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Timing + LLRF on RTEMS

E Overview
m rtems 4.7 and EPICS R3.14.8.2
B Timing
= Target="RTEMS-beatnik” PowerPC mvme5500/6100 hybrid

Hardware
= VME PNET Receiver
= EVG200 with up to 2K data buffer transfer
= VME-EVR200 with up to 2K data buffer transfer
= PMC-EVR200 with up to 2K data buffer transfer

mLLRF

= Target="RTEMS-uC5282" m68k uCdimm 5282 Coldfire
Hardware
= PAD Phase and Amplitude Detector — SLAC design
= PAC Phase and Amplitude Controller — SLAC design
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Timing on RTEMS

KEY

Needs to be added so that LCLS vacuum leak detection shuts off klystron
| Micro-research Finland Timing Modules

(T Lets LCLS -
| beam loss | e power Orbit SCP Timing Hardware
! . | vacuum N
I monitor ! supplies tolerances
1 | (new)
. (new) (new)
. ; ’
Turn off/clear
Laser status
LCLS MPS - Turn on (to drive beam to dump)/clear
< - — Kicker status
Arrives within 2.7 ms SLC-AWARE I10C SLC-AWARE I10C
(1-360 Hz beam pulse Gated data acquisition Gated data acquisition
eg rate limit LCLS MPG “LE20” application (eg. BPM) application (eg. BPM)

Arrives within 24.9 ms
(3-120 Hz beam pulses

PNET pattern of instructions for next LCLS
beam pulse, timestamp and operator rate limits

77777777777777777777777 > MKSU MPS

Within 1/360 s’

LINAC
vacuum
interlock

(existing)
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VME PNET Recelver

Stanford Synchrotron Radiation Laboratory

B Driver support

m [nit:
= rc = devRegisterAddress( "pnet", atVMEA24,
vmePnetAddr, PNET_DATA NUM_BYTES,
(void*)&pLocalBuf);
rc = devConnectinterruptVME(PNET_IRQ _VECTOR, pnetISR, 0);
rc=devEnablelnterruptLevelVME(PNET_IRQ LEVEL)

m ISR:
= for (ii=0; ii<4; ii++) {/* hdr is in first 4 longs, 0-3, and is ignored.
= set initial ii val to O if hdr needed
n data is in last 4 longs, 4-7, and is of interest */
= pnet_messages[next_message].data[ii] = in_be32(&(pLocalBuf->datalii]));
=}

= /* NOW update what current_message is (so that it will be what's accessed */
= current_message = next_message;
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VME PNET Receiver data display

b4 Auto Save R, i = _

PNET:LE20:1 PNET Buffer [ExT
Arrival time Now 1/360 s ago 2{360 s ago 1/120 s ago
Execution time 1/120 s from nhow 2360 s from now 1360 from now Now

Data Bits 0-31 2147481856 2147483392 2147483698 2147483648
Data Bits 32-63 1048644 2 100663361 32
Data Bits 64-95 1310720 0 95232 0
Data Bits 96-127 1610612736 1073741824 805322736 -1073741824
VY 7 1 10 0

PP 0 0 0 0

PULSID 58652 58651 58650 58649

Time of day 04/19/06 13:49:55 04/19/06 13:49:55 04f19/06 13:49:55 04/19/06 13:49:55
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EVG-EVR transfer time
for 16B data buffer = 66.6 psec
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EVG-EVR data transfer sequencing

8-bit Event Code

8-bit Event *cmmq

8-bit Event Code

8-bit MPS [Data
(Shared Dafa

Bus)

8-bit Event Code

8-bit Event Buffer

8-bit Event Code

8-bit MPS

Data

(Shared Data Bus) |—

8-bit Event Code 8-bit m<m_; Buffer
. 8-bit M Data
8-bit Event Code (Shared Clata Bus)
8-bit Event Code 8-bit Everit Buffer
<
. 8-bit MP$ Data ©
8-bit Event Code (Shared Data Bus)

EVG

16.8 252 336 420 504 588 652

Time (nsec)
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EVG-EVR data types
Sequence RAM
Events queued to send MPS Data Event Buffer
4 Event Buff
Countdown to send Event Code MPS Data vent Buffer byte 0
0.00 ms 360 Hz fiducial Status byte N PNET byte 0
Countdown to send Event Code MPS Data Event Buffer byte 1
8.4 ns [ SBBD ' N?ncm,rge Resend byte N PNET byte 1
Countdown to send Event Code status MPS Data
0.80 ms RF On Resend byte N
Countdown to send Event Code 8-bit MPS Data -
’ Event Buffer byte15
0.90 ms BPM Trigger Resend byte N PNET byte 15
Countdown to send Event Code change in MPS MPS Data Max Buffer E
h vent Buffer byte 16
0.99 ms Laser Trigger steius Status byte N+1 2048i73yt Timestamp byte 0
Countdown to send Event Code MPS Data €s
No change 34.42 s Event Buffer byte17
| _100ms Beam On S MPS Resend byte N+1 ( ) Timestamp byte 1
Countdown to send Event Code | status MPS Data LCLS
I 1.01 ms I seBD Resend byte N+1 expected
Countdown to send Event Code size is < 30 .
1.02 ms 1 Hz event bytes Event Buffer byte22
(0.5 ps) Timestamp byte 6
Countdown to send Event Code
1.03 ms 10 Hz event Event Buffer byte23
Timestamp byte7
Countdown to send Event Code
Operator request HLA DAQ Event Buffer byte24
Operator Requests
Countdown to send Event Code
Operator request | Dump Circ Buffers Event Buffer byte25
v Other data

Two SBBD event codes shown. First is case to
send beam to undulator; second is timed to
prevent beam from reaching undulator. It's one
OR the other, per seq RAM.
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LLRF on RTEMS

RF Phase and Amplitude correction at 120 Hz= for:
laser, gun, LO-A, LO-B, L1-S, L1-X, T cav

Temperature monitors

h In-house Mmodules sharing VME crate for timing triggers

1Q Modulator
gives phase
and amplitude
control

100 mw

RF Reference/4 = 119- - T Sav)
2| stabilized to 50 itfer L1-X | |
=4 N\ Li-s) 1 |
LO-B I
& ! \\ LO-A | | i
= ! \ gun, |1
< 1 N\ \ Laserand RF ref; ! !
S i PAD ) 4 AN . N [
= ! | =] [
- | = coldfire | A
= ! land Q A ] cPU c
= ; Demo- D F running
£ | AUIAtO Mg o S TEMS s VME Crate at S20
b } = s S < e running
| = A .
= - 2856T/IH | = v longitudinal,
= eféfehce™ = U R
2 Kstabilizéd tpb 50 fs fiitter \\\ 1 trigger beam-based
= ]
B \ } BAG L N for 2 feedback
=2 | M~ N channels
B N o|dfire A — of 1k
= \L- C U D (o3 = samples
S | [running |
3 ; RTEMS FPGeAa S Lo
8 | ahd : R
s | EP|CS o
= i L
2 | o — L
(== | \,‘," = 'I \‘ -
== rivate othernot T\ Private othernot Private othornot
~ 4 kBytes at 120 Hz 8 kBytes at 120 Hz -
=
= \' Controls gigabit ethernet (interface to MCC)
<
=
=3

All except laser RF
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For the gun, SLED
cavity is shorted out

119 MHz=
Laser
Oscillator

photodiode

photodiode }é/
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RF Phase and Amplitude correction at 120 Hz=z for:
L2, S25 Tcav and L3

4 In-house modules sharing VME crate for timing triggers

Stanford Linear Accelerator Center

Stanford Synchrotron Radiation Laboratory

Thermocouple system L2: in sector 24, there are 3 stations to adjust in order to

Controls gigabit ethernet (interface to MCC)

\ accurately control phase and amplitude for long, beam-based
[ AN S30 fast feedback
[ \ sS29
- RF R_eference/él T= T19 VIH= \ \ Sector 25 T Cav (L24-8)
= stabilized to §O s jitter AN L24-3
= - ANEAN L24-2
=1 L24-1
2 \ \
=
<=
S PAD h 4 AN
= =)
- = Coldfire A
= I and Q A 1 CcPU C
= Demo- unning
2 dulator—p 2 (F) Ao < VME Crai_:e a!: sS249
£ == c E f 1 tudinal
= ::: = nd \ 1 = < or liongitudi 5
9 ERICS o
= ]; — = S U R beam-based
=| RF Reference*6 /2856 MH=z 1 tricger feedback
£ fstabilized to 50 fs [jitter 99
= for 4
= = — channels A A
= I
= — of 1k
3 o|dfige A - samples
= G~ D | © A
38 | [ EHANING FPGA A
=1 RT! S c s \ —
8 aind 1 —
S EPIC o N\
= \ - Private ethernet
& \ 7t — 8 kBytes at 120 Hz
&_ \ Private ethernet | \ v
= | T roves e =o T AN - Private ethernet
=
©
=
~

1 trigger to travel
up to 2 sector

¥

NB: For the gun, SLED
cavity is shgrted out

10" accelerato
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LLRF Component Types

E Three types of components: PAD, VME and PAC.

ml

. PAD — the phase and amplitude detector uses an

embedded 10C (uCdimm 5282 Coldfire)

EPICS Colla

= Triggered at 120 Hz, PAD reads 4 channels of accelerator 119
MHz RF(1&Q) from ADCs via Tl FIFOs into EPICS waveform
record.

= FIFOs are 65536 words long, but operationally we use fewer (of
order 1K), the size depending on the fill time of the cavity

= ADCs are LTC2208 (16 bit, 130 MHz)
= Hardware design and CPLD programming by Ron Akre (SLAC)

= Last summer, no commercial VME ADC board could match
these specifications, so we opted for in-house solution.

= Additional advantage: digitizers can be placed next to the low
noise RF components (eliminates transmission of low noise
analog signals outside the chassis)
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PAD Block Diagram (2 channels)

- RF Board 2 X 16 bit ADC Control Board
119 or 102MHz Clock
; : LTC2208
Line Drivers
Filters Transformer Coupled Inputs FIFO 2 X 1k words
25.5MHz IF N LObIDATA 16 b
L~ Chan. 1 WeLK DATA
RF CHAN 1 @ A CONTROL /
INPUT S 16bit DATA cg [|Arcturus uC5282 m
MIXER > Chan. 2 cik | Microcontroller Module ] |
| WCLK with 10/100 Ethernet o
RFCHAN2 _ m
INPUT > m
MIXER
Control
LO INPUT = = CPLD
RF - 25.5MHz EXTERNAL EXTERNAL
CLOCK TRIGGER
102MHz 120Hz
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LLRF Component Types

m 2. VME Feedback Crate uses a mvme6100
= Provides timing trigger to the PAD from EVR200

= Receives averaged 1&Q (EPICS ai records) from
PAD

= Applies phase and amplitude adjustments from
global or local feedback

= Sends new 1&Q (EPICS ao records) to PAC

= Provides timing trigger to PAC where corrected
waveform is sent out (and NEXT PAD values get
read...)
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LLRF Component Types

B 3. PAC — the phase and amplitude controller
uses an embedded I0C (uCdimm 5282 Coldfire)

= receives the adjusted 1&Q values (EPICS al records)
and computes the waveform to be sent out on next
120 Hz trigger

= drives an |Q modulator

= used for control of the LLRF to the solid state sub-
booster

= hardware design and FPGA programming by Jeff
Olsen (SLAC)
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PAC Block Diagram

EXTERNAL EXTERNAL

CLOCK TRIGGER
119MHz 120Hz
MATCHING
1&Q MODULATOR NETWORK AD8099 Diff Amp | |
P f6bit DATA 16 bit
DATA
RF CHAN 1 ~ :\/IAX5875 CLK élyt/i:gne EP1C3
OUTPUT ; we 2 X 16 bit DAC FPGA CLK CONTROL /
119MHz Clock JL6bit DATA m
NetBurner =
d +< Q CLK Mod5282 i
Microcontroller Module] 2
with 10/100 Ethernet il

[ Control Control

MONITOR

PORTS
RF Reference e >
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LLRF Component Instances

RF phase and amplitude correction for LCLS LINAC S20

Stanford Linear Accelerator Center

RF Dist'n Kev:
Indicat | ted in RF Hut
Laser SPAC " (;ti:rswiosceaaet KI;stron
SPAC SPAC
Gun SPAC
PAC SPAC
PAD SPAC
LO-A PAD \ﬂ
PAC
PAD PAD
LO-B
PAC
PAD
PAD
LO-Tcav
PAC VME Crate at S20
PAD

running

Beam Phase longitudinal,

PAC

cCT0
A<

switch

PAD | = beam-based
/ feedback.
L1-S A
PAC
PAD
PAD L1-X
PAC
PAD
PAD
S20
Fast PACs: 7
Slow PACs (SPACs): 6
PADs: 13
VME crates: 1
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RF phase and amplitude correction for LCLS LINAC S24
Kev:
Indicates located in RF Hut
Otherwise at Klystron
PAC
L24-2
PAC
L24-3
PAC
L24-8-Tcav VME Crate at S24
PAC |- - clEe running
223 - > switch lFJ’ \é longitudinal,
T beam-based
oo / feedback.
PAC 4 +
S30
S24
Fast PACs: 6
Slow PACs (SPACs): 0]
PADs: 2
VME crates: 1
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PAD driver detalls

E Driver support

W init; sets up dacq task
H ISR:

= /[* Announce that data is available for read */
= epicsEventSignal(waitForData);
= clear the interrupt

m Dacq task:
= waitStatus = epicsEventWait(waitForData);

E Device support

B Database records
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b Auto Save R T R R R AR R R, =R
PAD:LE20:1 LCLS LLRF Phase and Amplitude Detector EIl
Configuration Current Value MNew Value
Offset (start of FIFO to start of sample) 103 =3+ 0
Sample size to acquire (max=32768 for 0 offset) 100 =4~ 0
PA D Current Acquisition | & Q waveform (interlaced)
40000 — 1
FIFO samples read 100 3 r
Average Q -6 | 300005 [
EDM GUI  ||== |
20000—_5 =
Use this panel to 10000 06
change the size of and 03 :
offset to the -10000—§ B
sample to be averaged. 20000 i
= 0.2
-300003 i
-40000::.|.|.|.|.|.|.|.|.|._0
0 20 40 60 80 100
Status
Interrupts processed 91801841 Add num rollovers...
L Scan /O requests 91800789 2
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PAC detalls

E Driver support: update FPGA calculation

B Device support

B Init: waveform record bptr is freed and set to
mem-mapped FPGA space

B write: waveform is recalculated and result
stored iIn FPGA

I Database records
m in ops, new adjustment FLNKSs to waveform
m in cal, new gain or offset FLNKs to waveform
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PAC edm control

P There are 2 EDM screens

m for startup and calibration

= at startup the amplitude of the calibration waveform
can be modified, as well as number of points in wf

= In calibration, the gain and offset of I&Q can be
modified

m for operation

= |1&Q can be adjusted (scalar applied to WF[i] *gain
before offset is added)
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RTEMS lessons learned
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