trap filter and 4 bl ocks of 256 words deep FIFO for each DSP. The trap can be set
to l ook for ATLAS, TIMor ROD event types. The trap type data is found in the
first word of the Event Header, and then renpved so that the first event word to
the S-Link is in the correct format. Traps al so have a division factor to contro
t he nunber of events that are sent to the DSPs. The Router can send the trap data
to the DSPs in 2 formats. S-Link Data format is in the sane format that is sent
to the ROS, and is used in normal running and calibration. Error Data format is
the link data as is fromthe EFB routed to the DSPs. (See section 3.3 router
formats). The mmin difference between Error ands-Link data format is a two bit
per link error field in the trailer. The Error Data format is intended for |ink
resynchroni zation in a slave DSP

The 4 256 word data buffer for the DVA transfer per DSP store the data in the
required format. The last word of an event bl ock contains the data word count,
trap identification and error bits. Blocks of 256 words are DMAed to the sl ave
DSP at a 80MHz rate. Filling of the data blocks is at 40MHz. Since data is read
out faster than it is read in events that are larger than 4 can be transferred. In
t he special case where slave buffer resources are consuned the event is termn nated
on the current block and the trailer is marked with and overflow bit.

1.7 Slave DSps
As nentioned previously, the ROD has four "slave" DSPs attached to its data path

(the router FPGA transfers events independently to the four DSPs). Each sl ave DSP
is connected to a separate pipeline in the router FPGA, through one of its
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external nenory interfaces. Like the master DSP, the slaves have two internal 64
KB menory bl ocks; they have 32 MB of external (slow) nenory attached to two ot her
external nenory interfaces.

Sl ave DSPs have a program structure simlar to the naster DSP, with comruni cation
registers, primtive, reply, and text buffers. The main differences between the
different DSP types is that since the slave DSPs process event data they have

| arger amounts of nenory, and that the master DSP i s continuously comruni cating
with the slave DSPs during normal ROD operation

Since multiple accesses to the slaves' nenories would confuse the ROD and cause
bus errors, the host does not directly access the slave DSPs, but rather uses the
master DSP as a waypoint. The master DSP contains sone extra program handshaki ng
processes which control primitive list transfer fromthe host to the slave DSPs,

t he host portion of the handshaking process, and retrieval of any text or reply
buffers.

The primary functions of the slave DSPs are event analysis during data taking, and
detector calibration. The DSP retrieves data frames (256 words) fromthe router
using a DVA transfer with an | SR upon conpletion. The router keeps track of event
trailers and indicates the end of an event using the |ast data word of the frane;
once an event is conplete the DSP | SR places it on the event queue. Events are
flagged for processing by the different tasks using the EVENT_TRAP_SETUP
primtive. On each pass through the DSP's polling | oop, one event is transferred
for processing to all tasks for which it was slated; the event is then renoved
fromthe queue (and the nenory it used is freed).
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2.0 Modes of QOperation

ROD Control | er Modes
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3.0 Data Formats

Data formats for Formatter, Event fragment Buil der and Router are shown in

sections 3.1 to 3. 3.
3.1 Formatter Formats

SCT Serial Input Data

The nmpdul e data format is shown bel ow

For a nore detailed description of the

data format transmitted by a SCT Modul e pl ease see the ABCD3T Chip Specification

V1.2
Nor mal data
Header DT L1 BC I D
<11101> <0> <nnnn> <bbbb, bbbb> <1> <data block> <1> <data bl ock n>
Dat a bl ock
. ) . Next Nt h
Chi p Hi t Channel First
Leader Addr . Addr ess Hit Cff?' CE?P'
<01> <aaaa> <ccc, ccce> <1> <ddd> <1> <ddd> <1> --- <ddd> <1>
. Hit ) Hit )
Leader gﬂgrp Channel ELE Channel ELE
) Addr ess Addr ess

<01> <1101> <0000011>

Ht Pattern
Detector Alignnment 1xx or
Data bl ock no hit <001>

Error data

<1> <ddd> <01> <0000101> <1> <ddd> <1>

x1x or xx1; Level x1x; Edge 01x; Test xxx

Leader Chi p Addr. Error Code
<000> <aaaa> <eee> <1>

In condensed or expanded
bits note as shown), the

SCT Formatter Data Fornmat

Trailer
<1000, 0000, 0000, 0000>

N+1t h
Chan
Hit
<ddd>

Hit

<ddd>

data nodes, if the link decoder m sses a sync bit (bold

Formatter will switch to raw data node.

Al event data is in 16 bit packets packed in 32 bit words. The Formatter adds

information to the event data bus by expanding it to 38 bits wi de.

Bits Definition

Not es

[31:0] Event Data

[ 35: 32] Li nk Nurber

(Present for all 32 bit words)

[ 36] Time Qut Error

Bi t (Present for all 32 bit words)

[37] Condensed Mode

Bi t (Present for all 32 bit words)

Formatter Qutput (bits 31:0 bits 37:32 for all words)

Nane Bits [15:0] or [31:16]
Header 001plLLLLBBBBBBBB
Trailer 010ZhVXXXXXXXXXX
1 hit condensed 1FFFFCCCCCCCxf x0
2 hits condensed 1FFFFCCCCCCCsf x1
1st hit cluster expanded 1FFFFCCCCCCCODDD
1 hit cluster expanded IXXXXXXX0xxx1DDD
2 hit cluster expanded Ixxxxxxx1DDD1DDD
Fl agged error 000xxxxxx FFFFEEE
Raw dat a 01 Lnnnxx VWANNNNN
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Condensed exanpl e

WL 001pLLLLBBBBBBBB 1FFFFCCCCCCCxf x0 Header + 1 hit
W2 010zhvxxxxxxxxxx 0000000000000000 Trailer

WL 001pLLLLBBBBBBBB 1FFFFCCCCCCCsf x1 Header + 2 hit
W2 1FFFFCCCCCCCxf x0 010ZhvXXXXXXXXXX 1 Ht + Trailer
Raw data exanpl e

WL 001pLLLLBBBBBBBB 01lnnnxxBBBBBBBB Header + 8 bit
W2 011nnnxxBBBBBBBB 010zZhvXXXXXXXXXX 8 bit + trailer
Expanded exanpl e

WL 001pLLLLBBBBBBBB 1FFFFCCCCCCCODDD Header + 1 hit
W2 1Ixxxxxxx1DDD1DDD 1xxxxxxXx0xxx1DDD 2 hit +1hit
WB 010zhvxxxxxxxxxx 0000000000000000 trailer
Condensed to Raw on Error Correction

WL 001pLLLLBBBBBBBB 1FFFFCCCCCCCsf x1 Header + 2 hit
W2 1FFFFCCCCCCCxf X0 010ZhvXXXXXXXXXX 1 hit + Trailer

Error
WL 001plLLLLBBBBBBBB

on 1 before 3rd hit

1FFFFCCCCCCCsf x 1

W2 011nnnxx VWYYV 010ZhvXXXXXXXXXX

(coul d have done it

before 2nd hit)
Header + 2 hit
raw + trail er

Format will switch to raw on the following errors for the rest of the event.
Key :
x= do not care (The ROD fills these with 0's)
B=BCl D

WEr aw dat a

D=3 bit hit data
E=ABC error code

C=cl uster base address

F=FE nunber

h=header trailer limt error

L=L1I D

n=count of raw data

f=error in condensed node data, 1st hit
s=error in condensed nbde data, 2nd hit

p=pr eanbl e error
z=trailer bit error
v=data overfl ow error
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Pi xel Serial Input Data

The Pi xel FE nodule data format is shown below. For a nore detail ed description
of the data format transmitted by a Pixel FE Mdul e pl ease see the MCC D2

Speci fications, Qutput Data Fornmat.

Nor mal dat a

Pi xel Formatter Data Fornat

Bits Definition Not es

[31:0] Event Data

[ 35: 32] Li nk Nurber (Present for all 32 bit words)
[ 36] Time Qut Error Bit (Present for all 32 bit words)
[37] Not Used

Formatter Qutput (bits 31:0 for all words)

Nane Bits [31:0]
Header 001PxxXxxXXXXXAAAALLLLLLLLBBBBBBBB
Trailer 010ZHVXXXXXXXXXXXXXXXXXXXXXXXXXX
Hi t 100x FFFFRRRRRRRRX XX CCCCCTTTTTTTT
FE Flag Error (A d) O0000FFFFxxxxxxxxxxx11110FFFFEEEE
FE Flag Error (New) 0001FFFFxxx1111leeeeeeeeEEEEEEEE
Raw Dat a 011 bbDDbDDDDDDDDDDDDDDDDDDDDDDDDD
Time Qut Data 00100000000000000100000000000000

Key:

A = Nunber of Accepts per L1 Trigger

B = BCID

C = Pi xel Col um

D = Raw Dat a

E = FE Error Code

e = MCC Error Code

F = FE Nunber

H = Header Trailer Limt Error

L = L1ID

N = Count of raw data bits

P = Preanble Error

R = Pi xel Row

T = Tinme over Threshol d val ue

V = Data Overflow Error

x = do not care (The ROD fills these with 0's)
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3.2 EFB Fornmats

Event Data /Trigger type from Controller FPGA

This is the Event ID data sent fromthe controller to the EFB. The data is
conposed of 17 16-bit words. It is used to formthe event header and process
events in the data flow path

Wor d Descri ption Engi ne Header

FI FO FI FO
0 L1 1D [15:0] [3:0] Yes
1 ECRID[7:0] & L1 ID[23:16] No Yes
2 BC ID[11:0] & 0000 [7:0] Yes
3 TIM Event Type [1:0] & Atlas Trigger Type [7:0] No Yes
4 ROD Event Type [7:0]/(spare bits) [15: 8] No Yes
5 Dynani ¢ Mask [ 7: 0] Yes No
6 Dynam ¢ Mask [15: 8] Yes No
7 Dynami ¢ Mask [23:16] Yes No
8 Dynami ¢ Mask [31:24] Yes No
9 Dynami ¢ Mask [ 39: 32] Yes No
10 Dynami ¢ Mask [47:40] Yes No
11 Dynami ¢ Mask [55: 48] Yes No
12 Dynami ¢ Mask [63: 56] Yes No
13 Dynami ¢ Mask [71: 64] Yes No
14 Dynami ¢ Mask [79:72] Yes No
15 Dynami ¢ Mask [87: 80] Yes No
16 Dynami ¢ Mask [ 95: 88] Yes No

Dynamc Mask [95:0] is 2 bits per link, used to correct nodul e synchroni zati on.
DMBits [1:0] “00” no change to L1 ID for this event
DMBits [1:0] “01” Increnent L1 ID for this event
DMBits [1:0] “10”" Decrenent L1 ID for this event

Event Header

Wor d Contents Comment
0 0xBOF00000 Begi nni ng of fragnent narker
1 OxEE1234EE Start of header
2 0x9 Header si ze
3 TBD For mat versi on nunber
4 TBD Source identifier
5 L1 ID Level 1 1D
6 BC ID Bunch crossing ID
7 L1 7T ATLAS Level 1 trigger type
8 DET Det ector event type ROD or TIM
Event Trailer
Vord Contents Coment
0 Error count Status 1. count of words with error
1 Error flags Status 2: Bit error see EFB errors
2 0x2 Nunber of status words
3 nDat a Count of data words
4 Ox1 Status bl ock position: 0/1 = before/after data
5 OxEOF00000 End of fragnment marker
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EFB Qut put Li nk Format

SCT data is formatted in 16 bit packets packed into 32 bit words.
EFB Qutput Link Data Format - SCT
Bits Definition Not es
[31:0] Event Data
[ 38: 32] Li nk Nurber Present for in header word only
[39] Time Qut Error Bit Present for in header word only
[40] Condensed Mode Bit Present for in header word only
[41] L1 ID Error Bit Present for in header word only
[42] BC ID Error Bit Present for in header word only
EFB Qutput (bits [31:0] bits for all words)
Nane Bits [15:0] or [31:16]
Header 001plLLLLBBBBBBBB
Trailer 010ZhvXXXXXXXXXX
1 hit condensed 1FFFFCCCCCCCxf x0
2 hits condensed 1FFFFCCCCCCCsf x 1
1st hit cluster expanded 1FFFFCCCCCCCODDD
1 hit cluster expanded IXXXXXXX0xxx1DDD
2 hit cluster expanded Ixxxxxxx1DDD1DDD
Fl agged error 000xxxxxx FFFFEEE
Raw dat a 01 Lnnnxx VWANNNNN
EFB Qut put exanples for two SCT events
Bits [42:32] Bits [31:16] | Bits [15:0] Not es
Event header 9 words Nor mal event
bl Kt MVMVMVM Li nk header Condensed
bl Kt MVMVMVM Condensed Li nk header Tra!lers are removed if no
trailer errors are present.
Condensed Condensed
bl Kt MVMVMVM Li nk header Condensed
Condensed Condensed
Condensed Condensed
Event trailer 6 words
Event header 9 words
bl Kt MMMVMVM Li nk header Condensed
bl Kt MVMVMVM Condensed Li nk header
Condensed Condensed
bl Kt MMMVMVM Link trailer Li nk header Error in trailer
Condensed Condensed
bl Kt MVMVMVM Li nk header Condensed
Condensed Link trailer Special trailer fill
Event trailer 6 words

If there are no errors in the trailer

trailer are not w
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EFB Qut put Link Data Format - Pixel
Al Pixel data is in 32 bit words. Data bits 42-32 are valid for header word
only.
Bits Definition Not es
[31:0] Event Data
[ 38: 32] Li nk Number Present for in header word only
[39] Time Qut Error Bit Present for in header word only
[40] Not Used Present for in header word only
[41] L1 ID Error Bit Present for in header word only
[42] BC ID Error Bit Present for in header word only
EFB Qutput (bits 31:0 bits for all words)
Nane Bits [31:0]
Header 001PxxxxxxxXAAAALLLLLLLL BBBBBBBB
Trailer 0L10ZHVXXX XXX XXX XXX XX XXX XXX XXX XXX
Hit 100X FFFFRRRRRRRRXXX CCCCCTTTTTTTT

FE Flag Error (Q d) O0000FFFFXxXxxxxxxxxx11110FFFFEEEE
FE Fl ag Error (New) 0001FFFFxxx11111leeeeeeeeEEEEEEEE
Raw Dat a 011 DbDDbDDDDDDDDDDDDDDDDDDDDDDDDD
Time Qut Data 00100000000000000100000000000000
EFB Qut put exanples for two Pixel events
Bits [42:32] Bits [31:0]
Event header 9 words
bl Kt MVMMVVIVM Li nk header Key :
Hi t A = Nunber of Accepts per L1 Trigger
Hit b = BCID error
Link trailer B = B D
bl Kt MVMVIVVM Li nk header C = Pixel Colum
Hit D = Raw Data
H t E = FE Error Code
H e = MCC Error Code
- - F = FE Nunber
EventLItnrkaitIrearl |6ervxords H = Header Trailer Limt Error
Event header 9 words :_ ; tileD”or
bl Kt MVMMVVIVM Li nk header o
. M = |ink nunber
H!t N = Count of raw data bits
. H't. P = Preanble Error
L|_nk trailer R = Pixel Row
bl Kt MVMVMVM Li nk _header t = time out error
H!t T = Tinme over Threshold val ue
Hi t V = Data Overflow Error
Hi t x = do not care
Link trailer Z =trailer bit error
bl Kt MVMVIVIVM Li nk header
Hit
Hit
Hit
Hit
Link trailer
Event trailer 6 words
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3.3 Router Fornmts

S-link Module Qutput Format (sent to DSP and S-1ink)

The Router nodifies the output data format of the nodule data before it is sent out on the
S-Link Bus. The L1ID and BCID is replaced with error codes and the |ink nunber as shown
bel ow.

Rout er Qutput — SCT Format (bits 31:0 bits for all words)

Nane Bits [15:0] or [31:16] EFB Qut put
Header 001pt | bKx MVMMVVIVM 001plLLLLBBBBBBBB
Trailer 010ZhvXXXXXXXXXX
1 hit condensed 1FFFFCCCCCCCxf x0
2 hits condensed 1FFFFCCCCCCCsf x 1
1st hit cluster expanded 1FFFFCCCCCCCODDD
1 hit cluster expanded Ixxxxxxx0xxx1DDD
2 hit cluster expanded Ixxxxxxx1DDD1DDD
Fl agged error 000xxxxxx FFFFEEE
Raw dat a 01 nnnxx VANV
Key :
x= do not care (The ROD fills these with 0's)
B=BClI D

WEr aw dat a

C=cl uster base address

D=3 bit hit data

E=ABC error code

F=FE nunber

h=header trailer limt error

L=L1I D

n=count of raw data

f=error in condensed node data, 1st hit
s=error in condensed nbde data, 2nd hit
p=pr eanbl e error

z=trailer bit error

v=data overfl ow error

t=tinme out error

K=condensed npde

| =L1 error

b=BCI D error

Mel i nk nunber
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Router Qutput — Pixel (bits 31:0 bits for all words)

Nane Bits [31:0] EFB Cut put

Header 001Pt | bxx MVWIVMWWLLLLLLLLBBBBBBBB | 001PxxxxxxxxAAAALLLLLLLLBBBBBBBB
Trailer 010ZHVXXXXXXXXXXXXXXXXXXXXXXXXXX

Hi t 100X FFFFRRRRRRRRXXXCCCCCTTTTTTTT

FE Fl ag Error O0000FFFFxxxxxxxxxxx11110FFFFEEEE

FE Flag Error 0001FFFFxxx1111leeeeeeeeEEEEEEEE

Raw Dat a 011 bDbDDDDDDDDDDDDDDDDDDDDDDDDDDD

Time Qut Data 00100000000000000100000000000000

Bits [42:32] ::= bl xt MVMVMW

Key :

A = Nunber of Accepts per L1 Trigger

b = BCID error B = BCID

C = Pi xel Col um D = Raw Dat a

E = FE Error Code F = FE Nunber

H = Header Trailer Limt Error | = L1 error

L = L1ID M = Li nk nunber

N = Count of raw data bits P = Preanbl e Error
R = Pi xel Row t = tinme out error
T = Tinme over Threshol d val ue V = Data Overflow Error
Z = Trailer bit error e = MCC Error Code
x = do not care (The ROD fills these with 0's)

S-Link Event header Qutput Fornat

(sent to S-1ink and DSP)

The Router adds the UCTRL bit in the Router output format to indicate to the ROS the

I ocation of the beginning and end of fragnent markers.

The format is shown bel ow

Event Header
Wor d Content s Coment
0 0xBOF0O0000 + UCTRL Begi nni ng of fragment marker
1 OXEE1234EE Start of header
2 0x9 Header size
3 TBD Format versi on numnber
4 TBD Source identifier
5 L1 ID Level 1 ID
6 BC ID Bunch crossing ID
7 L1 TT ATLAS Level 1 trigger type
8 DET Det ector event type ROD or TIM
Event Trail er
Wor d Contents Coment
0 Error count Status 1: count of words with error
1 Error fl ags Status 2: Bit error see EFB errors
2 0x2 Nurmber of status words
3 nDat a Count of data words
4 0x1 Status bl ock position: 0/1 = before/after data
5 OxEOF00000 + UCTRL End of fragment marker
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End of Bl ock (sent to DSP)
The Router generates an end of bl

ock word that is located in the |ast |ocation of

the last frame of a trapped event. The word contains trap information that is
required by the DSP for signal processing. The format is as follows:
Contents Conmrent
01000000000t 11devWwWwWWWWWAWWWWWWWY |t = trap num
d = NOT data loss (FIFO full)
e = NOT error (one or nore |links has an error)
w = event word count
Error data Qutput Format for the DSP
The Router can output a format used by the DSPs for error diagnostics. The format requires
that the |ink headers renmmin unchanged as they are processed in the Router. Al error
flags, nodul e nunbers and L1ID and BCID fields are required by the DSP in this node. The
Pi xel ROD link headers are the same with out regard to which format is selected. The event

header fornat

i s changes as shown bel ow

Router error data output sanme as EFB Qutput (bits 31:0 bits for all words)
Nane Bits 15:0 or 31:16
header 001plLLLLBBBBBBBB
All other words are also the sane.
Router Error Event Format (DSP only)
Event Header
Wor d Contents Conmmrent
0 0xBOF00000 Begi nni ng of fragment marker
1 OxEE1234EE Start of header
2 L1 ID Level 1 ID
3 BC I D Bunch crossing ID
4 L1 TT ATLAS Level 1 trigger type
5 DET Det ector event type ROD or TIM
Event Trailer
Wor d Contents Conmmrent
0 Error count Status 1: count of words with error
1 Error flags Status 2: Bit error see EFB errors
2 Val ue Error status for links 0-15
3 Val ue Error status for links 16-31
4 Val ue Error status for |inks 32-47
5 Val ue Error status for |inks 48-63
6 Val ue Error status for |inks 64-79
7 Val ue Error status for |inks 80-95
8 OxEOF00000 End of fragnment marker

As the data is processed in the Router

Six 32-bit words are built allowing 2-bits

The two bits encode the foll owi ng cases:

of status per link.

Bit Value | Status

00 No Dat a

01 Good Dat a

10 BCID or L1ID error
11 Tinme Qut error
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4.0 Operation Procedures

4.1 ROD Controller FPGA (RCF) Functions

Descri ption
The ROD Controller FPGA is the real tinme controller for the ROD El ectronics
boar d.

4.1.1 Functional Bl ocks

A

Addr ess Decoder / Data Bus Bridge
This block provides the data interface between the Master DSP External
Menmory Interface (EMF) and all ROD peripherals. The main functions
include the algorithmto allow single cycle access between the Master (D32
EMF) and Slave DSP (D16 Host Port) chips, and read/wite access to the
BOC. This functional block also allows access to all of the Fornatter,
EFB, and Router Read/Wite registers, and to all of the diagnostic FIFO
nmenori es.

Regi ster Bl ock
This block defines, and allows read/wite access to all of the internal
registers in the RCF. This block controls the read/wite access to the
internal TIMFIFOin the ROD that is used to sinulate operation with the
TIM The internal registers and bit definitions are listed in Appendix A

Debug Menory FIFO Interface
Generates control signal for the Diagnostic FIFO Menori es.

Test Bench Interface
Provides internal test algorithns to allow testing, diagnostics on the ROD.

Trigger Signal Decoder
Recei ves data fromthe TIMand the Diagnostic Internal TIM FIFQ
Recogni zes and issues L1 Triggers, BCR commands, ECR Conmands, and CAL
Conmands. Decodes the L1ID, the BCID, Atlas trigger type, and the TIM
trigger type data sent by the TTC system on an Event basis.

EFB Header Dynami ¢ Mask Encoder
Generates and sends the Event ID and the default and corrective Dynanic
Mask information to the EFB.

Formatter Dynamic Read Qut Mode Bits Encoder
Generates and sends the default and corrective Dynam ¢ Read Qut Mdde Bits
used by the Formatters to control proper read out of the Events stored in
the Link FIFGCs.

FE Conmmand Pul se Counter
I ncrenents when and L1 Trigger is received, decrenents when the token has
been issued to the Formatters

FE Conmand Processor
Provides the fan out of Command Streans fromthe TIMand MDSP serial ports.
The conmand nmask al | ows comand generated by the TIMto be sent to one set
of modul es, and commands generated by the MDSP SP1 to be sent to a
di fferent nmodul e group sinultaneously.

Front End Cccupancy Counters
Increnments when a L1 trigger is issued to the FE chips, decrenments when a
trailer is witten in to the Link Formatter FIFOQO

Serial Port Trigger Conmand Detector
Used in calibration node to detect command types transmitted by the NMDSP.

4.1.2 Initial ROD Controller FPGA states
When the RCF is configured at power up or when a configuration comand is sent
fromthe PRM the state of the device is as follows:

Al'l functional blocks turned off

FE Mask O all off

FE Mask 1 all off

All counters reset to O

All internal BRAM bl ocks initialized to O

Poooe
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When the RCF is reset by the PRM the state of the device is as follows:
f. Al functional blocks turned off
g. FE Mask 0 all off
h. FE Mask 1 all off
i. All counters reset to O
j. Al internal BRAM bl ocks initialized to retain current val ues

4.1.3 FE Command Data Streans and CQutput Masks
The ROD can out put Fast, Slow and Calibration Conmands to all or any conbination
of FE Mbdules. The block in the ROD Controller FPGA (RCF) that generates the FE
Conmands is called the FE Conmand Processor, and is enabled by setting the
appropriate bit in the RCF Main Control Register. The sources for the FE Comand
Data Streans are the TIMEl ectronics Board, or the 2 Serial Comrunication Ports
of the Master DSP (SPO and SP1).

The follow ng tabl e shows the FE Commands generated by the ROD when fast comuands
are received fromthe TIMover the TTC bus.

TI' M Conmmand Qutput to SCT FE Chip Qut put to Pixel FE Chip
L1A “110” “11010"
BCR “1010010” “101100001"
ECR “1010100” “101100010"

Contents fromthe Cal Command
Dat a Regi ster (0x00404444) in
MSB first order, followed by a
L1A packet after a preset del ay
CAL equal to the value stored in the
Cal Strobe Del ay Register
(0x00404440). The SCT Cal
Conmand al ways begins with the
pattern “1010111”

“101100100" foll owed by
a L1A packet after a
preset delay equal to

the value stored in the

Cal Strobe Del ay
Regi ster (0x00404440).

The serial comrunication ports of the Master DSP can be configured to send any
pattern out to a FE Mbdul e, so these signals are routed directly through the FE
Conmand Processor to the Command Qut put Masks.

The ROD uses two separate Command Signhal Qut put Masks to send command signals to
the FE Modules. A bit in the ROD Controller FPGA (RCF) Miin Control Register

sel ects the source used for Qutput Mask 0. Qutput Mask 1 is always connected to
MDSP SP1. The values set in the FE Cormand Li nk Mask Regi sters determnine the FE
Modul es that will receive command streans. At power-on or reset, all of the

out puts of Qutput Mask 0 are on, and all of the outputs of Qutput Mask 1 are off.
The bits in the mask registers enable and disable the data outputs to the

i ndi vi dual Command Li nks, and the ROD does not prevent the sanme nmask bit from
being set in both Mask Register sets. |If this happens, the Conmand Data Stream
could be corrupted by 2 sources OR d together driving 1 output in the FPGA. The
FE Conmmand Li nk Masks can be changed to point to different FE Mbdul es as required
by the user. |In Nornmal Data Taking Mode, after witing an appropriate value to
the Mask Register, the “New Mask Ready” Bit nust be set in the RCF Main Control
Regi ster. Wen the next L1 Trigger is sent to the ROD, the Mask will be updated
to the new val ue, and the “New Mask Ready” bit will clear itself. |In nodes that
do not require L1 Triggers, after the Mask Val ues have been set, the “Confi g/ Cal
Mask Load Enabl e” and the “New Mask Ready” bits nust be set to |oad the new nask.

The follow ng Functional Procedures will define the steps required to enable the

FE Command Processor, select between the TIMor MDSP SPO for the Mask O outputs,
set a new Qutput Mask in all ROD Modes, and send different types of FE Commands.
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Functi onal Procedures:
Setup ROD to output FE Command Streans using the TIMas the source for Mask O.
1. Enabl e the FE Command Processor and select the TIMas the Source for Msk
0. Using the MDSP primtive RWREG FIELD, set bits 0, and 1 of the RCF
Mai n Control Register (RRIF_CWMND 1: 0x00404410).

Setup ROD to Qutput FE Command Streans using the SPO as the source for Mask O.
1. Enabl e the FE Command Processor and select the SPO as the Source for Msk
0. Using the MDSP primtive RWREG FIELD, set bit 0 and clear bit 1 of
the RCF Main Control Register (RRIF_CVND 1, 0x00404410).

SP1 is always the source for Mask 1

Change FE Command Mask in "Data Taki ng” node

1. Set the FE Command Mask Regi sters to output conmands to the selected FE
Modul es. Using the MDSP primtive RWREG FIELD, set the required val ues
in the FE Command Li nk MaskO LO (FE_CWMND MASK 0 LG 0x00404430) and FE
Command Link MaskO HI (FE_CVND _MASK 0 Hi: 0x00404434). Check that the
val ues in FE Comand Link Maskl LO (FE_CMND MASK 1 LG 0x00404438) and FE
Conmand Link Maskl H (FE_CVND MASK 1 Hi: 0x0040443C) do not conflict
with the Mask 0 val ues.

2. Set the “New Mask Ready” Bit. Using the MDSP primtive RWREG FI ELD, set
bit 2 of the RCF Main Control Register (RRIF_CVMND 1: 0x00404410).

3. The new mask will be used when the next L1A is sent fromthe TIM

Change FE Command Mask in all other nobdes

1. Set the FE Command Mask Regi sters to output conmands to the selected FE
Modul es. Using the MDSP primtive RWREG FI ELD, set the required val ues
in the FE Conmand Link MaskO LO (FE_CMND MASK 0 LG 0x00404430) and FE
Conmand Link MaskO H (FE_CVND MASK O HI: 0x00404434). Check that the
val ues in FE Command Li nk Maskl LO (FE_CMND MASK 1 LG 0x00404438) and FE
Conmand Link Maskl H (FE_CVND MASK 1 Hi: 0x0040443C) do not conflict
with the Mask 0 val ues.

2. Set the “Config/Cal Mask Load Enable” Bit. Using the MDSP primitive
RW REG FI ELD, set bit 20 of the RCF Main Control Register (RRIF_CVND 1,
0x00404410) .

3. Set the “New Mask Ready” Bit. Using the MDSP primtive RWREG FI ELD, set
bit 2 of the RCF Main Control Register (RRIF_CVND 1, 0x00404410).

4. The new mask will be used when the next commands are sent fromthe Master
DSP.

4.1.4 FE Cccupancy Counters
The FE Occupancy Counters can be used as a diagnostic tool to nonitor the
occupancy of the Formatters and the status of data flow froma FE nodule. Wen a
L1 Trigger is sent to an active FE Module a 4-bit counter, one for each active
link, is incremented by 1. Wen the Fornmatter Link Data Decoder wites a trailer
into the Qutput FIFO a signal is sent to the ROD Controller FPGA to decrenent
the Pending Trigger Count for the specific link by 1. The polling |loop for this
function is 8 systemclocks, and is short enough to insure that a trailer wite
to the FIFO, which takes 16 clocks, is never mssed. The “FE Occupancy Counters
Al'l Zero” bit in the RCF Main Status Register is set if all of the FE Cccupancy
Counters have the value 0. The “All Zero” bit can be used to indicate that all
nmodul es have finished sending event data to the ROD. It will have a value of 0O
if any Counter has a value greater than 0. Each |ink counter can be reset
i ndependently of all others by setting the bits in the FE Occupancy Counter Reset
Regi ster that correspond to the inactive link. The counters can be disabl ed
individually by setting the bits in the FE Dead Data Link Mask Regi ster that
correspond to links that are turned off at the Formatter. For diagnostic
pur poses, the FE Cccupancy Counters can be |oaded with a pre-set value, the sane
for all links.
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Functi onal Procedures:
Enabl e FE Cccupancy Counters.
1. Using the MDSP primtive RWREG FIELD, set bit 3 of the RCF Main Control
Regi ster (RRIF_CVND 1, 0x00404410).

Reset FE Cccupancy Counters.

1. Using the MDSP primtive RWREG FIELD, wite a value to the FE Qccupancy
Counter Reset Registers (FE_OCC CNTR_RESET(0): 0x004044A0,
FE_OCC_CNTR_RESET(1): 0x004044A4, FE_OCC_CNTR _RESET(2): 0x004044A8) that
corresponds to the link counter that require a reset. (See Appendix A
for nore details on bit nmapping)

2. Clear all of the FE GCccupancy Counter Reset Registers.

Mask FE Cccupancy Counters.

1. Using the MDSP primtive RWREG FIELD, wite a value to the FE Dead Data
Li nk Mask Registers (DATA_LI NK_MASK(0): 0x004044C0, DATA_LI NK_MASK(1):
0x004044C4, DATA LI NK_MASK(2): 0x004044C8) that corresponds to the link
counters that are to be disabled. (See Appendix A for nore details on
bit mappi ng)

Load the FE Cccupancy Counters with a Pre-set Val ue

1. Using the MDSP primtive RWREG FIELD, wite a value to the FE Occupancy
Counter Load Val ue Regi ster (FE_OCC LQAD VALUE: 0x004044BC)

2. Wite a value to the FE Cccupancy Counter Load Registers
(FE_OCC_CNTR_LOAD(0): 0x004044B0, FE_OCC_CNTR_LOAD(1): 0x004044B4,
FE OCC CNTR _LOAD(2): 0x004044B8) that corresponds to the |ink counter
that are to be | oaded. (See Appendix A for nore details on bit nmapping)

3. Cdear all of the FE Cccupancy Counter Load Registers.

4.1.5 FE Command Pul se Counter / Conmand Cycl e Generator
The FE Command Pul se Counter stores the L1 Triggers as they arrive fromthe TIM
the MDSP serial ports, or the internal diagnostic TIM FlIFO When a L1A is
recei ved, an up/down counter is increnented, a pulse is generated that initiates
the output of the Formatter Mode Bits, the EFB Dynam c Mask, and an interrupt can
be sent to the to the Master DSP to indicate if default or corrective nmasks have
been issued. This is disabled by default in the current version of the ROD, but
can be enabled in the RCF nenory map by setting the appropriate bits in the Spare
Control Register (See Appendix A for the bit definitions). After the Event
Fragnent Buil der has received the Dynam c Mask, a token is sent to each bank of
Formatters, a pulse is generated to indicate that the Conmand Cycl e has been
conmpl eted, and the up/down counter is decrenented. Because multiple L1 Triggers
can arrive while a command cycle is in progress, the state nachine will continue
initiating Command Cycles as |ong as the nunber of cycles is |less than the nunber
of triggers received. The value of the up/down counter can be nonitored in the
RCF Mai n Status Regi ster (0x00404420 Bits[29:22]). For Diagnostic purposes, any
count val ue can be | oaded into the Pul se Counter.

Functi onal Procedures:
Reset FE Command Pul se Counter / Conmand Cycl e Generat or
1. Using the MDSP prinmtive RWREG FIELD, set bit 4 of the RCF Main Control
Regi ster (RRIF_CWND_ 1, 0x00404410).

Enabl e FE Command Pul se Counter / Command Cycl e Generat or
1. Using the MDSP primtive RWREG FIELD, clear bit 4 and set bit 5 of the
RCF Main Control Register (RRIF_CVND 1, 0x00404410).

Load Maxi mum FE Conmand Pul se Counter Val ue
1. Wth FE Command Pul se Counter Enabl ed, set then clear bit 6 of the RCF
Mai n Control Register (RRIF_CWND 1, 0x00404410).
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4.1.6 Event
The TTC Trigger Signal

ID Information (L1ID, BCID, ECR 1D, Atlas and TIM Event Type)
bl ock de-serializes the Event

Decoder

ID information

supplied to the ROD by the TIMover the TTC Bus in Normal Data Taki ng Mode. The
L1ID, BCI D, Atlas Event Type and TIM Event Type val ues are decoded in this
functional block. The L1ID and BCID are transnitted as one 36 bit serial stream
and the event types are transmitted as one 10 bit serial stream
T.TC Bus Descri ption/ Function Not es
Signal s
/ TTC(0) /L1A - L1 Accept Trigger Active Low, 25ns pul se
/[ TTC(1) / ECR — Event Counter Reset Active Low, 25ns pul se
/[ TTC( 2) / BCR — Bunch Counter Reset Active Low, 25ns pul se
/[ TTC( 3) /CAL — Calibration Strobe Active Low, 25ns pul se
[ TTC(4) Event 1D - L1ID and BCI D Val ue Active Low, Serial Stream
/| TTC(5) Event Type — Atlas and TIM Trigger Type Active Low, Serial Stream
/| TTC( 6) Not Used, Connected to the Controller Active Low
[ TTC(7) Not Used, Connected to the Controller Active Low
T ; JBUTJF  8/8/99
Timing of TIM Qutput Signals o e
BC L L
— ~ setup
BCR
ff t (—
offse
L1A BCID-offset
; LSB first
Serial ID
1 |24-bit L1ID + 12-bit BCID|O
Serial TT [P—— | 1 [TYPE (8+2 bits] 0
0-7 Mg
(assu:ling_-s 8 L1As in 80 ps)
1-10us

Calibration Command:
CAL

L1A | ]

3 bits

27 bits

pipeline length = 132 BCs
Not to scale

Figure 9: TIMto ROD Timng
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The serial parsing of the ID data begins when a wake-up bit is received for each
I D packet fromthe TIMon the respective TTC serial inputs. The L1ID BCID
decoder and the Event Type |ID decoder are independent bl ocks that can de-
serialize input data fromthe TIM sinultaneously. Wen the data packets have
been conpletely shifted into the RCF, the values are stored in a FIFO queue in
the order that they are received, and the decoders return to the ready for data
state. |If the ROD does not receive the Event ID data fromthe TIMin Norrmal Data
Taki ng Mode, the tokens will not be issued to the Formatters, and the ROD will

not transfer the Event Data to the S-Link or the Sl ave DSPs.

When triggers are sent using either MDSP Serial Port input, FE comand types are
detected in the Calibration Trigger Signal Decoder functional block of the ROD
Controller FPGA (RCF), and the Event |ID values stored in the FIFO queue are

| ocated in the ROD Controller FPGA Menory Map. When a L1A is detected on one of
the serial port inputs, the ID values are |oaded into the queue FIFO on the
rising edge of the next systemclock. Each serial port input has a L1ID counter
The L1ID counters are reset to 0 when an ECR command is detected, and increnmented
by 1 when and L1 trigger is detected. The block also contains 2 free runni ng BCO
counters. When a BCR is detected, the BCO counters are reset to 0. Wen a L1A
is detected, the value of the BCO counter at that tinme is latched into register
and can be used in the Event Header as the BC ID. The L1ID and BCID can al so be
selected fromstatic registers if the “Static L1ID Enable” bit (RRIF_CM\D 1,
0x00404410, Bit 22) or “Static BCID Enable” bit (RRIF_CWND 1, 0x00404410, it 21)
is set while in the Mddule Calibration Mde.

The ECR ID value is stored in an internal register in the RCF. Wen the ROD
receives an ECR, the value of the ECR Counter in increnented by 1. Witing a
value of 1 to bit 12 (“ECR Counter Reset Bit) in the RCF Spare Control Register
resets this counter. The ECR ID value is witten to the Event Header FIFO at the
same time as the L1 ID and BC ID values for all trigger sources of the ROD.

Functi onal Procedures:
Reset TTC Trigger Signal Decoder
1. Using the MDSP primtive RWREG FIELD, set bit 7 and clear bit 8 of the
RCF Main Control Register (RRIF_CVND 1, 0x00404410).

Enabl e TTC Trigger Signal Decoder
1. Using the MDSP primtive RWREG FIELD, clear bit 7, set bit 8, and clear
bit 18 of the RCF Main Control Register (RRIF_CWND 1, 0x00404410).

Enabl e Calibration Trigger Signal Decoder
1. Using the MDSP primtive RWREG FIELD, set bit 7, clear bit 8, and set
bit 18 of the RCF Main Control Register (RRIF_CWVND 1, 0x00404410).

Set ROD Controller Calibration Event Type Registers

1. If the L1 Trigger source is SPO, the value of the Atlas or TIM Event
Type is stored in the Calibration Event Type 0 Register (CAL_EVT _TYPE O:
0x004044D0). Bits[7:0] = Atlas Trigger Type, Bits[9:8] = TIM Trigger
Type.

2. If the L1 Trigger source is SP1, the value of the Atlas or TIM Event
Type is stored in the Calibration Event Type 1 Register (CAL_EVT TYPE 1:
0x004044D4). Bits[7:0] = Atlas Trigger Type, Bits[9:8] = TIM Trigger
Type.

3. If the L1 Trigger source is SPO, the value of the ROD Specific Event
Type is stored in the ROD Default Event Type Register
(DFLT_ROD_EVT_TYPE: 0x00404700). Bits[7:0] = ROD Default Event Type.

4. If the L1 Trigger source is SP1, the value of the ROD Specific Event
Type is stored in the ROD Corrective Event Type Register
(CRTV_ROD _EVT_TYPE: 0x00404740). Bits[7:0] = ROD Corrective Event Type.
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Set Static L1ID for Calibration Mdes
1. Set bit 22 of the RCF Main Control Register (RRIF_CWND 1, 0x00404410)
after the Calibration Trigger Signal Decoder has been enabl ed.
2. Wite the value of the Static L1ID to address |ocation 0x004044EOQ,
bits[23:0] for triggers issued on SPO.
3. Wite the value of the Static L1ID to address |ocation 0x004044E4,
bits[23:0] for triggers issued on SPl.

Set Static BCID for Calibration Mdes
1. Set bit 21 of the RCF Main Control Register (RRIF_CWND 1, 0x00404410)
after the Calibration Trigger Signal Decoder has been enabl ed.
2. Wite the value of the Static BCID to address | ocation 0x004044ES8,
bits[11:0] for triggers issued on SPO.
3. Wite the value of the Static BCID to address | ocation 0x004044ES,
bits[27:16] for triggers issued on SP1.

Reset ECR | D Counter
1. Set bit 12 of the RCF Spare Control
This bit is self-clearing.

Regi ster (RRIF_CMND_0, 0x00404414) .

4.1.7 Fornatter Mobde Bits / EFB Header | D and Dynam ¢ Mask

The Formatter Read Qut Mbde Bits and the EFB Header | D and Dynanmi ¢ Mask are
required to play events through the ROD. They are used to define the output
states of the Fornmatters and EFB paraneters that are used to performlink error
correction.

Formatter Read CQut Mode Bits:

The Fornmatter Read Qut Mode Bits are stored as a Look-Up Table (LUT) in internal
Block RAMin the ROD Controller FPGA. Al values in the LUT are initialized to
‘0’ when the RCF is configured (power-on, hardware reset, or configuration
command fromthe PRM FPGY), but not when the ROD is reset using the “Soft Reset”
command. After a “Soft Reset”, the values in the LUTs will not change.

The ROD has 2 sets of Read Qut Mdde Bit. The default set, and the Corrective
set. The Read Qut Mbde Bits are grouped in the nenory map in the sane order as
they are sent to the Formatters. Mde Bit O for Links 0-11 are sent first, then
Mode Bit 1 for Links 0-11, then Mbde Bit 0 for links 12-23, then Mde Bit 1 for
links 12-23, and so on until Mode Bit 1 for links 84-95 is sent. See Appendix A
for bit mapping details.

The Mbode Bits enable different Read Qut states for the Formatter Link FI FO

outputs. The followi ng table shows the definitions of each different Read Qut

Mode.

MB1 | MBO Formatter Read Qut Mode Bits Definitions

0 0 Engy 1st event fromLink FIFO. Norrmal data flow from Formatter to

0 Mask this link for 1 event. 1In this node, the Formatter will dunp
one event then nove on to the next active |ink.

1 0 Skip read out of this link for 1 event for re-synchronization.

1 Read out 1st event from FI FO and dunp it on the floor, play the 2nd
event to the EFB.

can be witten to the

The corrective node bits,

used for error correction,

Corrective Formatter

Mode Bits LUT, and sent to the Formatters when the ROD

receives an L1A fromthe TIMand the “Corrective Mdde Bits and Dynam ¢ Mask
Ready” bit is set in the RCF Main Control Register (0x00404410 Bit 23).
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The default node bits are sent to the Formatters for all “nornmal” (no correction
required) triggers received fromthe TIM

If the ROD is using the MDSP Serial Port Qutputs (SPO & SP1) for trigger
generation, the Default Mbde Bits are sent when a trigger is detected on SPO, and
the Corrective Mdde Bits are sent when a trigger is detected on SPl.

The status of the internal FIFGCs used to queue the node bits are located in the
RCF Regi ster Map at address |ocation 0x00404450 (1DO- FRMI_RMVMB_STATUS). The

regi ster consists of enpty and full flags, and an occupancy counter for each FIFO
(1 per Formatter Bank). See Appendix A for bit mapping definitions.

4.1.8 EFB Header 1D and Dynam c Mask:

The EFB Header | D and Dynamic Mask are stored in internal Block RAMin the ROD
Controller FPGA. Al values in the LUT are initialized to ‘0" when the RCF is
configured (power-on, hardware reset, or configuration command fromthe PRM
FPGA), but not when the ROD is reset using the “Soft Reset” command. After a
“Soft Reset”, the values in the LUTs will not change.

The Header I D values are used to generate the Event Fragment Header, and consists
of the event specific L1ID, ECRID, BCID, Atlas Trigger Type, TIM Trigger Type,
and the ROD Event Type. The source for the Header |ID values depends on the
current node of the ROD. If the TTC Trigger Signal Decoder is enabled, the L1ID,
BCID, and Atlas and TIM Trigger Types will be sent to the ROD on the TIM TTC Bus
i nputs and when received, |oaded to the Header/Dynam ¢ Mask Qutput FIFO A L1A
fromthe TIMwi Il load the ROD Trigger Type fromthe internal nmenmory location to
t he Header/Dynamic Mask Qutput FIFO. If the ROD is using the MDSP Serial Port
Qutputs (SPO & SP1) for triggers, the Header ID information is generated using
internal counters and registers in the ROD Controller FPGA for each input. The
L1I D can be stored in a register or inplenented as counters that increnent each
time a L1A is detected. The BCID value can be a static value, or the value of a
dynani c counter |latched when a L1A is detected. The Atlas and TIM Trigger Types
are stored in 2 registers, one for each trigger source. The Default ROD Event
Type Register is used as the ROD Trigger Type when a trigger is detected on SPO,
and the Corrective ROD Event Type Register is used as the ROD Trigger Type when a
trigger is detected on SPIl.

The Event Header ID information is the first sub-packet of data in the
Header/ Dynam ¢ Mask data packet, and consists of 5 16-bit words.

They are shown in the table bel ow

Event Header ID Information Sub-packet (16 Bit)
Wrd 0 L1 1D [15:0]
Word 1 ECRID[7:0] & L1 ID[23:16]
Word 2 BC ID[11:0] & Dunp Data Flag & 000
Wrd 3 000000 & Tim Event Type [1:0] & Atlas Trigger Type [7:0]
Word 4 00000000 & ROD Event Type [7:0]

The Dynamic Mask Bits, 2 bits per link, enable dynam c synchronization error
correction in the EFB on a link basis. A corrective mask, used for error
correction, can be witten to the Corrective Dynanmi c Mask Bits Register, and sent
to the EFB when the ROD receives an L1A fromthe TIMand the “Corrective Mde
Bits and Dynam ¢ Mask Ready” bit is set in the RCF Main Control Register
(0x00404410, Bit 23). Wen a corrective mask is sent to the EFB, the Corrective
Dynanmic Mask bits are witten into the Default Mask LUT.
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When the ROD receives a “nornmal” (no correction required) L1A the Default
Dynami ¢ Mask Registers are sent as the Dynanmic Mask. |If the ROD is using the
Serial Port Inputs (SPO & SP1), the Default Dynam c Mask Bits are sent when a
trigger is detected on SPO, and the Corrective Dynanmic Mask Bits are sent when a
trigger is detected on SP1. The follow ng table shows the definitions of the
Dynami ¢ Mask Bits.

DMVB[ 1: 0] EFB Dynanmic Mask Bits Definitions
00 No Change to L1 ID
01 Increnent L1 ID by 1
01 Decrenent L1 ID by 1

The Dynami ¢ Mask Bits infornmation is the second sub-packet of data in the
Header/ Dynam ¢ Mask data packet, and consists of 12 16-bit words. They are shown
in the table bel ow

Dynami ¢ Mask | nformation Sub-packet (16 Bit)

Word 5 Dynam c Mask for Links [ 7: O]
Wrd 6 Dynami ¢ Mask for Links [15: 8]
VWord 7 Dynami ¢ Mask for Links [23:16]
Wrd 8 Dynami ¢ Mask for Links [31:24]
Word 9 Dynami ¢ Mask for Links [39:32]
Wrd 10 Dynami ¢ Mask for Links [47:40]
VWord 11 Dynami ¢ Mask for Links [55:48]
Word 12 Dynami ¢ Mask for Links [63:56]
Word 13 Dynami ¢ Mask for Links [71:64]
VWrd 14 Dynami ¢ Mask for Links [79:72]
Word 15 Dynami ¢ Mask for Links [87:80]
Wrd 16 Dynami ¢ Mask for Links [95:88]

The status of the internal FIFGCs used to queue the Header |1 D and Dynam c Mask
Bits are located in the RCF Register Map at address | ocations 0x00404458 (1D1-
EFB_DM FI FO_FLAG STA) and 0x00404458C (1D2- EFB_DM WC_STA REG. The FI FO Status
Fl ags register consists of enpty and full flags, for each FIFO used in the
functional block. The FIFO Wrd Count register consists of occupancy counters
for each FIFO See Appendix A for bit mapping definitions.

Functi onal Procedures:
MDSP prinmitive RWREG FI ELD shoul d be used for Internal ROD Register access.
Reset Formatter Mode Bits Encoder
1. Set bit 9 and clear bit 10 of the RCF Main Control Register (RRIF_CVND 1,
0x00404410) .

Enabl e Formatter Mbde Bits Encoder
1. Cear bit 9 and set bit 10 of the RCF Main Control Register (RRIF_CVND 1,
0x00404410) .

Reset EFB Header | D/ Dynam ¢ Mask Encoder
1. Set bit 11 and clear bit 12 of the RCF Main Control Register
(RRIF_CVND_1, 0x00404410).

Enabl e EFB Header | D/ Dynami ¢ Mask Encoder
1. Clear bits 11, 13, and 14 and set bit 12 of the RCF Main Control
Regi ster (RRIF_CWVND_1, 0x00404410).

Send Default Mdde and Header 1D/ Dynamic Mask Bits, L1 Triggers fromthe TIM
1. Enabl e the Formatter Mobde Bits Encoder, the EFB Header | D Dynam ¢ Mask
Encoder, the FE Command Processor, and the TTC Trigger Signal Decoder.

Set the FE Command Source bit to route the TIMinputs to the active
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functional blocks in the ROD Controller FPGA. (RRIF_CVND 1: 0x00404410,
Val ue = 0x1523, Wdt h=13, O fset=0)

2. Wite Mode Bit values to the Default Fornatter Mbde Bits Registers.
(RVBO_DFLT _LUT(0) to RVB1_DFLT LUT(7): 0x00404600 to 0x0040463C, Val ue,
Wdth=12, O fset=0). See appendix A for register and bit napping
details.

3. Wite ROD Event Type to the Default ROD Event Type Register
(DFLT_ROD EVT_TYPE: 0x00404700, Value, Wdth=8, O fset=0) if required.

4. Wite Dynamic Mask values to the Default Dynanic Mask Bits Registers.
(DM DFLT_LUT(0) to DM DFLT_LUT(12): 0x00404704 to 0x00404730, Val ue,

W dt h=16, O fset=0).
5. Wait for an L1 Trigger fromthe TIM

Send Corrective Mbdde and Header | D/ Dynanmic Mask Bits, L1 Triggers fromthe TIM

1. Enable the Formatter Mode Bits Encoder, the EFB Header | D Dynanic Mask
Encoder, the FE Conmand Processor, and the TTC Trigger Signal Decoder.
Set the FE Conmand Source bit to route the TIMinputs to the active
functional blocks in the ROD Controller FPGA. (RRIF_CVND 1: 0x00404410,
Val ue = 0x1523, Wdth=13, O fset=0)

2. Wite Mbde Bit values to the Corrective Formatter Mdde Bits Registers.
(RVBO_CRTV_LUT(0) to RvVBL_CRTV_LUT(7): 0x00404640 to 0x0040467C, Val ue,
Wdt h=12, Ofset=0). See appendix A for register and bit napping
details.

3. Wite ROD Event Type to the Corrective ROD Event Type Regi ster
(CRTV_ROD EVT_TYPE: 0x00404740, Value, Wdth=8, Ofset=0) if required.

4. Wite Dynamc Mask values to the Corrective Dynam c Mask Bits Registers.
(DM CRTV_LUT(0) to DM CRTV_LUT(12): 0x00404744 to 0x00404770, Val ue,

W dt h=16, O fset=0)

5. Set the Corrective Mbde Bits and Dynam ¢ Mask Ready bit in the RCF Main
Control Register (RRIF_CVND 1, 0x00404410, Value = 1, Wdth=1, Ofset=22
{Bit 22}). This bit will clear when an L1 Trigger is detected.

6. Wait for an L1 Trigger fromthe TIM
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Send Mode and Header |1D/Dynanmic Mask Bits, L1 Triggers from DSP SPO or SP1

1. Enabl e the Formatter Mobde Bits Encoder, the EFB Header | D Dynam ¢ Mask
Encoder, the FE Command Processor, and set the FE Command Source bit to
route the SPO input to the active functional blocks in the ROD
Controller FPGA. (RRIF_CVMND 1: 0x00404410, Val ue = 0x14Al1, W dth=13,
O fset =0)

2. Enabl e the Calibration Trigger Signal Decoder. (RRIF_CWVND 1: 0x00404410,
Value = 1, Wdth=1, Ofset=18 {Bit 18})

3. Load the Event ID Registers. For triggers fromSPO wite to the
Calibration Event Type 0 Register (CAL_EVT _TYPE 0: 0x004044D0, Val ue,
Wdth=10, O fset=0). For triggers fromSP1l wite to the Calibration
Event Type 1 Register (CAL_EVT TYPE 0: 0x004044D4, Val ue, W dth=10,
O fset=0). Bits[7:0] = Atlas Trigger Type, Bits[9:8] = TIM Trigger
Type.

4, Select Static or Dynamc BCID. (RRIF_CVND 1: 0x00404410,
Val ue=Static(1)/Dynanic(0), Wdth=1, Ofset=21 {Bit 21})

5. For triggers from SPO | oad the Default Mbde Bits Registers.

(RVBO_DFLT _LUT(0) to RVB1_DFLT LUT(7): 0x00404600 to 0x0040463C, Val ue,
Wdth=12, O fset=0)

6. For triggers from SP1 | oad the Corrective Mbdde Bits Registers.
(RVBO_CRTV_LUT(0) to RVBL_CRTV_LUT(7): 0x00404640 to 0x0040467C, Val ue,
Wdt h=12, O fset=0).

7. For triggers from SPO | oad the Default ROD Event Type.
(DFLT_ROD_EVT_TYPE: 0x00404700, Val ue, Wdth=8, Ofset=0)

8. For triggers from SP1 | oad the Corrective ROD Event Type.
(CRTV_ROD_EVT_TYPE: 0x00404740, Val ue, Wdth=8, O fset=0)

9. For triggers from SPO | oad the Default Dynanmi c Mask Registers.

(DM DFLT_LUT(0) to DM DFLT_LUT(12): 0x00404704 to 0x00404730, Val ue,
W dt h=16, O fset=0)

10. For triggers from SP1 | oad the Corrective Dynanic Mask Registers.
(DM CRTV_LUT(0) to DM CRTV_LUT(12): 0x00404744 to 0x00404770, Val ue,
W dt h=16, O fset=0)

11. Send an L1 Trigger on SPO or SP1.

4.1.9 ROD Internal Test Bench

The ROD Controller FPGA contains an internal Test Bench that allows different
degrees of testing to be perfornmed on the ROD without the need for the TIMor the
BOC El ectronic Boards. The internal registers used by the Test Bench functi onal
bl ock are the I nput Menory A/ B Count Register (INP_MEM CTRL: 0x0040460), the Debug
Menory A/ B Count Regi ster (DBG_ MEM CTRL: 0x0040464), the Configuration Read Back
Count Regi ster (CFG READBACK CNT: 0x0040468), the Debug Mbde Confi guration

Regi ster (I DE_MEM CTRL: 0x0040470), and the Debug Mode Status Register

(1 DE_VMEM STAT: 0x0040474). Each count register contains 2 16-bit counters that
are used to control different functions in each Diagnostic Mdde. The Debug Mode
Configuration Register contains control bits for |oading and enabling the
counters, and the bit field that selects the test type. The Diagnostic Mde is
sel ected by setting a value to the Test Bench Mdde Select Bits in the Debug Mde
Configuration Register (IDE MEM CTRL: 0x0040470, Val ue=Test Modes, W dt h=6,

O fset=12, Bits{17:12}). The Debug Mdde Status Register is used to nonitor the
progress of the Test in progress. This register stores the done flags of the
counters, the done flags of the test in progress, and Cccupancy Status Flags for
the I nput Menory FIFOGs and t he Debug Menmory FI FGs.

This block controls an internal FIFO that is used to issue TIMcommands. The
Internal TIMis |oaded with data and read out using the MDSP primtive RWFIFO
and can be played and re-transmtted into the ROD Controller FPGA to enul ate the
TIM TTC Bus inputs using the control signals fromthe Test Bench.
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Setting bit 16 and clearing bit 15 in the ROD Controller FPGA (RCF) Main Control
Regi st er enabl es the Test Bench Interface.

Test Modes:

Mode 0x18: Trap the data of all 96 input links in the Input Menory FIFGCs

This test node can be used when a continuous streamof data is flowing into the
ROD fromthe BOC. The 16-bit Delay Count (25ns steps) allows for a nmaxi mum of
1. 64ns of delay before the Input FIFGCs are enabled for trapping. The Input FIFGs
are 4K words deep, so the maxi mum word count is OxFFF.
Function Regi st er Primtive REG | D Val ue W dth of
Addr ess set
RCF Mai n Control
Enabl e the Test Bench 1/0Q 0%00404410 RW REG FI ELD RRI F_CVN\D_1 0x2 2 15
Debug Mbde
Set val ue for Test Mde Confi guration RW REG FI ELD | DE_MEM CTRL 0x18 6 12
0x00404470
Set the delay val ue required Del ay
before Wite Enable is active | nput Menory A/ B (31: 16)
at the INMVEM FI FO, and the Count RW REG FI ELD I NP_MEM _CTRL 32 0
nunber of clocks that the 0x00404460 Trap
trap will be enabl ed. (15:0)
Set value for Input Data Link
Mux: G ve control of the )
Input Data Link Path and the 5%02’322180”“0' RW REG_FI ELD RRI F_CM\D_1 0x2 3 25
Di agnostic FIFGCs to the Test
Bench 1/ 0
Set Test Bench Run Bit to RCF Mai n Control
start trappi ng data. 0x00404410 RWREG FI ELD RRIF_CWND_1 Ox1 1 17
Pol | the Test Operation Done Debug Mbde St at
Bits for end of test. 0x00404474 POLL_REG FIELD | | DE_MEM STAT 0x3 2 6
Cl ear Test Bench Run Bit to .
send Test Mode State Machine | RO- Main Control RWREG FIELD | RRIF_CV\D 1 0x0 1 17
to idle. 0x00404410
Set value for Input Data Link
Muix: G ve control of the .
I'nput Data Link Path and the gfgof(g'zlzlém”o' RWREG FIELD | RRIF_CM\D 1 ox1 3 25
Di agnostic FIFCs to the RCF
Debug FI FO Controll er.
Read | nput Menory A FIFGs and
save data to a file. RWFI FO I NVEM_FI FO_A
Read | nput Memory B FIFGs and RW El EO | NVEM El EO B
save data to a file. - - —
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Mode 0x20: Play Sinulated FE Data fromthe | nput
to the S-Link and the Sl ave DSPs.

Formatters,

This node is used as a di agnostic tool

EFB, and Router,

for the conplete data path of the ROD.

Menory FIFGs through the

It

tests the data flow fromthe input of the Formatters to the output of the Router,

the 1D and Dynami ¢ Mask functi onal
the 80MHz DVA from the Router
The setup that wll
requi renents.

trappi ng al gorithns,
ot her

trigger to start
transnmitted to the ROD.

functions of the ROD.
can be nodified to suit other

t est

bl ocks of the ROD Controller
to the Sl ave DSPs,
follow is a basic exanple that
Thi s node uses use the L1

pl aying the INMEM FI FO to approxi mate when real

t he Rout er
and nmany

FPGA,

data woul d be

Functi on Regi st er Primtive REG I D Val ue W dt h af
Addr ess set
The ROD Setup Commands listed in the first portion of this Test Mdde only need to be
execut ed once.
Sl ave Number (0,1, 2,3)
Read/ Wite Flag (Wite)
| PRAM Start Address (Val ue=0x00000000)
Load the Slave Code to all RW SLAVE I nput File: slvRun_I PRAM bin
DSPs that will be used. MEMORY | DRAM St art Address (Val ue=0x80000000)
File: slvRun_| DRAM bin
XCODE Start Address (Val ue=0x02000000)
File: slvRun_xcode. bin
Start the Sl ave Execut abl e on START_SLAVE_ g: 2;: g?g?; l(:loaé 2,39)
all DSPs that will be used. EXECUTI NG Ti meout Val ue
Enabl e the FE Conmand Qut puts
with the TIM as the source.
Enabl e the FE OCC Counters
and the FE Command Pul se .
Counter and the TTC Tri gger RCF Mai n
: Cont r ol RW REG FI ELD RRI F_CWND_1 0x1152B 17 0
Si gnal Decoder. Enable the 0x00404410
Formatter Mode Bits Encoder,
and the EFB Header | D/ Dynamc
Mask Encoder. Enable the
Test Bench 1/Q
Debug Mdde
Set value for Test Mdde Configuration RW REG FI ELD | DE_MEM CTRL 0x20 6 12
0x00404470
Set the value for the length | nput Menory Pl a
of time to play the Internal A/ B Count RW REG FI ELD I NP_MEM CTRL (15: é) 16 0
TIM and the | NVEM FI FCs. 0x00404460 ’
Def ag: :S'v"de RVBO_DFLT_LUT(0) SeAefé‘r’p
Load the Default Mbde Bits RW REG FI ELD to : 12 0
0x00404600 to - RVBL_DFLT_LUT(7) bi t - map
0x0040463C - - f or mat
Dynani ¢ Misk DMLOFLT_LUT(0) | 3% PP
Load the Default Dynam c Mask 0 RW REG FI ELD to : 16 0
x00404704 to DM DFLT_LUT(11) bi t - map
0x00404730 - - f or mat
Set all Router Data Trappi ng EVENT_TRAP_
Par anet er s SETUP
Send Start Event Trapping to SEND_SLAVE Sl ave Number (0,1, 2,3)
the Sl aves LI ST Primtive (START_EVENT_TRAPPI NG)
Sl ave Number (0,1, 2,3)
St _ar_t _the Event Trap START_SLAVE_ Pause Master List Flag
Primtive LI ST

Get Slave Reply Flag

The commands that control
as required.

the data flow t hrough the

ROD can be repeated as nany tines

Set value for Input Data Link
Muix: G ve control of the

I nput Data Link Path and the
Di agnostic FIFCs to the RCF
Debug FI FO Controll er.

RCF Mai n
Cont rol
0x00404410

RW REG FI ELD

RRI F_CM\D_1 ox1 3 25
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Regi st er

o f

Functi on Primtive REG I D Val ue W dt h
Addr ess set
Mask all Formatter Link
Inputs. Disables all inputs RW REG FI ELD Ox1 4 0
and flushes all FIFGs
Reset the Input Menory, TIM RCF Spare
Mbde Bits, aﬁd EFB | DyFI FCs Cont [r)ol RWREG_FI ELD RRIF_CWND_O OxFF 8 0
Enabl e the I nput Menory, TIM RCF Spare
Mbde Bits, and EFB I D FI FGs Cont r ol RW REG_FI ELD RRIF_CWND_O 0x30 8 0
. . Read/ Wite Flag (Set to Wite)
Iﬁéagai :"’EM A with Simlated RW FI FO Fi f ol D&Bank (1 NPUT_NEM A)
I nput File (XXXXXXX.innmemA
. . Read/ Wite Flag (Set to Wite)
Load |MMEM B with Simlated RW FI FO Fi f ol D&Bank (1 NPUT_MEM B)
I nput File (xxxxxxx.innmenB
. Read/ Wite Flag (Set to Wite)
Load the TIMFIFO with RW FI FO Fi f ol D&Bank (TIM
I nput File (xxxxxxx.tinData
Set value for Input Data Link
Mux: G ve control of the RCF Mai n
I nput Data Link Path and the Cont r ol RW REG FI ELD RRI F_CVND_1 0x2 3 25
Di agnostic FIFGCs to the Test 0x00404410
Bench I/ Q
Enabl e the Fornatter Link
I nputs of Interest and parse RW REG FI ELD 0x2 4 0
in Condensed Data Mde.
FE Dead Data
Mask the FE Cccupancy Li nk Mask DATA_LI NK_MASK 0
Counters of any Formatter 0x004044C0 RW REG Fl ELD DATA LI NK_MASK 1 Val ue 32 0
Link that is Msked. 0x004044C4 DATA LI NK_NMASK 2
0x004044C8
. RCF Mai n
Set Test Bench Run Bit to Cont rol RW REG FI ELD RRI F_CV\D_1 ox1 1 17
start trapping data. 0x00404410
. Debug Mode
gio't's }gf Zﬁj‘ qu’te;gi' on Done St at POLL_REG FI ELD | DE_VEM STAT 0x3 2 6
) 0x00404474
Cl ear Test Bench Run Bit to RCF Mai n
send Test Mdde State Machine Contr ol RW REG FI ELD RRI F_CWND_1 0x0 1 17
to idle. 0x00404410

Read Router to | DRAM DVA
Buffer in the Sl ave DSP
Menory and save to a file.

RW SLAVE_
MVEMORY

Sl ave Number (0,1, 2,3)

Read/ Wite Flag (Read)

Start Address (Val ue=0x80008000)
Si ze (Val ue0x8000)

File: eventDataSl vN. bin

The data files generated by the | ast comrmand can be conpared to the output files generated by the
simulation to determne if the ROD is operating correctly
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Mode 0x21: Play Internal TIMFIFO and trap FE conmmands in the Input Menory FIFO

This node plays the TIMFIFO into the FE Conmand Decoder block to test the
generation of fast commands. Using a |oop back card that connects the FE Comand
outputs to the Link Inputs, the data can be trapped and verified.

Regi sters required for this operation:

i nnem a word_count : Plays the TIMFIFO. Mist be as large as the word count in
the "Internal TimFIFO'.

i nmem b_word_count : Counter to start the INVEM FI FGs trappi ng

Mode 0x22: Play Sinulated FE Data fromthe I nput Menmory FIFOs through the
Formatters and trap in the Debug Menmory FI FGs.

This node all ows the data out of the Fornmatters to be trapped in the Debug FIFo
nmenori es when the token is issued for readout to the EFB. The L1 transnmitted to
the FE nmodules is used to start the | NVEM FI FO play back, and the EFB Ready si gnal
to start the DEBUG FI FO recording. The INVEM A counter should be set to insure
that the TIMand INVEM FIFGs play out all of their data, and | NMEM B count er

shoul d be set to record 4K of data in the DEBUG FI FCs.

Regi sters required for this operation:
inmem a word _count : Counter for playing the TIMand | NMEM FI FCs
i nnem b_word_count : Counter to start the DEBUG FI FOGs

Mode 0x23: Play Sinulated Formatter Data fromthe Debug Menory FIFQGs through the
EFB, and Router, to the S-Link and the Slave DSPs.

This nmode is used to play Event Data fromthe DEBUG FI FOs at the output of the

Formatters through the EFB and Router. It is used as a diagnostic node only if
the ROD not processing data through the data path correctly.
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Mode 0x24: Play and re-transmt sinmulated FE data fromthe Input Menory FIFGCs
through the Formatters, EFB, and Router, to the S-Link and the Slave DSPs.

This node is used as a diagnhostic tool for the conplete data path of the ROD for
the 100kHz Trigger Rate testing. The node is very simlar in set up to Test Mde
0x20. It tests the data flow fromthe input of the Formatters to the output of the
Router, the ID and Dynam ¢ Mask functional blocks of the ROD Controller FPGA, the
Rout er trapping algorithms, the 80Miz DVA fromthe Router to the Slave DSPs, and
many other functions of the ROD. A re-transmt counter allows 65536 tines the
Events per Sinulation File to be sent through the ROD. The Wrd Count counter is
used to set the period of the test. The time period can be adjusted in 25ns

i ncrements, and controls the amount of time that the TIMand | NVEM FI FGs are

pl aying data to the ROD. The setup that will followis a basic exanple that can
be modified to suit other test requirements. This node uses use the L1 trigger to
start playing the | NMEM FIFCs to approxi mate when real data would be transmtted
to the ROD.

Re-transmt Tim ng

RT / 15ns mn \
REN N | 15ns mn [\
: Regi st er S . O f
Function Addr ess Primtive REG I D Val ue W dt h set

The ROD Setup Commands listed in the first portion of this Test Mdde only need to be
execut ed once.

Sl ave Number (0,1, 2,3)

Read/ Wite Flag (Wite)

| PRAM Start Address (Val ue=0x00000000)
Load the Slave Code to all RW SLAVE I nput File: slvRun_|I PRAM bin

DSPs that wll be used. MEMORY | DRAM St art Address (Val ue=0x80000000)
File: slvRun_| DRAM bi n

XCODE Start Address (Val ue=0x02000000)
File: slvRun_xcode. bin

Sl ave Number (0,1, 2,3)

Start the Slave Executable on START_SLAVE_ Slave On/ O f Fl ag
all DSPs that will be used. EXECUTI NG Ti meout  Val ue
Enabl e the FE Conmand Qut puts
with the TIMas the source.
Enabl e the FE Ccc. Counters
and the FE Conmand Pul se .
Counter and the TTC Tri gger RCF Mai n
: Control RW REG FI ELD RRI F_CWMND_1 0x1152B 17 0
Si gnal Decoder. Enable the 0x00404410
Formatter Mode Bits Encoder,
and the EFB Header | D/ Dynamnic
Mask Encoder. Enable the
Test Bench 1/Q
Debug Mode
Set val ue for Test Mdde Confi guration RW REG FI ELD | DE_MEM CTRL 0x24 6 12
0x00404470
Set the value for the length
of time to play the Internal Re- Tx
TIM and the | NVEM FI FOs I nput Merory (31:16)
_ A/ B Count RW REG FI ELD | NP_MEM CTRL 32 0
(OxFFF = 102. 5us), and the 0x00404460 Pl ay
nunber of desired Re- .
) (15: 0)
Transmts.
Def a;: :S'Vbde RMBO_DFLT_LUT(0) Siefé‘r’p
Load the Default Mbde Bits RW REG FI ELD to : 12 0
0x00404600 to - = RVB1_DFLT LUT(7) bi t - map
0x0040463C — - f or mat
Dynar ¢ Misk DMLOFLT_LUT(0) | 53¢ OPP
Load the Default Dynam c Mask 0 RW REG FI ELD to : 16 0
x00404704 to DM DFLT_LUT(11) bit - map
0x00404730 - - f or mat
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Set all Router Data Trapping EVENT_TRAP_
Par anet er s SETUP
Send Start Event Trapping to SEND_SLAVE_ Sl ave Number (0,1, 2,3)
the Sl aves LI ST Primtive (START_EVENT TRAPPI NG
Start the Event Trap START SLAVE E' ave Number (0, 1,2, 3)
Primtive LTST ause Master List Flag
Get Slave Reply Fl ag
The conmands that control the data flow through the ROD can be repeated as many tines
as required.
Set value for Input Data Link
Mux: G ve control of the RCF Mai n
Input Data Link Path and the Cont r ol RW REG FI ELD RRI F_CVND_1 0ox1 3 25
Di agnostic FIFCs to the RCF 0x00404410
Debug FI FO Controller.
Mask all Fornatter Link
Inputs. Disables all inputs RW REG FI ELD 0x0 12 0
and flushes all FIFGs
Reset the | nput Menory, TIM RCF Spare
Mbde Bits, and EFB ID FI FOs Cont rol RW.REG_FI ELD RRIF_OWMND_O OxFF 8 0
Enabl e the I nput Menory, TIM RCF Spare
Mbde Bits, ang EFB I D )Iél FCs Cont [r)ol RWREG_FI ELD RRIF_CWND_O 0x30 8 0
Read/ Wite Flag (Set to Wite)
Fi f ol D&Bank (1 NPUT_NEM A)
Load | NMEM A, | NMEM B, and I nput File (xxxxxxx.inmemA
the internal TIMFIFOw th RW FI FO Fi f ol D&Bank (| NPUT_NMEM B)
Si mul at ed FE Dat a I nput File (xxxxxxx.inmenmB
Fi f ol D&Bank (TIM
I nput File (xxxxxxx.tinData
Set value for Input Data Link
Muix: G ve control of the RCF Mai n
Input Data Link Path and the Contr ol RW REG FI ELD RRI F_CVND_1 0x2 3 25
Di agnostic FIFCs to the Test 0x00404410
Bench 1/ 0
Enabl e the Fornatter Link
Inputs of Interest and parse RW REG FI ELD 12 0
in Condensed Data Mdde.
FE Dead Data
Mask the FE Cccupancy Li nk Mask DATA_LI NK_MASK 0
Counters of any Formatter 0x004044C0 RW REG FI ELD DATA LI NK_NMASK 1 Val ue 32 0
Link that is Msked. 0x004044C4 DATA LI NK_MASK 2
0x004044C8
) RCF Mai n
Set Test Bench Run Bit to Cont ol RW REG FI ELD RRI F_CM\D_1 ox1 1 17
start trapping data. 0x00404410 - - -
. Debug Mdde
giol's ;Qf Jest Cperation Done Stat POLL_REG FIELD | | DE_MEM STAT 0x3 2 6
) 0x00404474
Cl ear Test Bench Run Bit to RCF Mai n
send Test Mdode State Machi ne Cont r ol RW REG FI ELD RRI F_CVND_1 0x0 1 17
to idle. 0x00404410
Sl ave Number (0,1, 2,3)

Read Router to | DRAM DVA
Buf fer in the Sl ave DSP
Menory and save to a file.

RW SLAVE_
NEMORY

Read/ Wite Flag (Read)

Start Address (Val ue=0x80008000)
Si ze (Val ue0x8000)

File: eventDataSl vN bin

The data files generated by the | ast command can be conpared to the output files generated by the
simulation to determne if the ROD is operating correctly
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4.2 ROD Configurations

Functi onal

The following is a basic setup that can be used to set
need to be running at this tinme as data wll

Taki ng.

Procedure: Set

The Sl ave DSPs do not

ROD f or

Nor nal

Dat a Taki ng

up the ROD for

Nor mal

be

Dat a

transmitted on the S-Link, but a sinple nonitoring setup all ows data checki ng when

the S-Link is not avail able.
) Regi st er S . O f
Function Addr ess Primtive REG | D Val ue W dth set
VME Regi ster
Reset ROD Board 0x{ BA} C0008 VME Conmand NA 0x80 8 Byt e0
Sl ave Number (0,1, 2,3)
Read/ Wite Flag (Wite)
| PRAM St art Address (Val ue=0x00000000)
Load the Slave Code to all RW SLAVE I nput File: slvRun_|I PRAM bin
DSPs that w |l be used. MEMORY | DRAM St art Address (Val ue=0x80000000)
File: slvRun_| DRAM bin
XCODE Start Address (Val ue=0x02000000)
File: slvRun_xcode. bin
Start the Slave Executable on START_SLAVE_ | § 2ve humber (0. 1,2,3)
all DSPs that will be used. EXECUTI NG . 9
Ti meout Val ue
RCF Spare
Reset all FIFGCs. Control RW REG FI ELD RRI F_CVND_0 OxFF 8 0
0x00404414
Enabl e the Mdde Bits, EFB ID, RCF Spare
and Corrective Trigger FlFGCs. Cont r ol RW REG_FI ELD RRIF_CWND_O 0x78 8 0
Enabl e the FE Conmand Qut puts
with the TIMas the source.
Enabl e the FE Ccc. Counters
and the FE Command Pul se RCF Mai n
Counter and the TTC Tri gger Cont rol RW REG FI ELD RRI F_CWND_1 23 0
Si gnal Decoder. Enable the 0x00404410
Formatter Mbde Bits Encoder,
and the EFB Header | D/ Dynamnic
Mask Encoder .
FE Conmand
Load the FE Conmand MaskO LO Li nk Mask0 LO RW REG FI ELD FE—C'\(/)N?_—SMSK— Val ue 32 0
0x00404430 -
FE Conmand
Load the FE Command MaskO Hi Link Mask0O Hi RW REG FI ELD FE—C'\(’)N%INASK— val ue 16 0
0x00404434 -
FE Conmand
Load the FE Command Maskl LO Li nk Maskl LO RW REG FI ELD FE—C'\;_N?_—(QMSK— 0x0 32 0
0x00404438 -
FE Conmmand FE_CMND_NASK_
Load the FE Command Maskl H Link Maskl Hi RW REG FI ELD 0H 0x0 16 0
0x0040443C
Set New Mask Ready Bit to RCF Mai n
| oad FE Command Mask when the Control RW REG FI ELD RRI F_CWND_1 0x1 1 2
next L1 Trigger is detected. 0x00404410
Default Node RVBO_DFLT_LUT(0) | S¢€ APP
Load the Default Mde Bits 0x00404600 t o RW REG FI ELD BL DF}_‘cI" LuT(7) bi t - map 12 0
0x0040463C - - f or mat
ynani o Nask DMLOFLT_LUT 0 | 53¢ 0FP
Load the Default Dynam c Mask RW REG FI ELD to . 16 0
0x00404704 to DM DELT LUT 11 bit - map
0x00404730 - - f or mat
Set Header Trailer Limt Header' Tr ailer RW REG FI ELD val ue 8 0
Val ue for all Formatters Limt - -
Set ROD Busy Limt Value for ROD Busy Limt RW REG FI ELD val ue 8 0
all Formatters
Set all Router Data Trapping EVENT_TRAP_ .
Par amet er s SETUP Permt Back Pressure (NOT ALLOVWED)
Send Start Event Trapping to SEND_SLAVE_ Sl ave Number (0,1, 2,3)
the Sl aves LI ST Primtive (START_EVENT_TRAPPI NG)
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Start the Event Trap
Primtive

START_SLAVE_
LI ST

Sl ave Number (0,1, 2,3)
Pause Master List Flag
Get Slave Reply Fl ag

Setup Sl ave Task

Sl ave Tasks include Hi stogranm ng, Data
Trappi ng, Error Counting, and
Resynchroni zation. Mre information
will be available on this configuration
in the near future.

Set value for Input Data Link

. RCF Mai n
Mix: ~ Use Normal Data Path Control RW REG FI ELD RRI F_CM\D_1 0x4 3 25
Setting. Debug FIFGCs all - = - -
) 0x00404410
di sabl ed.
Enabl e the Formatter Link
I nputs of Interest and parse RW REG FI ELD 12 0
in Condensed Data Mbde.
Mask the FE Cccupancy FE Dead Data DATA_LI NK_MASK 0
Counters of any Formatter Li nk Mask RW REG FI ELD DATA_LI NK_MASK 1 Val ue 32 0
Link that is Msked. Regi sters DATA LI NK_MASK 2
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4.3 Functional Procedure: Trap Configuration Data in the Input Menory FIFGs

The ROD supports a node that allows the trapping and read back of configuration
data in the | NMEM FI FO. The largest configuration streamthat can be trapped is
32K bits long for any input Iink. The ROD Controller FPGA enables the trapping of
all input links simultaneously. The input data is trapped in the |Input Menory
(INMEM FIFO as it arrives fromthe BOC and can be read and verified by the MDSP
SDRAM or the VME host. The “Control Signal Mux” bits (RRIF_CVMND 1, Bits[27:25])
nmust be set to the value Ox5h to enable the trapping function. After data has
been trapped in the INVEM FI FO the value of the “Control Signal Mix” bits nust be
set to Oxlh to allow the MDSP to read the Configuration data fromthe FIFO  The
function requires 2 counters. The first, register |ocation 0x00404468 Bits
[31:16], sets a tine delay to align the first returning bit with the first
location in the Input Memory FIFO. The second counter, |ocation 0x00404468 Bits
[15:0], controls the nunber of words to trap. One nmethod of transmitting a seria
configuration data streamto the FE Modul e and trapping the return data is to use
the MDSP primtive SEND STREAMwith the “Data Capture Bit” set.

. Regi st er Lo W d O f
Function Addr ess Primtive REG | D Val ue th set
Reset the | NVEM FI FOs. Egﬁtfgfre RW REG_FI ELD RRI F_CM\D_0 ox1 1 3
Enabl e the | NVEM FI FGs. Egﬁt?g?re RW REG_FI ELD RRI F_CM\D_0 0x0 1 3
. . Formatter FMT_LNK_EN( 0)
FLSﬁ?Le the Formatter Link Channel Enable | RWREG FIELD to 0x0 12 | 0
puts. (See App A) FMI_LNK_EN( 7)
Enabl e the FE Command Qutputs | RCF Main
with the SPO as the source Cont r ol RW REG FI ELD RRI F_CWVND_1 0ox1 2 0
for Mask O. 0x00404410
FE Conmmand
Load the FE Command MaskO LO | Link MaskO LO RW REG_FI ELD FE_CMND_MASK_0_LO Value | 32 | ©
0x00404430
FE Conmmand
Load the FE Conmand MaskO Hi Li nk Mask0 Hi RW REG FI ELD FE_CM\ND_MASK_0_HI Value | o | ©
0x00404434
FE Conmmand
Load the FE Conmand Maskl LO Li nk Maskl LO RW REG FI ELD FE_CMND_MASK_1_LO Val ue 32 0
0x00404438
FE Conmmand
Load the FE Command Maskl Hi Li nk Maskl Hi RW REG_FI ELD FE_CM\ND_MASK_0_HI Value | 16 | ©
0x0040443C
. . RCF Main
EﬁgdcgﬂgL?:rgglon/cal Mask Cont rol RW REG_FI ELD RRI F_CWND_1 ox1 1 | 20
: 0x00404410
Set New Mask Ready Bit to RCF Mai n
| oad FE Command Mask Cont r ol RWREG_FI ELD RRIF_OV\D_1 Ox1 1 2
Set the trap time and del ay Configuration (gil,%)
time values for the | NVEM ReadBack Count RW REG FI ELD CFG_READBACK_CNT s 32 | 0
FIFO. (0x1 = 25ns) 0x00404468 ay
(15: 0)
Set value for Control Mix: RCF Main
Use Configuration Read Back Cont r ol RW REG Fl ELD RRI F_CWVND_1 0x5 3 25
Mbde 0x00404410
Send Configuration Data, and
set Configuration Read Back
Bi t
. . RCE Main
ESLL Egﬁecgri'gura"on Read St at us POLL_REG FI ELD RRI F_STATUS 1 ox1 1| 3
0x00404420
_ RCE Main
Eﬁg EgLﬂe LfLCfESL{fLINUX' Cont rol RW REG FI ELD RRI F_CM\D_1 ox1 3 | 25
9 0x00404410
Read/ Wite Flag (Set to Read)
ng‘g lE"fo iAl E' FO and save RW FI FO Fi f ol D&Bank (| NPUT_MEM A)
Qutput File ()
Read/ Wite Flag (Set to Read)
Read | NVEM B FIFO and save RW FI FO Fi f ol D&Bank (| NPUT_MEM B)
Qutput File ()
| | |
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4.4 Functional Procedure: Play Link Data to the Fornatters, and Trap the same in
the Input FIFGs

The ROD supports a node that allows the trapping of Link Data in the |Input Menory
FI FOs while routing through to the Formatters. The process includes 2 counters,
the first, register |ocation 0x00404468 Bits [31:16], sets a time delay to align
the first returning bit with the first location in the Input Menory FIFO.  The
second counter, |ocation 0x00404468 Bits [15:0], controls the nunber of words to
trap. The MDSP primtive SEND STREAM sends the triggers to the ROD and the

Modul es. The L1 Trigger starts the data trap state nachine.

) Regi st er S . O f
Function Addr ess Primtive REG | D Val ue W dt h set
Reset the | NVEM FI FQ gg';t rsgf"e RW REG_FI ELD RRI F_CVND_0 ox1 1 3
Enabl e the | NVEM FI FO RO opare RW REG FI ELD RRI F_CM\D_0 0x0 1 3
Di sabl e the Fornatter Link RW REG FI ELD 0x0 0
I nputs. - -
Enabl e the FE Cormand Qutputs | RCF Main
with the SPO as the source Cont r ol RW REG FI ELD RRI F_CVND_1 0ox1 2 0
for Mask O. 0x00404410
FE Conmand
Load the FE Conmand MaskO LO Li nk Mask0 LO RW REG FI ELD FE—C'\(/)N?_—SMSK— Val ue 32 0
0x00404430 -
FE Conmand
Load the FE Command MaskO HI | Link Mask0 Hi RW REG FI ELD FE—C'\SNEL—INASK— val ue " 0
0x00404434 —
FE Conmand
Load the FE Conmand Maskl LO Li nk Maskl LO RW REG FI ELD FE—C'\:/LN?_—(gMSK— Val ue 32 0
0x00404438 _
FE Conmand
Load the FE Command Maskl HI | Link Maskl Hi RW REG FI ELD FE—C'\(’)N%INASK— val ue 16 0
0x0040443C —
. RCF Mai n
;‘ablcgng: ?’ Cal Mask Load Cont r ol RW REG FI ELD RRI E_CWND_1 ox1 1 20
) 0x00404410
) RCF Mai n
lsﬁgd'\f;‘l’zv giﬁaﬁgadwgsl? t to Cont r ol RW REG FI ELD RRIF_CW\D_1 ox1 1 2
0x00404410
Set the value for the length Confi quration Del ay
of time to trap data in the Reag Back (31:16)
I NVEM FI FOs (0x1 = 25ns), and count RW REG FIELD | CFG READBACK CNT 32 0
the delay fromL1A to data 0x00404468 Pl ay
out from FI FCs. (15:0)
Set value for Input Data Link RCF Mai n
Mux: Use Trap | nput Data Contr ol RW REG _FI ELD RRI F_CVND_1 0x7 3 25
Mode 0x00404410
E_nabl e required Formatter RW REG FI ELD 0x0 0
Li nk I nputs.
. BU LD_STREAM ;
Send an L1 Trigger SEND STREAM DO NOT set the capture Bit
M ) ) RCF Mai n
gg'c:( / f_ihﬁk gg{";' %';at bgﬂeﬁegidt St at us POLL_REG FIELD | RRIF_STATUS 1 ox1 1 3
P 0x00404420
Set value for Input Data Link | RCF Main
Mux: Use Di agnostic Menory Contr ol RW REG FI ELD RRI F_CWND_1 0x1 3 25
Control Mode 0x00404410
Read/ Wite Flag (Set to Read)
Read | NVEM A FIFO and save RW FI FO Fi f ol D&Bank (1 NPUT_NEM A)
Qutput File ()
Read/ Wite Flag (Set to Read)
Read | NVEM B FI FO and save RW FI FO Fi f ol D&Bank (1 NPUT_NEM B)
data to a file :
Qutput File ()
| I
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4.5 Functional Procedure:

Cal i bration Test

Usi ng | nput

Menory FIFGs as a data

source, and SPO and SP1 as the Trigger Sources
Functi on Regi st er Primtive REG I D Val ue W dt h of
Addr ess set
Sl ave Number (0,1, 2,3)
Read/ Wite Flag (Wite)
| PRAM Start Address (Val ue=0x00000000)
Load the Slave Code to all RW SLAVE I nput File: slvRun_I PRAM bin
DSPs that will be used. MEMORY | DRAM St art Address (Val ue=0x80000000)
File: slvRun_| DRAM bi n
XCODE Start Address (Val ue=0x02000000)
File: slvRun_xcode. bin
Start the Slave Executable on START_SLAVE_ g: 23: g?g?; I(:IOa; 2,39)
all DSPs that will be used. EXECUTI NG Ti meout  Val ue
Enabl e the FE Command Qut puts
with SPO as the source for
MaskO. Enable the FE Ccc.
Counters, the FE Comand .
! RCF Mai n
Pul se Counter and the CAL Control RW REG FI ELD RRI F_CM\D_1 0x494A9 | 19 0
Trigger Signal Decoder. 0x00404410 - = - -
Enabl e the Formatter Mde
Bits Encoder, and the EFB
Header | D/ Dynanmi ¢ Mask
Encoder .
. . RCF Mai n
f‘j'sfg: i f‘ gtzbycng[n ?’”am ¢ BAD cont r ol RW REG FI ELD RRIF_CMN\D 1 val ue 1 21
0x00404410
Cal i bration (2?316)
Load Static BCID, if required BCl D RW REG FI ELD . 32 0
0x004044E8 SPO
(11: 0)
Cal i bration (glgﬂ)
Load Event Type for SPO Event Type 0O RW REG FI ELD CAL_EVT_TYPE_O ATLAS 10 0
0x004044D0 .
(7:0)
Cal i bration (glgﬂ)
Load Event Type for SP1 Event Type 1 RW REG FI ELD CAL_EVT_TYPE_1 ) 10 0
0x004044D4 ATL.AS
(7:0
Def aul t Mode See App
Load the Default Mde Bits Bits RW REG FI ELD RNBO—DFkZ—LUT(O) A for 12 0
Used when SPO L1A detected 0x00404600 to - = RVBL_DFLT_LUT(7) bi t - map
0x0040463C — - f or mat
Def aul t See App
Load the Default Dynam c Mask Dynami ¢ Mask RW REG FI ELD DNLDF&Z;LUT 0 A for 16 0
Used when SPO L1A detected 0x00404704 to - = DM DELT LUT 11 bi t - map
0x00404730 - - f or mat
Corrective See App
Load the Corrective Mdde Bits Mbde Bits RW REG FI ELD RNBO—CRIX—LUT(O) A for 12 0
Used when SP1 L1A detected 0x00404640 to - = RVBL_CRTV_LUT(7) bi t - map
0x0040467C - - f or mat
L ) . Corrective See App
oad the Corrective Dynam c Dynami ¢ Mask DM CRTV_LUT 0 A for
Mask 0x00404744 to RW REG _FI ELD to bi t - map 16 0
Used when SP1 L1A detected 0x00404770 DM CRTV_LUT 11 f or mat
Set the value for the length : : Del ay
of time to play the | NVEM Oogl;;gungg:(on (31:16)
FI FOs (OxFFF = 102.5us), and count RW REG FIELD | CFG_READBACK CNT 32 0
the delay fromL1A to data 0x00404468 Pl ay
out from FI FGs. (15:0)
Set value for Input Data Link
Mix: G ve control of the RCF Mai n
Input Data Link Path and the Contr ol RW REG FI ELD RRI F_CVND_1 0ox1 3 25
Di agnostic FIFCs to the RCF 0x00404410
Debug FI FO Control |l er
Mask all Formatter Link
Inputs. Disables all inputs RW REG FI ELD 0
and flushes all FIFGCs
Reset the Input Menory, TIM RCF Spare
Mbde Bits, and EFB ID FI FOs Cont rol RW.REG_FI ELD RRIF_OVMND_O OxFF 8 0
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Enabl e the I nput Menory, TIM

RCF Spare

Mbde Bits, and EFB ID FI FOs Cont rol RW.REG_FI ELD RRIF_OVMND_O 0x30 8 0

Read/ Wite Flag (Set to Wite)
Load INVEM A and | NVEM B Fi f ol D&Bank (1 NPUT_MEM A)
with simulated FE Data RW FI FO I_nput File (XXXXXXX.inmemA

Fi f ol D&Bank (| NPUT_NMEM B)

I nput File (xxxxxxx.inmenmB
Set value for Input Data Link RCF Mai n
Mux: Set to Calibration Test Contr ol RW REG FI ELD RRI F_CWND_1 0x6 3 25
Mode. 0x00404410
Set all Router Data Trapping EVENT_TRAP_ Permit Back Pressure (Calibration Only)
Par anmet er s SETUP
Send Start Event Trapping to SEND_SLAVE_ Sl ave Number (0,1, 2,3)
the Sl aves LI ST Primtive (START_EVENT_TRAPPI NG
Start the Event Trap START SLAVE g' ave Number (0, 1,2, 3)
Primtive LTST ause Master List Flag

Get Slave Reply Fl ag
Enabl e the Formatter Link
I nputs of Interest and parse RW REG FI ELD 0
in Condensed Data Mdde.

FE Dead Data
Mask the FE Cccupancy Li nk Mask DATA_LI NK_MASK 0
Counters of any Formatter 0x004044C0 RW REG FI ELD DATA LI NK_MASK 1 Val ue 32 0
Link that is Msked. 0x004044C4 DATA LI NK_MASK 2
0x004044C8

Pol|l the Calibration Test Mai n St at us
Ready Bit. 0x00404420 POLL_REG FI ELD RRI F_STATUS_1 0x1 1 4

Build the Serial Data Stream

BU LD _STREAM

Any nunber of L1 Triggers can be sent at this point.
The Calibration Test Ready Bit

active at a tinme in this node.

bit value is 1, a new trigger can be issued,

playing sinulation data to the Formatters,

corruption.

if the bit value is 0,
and a re-transnit at this point would result

The 1 restriction is that only one trigger can be
indi cates the status of the ROD.

If the
the I nput Menory FIFO are still
in data

Transmt a Trigger

SEND STREAM

Port O Input File: xxxxxxx.bin
Port 1 Input File: xxxxxxx.bin
Capture Data to Input FIFO Flag (clear)

Pol | the Calibration Test
Ready Bit.

Mai n St at us
0x00404420

POLL_REG FI ELD

RRI F_STATUS 1 Ox1 1 4
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