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SLS DBPM Project
Fiber Optical Link module
and Firmware Documentation

| nhalt des Dokumentes

Beschreibung des Ersatzmoduls fur das WS9003:
Fiber Optical Link module (FOL):

Dieses Dokument beschreibt die Funktionalitat undlémentierungsdetails der Firmwa-
re fur das Aufsteckmodule FOLSHARC DIO. Es ers@wteils zwei der bisher einge-
setzten WS9003 Module.

Die Hauptfunktionalitat besteht darin zwei SHARCHDBrozessorbasisplatinen via DSP
SHARC Link Ports mit einem SHARC DSP Prozessor (gyéssere Distanz zu verbin-
den. Dazu wird je eine SHARC DSP Basisplatine mi¢izGlasfaser Sende- und Emp-
fangsmodulen (FOL) ausgestattet, welche jeweilsld@ine Sende- und eine Empfangs
Glasfaser mit dem benachbarten Module verbunden ist

Neben der Basisfunktionalitat des SHARC Link simoige Konfigurationsregister und
Statusregister Uber einen Adress- und Datenbugifbar.

Abstract:

Description of the replacement module for the WS800
Fiber Optical Link Module (FOL):

This document describes the functionality and imm@etation details of the firmware for
the piggyback FOLSHARC_DIO module. It is a replaeainfor two of the so far en-

gaged Wiese WS9003 FOL modules. For that purpose 88ARC DSP main board is
equipped with two transmit and receive Fiber Opticamk (FOL) modules, each is

connected with a FOL module to the adjacent DS iaard.

Besides the basic functionality of the SHARC Likre Configuration and Status Regis-
ter are accessible by the SHARC Processor modaleavinemory mapped device in
addition.
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1 Functional Overview Hardware:

The actual hardware set up in the SLS consistewdral via Fiber connected WS 2126
base boards. Each of these boards has a recei¥@rafitl a transmitter (TX) module

(WS9003) to each of two adjacent WS2126 boards.nide functionality is to exchange

compensation data for field stabilization withir tBLS.

1.1 Older realization within the SLS with Wiese WS9003
modules:

Wiese WS2126
A
Wiese WS9003
\
SHARC LINK'3
A i P\ serilizer ) TS L Fiber Tx
(SHARCTINK T ] ™ mitter >
CPLD
——Module Address—m» \+ De- | Recei- ) -
LI f| serilizer I ver [<Fiber RX
SHARC Address Data Bus
DSP I —
Wiese WS9003
\
SHARC LINK 4
A i P\ serilizer [/ T3S L Fiper T
(SHARCTINK 2 ] ™ mitter >
Address Data bus CPLD
——Module Address—im \+{ De- 1] Recei- ) -
(I ( serilizer /1 ver [EFiber RX
[ Address Data bus|
=
¥

Figure 1: WS2126 with two Wiese WS9003 modules

1.2 New realization within the SLS with FOLSHARC _DIO

modules:

Hardware differences to the Wiese WS 9003:
The Functionality of the serializer and deserialire the Wiese 9003 is now realized
within the FPGA shown in Figure 2.

Wiese WS2126 FOL module
SHARC LINK 3 )
(SHARC LINK I Trans. [Fiber RX—
N .
SBQEC _SHARCTINK 2 ) Cever || ciber Txae
\SHARC LINK 2 FPGA
Fiber RX—
Address Data bus V} Module Address TN ™
i i OV L Fiber T
Address Data bus |

Figure 2: WS2126 with one FOL replacement module

1.3 Software differences:

The memory mapping of the newer combined moduléediffrom the two original
WS 9003 modules, because the two modules had $efatdress lines on each connec-
tor on the base board. Now only one connectoresl gausing a change in memory map.
Details are presented in the memory bus sectidmmihis document.
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2 Functional Overview FPGA

The fiber optical link module (FOL) is connectedadSHARC DSP Processor and two
adjacent FOL modules, each with receiver and tratesnfiber. This allows to electrical
connect the local SHARC DSP Processor to two adfaBelARC DSP Processors via
receiver and transmitter fiber of each module.

The fiber optical link module has a memory mappednection to the SHARC DSP on
the Wiese WS2126 baseboard. This interface is imsembnfiguration and status requests.
The main task of this hardware module is connedtrgSHARC DSP to two adjacent
SHARC DSP modules via bidirectional fiber linksxRIX fiber and 1xTX fiber)

The DSP communicates via two SHARC link port irdeds with the FPGA. The FPGA
receives data on one of the two receiver link panis transmits the data to the transmit-
ter fiber link. If data is received from the fibiis data will be transmitted to on one of
the two DSP transmitter link ports.

2.1 Firmware structural design
The firmware consists of several sub modules:

Module Description

Top Level This module defines electrical charasters for the input and output
pins. It was generated to abstract from the FPGAnpimes.

Main This module is used to group the 10 pins tecsg functional sections

It decouples into several blocks.

System Clock | This is the main system clock distribution of tHeGA firmware. See

Distribution clock domain section for details.

PLL This module is used to generate a 40 MHz and a8 system
20MHz clock from the external 20 MHz oscillator.

40MHz, The 40 MHz clock is used for the electrical comp@ias of the gigabit
80MHz transceiver instance within the FPGA.

The 80 MHz clock is used for configuration of theegnal reference
oscillator that is needed for the gigabit transeeblock module.

PLL DSP This module is used to synchronize theraatesystem clock to the
FPGA. It secures stable operation of the FSM withexFPGA.
Clock This module configures the external reference lagoil. It reads the

Configuration | configuration via I2C and modifies them to have333. MHz System
clock frequency that feeds the GXB PLL within tHeGA. Comment:
Each device has unique frequency parameters, ssuthent configura-
tion has to be read from the external device befordiguring.

12C Link This module is used for the readout andrite of the control and status
registers of the external reference oscillator.

Configuration | This is a slave device implementation of the mermapped port of
Registers the SHARC DSP.
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Media Con-
verter

This module is used to transfer the received data t SHARC DSP,
received via the link port, to the gigabit transeeiand vice versa. The
Fiber Optical Link protocol is also implemented hifit this Media
Converter Module. Data is read and transferredackadecoupling
FIFO blocks. This module controls the sync wordegation.

DSP to System

This module is the implementatiothefdata transfer module of the
SHARC DSP to the FPGA internal FIFO blocks. Datarfithe DSP is
transferred Nibble by Nibble. 32 Bits are marked&$ Data word
and stored within FIFO blocks.

System to DSP

This module writes data to a SHAR® B8 SHARC Link Port one
or two. Data is read from a receiver FIFO of theB3¥odule RX0 or
RX1.

GXB This module decouples the GXB from the media cdaevenstance.

Transceiver The electrical compensation parameters are reguési@ this in-
stance.

GXB This module is used to implement the data feanga gigabit trans-
ceiver module to and from FIBER. Resynchronizafamrbytes and
double bytes is implemented here.

GXB Calibra- | This module is used to calibrate the electricabpeaters of the gigabit

tion transceiver module.

Trigger to This module drives the interrupt signals to the RTADSP. One

IRQ2, Error to
IRQ1

selected trigger input is observed. When triggeuos the SHARC
DSP gets an interrupt request on IRQ?2.

When an error condition event occurs the SHARC D&RB an inter-
rupt request on IRQ1.

Package:

Types

This is a package that contains the bus typesatieaiised within the
FOL firmware.

Table 1: Firmware Modules
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2.2 Implemented Clock Domains

The Fiber optical link module consists of two filmgatical receivers and transmitters.
These transmitters are served by 8B10B protocoé Righ speed data serializer and
deserializer (SERDES) circuitry is realized withime FPGA. A serial data rate of
1.5 gigabits per second is configured as link sp&ads speed is near the bandwidth of
the fiber transceiver diodes. The transfer dat® mm the Fiber link is therefore
1.2 gigabits per second for each transmitter andiver combination. Within the FPGA
FIFO blocks are used to decouple from the extedbhatk Domains of SHARC DSP and
receiver fiber link. Data is transferred internalljth several 75 MHz clock distribution
networks that drive the pipelined registered desi@ne mayor system clock domain
oscillates synchronous to the transmitter clock a@ionand is used to transfer data from
and to the connected SHARC DSP processor FIFO blodke usage of these clocks is
mentioned in this section.

2.2.1 Clock domain Overview
The following figure is an overview of the implented clock domain generation module.

FPGA global | Reset | sysclk
PLL —PLLout clock — ésp& gener — DSP »-
__| control Bus SHARC driver ator reset
ScLk ™| DsPclock | lock A
phase comp. | Status
global Reset | sysclk
40 MHz sysclk
_PLLout> clpck "40 MHZ gener ~40_MHz
driver ator reset
| lock A
20 MHz status
—sonne e | eowme, [ 9T sy [Reser] ek
PLLout 0CK g0 MHZ]| 9 —
driver ator reset
lock A
[ status
1.25 GHz TX clk———p»
83.333 MHz global Reset FOL
— GXB - G'\)/l(llzL'll'_X _co::axclk> clock —F.&Lb gener — TX
reference clk driver ator reset
| lock A
status
global Reset FOL
1.25 GHz | GXB_RXQ, | FoOL .
— X ok E o PLLout ™ clpck RXO’ gener RXOp»
MPLL driver ator reset
GXP RX0 B lock *
0 status
" recovered
1.25 GHz
— Txck ™
MPLL global Reset FOL
GXB_RX1 | _FOL |
GXPRXL [~ b out > clpck RXl’ gener RX1p»
rx1 driver ator reset
recovered™ ] | lock A
status

Figure 3: Clock domain driver Overview
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2.2.2 Startup clock for system initialization

The external 20 MHz oscillator is used to configtive on board Reference Oscillator for
the GXB transceiver on the one hand and to compeifisaelectrical and thermal varia-
tions of the GXB transceiver blocks within the FP@A the other hand. The Figure 4
shows the clock domain distribution of the 20 MHscilator with the connected PLL
that generates internal FPGA clock domain distrdvutor configuration and calibration.

FPGA . .
40 MHz GXB GXB Calibration
20 MHz callibration clock ? Block
Startup init clock: P PLL 80 MHz FPGA _
Oscillator control clock R
= c
i2c Bus Reference | 8 3
——enable ¢ Oscillator e
Compensated | GxB reference Configuration GXB Transceiver
Reference Block
Oscillator

Figure 4: Startup Clock Domains and refer ence configuration block

The external 20 MHz oscillator is connected to &GR internal PLL to reach the fre-

guency range of the GXB calibration block by donglthe external clock frequency to
40 MHz. The calibration block for the GXB transasis is used to achieve stabilized
operating conditions for the high speed clock dgnaithin the FPGAs transceiver

module.

The Reference Oscillator Configuration module isreected to the 20 MHz multiplied

by four output of the PLL. The PLL also ensures ¢haect function of the logic imple-

mentation by observing the locked status of the.FAiLsystem startup the configuration
registers of the reference oscillator are read r@wtitten with the new configuration

values. After Startup the GXB reference clock isgpammed to 83.3333 MHz clock and
activated.

2.2.3 Gigabit transceiver Clock Domains

The external compensated Reference Oscillatored as reference for the FPGA inter-
nal Phase Locked Loop (PLL) responsible for the@Hg serial data stream transmission
and reception. The 75 MHz TX core clock is alsoggated from this reference clock. It
controls the transport of the data between the FileOks to the Optical Link module.

FPGA
C‘;’Ef;gzifd | GXB | GXB TX clock [~1:25 CHz DDR X9
Oscill reference PLL | 125MHZTX
scillator system clock
> |-@—RXO0 data stream——
GXB RX clock 0P GXB Transceiver
recovery PLL 1.25 GHz DDR RX Block
—125 MHz RX0-»
L —RX1 data stream—
GXB RX clock
recovery PLL +—1.25 GHz DDR RX1»|
—125 MHz RX1-p»

Figure5: GXB RX0, RX1, TX Clock Domains
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2.2.4 SHARC DSP memory port and transmitter clock domains

The base board of the SHARC DSP connector has anoomsystem clock distribution;
also the FOL FPGA is connected to this system ctddke baseboard. The FPGA inter-
nal PLL secures the stable operation of the DSPmamcation interfaces and compen-
sates for phase offsets caused by transmissioteligth of the clock distribution net-
work. The length compensated clock domain is udeeivsignals to the SHARC DSP
are driven by the FPGA, this includes acknowledgdires on link port tree and four and
the data and clock generation on link port onetamd

FPGA
PLL
Sr:;r?g;rsdp ___Control Bus___ | SHARCDSP | compensated__
SCLK clock phase SHARC clock
system clock
comp.
SHARC DSP

system clock

SHARC DSP
receiver
Link Port 3|4

Figure 6: SHARC DSP System clock distribution

2.2.5 SHARC DSP link port receiver clock domain

The link ports three and four are used to receata §om DSP. Each transmitter link
port of the connected DSP sends a LCLK signalithased to clock in data to the FPGA
internal link port receiver FIFO. The following giaic shows the DSP link ports clock
domains of the link ports three and four that iscto clock in data from DSP.

FPGA
Link Port clock
LCLK3 | LCLk4 ™| Clock Buffer — o orid®
SHARC FIFO
DSP
Link Port
LDAT3 | LDAT4 -

Figure 7. SHARC DSP link port receiver clock domain
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2.3 FOL Transmitter data path

The transmitter uses a clock frequency of 750 Métzlie data stream generation of the
serializer and deserializer modules (SERDES). Béaia is transmitted via a double data
rate (DDR) output register within the transmitteondule. The connected clock domains
of the FOL transmitter path are shown in the follagvgraphic.

FPGA

Media .
Dt e Converter Synchronizer itz
—LDAT—» FIFO = to = Com- - FIFO (] Y i H 8B10B H= Serializer —TXm» Fiber
. FOL Data Splitter .
System biner protocol Link
SHARC | g ack ||
DSP
i
A A A A A A N YT S
speed
Clock
LCLK System Clock GXB TX coreclk |

Figure 8: FOL transmitter data path

2.4 FOL Receiver data path

Received data from another FOL transmitter modukesiynchronous to the transmitter
clock domain of the local FOL. The two receiver miesg operate with clocks asynchro-
nous to the local transmitter module and synchreriouhe external Fiber optical link
input data stream. Therefore two PLLs are conneci¢ioe GXB reference clock input of
the FPGA. The clock recovery is done by each otileereceiver PLLs that use the
external reference clock oscillator as startingipof a frequency tuning process. When
the recovered 1.5 GHz frequency is in the rangd@transmitter frequency +-80 PPM
(parts per million), the locking status of the rieee PLL is reached and the receiver
serial data stream is sampled by the transmite@kclThe PLL is also used to generate
the 75 MHz parallel receiver data clock signal isaised for 16 bit parallel data trans-
port within the FPGA. The PLLs’ low frequency outsisynchronous to the transmitter
frequency of the adjacent SHARC DSP baseboard raodiis clock is used to clock in
receiver data to a FIFO that decouples from theivec clock domain. To avoid data
overflow in that decoupling FIFO, only data wortattare marked as non idle character
are stored. A connected FSM controls the data degod@ihe overview of the FOL
receiver clock domains is shown in the followingwing:

FPGA
Syn-
chroni- Media <ILACK
Optical zer Converter System
Fiber RX1 Sell’:i);i-zer 10B8B FIFO FIFO to rLDA sgglgc
Link Data Synchroni DSP
C_om— zer lLCcL
biner
A
A A A A A A A
recovered
clack RX core System ooP
Clock Clock Y
clock

Figure 9: FOL receiver data path
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3 System functionality
This section describes the Functions that are imefed within the FPGA.

3.1 Initial start up

This section describes the startup behavior ofFthe FPGA module.

» After activation of the power supply the configuoatbit stream is transferred to the
FPGA by the configuration device.

» After FPGA configuration the external referenceiltetor is configured and enabled.

» The two receiver clock recovery PLLs get the exderaference clock and try to lock
to the incoming receiver data. The recovered cleckaused for data sampling and
the parallel data transfer to the receiver FIFO.

» The reference oscillator clock activates the logkimechanism of the GXB transmit-
ter PLL that receives the reference clock. Afteklag of the reference PLL the GXB
transmitter module transmits serial data and comtoods that are coded as 8B10B.
This leads to a serial transmitter data rate ofdigabits/sec.

» After lock of the transmitter PLL the FOL sends twonously Idle and Synchroniza-
tion words via the fiber link to the connected ieee FOL and the receiver FPGA
starts to synchronize the receiver PLL.

» The received data is used for synchronization @fricoming 8B10B protocol and
the 16 bit word synchronization.

3.1.1 Configuration of the external reference oscillator

The external 20 MHz oscillator has to be stabk fifrhen the connected PLL locks. As
long as the PLL is not locked the configuration mieds in reset status.

When locked it starts to readout the current caméion from the external reference
oscillator. Depending on the internal settingsribes configuration registers are written
to reach an exact frequency of 83.3333 MHz. Thdigoration is then verified. When
correct values are written the external referersadllator is enabled. Then the FPGA
internal GXB transceiver PLL gets the referenceklo

3.1.2 Calibration of the GXB transceiver modules

The external 20 MHz oscillator has to be stabl fifhen the connected PLL locks. As
long as the PLL is not locked the configuration mieds in reset status.

When locked the reset is removed and the GXB clidom block starts to calibrate
against production variances and thermal drifts.

3.1.3 GXB reference oscillator PLL

The GXB reference oscillator PLL is used to muitiffie GXB reference clock by a
factor of 0.9 and 9. The 75 MHz clock is used for 16 Bit data and control word indi-
cator transfer via the FOL transmitter and as garsyistem clock. The serial data is
transferred by the synchronous 750 MHz clock inbdewlata rate with a 1.5 GHz data
rate. The PLL lock status is used to hold all catee state machine in reset status when
the generated system clock is not stable.
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3.2 Transmitter Synchronization protocol

The GXB transmitter is configured in that way thétBits data and 2 bits control data
are transferred to the transmitter fiber link usd®jL0B protocol.

The used idle word consists of two different idhaacters. The first is used to synchro-
nize to the eight bit boundary; the second is weedign to 16 bit boundary.

3.2.1 GXB receiver clock recovery

The receiver clock domain uses the reference asmilclock and the input data bit
stream for locking purpose. The clock recoverytstanth the reference clock multiplies
the input frequency by 0.9 and 9 and tries to réheHocking window with the reference
clock. When reached, the tuning mechanism switthése mode: Lock to data stream.
When data stream is stable the PLL tries to loagkéoinput data stream. When reached,
the PLL is locked and the receiver clock domairsetrés removed. The reset is set again
when the receiver is no longer synchronous withRhk clock.

3.2.2 GXB receiver synchronization

By serializing the 8B10B data and the control iatlic the bit order is lost when recov-
ered. Therefore a synchronization word has to &esferred to restore the synchroniza-
tion within the data stream. A special 8B10B chtmais used to indicate byte alignment.
This also brings that most of 8B10B control worade ao longer allowed to have a
unique synchronization character. When the trartemis idle it continuously sends the
byte synchronization character that indicates na &LE character) and synchroniza-
tion bit order.

3.2.3 Receiver 8B10B synchronization

When the clock recovery PLL is locked the 8B10Bereer data is used to synchronize to
the eight bit boundary. The data is shifted todbeect position and the synchronization
status is set to stable data reception.

3.2.4 Receiver 16 bit word synchronization

When the eight bit boundary is synchronized théegix bit synchronizer starts to syn-
chronize to the sixteen bit boundary. When 16 bitrilary character is read the 16 bit
and control bit recovery is stable. As long as8B&0B indicates no error and the PLL is
in lock the Status indicates a stable link fronmsraitter to the receiver.

3.3 FOL Protocol

3.3.1 Standard transfer

Data from the DSP is transported via FIFO to thé A& clock domain. The DSP data
consists of several 32 bit words. Therefore antamfdil 32 bit indicator character is used
to indicate the 32 bit boundary. This 32 bit symcthization request is generated by the
DSP data receiver module and is send before thield8P data half word is transferred.
The receiver marks the data with the 32 bit syneizadion bit. This 32 bit synchroniza-
tion is then used by the DSP data transmitter @fiffjacent SHARC DSP module.
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3.3.2 Error condition when no read out occurs

The FOL observes the status of the Fiber Link byeobing the 8B10B parity status. A
single bit error within the data character is selyufound, Double bit errors within one
10 bit word is not surely detected.

When the receiving SHARC DSP does not read thefdatathe FOL the data transfer to
the receiving FOL link module is stopped by disadlihe acknowledge from the sending
SHARC DSP.

The status of the DSP data transmitter FIFO irréleeiving FOL link is observed. When
the FIFO is half full the module will remove thekaowledge control signal from the
sending DSP board. To achieve this, the fiber aptransmitter of the adjacent FOL
module will send a stop sending character to thelisg DSP module that removes the
link acknowledge for the transmitter FOL.
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3.4 SHARC DSP Memory Slave functionality

The memory mapped bus of the SHARC DSP is connected to the FOL module to
access internal registers of the FOL FPGA implementation.

3.4.1 Memory Bus registers of previous installed Wiese Module

The previous installed modules in the SLS havddhewing configuration and status
register bits: Only the 4 LSB bits are connectduk ®ther bits have to be masked out.

Word Register Name | Bit Content Default

Address

Offset

0x00 Configuration | 0 | O: selects Link Port 2 as data transmission Hok, | O
Register 1: selects Link1 as data transmission Link Port

0x00 Configuration |1 | O: selects Link Port 4 as data receiver Link Port | 0
Register bit 1: selects Link Port 3 as data receiver Link Port

0x00 Configuration |2 | 0: normal mode, 0
Register bit 1: resets transmitter and receiver modules

0x00 Status 3 Ready for Data RFD status output of fiber link
Register bit transmitter, only active when receiver module sends

enable data, so receiver and transmitter sides are
both locked. And data is synchronous on the link.

0x02 Trigger Select | 0 | O: Trigger input B active, 0
Register bit 1: Trigger input A active

0x02 Trigger Level |1 | O: high active trigger input selection, 0
Register bit 1: low active trigger input selection

0x02 Trigger enable | 2 | 1: enables output IO to DSP IRQ2, 0
Register bit 0: IRQ2 in mode high impedance

0x02 Low Clock 3 | 1: selects low clock on fiber links, 0
Register bit 0: high speed clock selected

Table 2: WS9003 Configuration | Status registers

3.4.2 SHARC DSP memory mapped port

The new module is implemented as bus slave thatvallaccess of status and control
registers. Synchronous with the DSP system cloekntemory slave data and acknowl-
edge signal line is driven by the FPGA. This isvghan the following graphic:

Control Bus_|

SCLK

FPGA
PLL SHARC DSP SHARC DSP
> SHARC DSP | compensated I DDR | | MemoryPort p Memory Port
clock phase SHARC clock FF .
data, acknowledge Link Port 1|2
comp.
SHARC DSP
Memory Slave —  MemoryPort
data, acknowledge
Figure 10: DSP to FPGA data transfer
14/21
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3.4.3 Memory Bus Status Registers of new FOL module

The status register bits allow reading the rel@assion and date of the installed firm-
ware. The status of the Fiber connection is alsila@le. The transmitter status bits
indicate when the transmitter is initialized. Tleeeiver status bits indicate a correct
reception of the data from via fiber connected D&Rlule. Only the eight lower data on
the memory port bits are connected. The other tergists should be masked out.

Word Address Offset| Register Name Content Data Type
0x00..0x07 Firmware 1D “FOLSHARC” (ASCII) ASCII

0x08 Firmware Revision 0: Test, 1..255 release ID | nsigned char
0x09 Firmware Date 1..31 unsigned char
Ox0A Firmware Month 1..12 unsigned char
0x0B Firmware Year 00..99 unsigned char
0x10 Transmitter 1 status 0| 1 : transmitter gict)ye LSB bit

0x11 Transmitter 2 status 0| 1 : transmitter ict)ye LSB bit

0x12 Receiver 1 status 0|1 :receiver data (abls | LSB bit

0x13 Receiver 2 status 0|1 :receiver data (abls | LSB bit

0x14 Receiver 1 error countef  0..255 unsigned char
0x15 Receiver 2 error countey  0.255 unsigned char

Table 3: Status Registers

3.4.4 Memory Bus Configuration Registers of new FOL module

These configuration registers can be used to cordithe Trigger port behavior. IRQ2 is
used to indicate a trigger to the connected DSRBddition it can be used to reset and set
parameters of the DSP link port connection inclgdiata transfer reset. Configuration
Registers read back is possible.

Word Address | Register Name Content DataDefault
Offset Type
0x20 Low speed selector | 0: Half speed operation, LSB |0
for DSP Link Port 1 | 1: Full speed operation bit
0x21 Low speed selector | 0: Half speed operation, LSB |0
for DSP Link Port 2 | 1: Full speed operation bit
0x22 Reset for FIFO 0->1 transition resets data from trans-| LSB | 0
DSP Link Port 1 mitter FIFO of Link Port 1 bit
0x23 Reset for FIFO 0->1 transition resets data from trans-| LSB | 0
DSP Link Port 2 mitter FIFO of Link Port 2 bit
0x24 Trigger select register  0: no Trigger to IRQZTrigger A 2 0
selected, 2: Trigger B selected, 3: Trig-LSB
ger C selected bits
0x25 Trigger polarity 0: Trigger input is high active, LSB |0
selector 1: Trigger is low active, default O bit
0x26 Reset for FIFO 0->1 transition resets data from trans-| LSB | 0
DSP Link Port 3 mitter FIFO of Link Port 3 bit
0x27 Reset for FIFO 0->1 transition resets data from trans-| LSB | O
DSP Link Port 4 mitter FIFO of Link Port 4 bit

Table 4: Configuration registers
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3.5 SHARC DSP Link Ports

Four of the six DSP Link Ports of the connected READSP are connected to the FOL
modules FPGA. Data transfer from DSP to FOL FPGe#csads on Link Ports three and
four. Data from link port three will be transferredthe left adjacent DSP FOL module
via fiber line. Data from link port four is transfed to the right adjacent DSP module via
fiber line. Data received from the left fiber iamisferred to DSP link port one and data
received from the right fiber is transferred to DBIR port two.

The transmitter DSP ports three and four of the D&Pan acknowledge signal that is
used to stop data transmission when the signal AGKiven inactive low. The acknowl-
edge signal is driven low when the connected adfatedules fiber is inactive, or when
the adjacent module sends a stop transferring@omtrd. The stop transferring control
word is sent when the DSP transmitter FIFO is hudlito prevent for lost data due to
FIFO overflow on the receiver.

3.5.1 DSP Link Port data reception

The SHARC DSP configures the port three and fouraasmitter. Data is transferred as
nibbles (half byte). The DSP drives the link pdadck signal LCLK and four data lines
LDAT. Each data nibble is renewed with the risigige of the LCLK signal. The FPGA
reads the LDAT and transfers it to a receiver Fifak that is then read by the internal
transmitter system clock. Data is transmitted i rising edge of LCLK by the
SHARC DSP and read with the falling edge of LCKthg FPGA. Synchronous with the
DSP system clock the LACK signal of the FOL receiv®dule is driven.

FPGA

Link Port
LCLK

clock
P Clock Buffer _network>

SHARC FIFO

DSP

Link Port
LDAT

Figure11l: SHARC DSP link port LCLK and LDAT signal generation

>

3.5.2 FOL FPGA to SHARC DSP clock and data transmission

Synchronous with the DSP system clock the LCLK BDAT signals of the FPGA to
DSP transmitter module are driven. The followingwing shows the signal generation
process:

FPGA
PLL SHARC
. SHARC DSP
Control Bus I SHARC DSP | compensated I DDR Link port I .
SCLK clock phase SHARC clock FF LACK t'ransm|tter
Link Port 3|4
comp. data

DSP2System ——LACK data

Figure 12: SHARC DSP link port LACK signal driver
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3.5.3 DSP Link Port data transmission

The FPGA module System to DSP observes the LACKasigf the SHARC DSP. When
the LACK signal is active high data stored in tlommected FIFO is read by the module
System to DSP and is transmitted via the LCLK aiAL signal lines. Data is driven
with the rising edge of LCLK and read with falliegge by the SHARC DSP.

FRGA SHARC
CLL DSP SHARC DSP
compensated DDR ) -
Control Bus SHARC SHARC clock——™ FE Link port—3m  receiver
scLk ™| DSP clock LCLK Link Port 1|2
phase LDAT
comp.
LCLK | LDAT
SHARC <« System2DsP - d‘,llta
— DSP g PDR L ack_ ine-
Link Port FF —
LACK

Figure 13: SHARC DSP link port LDAT, and LACK signal generation
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3.6 SHARC DSP IRQ signal lines

Two IRQ signals are used to signal external triggeeption and error conditions to the
connected SHARC DSP processor.

3.6.1 SHARC DSP IRQ1

The IRQ1 signal line is used to send an error dardevent to the connected SHARC

DSP. This happens when the status of the FIFO lovedbserver has detected that data
was lost or when the FOL is no longer stable. Waererror occurs, the SHARC DSP

will then signal an interlock status to the machiS8gnchronous with the DSP system
clock the IRQ1 signal line is pulsed after a neworecondition event.

FPGA
PLL
Control Bus_| SHARC DSP compensated N DDR | 1 SHARC
SCLK > clock phase SHARC clock FF IRQL DSP
comp.
Error observer | IRQ1_out
’ IRQ pulse
Error generator
Condition

Figure 14: Error to IRQ1 signaling

3.6.2 SHARC DSP IRQ2

The FPGA has a configurable trigger configuratiegister that is configured via the
SHARC DSP memory mapped port. It is used to selbdath trigger will be observed by
the Trigger Observer module. The trigger polardéy @lso be selected. The default is no
trigger is observed and trigger is active high. &efing on the trigger selection control
register the trigger input A, B or C is observedn&ronous with the DSP system clock
the IRQ2 signal line is pulsed after a trigger @¢ven

FPGA
PLL
Control Bus I SHARC DSP | compensated I DDR . SHARC
SCLK clock phase SHARC clock FF IRQ2 DSP
comp.
Trigger observer | IRQ2_out
IRQ pulse | TRG
TRGA > generator Fselector
TRG B - TRG
TRGGC - I Polarity

Figure 15: Trigger to IRQ2 signaling
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4 Firmware and Board Simulation Interface

4.1 Simulation interface Test Bench

To simulate the behavior of the FOLSHARC board emehmunication protocols on the
fiber optical link, as also to the DSP SHARC Preoesnemory interface, a test bench
has been written. The Test Bench consists of sesknalation modules that are listed up
in this section.

4.1.1 Top Level Test Bench behavioral simulation

This is the simulation module of the Wiese SHARCPCEmse Board including the DSP
processor. This module simulates the connectidghe@SHARC DSP with the Fiber
Optical Link module. Additional Fiber Line connawggiand removing is also simulated
within this part of the test bench. It is possitniénstantiate more than one FOL module
here if needed.

4.1.2 ADSP 21060 behavioral simulation

This simulation module is used to stimulate datagfers by the DSP processor. It simu-
lates the behavior of the analog devices SHARC O®E.data transfer to and from the
FOL is initiated from here. This module simulaté&adhe memory mapped port from the
SHARC DSP to the FOL and initiates the startup phAtso the link port communica-
tion of the SHARC DSP is initiated here.

4.2 Fiber Optical Link Board Simulation Model

The simulation Test Bench of the FOL hardware dostaome digital simulation models
to simulate the data transfer on the FOL. The falhg table includes behavioral models
that are used. Details can be found within theliesthes of each module.

Module: Description

FolSharcDIOV10_1 This is the Top Level of the F@hamatic simulation mode|.
It describes how the schematic is combined of stsehe-
matic sheets.

SHARC IO Pack This is the simulation model of the SHARC IO Paokiec-

Connector tor to the base board simulation model.

Level Converter This is the simulation of the Le@ainverter schematic.

Optical Transceivers This module includes the satioih of the optical transceiver
modules.

Power Distribution This module simulates the Po@estribution on the FOL
board.

CYCLONE_IV_GX This module includes the FPGA configtion and the 10 ping
of the Cyclone IV GX FPGA.

FOL SHARC PCB types This package includes the gagmn of the bus specification
types.

EP4CGX15BF14C6 Simulation model of the Cyclone IV GX FPGA: Thisnsila-
with firmware instance | tion model instantiates the firmware and the sittoiaof the
configuration of the FPGA.

Table5: FOL simulation modules
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4.3 Digital IC Simulation modules

The simulation Test Bench contains some digitab$aion models to simulate the data
transfer on the main board and the FOL. The folimatable includes behavioral models
that are used. Details can be found within theliesthes of each module.

Module: Description

RESISTOR Simulation model of a resistor
ZERO_RESISTOR Simulation model of a 0 Ohm resistor
CAPACITOR Simulation model of a capacitor

INDUCTOR Simulation model of an inductor

FERRITE Simulation model of a ferrite

JUMPER Simulation model of a jumper

DIODE Simulation model of a diode

LED Simulation model of a LED

OSCILLATOR Simulation model of an oscillator

XO OSC 20 Simulation model of an 20 MHz oscillator
TXB0106PWR Simulation model of device TXB0106PWR
AFBR_53D5EZ Simulation model of device FBR_53D5EZ
CDCLVD1204RGTT Simulation model of device DCLVD1R&TT
SL_SI570BAC000304DG Simulation model of device SI578BAC000304DG
TI_TPS54620RGYT Simulation model of device TI_ TPGHIRGYT
LT1963AEST 3V3 Simulation model of device LT1963AES
MAX_ MAX16029TGP Simulation model of device MAX160P2&P
NB1OOELT23LDG Simulation model of device NB10OELTZBG
NCP566ST12T3G Simulation model of device NCP5669 B2
JTAG_CONN Simulation model of a JTAG_CONN
EPCS16SI8N Simulation model of the device EPCS18SI8

Table6: Simulation library for digital representation of used I Cs
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