l A R T I s A N® Full-service, independent repair center
with experienced engineers and technicians on staff.
‘ e HLNSIEER R OUR We buy your excess, underutilized, and idle equipment

along with credit for buybacks and trade-ins.

YO U r defin il.ive SO U rce sgl;zzﬁﬁqﬁ:;gnj:rii:ic:l?s exactly as you specify.
for quality pre-owned
e Critical and expedited services ¢ Leasing / Rentals / Demos

eq ul p men 1- * In stock / Ready-to-ship * ITAR-certified secure asset solutions

Expert team | Trust guarantee | 100% satisfaction

Artisan Technology Group

(217) 352-9330 I sq|es@qrﬁsqnfg,com I Qrﬁsqmg_com All trademarks, brand names, and brands appearing herein are the property of their respective owners.

Visit our website - Click HERE


tel:2173529330
mailto:sales@artisantg.com
https://artisantg.com
https://www.artisantg.com/Search.aspx?q=IRS_Systems_cRIO_OPIF_Manual_202268131147.pdf

IRS Systementwicklung GmbH O e P Sabrachs

IRS cRIO OPIF 10MBit/s

Optical interface 3-fold Tx/Rx 10MBit/s
for Compact RIO

Manual

IRS_cRIO_OPIF_Manual_V_1 0.docx 05.06.2012 Page1/11




Systemldsungen

IRS Systementwicklung GmbH auf den Funkt gebrachit
Contents
R CT=Y Tl o | OSSPSR TPRPRRP 2
1.1 (00 =Y Y=Ll o 11y oY VUSRS SURRNE 2
1.2 PUrpose of the dOCUMENT........cooi e e e e e e e e e e e e e e e e anbreeeeaaeean 2
1.3 FiYoYo][ToF=] o (oo [0 Yo U] o T=T o -y SRR PNE 2
1.4 1A o] TN VA=Y 4T TPt 2
R o - [ e 1V T PSPPSR 3
1.1 OVEIVIBW. ..ttt ettt e e s e s bbbttt e e e s e s s bbbt e e s et e e e e e s nbrbeeeeeesas s reneeeeessaannnne 3
1.2 TECHNICAI DAt c.eveiiieeiie ettt e s be e e bt e e sabe e sbe e sbaeenareesabeesbae s 4
2. SOTLWAIE OVEIVIEW ...eiiiiiiiiiiicieee ettt e st e e st e e st e e e s sabee e s sssteeessabeeesennsaeesesbenessnseens 5
2.1 SIMPIE ACCESS EXAMIPIE ..evveiiie ettt e e et e e e e e e et e e e e e e e ese sesasbeeaeeeesesanstaseeeeassannnes 5
2.2 Including the module in the user apPPliCatioNn ..........coevciiii i 6
2.3 Streaming example With DIMA..........ooiiie et e e e e e ra e e e e s e e e eanaraeeeeaeean 9
1. General
1.1 Change History
Date Version | Changes
05.06.2012 | 1.0 First draft

Table 1: Change History

1.2 Purpose of the document
This document describes the optical interface module for Compact-RIO, which contains

- 3 optical Transmitters
- 3 optical Receivers

Both transmitters and receivers are suitable for “Versatile Link” plastic optical fibers at speeds up to
10MBit/s respectively. In the following chapters the hardware and the basic software drivers are
highlighted.

1.3 Applicable documents

Nr. | Document Date Remark
1 cRIO Optical Interface 10MBits_V1.0_Schem.pdf 25.04.2012 | Schematics
2 AVAGO_HFBR_x528.pdf 07.12.2007 | Optical transceiver data sheet
Table 2: Applicable documents
1.4 Abbreviations
Abbreviation | Description Remarks
cRIO Compact RIO Measurement device platform of National Instruments
OPIF Optical Interface

Table 3: Abbreviations
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1. Hardware

1.1 Overview
Following block diagram shows the hardware of the module:
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&
[cs | |ID_Select & SPI_CS
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I
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I
I
I
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During start-up or reset of the Compact-RIO system the 10s between the optical interface module and
the Compact-RIO are floating. The module is designed in this way, that the transmitter outputs do not
emit light. l.e. NO LIGHT should be regarded as the SAVE STATE.

If the EEPROM is accessed from the Compact-RIO, all transmit Buffers are disabled. No light is emitted
by the transmitters.

For detailed description of the circuits, refer to the schematics (applicable document Nr. 1)
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1.2 Technical data
Following table shows the technical data of the module.

Item Min Typical | Max Unit
Ambient Temperature 0 25 60 °C
Supply Voltage (supplied by Compact-RIO) 4.75 5.0 5.25 Voc
Supply current (all transmitters off) 40 50 60 mA
Baudrate 0 10 15 MBit/s
Forward current per transceiver 48 mA
(Light On, Logic level Low)

Driver buffer propagation delay (between Compact- 3 5 ns
RIO and transmitter LED) additional to HFBR1528

Receiver buffer propagation delay (between Receiver 2 5 ns
and Compact RIO) additional to HFBR2528

For detailed technical data of transmitters and receivers, refer to HFBR1528/2528 datasheet (document

Nr. 2)
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2. Software overview
In the following chapter the example projects are described. In the first example, the user is introduced,
how to include the module into the user’s application project.

2.1 Simple access example
The simple access example can run only on the Compact-RIO FPGA and may be started directly from the
host-PC. The example is included in the documentation CD: “cRIO_OPIF_Basic_Access”

The example shows three buttons to control the Tx outputs of the module and three indicators, which
show the status of the receiver inputs. The following figure shows the front panel, where the receiver
inputs are directly connected to the transmitter outputs via plastic fibre.

B cRID_OPIF_FPGA Top_Basic_Access.vi on cRI0_OPIF Basic_Ac... [= |[B][X]

File Edit Wiew Project Operate Tools MWindow Help .
N=I0

inputs outputs

cRIO_OPIF_Basic_Access. lvproj/FRGEA Target| < | >

The following block diagram illustrates, how the 10 lines of the module can be directly accessed in the
example, using read/write controls to the user and FPGA |0 nodes to the module’s hardware.

Wery simple access bo the inpuks and oukputs

of the threefold IRS Compact RIO optical inkerface 10MEit)'s,
This WI can be compiled and started From the PiC,

Toggle the Tx contrals and wire the Fibre From T ko R,

The respective receiver will show the status of the Tx oukput,
It runs on the defaulk kop level clock af the syskemn,

Conkrols For Transmitters: [ndicators of receivers,

Moke that the outputs are inverted, Moke that the receivers inputs are inverted, i.e. IF light
i.e. alow level on the IO line highlights i= present on the receiver's input, the IO line shows "Low",
the LED, Because of this the signal is Because of this the signal is inverted in this example.
inverked in this example.

[

The FPGA 10 nodes have to be specified in the project as shown in the following figure:

IRS_cRIO_OPIF_Manual_V_1 0.docx 05.06.2012 Page5/11




Systemldsungen

IRS Systementwicklung GmbH auf don Funis gebrachit

¥ Project Explorer - cRIO_OPIF.Ivproj *

File Edit Wew Project ©Operate Tools ‘Window Help

PhSep| % DO X||sEk R o] h e

Trems | Files |

= [lel, Praject: cRIO_OPIF.lvproj
= B My Computer
- 55 Dependencies
"% Build Specifications
- [y, NI-sbRIO9602-0150937F (192,168,100,1581)
= B& Chassis (sbRIO-3602)
= §&} FPGA Target (RIOO, sbRIO-9602)
# ) Sub-vls
|:J Onboard I
=N N Module_cRIO_OFIF

1x_1 (Module_cRIO_OPIFISPT Conv (] i)
.2 (Module_cRIO_OPIFISPI Func (DI04 1)

'_I Module_cRIO_OPIF (Slot 1, cRIC-generic)
40 MHz Cnboard Clack,

Eﬂ, cRIC_OPIF_FPGA_Top.vi

- "' Dependencies

[+ +% Build Specifications

- "' Dependencies

~ " Buid Specifications

2.2 Including the module in the user application
To include the module into the user application the blue marked items of the previous figure have to be
copied into the LabVIEW project of the user. There are some steps to perform after you have setup your
LabVIEW project according to your applied Compact-RIO system:

First include a new cRIO device:

- Right-click on “FPGA Target”

- Select from Popup- Menu “New->C Series modules...”

- Select the checkbox “New Target or Device” in the following window:
- Select C Series Module and press “OK”
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B! Add Targets and Devices on FPGA Target

Targets and Devices
(") Existing target or device
(%) Discover an existing target(s) or devicels)
) Spedify a target or device by IP address
(%) New target or device
Targets and Device Types -
|
L
< 5
[ Refresh ] I (o] 4 l [ Cancel ] [ Help

The following window will appear.

k= Mew C Series Module

Marme
| MyOPIFModule

Module Type

|cRIO-generic s | cRIC bus as DIO lines

Lacation
(3ot 2 v |

[ Ok, H Cancel ][ Help

Select

- an appropriate name for the module
- “cRIO-generic”
- the Slot of the Compact-RIO chassis, where the module should be applied.

Note: If the cRIO-generic module can not be selected, please include the following line into your
“LabVIEW.ini” file, while LabVIEW is closed.

cRI O _Favorit eBrand=generic
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Rename the 10s of the module according to the following table, where the respective Rx (Rx_1, Rx_2,
Rx_3) and Tx channel (Tx_1, Tx_2, Tx_3) must fit to the respective DIO-line (DIOO0...DIO7), which is shown
automatically after the C-series module has been included

OPIF Signal C-Series Module DIO line
SPI_Clk SPI_Clk
ID_Select ID_Select
Tx_2 DIOO
Tx_3 DIO1
Rx_3 DIO2
Rx_1 DIO3
Rx_2 DIO4
SPI_CS DIO5
SPI_MISO DIO6
Tx_1 DIO7

The Project window will appear
similar to the figure on the right: B Project Explorer, - cRIO_OPIF. lvproj *

File Edit Yiew Projeck Operate Tools window  Help

e b X||SR| E-¢ o6
Note, that you may also use different Items | Files

names of the signals. = [l Project: cRIO_OPIF.lvproj
=] 9| My Compuker
i -:_:; Dependencies

If you want to apply several optical

-qr Build Specifications

B Wi, MI-sbRI09502-0150937F (192.168.100.161)
repeat the process as often as there = B8 Chassis (sbRIO-9602)

are modules. In this case, the signal = {5 FPGA Target (RIOD, sbRIC-G602)
i+ [ Sub-vls

[ onboard 1/

in the whole project. 5 o OE

interface  modules, you have to

names of all modules must be unique

40 MHz Onbuard CIu:uck
|=§, cRIO_OPIF_FPGA_Top.vi
_'-'-:-'T' Dependencies

& '% Build Specifications

_"5_" Dependencies

'-'-.'_ Build Specifications
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2.3 Streaming example with DMA
The following example generates a bit-stream in the FPGA, transmits the bit-stream on the optical

transmitters, receives the data via the optical interconnected receivers and passes received data via

DMA to the RT host software. The RT host software visualizes the received data.

The example is included in the documentation CD: “cRIO_OPIF_Example_with_DMA"

In detail the example performs the following:

- The FPGA generates bit-streams for the transmitters continuously

- The bit-streams are three PWM-signals

(0]
(0]
(0]
(0]
(0]

The pulse width represents the elongation of a sine wave, resolved in 256 samples.
Every sample of the sine wave is represented by a single pulse - a single PWM-cycle.
The period of the PWM is 3.2768ms with a resolution of 100ns.

After every PWM cycle the next sample of the sine wave is valid.

The period of the sine wave is 32768*256*100ns -> approx. 1,2Hz sine wave frequency.

- The three bit-streams are passed to the module’s transmitters

- Transmitters should be optically connected to the receivers.

- The received data is over-sampled at 40Mhz, where every fourth sample is valid. l.e. the real

data sampling frequency is 10MHz, as it is the same as for the transmitters.

- The received data is passed to the host RT system via DMA. Actually only every 1000 samples

one sample is transferred to reduce amount of data.

- Inthe RT software,

The following figure shows the example front panel of the RT software, which visualizes the received

data as raw data, digital waveforms and an analogue representation after a filter:
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B! cRIO_OPIF_RT_Top.vi on cRIO_OPIF. lvproj/NI-shRID9602-015D937F
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After the VI has started, both RT and the FPGA will automatically run and will generate data. If the
optical transmitters and receivers are interconnected, the received data will be displayed as in the figure

above.

Following block diagram shows the RT software:

BEE

#., cRIO_OPIF_RT_Top.vi Block Diagram on cRIO_OPIF. lvproj/NI-sbRI0O9602-015D937F
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. e n

" Rx_DMA_FIFO.Read
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Data
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IRS_cRIO_OPIF_Manual_V_1 0.docx

05.06.2012

Page 10/ 11




IRS Systementwicklung GmbH

Systemldsungen
auf den Punkt gebracht!

In the RT software the reference to the FPGA-bit-file is opened. With a period of about 836ms the entire
received data of approx. one sine wave period is read from the DMA FIFO. Received data bytes contain
the bit-streams of all three receiver channels, which are extracted by the bitmasks (“0x01”, “0x04”,
“0x10”). Take care in the RT software that the reference to the FPGA bit-file is a valid path to your bit-

file on hard disk.

The following block diagram shows the FPGA design

+ 40 Mz Onboard Clock [

[ v Fro k8| [Tt

10-Loop:

@—»

Read Tx_Data
Element M
Timeout . [ vealid

10 access to the module
run at 40MHz in this exampls

Tirned Quk? L=

B Tx_FIFO_2 Ik © VT 2
Read [Tx_Data]
Elerment L
- Timecuk i
Te_Valid
Timed OOt W3
Fanrarmamt [o
There are Sub-VIs handling one single Read T Data
receiver and one single bransmitter, respectively. Elerment i
The receiver is s=lected with the I0-constant, . Timeout [—]
wired to the respactive Sub-VI (R, Tx). ° - T Velid

If saveral modules are applied, use different
names for the channels of the modules.

B

Read

every fourth clock cycle

receive data

Timned Cuk? L=

Rx_Sync_Reguest

.

Fx Sync Request has two purposes:
- Reset the sample countar for Rx and Tx
- Trigger the edge detection in the Rx VI

Transmit data is read from FIFOs, which
are filled in the data generator loop

Output data on

three transmitters

Trznsmit data from Tx FIFOs:

40MHz, svery fourth clock cylce 2 new
Tx_Datz sample will be sent. Tx_Valid
inidicates a new sample.

time, Tx Valid iz activated.

Since the datz generator loop runs in the
10MHz clock domain, and this I0 loop runs at

The transmitter outout is updated every

Pass receive data

software via DMA FIFO

to RT

take sample every fourth clock cycle.
Le. Rx_valid is activated every fourth

Whenewver one of the Receivers indicates a valid sample,
data and valid outputs of the receiver modules are
transferred to the RT host application via DMA.

A data reduction is performed, where anly every

v 10MHz  C
¥

Data generator loop:
runs at 10MHz

e
L
£ St

Data generator loop for transmitters,
A Si of a frequency of approx. 1,2Hz

Bk Tx_FIFO_2 Ik °

Write
3 Element
- Timeouk
Tirned Cuk? W

¢ Tx_FIFD_3 Ik I

is generated in 256 samples.

According to the sinewave

- Channel 1 cutputs a PWM with a pulse width
according to the actual elongation of the sine wave.

- Channel 2 generates the same according to the
negative sine value,

- Channel 3 is the inverted bit of Channel 2.

clock cycle. 1000 samples ane sample of data is streamed
4
] e 5 e ¥
x_1 [ b
-5 Fox_Valid P E—
" b R DMA_FIFQ 4l
el — e
*_2 [7] — Elenent
°
Ix Fox_Valid o [} Timeout
Timed Ouic? H
-
! o vaid
| [0
ticks
[B b T2 _FIFO_1 416 ®
‘Write
; Elerment
y Timeot Generate data and
Tirned Cwtk? H

pass to Transmit
FIFOs at 10MS/s

The Tx and Rx Sub-Vis may be used by any user application for reading and transmitting data at different
data rates. Note that this is just an example, where FIFO overflow or underflow is not handled. The
example has to be adapted to the user’s requirements.

A detailed description of the software is included in the Vis.
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