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* The LINAC provides beam simultaneously to four storage rings at 50 Hz
* Timing system must ensure:
« Stable synchronization with 50 Hz AC line
* Precise Pulse-to-Pulse Modulation (PPM) every 20 ms
« Flexible RF bucket selection across injector and multi rings
* The current timing system 1is highly complex
« 3 EVGs are cascaded at main station to follow 44.1 Hz BSC and 50 Hz AC line
« Various EVR types are used (MRF VME/PXI EVR, Virtex6-based embedded EVR, EVO/EVE)
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© The Timing System Upgrade

* EVG & EVR from MRF company

« KEK LINAC relies on a large, distributed timing system with over 100
EVRs (mostly VME based) since 2008.

« The VME platform is stable but becoming obsolete; key components like
the MVME5500/MVME6100 CPU are being discontinued.

* MRF 230 series EVG & EVR are marked as NLA; migration to 300 series 1is
mandatory

* We decide to migrate our timing system from VME to the modern MicroTCA
standard.
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s ‘Two Migration Strategy

* Goal: fully non-VME timing system

* Chosen approach: replace EVG first |
« Remove VME from the “heart” of
the timing system
* Deploy the latest EVG software
stack from the start
* Unlock advanced functionality
of the MRF 300 series
3  Simplify subsequent EVR
|y " a migration and system expansion
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== Experimental Setup
a—

-----

VadaTech Chassis: VT814
VadaTech MCH: UTC004
VadaTech CPU: AMCT725
« AlmaLinux 9
e EPICS 7 & mrfioc2 (EPICS module) on NFS ; , , <
* Single source code -> Linux & VxWroks binariesfg == LR ) =dl j' Jrey
MRF MTCA-EVM-300, MRF MTCA-EVR-300RF, VME-EVR- LV N ] ~ o
300, VME-EVR-230RF, PXI-EVR-230
Keysight Oscilloscope (2.5 GHz, 16 GSa/s)
Picoscope 4424A & Raspberry Pi 5 (details later)
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© Control Interface

TT:VME-EVR-230 Expert TT:MTCA-EVR-300 Expert

Event Monitors
Enable Enabled ~ || Enabled @OBJ=EVR230RF,Code=' | 153940 Reset | Enable Enabled ~ || Enabled @OBJ=EVR,Code=10 | 154124 | Reset |
Requested Freq  114.240 MHz Link Status @O0BJ=EVR230RF,Code=. | o Reset | Requested Freq  114.240 MHz Link Status @OBJ=EVR,Code=11 | 0| Reset |
Actual Freq PLL Status @OBJ=EVR230RF,Code=. | 0| Reset | Actual Freq PLL Status @OBJ=EVR,Code=12 | o Reset |
Clk Err Time Status @OBJ=EVR230RF,Code=. | 0 Reset | Clk Err Time Status @OBJ=EVR,Code=13 | 0| Reset |
Ext Infi Use bt = | | LInKErrent @OBJ=EVR230RF,Code= | 0| Reset | Ext Inhib Use Inhibit_~ | | LNk ErrCnt @OBJ=EVR.Code=14 | | Reset |
(GTX only) HBL TIMO Cnt @OBJ=EVR230RF.Code=! | 0| Reset | (GTX only) HBtTIMOCnt [ 3 | @OBJ=EVR.Code=15 | 0| Reset |
[ THU.28 AUG 202513:1354 | | | Fw Version @OBJ=EVR230RF,Code=. | 0 Reset | [_Thu, 28 Aug 2025 13:14:31 +0900 | | | Fw Vers;fmv [ 20720 ]| [@OBJ=EVR.Code=16 | 0| Reset
Clock Mode EVG || S“’; o | @OBJ=EVRZ30RF Code= | 0| Reset | Clock Mode EVG = || e | @OBJ=EVR Code=17 | 0| Reset |
Time Sre Eventclock ~ HW Model Time Sre Eventclock = HW Model
Time Clk 114.240 MHz [ VME-EVRRF-230 ] Time Clk 114.240 MHz [ mTCA-EVR-300RF |
Time Ck Div Position Time Clk Div Position Enable Enable ¥ | | gond gvent O
Link RX Mode DBus+Buffer ~ IRQ Rate Link RX Mode DBus+Buffer ~ IRQ Rate Target 1000.000r TS Tx Disabl ~
Link TXMode  DBus+Buffer ~ || FIFO Rate 2 ewlls Lo Lol DBustBufier’ "= | | FIFO Rate 2 ewls Stas Time Err

sep | FIFO Loop Ratel 21z | F FIFO Loop Ratel_2Fz | | *1& TS [Sun, 07 Feb 2106 1]
scan (B _ Evt Avg of FIFO[0.196 % | SCAN 10 - Btz F'FO Cfrm:n: __ﬂ [ syme |

Commit Hash | NotConfi Commit Hash | NotConfi oop oc ync
RxPwr [ 497.5 uW Rx Pwr 738.3 uw Master Rx
TxPwr | 4042uW T o W i [0
I;r:peratu 43%22,“%5 Blink Evtl 125 Link 10300 Mb/s Blink Evt1 125
Vendor  [AVAGO BiinkEvi2 0 ‘F{: :‘tdor gsp-mesn Blink Evt2 0
g:ﬁal . 1';%3’552115 PSReset 123 Serial # |G23301263 PS5 Resel
D — Manu. 2023108

OPI for VME-EVR-230 OPI for MTCA-EVR-300
Keep EPICS PV naming and OPI consistency for various of form factors
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f? Basic Function Verification

« Common functions for EVR of different form factors

* EVR link/TS/SFP status, Pulse-Gen, IO mapping, Output width/polarity
« A pytest-based framework 1is used to automate the verification

« Automatically sets up EVR and read status/trigger waveform back

« Allows flexible configuration through YAML

* GitLab CI automation and HTML test report generation

e Works for VME/PXI/MTCA EVRs
* Picoscope connects to Raspberry Pi with USB (both portable)

« AsynPortDriver based epics driver developed for Picoscope

mtca—evr-300rf-example:
prefix: "TT:MTCA-EVR-300:"

ioc_start: "YES"
Pytest/Server ioc_exe: "/path/to/epics/modules/mrfioc2/bin/linux-x86_64/mrf"
ioc_cmd: "evr300.cmd"
cmd_path: "/path/to/epics/ioc/mrf300-test-ioc/mtca"
hardware: "MTCA-EVR-300ORF"
use_scope: "YES"
EPICS scope_prefix: "TT:PS3405D:"

scope_port: "FPUV1"
scope_channel: "A"
evr_name: "EVR"
use_pva: "NO"

)
) ¥

MTCA/VME CPU 10C/Raspi

vme-evr-230-default:
prefix: "TT:VME-EVR-230:"
ioc_start: "NO"
hardware: "VME-EVR-230" .
use_scope: "YES" YAM I— con f1 g
scope_prefix: "TT:PS3405D:"
scope_port: "FP1"
scope_channel: "B"
evr_name: "EVR230"
use_pva: "NO"

uUsB3.0

MTCA/VME EVR Picoscope

Trigger
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©»

KEK

Basic Function Verification

' Channels

= s Trigger mode  Simple ~ simple
#!../../bin/linux-arm/testasynps3000a e cn al[enel[enc|lcno]
< envPaths SRS oo PR,
epicsEnvSet("I0C","loctestasynps3000a”) T e o o e PR R i ves C e
epicsEnvSet("TOP"," /home/pi/epics/R7.0.9/modules/asynps3000a") Pico HW Ver 1 Usa riggar Yes =i
epicsEnvSet("ASYN","/home/pi/epics/R7.0.9/modules/asyn-4-45") e Coupling .= = o<
epicsEnvSet("EPICS_BASE","/home/pi/epics/R7.0.9/base") Pico Kernel 6.0 e, = =
cd "/home/pi/epics/R7.0.9/modules/asynps3000a" FEs s S
# Register all support components B e -
dbLoadDatabase "dbd/testasynps3000a.dbd" . =T Threshold (mv) 3000 3000
tegtasynps3000a_registerRecordDeviceDriver pdbbase bebugaing — Srection Gnous = =
epicsEnvSet("PP", "TT") S - =
epicsEnvSet( "DEVICE_NAME", "PS3405D" ) T i) . Advanced trigger
epicsEnvSet("EPICS_CA_MAX_ARRAY BYTES", "10000000" ) Tima ticke 1000.000 ns condition DontCare ~ Don't Care © SO0 1000 1500 2000 2800 9000 9800 4000 4500
epicsEnvSet("PREFIX", "TT:PS3405D:") Time base 127 127 ecen G = TT:PS3405D:A-Waveform RBV
epicsEnvSet("PORT", "PICO") . v 173 s 5 = Thresh Unoer v 380
epicsEnvSet("MAX SAMPLES", "10000") Totat . sampies e ene | =
PS3000AConfig( "PICO", "10000") e T = — = o e ..F S S
[INF] PS3000A:PS3000A:229 PicoScope 3000A Series Driver Acauire INsten | [ Step | WE Gﬂ C:O n S eC U t -I Ve EV R t r -I gge r
[INF] PS3000A:getInfo:322 device information: Status  Idie TR ot ca ;
Driver Version: PS3800A Linux Driver, 2.2.153.7541 CERTI TS . O
EARERRN ’ TrsE = from:-sequence of events
Hardware Version: 1 Trigger Enabled L tl:t:: : :2
Variant Info: 3405DMSO Bl ] 2 |
Serial: KP361/0179 Environment
Cal Date: 08Feb24 -
Kernel: 0.0 . 514 ; a6 .
Digital H/W: 1 ' = SEES S
Analogue H/W: 1 : - ne 41
Firmare 1: 1.7.5.0 Summary S
Firmware 2: 1.0.67.0 17 tente ook 000051
dbLoadRecords( "db/ps3000a.template”, "P=TT:PS53405D:,R=,PORT=PIC0,ADDR=0,TIMEOUT=1,MAX_SAMPLES=10000") (Unjcheck the boxes to filter the results
dbLoadRecords( "db/ps3000aN. template”, "P=TT:P53405D: ,R=A-,PORT=PICO,ADDR=0, TINEOUT=1,NAME=Channel A,MAX_SAMPLES=10000") €= rauca €213 rassea 0 Unexpected passes, 99 0 Erors, Shov i i
dbLoacRecords( "db/ps3000aN. template”, "P=TT:PS3405D: ,R=B- ,PORT=PICO,ADDR=1, TIMEOUT=1,NAME=Channel B,MAX_SAMPLES=10090") == " = o — — purarien
dbLoadRecords("db/ps3000aN. template”, "P=TT:PS3405D: ,R=C- ,PORT=PICO,ADDR=2, TIMEOUT=1,NAME=Channel C,MAX_SAMPLES=10000")  cos asvice = <core.ovr device.mvabevice o o e iy ety o Gnirarim e
dbLoadRecords( "db/ps3000aN. template” , "P=TT:PS3405D: ,R=D- ,PORT=PICO, ADDR=3, TIMEOUT=1,NAME=Channel D,MAX_SAMPLES=10000") et s e
cd "/home/pi/epics/R7.0.9/modules/asynps3000a/locBoot/ loctestasynps3000a” curris
te¢cIntt . check if the orror counters are stablec (not increasin L3
Starting foclnit T
B B g e =

## EPICS R7.0.9

## Rev. 2025-06-04T18:00+0900
## Rev. Date build date/time: SEEETIRE
B s
iocRun: ATl initialization complete

dbpf "TT:PS3405D:A-Enabled" "1"

AsynPortDriver-based

tomtm/ e

Failed asic. Py te

ckbiject at Ox7f=aSEcd6cE£0>

TML-test -report generated

e P
: evrdevioe. o

I0OC on Pi1
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Perioed jitter:
From=MTCA-EVM-300 to i

MTCA—EVM-300 -> VME=EVR-230 e stamoEE T

Delay jitter (UNIV output and 114 MHz RF) == - *, VME-EVR-230: 15 ps’
19.. S o MTCA-EVR-300: 13 ps

200>
100 s 00 1 00 ns 20005 2000 40005 600
@ - 0 |[ Hstooram @ 2000y l00s ea0e>:-

Max Range (Max-Min} | ¥ scale 252,08 khits/ Hist max 197156 ns

SOap| [IRIBN Seal AWl
Seayy |ED[I9A Sealy L)

800 ns 100 ns

Measurement Current Moan
Edge-Edge(3-1) 137228 ns ‘ 13644283 ns. 506.54 ps 197219 ns 1.46565 ns ¥ offset o hits Bin width 4.66 ps
X scale 500.00 ps/ Hist median  1.36586 ns Measurements =
X position 123944 ns Hist mode 1.36586 ns Measurement [ Current Mean Min [ | Range (Max-Min) std Dev Count
Hist mean 136519238 ns Hist hits. 9.95783 Mhits © Period(1) 17.49804 ns 17.5073884 ns  17.42483 ns 17.59567 ns 17084 ps 158039 ps  1273366¢
Hist std dev 19.4963 ps Hist peak 1.00833 Mhits 9 Period(2) 17.54532 ns 17.5073873 ns 17.28468 ns 17.73156 ns. 44687 ps 15.4555 ps 1273366¢

prm— P . Yoo 0N = Period(3) 17.50790 ns 17.5073872ns 1743665 ns 17.57019 ns 133.54 ps 13.2307 ps 1273366

Resuts_(Messure All Edges

o t(EV?KiHT

=R 2.60 G ) -= (2,60 612 | S [Stopd )@ _1.0000 v

J— el e I period jitter:
—  From VME-EVG-230 to |

= PXT-FVKR=230:"15 p5]
.. VME-EVR-230: 15 ps. .
MTCA-EVM-300 -> VME-EVR-230 : « MTCA-EVR-300: 13 ps

6.4 ns 414 ns 21408 140 ps 186 s 286 ns 5.86 s 7.86 na

VR CML and 114 MHz RF) S T e

Measurement I Max Range (Max-Min) | StdDev | Count |
+ width(2-4) 438527 ns 43770561 ¥ 441704 s 67.62 ps 44186 ps 2412819¢
289.9236 px 242.06 ps 379.55 ps 137.49 px 97652 p= 2814956
75665249 ns 696472 ns 815489 ns 119017 ns 142869 ps  2412819¢

SRA [N | el AU
SEa [E1LAN | 5ol l|
—gy

Feudts_(Mewsare AllEdgrs)
Measurements
Measurement [ cument | Mean | Min | Max | Range (Max-Min) | Std Dev Count
@ Period(1) 17.50151 ns 17.5073865 s 17.45265 ns 17.57698 ns 12433 ps 157825 ps 60330
Period(2) 17.53657 ns 17.5074001 ns  17.38418 ns 17.62062 ns 23644 ps 154735 ps 66363
Period(3) 17.48439 ns 17.5073991 s 17.45481 ns 17.56058 ns 105.77 ps 132212 ps 60330

SuperKEKB MR Requirement: <30 ps
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Evt Code/Dbuf Long Term Stability

Because injection pattern switches frequently,

we have

Start Event Sequence Checker

Start processing EVR230RF/2025/09/15/00.log

Initia

occasionally observed missing event codes received by EVRs Start

/ data lost from data buffer

Python script

VME

Simi

No code mismatch or timing violation

Simulates operation and calculates injection pattern
Generates event code/delay waveform
Applies change to MTCA EVM IOC
Daily crontab to verify whether EVR received event
code/delay is matching
EVR IOC:
Add "EvtlLog’
changing:
* NFS directory used to save log files
« ‘epicsRingPointer’ buffer size
« format of log file (ascii or binary)
Log files hierarchy:
EVR-NAME/YEAR/MONTH/DAY /HOUR. log
Log data format:
"code-second.nanosecond’
larly, 50 Hz data buffer is also

iocsh function from mrfioc2, allows

logged and verified
are observed

Start
Start
Start
Start
Start
Start
Start
Start
Start
Start
Start
Start
Start
Start
Start
Start
Start
Start
Start
Start
Start
Start

Tick f
Sequen

1 Phase:
processing
processing
processing
processing
processing
processing
processing
processing
processing
processing
processing
processing
processing
processing
processing
processing
processing
processing
processing
processing
processing
processing
processing

Event Sequence Checker Summary
114.24000 MHz (period ~8.753501 ns)

requency:
ce length:

EVR230RF/2025/09/15/01.
EVR230RF/2025/09/15/02.
EVR230RF/2025/09/15/03.
EVR230RF/2025/09/15/04.
EVR230RF/2025/09/15/05.
EVR230RF/2025/09/15/06.
EVR230RF/2025/09/15/07.
EVR230RF/2025/09/15/08.
EVR230RF/2025/09/15/09.
EVR230RF/2025/09/15/10.
EVR230RF/2025/09/15/11.
EVR230RF/2025/09/15/12.
EVR230RF/2025/09/15/13.
EVR230RF/2025/09/15/14.
EVR230RF/2025/09/15/15.
EVR230RF/2025/09/15/16.
EVR230RF/2025/09/15/17.
EVR230RF/2025/09/15/18.
EVR230RF/2025/09/15/19.
EVR230RF/2025/09/15/20.
EVR230RF/2025/09/15/21.
EVR230RF/2025/09/15/22.
EVR230RF/2025/09/15/23.

132 events

Sequence period: 223.885373 ms

Files

scanned: 24

Found event 38: 38-1757861999.560603781

log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log
log

0

Total events processed: 47518944
Code mismatches:
Timing violations: O (tolerance 10.0 ns)

Resyncs applled ¢]

Daily event code check1ng
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e Summary & Future Work

 Upgrade plan
* Goal is a fully non-VME timing system with MTCA & MRF 300 modules

 Phased migration approach ensures safety and compatibility

« Compatibility validated
« Event code distribution tested and basic functions confirmed
« Jitter performance within requirements — no degradation observed

* Long term event code/data buffer transmission stability verified

* Next migration tasks

 Replace other VME-based timing modules (TDC/RFM) with MTCA ones
* New Linux driver for MTCA TDC/RFM modules
« Integrate into EPICS and conduct system-level tests
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