TECHNICAL UNIVERSITY OF LODZ, POLAND RFTech
DEPARTMENT OF MICROELECTRONICS AND COMPUTER SCIENCE T

SOFTWARE SUPPORT FOR PCIEXPRESS BUS FOR

UTCA-BASED LLRF CONTROL SYSTEM Y 7 EucarD
A. PIOTROWSKI, L. PETROSYAN, A. NAPIERALSKI e

ABSTRACT: PCIExpress architecture is a widely used communication bus designed for industrial application. Additionally it is also part of an
uTCA standard available as one of the communication interfaces between AMC modules. Due to high efficiency of data transfer PCIExpress bus
was used in uTCA-based LLRF control system for FLASH accelerator (DESY, Hamburg) for data exchange between hardware modules and DOOCS
control servers. In this poster author presents general overview of software components for Linux operating system designed to achieved
maximum efficiency of data transfer. Elements like PCIExpress device drivers, support for hot-plug functionality and access to hardware directly
from tool like Matlab are described.

hardMon is an Matlab script with GUI that allows
to read/write data directly from/to hardware
through PCI Express bus. For each register in
B = device user can define plug-in script to perform
b additional data processing executed during I INE EBUG eloL -
s o specified action. Plug-ins are standard Matlab lirf-pcie-rw is a low level, command line
] Wradsains s classes. application that allows user to read/write data
= el directly from/to PCI Express devices.

./1lrf-pcie-rw /dev/llrfadcs6 1 r 0i 84i h ¢
ADDR: 0x0i COUNT: 84i (1.3 MB)
0x007B98AO 1

0x00004F18

0X0000F378 0x00009679 OXFFFF6987

sewn iz 0x00010000 0x00010000 0x00010000 0x00010000 0x00010000 0x00010000

CONFIGURATION FILES

Device Access Library uses two types of
configuration files: dmap files that describe
e mapping between board name, device driver
and map file name and map files that store
information about registers available in device Map file maps name of the register to set of
address space. parameters. Meaning of the columns is as
follow — register name, number of 32bit
elements in register, address of the register,
— ADC  /devilirfadcs6 J/sis_demo.map total size of register expressed in bytes and bar
— GUI Application Based UTC /devilirfutcs5 /utc_demo.map number.
MATLAB MEX FILES on Matlab
Matlab Mex Files allows user to read/write data =
from/to PCIE Express-based devices directly WORD_FIRMWARE 0x00000001 0x00000000 0x00000004  0x00000001
from Matlab level. Powerfull- Debug Tool WORD_COMPILATION 0100000001 000000004 0x00000004 0x00000001
2 WORD_TIMING_FREQ 0x00000002 000000008 0x00000008  0x00000001
WORD_TIMING_FREQ_0 0x00000001 000000008 0x00000004 0x00000001
WORD_TIMING_FREQ_1 0X00000001 0x0000000C 0x00000004 0x00000001
WORD_TIMING_EXT_ENA 0100000001 000000010 0x00000004 0x00000001

0x00000008 0400000100 000000020 0x00000001
000000001 0400000100 000000004  0x00000001

hardMon 0X00000001 0400000104 000000004 0x00000001

; . 0X00000001 0400000108 000000004 0X00000001

Flexible Cenfiguration CHO0000001  CHO00O01OC  €400000004 500000001

MEXs CMD Tool 0100000001 0x00000110 000000004 0x00000001

000000001 0400000114 000000004 0x00000001
- - Re_ 0X00000001 0400000118 000000004  0X00000001
HP ” Device Access Library I RE_ 0x00000001 0x0000011C 0x00000004 0x00000001
WORD_VS_CHAN_ENA 0x00000001 0400000408 000000004  0x00000001
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Object-Oriented Approach DEVICE ACCESS LIBRARY

Device Access Library is a wrapper that
PCI EXPRESS DEVICE DRIVER T translates device driver interface to common,

Device driver is responsible for direct data high-level, object-oriented interface. Library
exchange between operating system and hides hardware-specific low-level operations
hardware. from end user, therefore access to different
devices can be performed always in the same
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hot-plug scripts allows user to logically remove uTC BARO \ o o

PCI Express device and force bus enumeration ZP ‘ - s

Linux Kernel

to detect new devices. This functionality is [ aovconnorcie | [ aovcongme | |
especially useful to force Linux operating
system to detect configuration changes after

FPGA-based PCI Express device uTC BAR1
reprogramming. It is worth noting that when
device is logically removed from system, power
supply is still connected, therefore it is possible
to change FPGA-based PCI Express endpoint,
reprogram device, remove and ones again

enumerate bus to force system to detect board ADC BARO
with new PCI Express parameters.

dovConfigSerial

devecie devserial devaccess

contig: devConfgPCle confg: devConfgSeria’ Gov: devBase

close() - vold + dosel)-void 20 void closel)

ADC BAR1

PCle endpoint registers are mapped into
common system address space enumerated
during system startup

devMapAccess devDMapAccess

i
apFi (ta-string)
wie(sctsting, wntG2_t size_{) wrie(sd:sting, sd:sting, uint32_t, sz0_1)
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DEVICE ACCESS LIBRARY -

devAccess class is a implementation of
decorator design pattern that extend
functionality offered by library to map and
dmap file parsing.
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