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Hardware and Requirements

» 350 low-level RF controllers
* 55 machine protection nodes - driver needs to be reliable

* FPGA based, firmware is continuously improved
—> driver needs to be flexible

» Soft-core runs a C program handling Ethernet communication
- limited to UDP

= |OC runs on remote machine
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Features

» Read/write scalars of various data types
* Signed int
* Unsigned int
* Fixed point 16.16

» Read/write waveforms
* Driver doesn’t need to be recompiled if registers are added/modified
* Firmware upgrade through waveform records

—Firmware

Memory Write Protection  Write Allowed

Progress
Image Write Read SHAL
Multi-boot Header write.. | [ 0% | MMM fS6452419320802eabof 0f 59534a330a4f c2e5a8
Golden FPGA write.. | [ 0% | MMM ©Sle68cbasalfscdacodoe0zfssoaatceddf254e4
Golden MicroBlaze write.. | [ 0% | MMM ©52d02088565ceb6f 7elac3cdcBe2cd669d6924b0
Primary FPGA write.. | [ 0% | MMMl ©Slec8chaSalfScdacodoe02f8soaatceddf254e4
Primary MicroBlaze write.. | [ 0% | e ©2d02088565ceb6f 7elac3cdcBe2cd669d6924b0
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Support Module is Timer Driven

= Asyn is used to simplify implementation of asynchronous 1/O

* Timer are used to perform the following operations
* Periodic read-out of registers
 Incremental array read/write
 Detecting communication problems

i - Timer Queue
Thread
= epicsTimerQueue is managing o
the timers When Timer
0.1s 0.0s | Expires
= |/O operations are performed in the
context of the timer queue thread 1‘ Start Timer

Dequeue (Enqueue)

* No separate locking required

= Much easier to write fast unit tests e ?)‘ﬁb‘ﬁb‘ﬁ@“
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FRIB

Hardware and Requirements

Design Decisions

+ Naw haavy ion ascelerator facily for puclear physics
+ Driver inac is designed o accelerate al stable jons 1o
energies >200 MeViu

+ Beam powsr an lagat i ug 1o 400 KW

+ 350 caviies, 300 10Cs. thousands of devces

+ Usec with o

Gasign with a Sparian B FPGA
+ =350 kow-iavel RF cantrallers
+ =55 machine prolection nodes.
— Ditver needs 1o be very relisdle

+ Som-cona runs & C progrem which Nances EMmemet communication

+ No oparating systam, o IP stack — nead 10 154 L
+ LLRF firmaeare s improve continuously,
registers are addedimodifid frequarty
- Driver neads In be flexible

. Is used 1o simpli
implamantation af asynehronous aparalions
+ Asyn parameters are dnamicaly created
whie loating the 10C dalatiase
+ Regsier sddesses and data types
{signed inl, unsigned nl. Txed point
1516 ) ave rwad from INFIOUT
felgs

‘Sirings are parsad using sidregex
1)

* Rogistrs ars r9ad out parodicaly a5 3 angs
aray rames than transferring them one by
ona o improva sicency

+ Timers ars leveraged for implamnting
operatians ot supparied by Asym

UDP Protocol

Support Module is Timer Driven

+ I0G infiatss communication by sending a UDP request
package., the devica ganerally responds with ana or mare
UDF packsges

+ Spacified commands;

* Read rogistars

Wirite regiters

Read wavsiorm

Read a block fiam persistent memary

Ersss & biock of parsistent mamary

Wirits 3 block 10 parsistent memory

Requast write acoass

+ Three different memary regians are defined for registers
* Read-only memory (. g, read eut a sensor)
* Readhwrile memory {=. . readhrile set-poinl]
« “Wirie-oncer” mamory {for commands iriggering some

action ka “slar ramp)
+ Muliple clionts can read rem he davics at the same bme.
bt anly ona of them can have wrile aconss

+ Sassian |0 in wach package helas to distinguish clisrts
. Wirits acoess expines when Aol Lsed for a whie

+ Teners are use 10 petar he falwing ogeralions
~ Pariodk taad-oul of registees {10 #z)
+ Incramental array readeréo withcut biacking olhor
comeurication
+ Ditoctng communication arobiams limoouts)
+ Penodcally sending a request 10 keep wrile access
(ol st whe urites are perrmed)
« A instance of epcsTImerQueUe 5 manapng i Umers
- Timars a1 store0 1 & piorty Qusus {ordred by
axpiration tima)
+ T mer-ueus thraad wass Ut the frst im i the
ueus 6xpras Detors callng s handl
+ Each device has s own Smer queus rosal
adional tread per devce
Wit opealions star

St a s kv rmacisay o 5
Ppea—

Siaing anee e 0., fra

Advantages
©Al i the cansest of the tmer
a dng recuirec)

+ Iis Insaried i he front of the e
hanler s called right away

+ Witas ars tiss offactely handled with higher priority
than reats and wavelorm ranslers.

+ Asynzhronous implementation with Bmers makes fhe code
‘easier Io sl {avoits “sisep” slatements fhat would slow down
unit ests)

Waveform Read-out

rmware Update

Development Tools

+ Reading 8 wvelom recard inilisles an Ssynehronous read
whan

@n the

:
:

+ Uisers rsaciwite frimware enages (hiough wavelom recards

Tha over fequests the anirs amay

Tha davice iransmis the amay chunk by chunk

W chuk 5 st imeous expires and the missing

et is requested again untl al Biocks. hirve been

raceiver

The mssembled array is passed o to Asyn

Asym elears the PACT flag and iriggers processing of

the recont

+ Davices can support @ comenand for freezing circular
bulfers. This can e imglemented on tha 10C e a chain of
vacoeds that freeze, read and unfresze & bufler

= LR

+ A read-cul mode pesned lowards strsaming spplications is
under develament

Bsyncheonous raadie
sy 38t PACT flsa bafors [t cals wise route
D 5 rosciorten biock By biock fimes rivar),
erasing biatks before writing them
When all cai has been resdlwriten, he cata is
passet 1o Azyn (Asyn ears PACT fla)
When firmwane write has completed, the firmware
image is automalisaly rear o update raed records
+ An a8 roor calusates fha SHAT hash of tha data reard
back. This hash can be compared o ha ousptof ‘shareum
firmirara i’ on e command b
Rl as a record of

+ Compiler; GCCIdlang using C4+14

+ Bulld system: Chake, CMakedERICS

+ Gode covarags rpon; goow

+ Uit testing framemerk: Google Test/Googie Meck
+ Mok msynDetetSynel O functionslity o verity that the

‘supsert modle calls Asyr's reads/write funclions

carmectly

Mosk object s injected for unit tasts and

‘asynOcleiSynciO for production

Conelusion

+ In the future the hash value coud be used t reveke
run perm while Ewald frmware i loaded

port madule s used succassfuly for LLRF carfralsrs

+ FPGA snginesrs can Ladals mwars hemselves
+ Accass sacuity prevants nan-expens from modifying
firmware

agnestc)
« Botn scalar reaatwrile 8ng wavElor reatoLt &rs supparted
+ Firmwara can 5 programmed snd verfisd over Channel
Accass

+ Driver handles large rumbar of devices effciently (largest
IOC has 185 evices and 220,000 records)
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