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Definition

Conditioning

“a learning process in which an organism's behavior becomes dependent
on the occurrence of a stimulus in its environment”

RF conditioning — Bringing field and power to nominal levels by a
vacuum controlled training process
Periodic RF Cleaning needed to maintain cavity performance

A.k.a. power and field processing
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LHC SC RF Conditioning

Requirements

Initial conditioning of cavity field to 10 MV/m and 300kw CW
power on the coupler for different coupling ratios

The LHC SC cavities will need regular conditioning runs between
machine fills to maintain the system performance.

Concurrent operation on all 16 cavities to save time.

Full remote control (no access to the LL electronics during run).
Automatic operation
Logging of power and vacuum data
Avoid special system re-configuration i.e. changing cables

Highly reliable fail-safe vacuum loop and interlocks to avoid
damage to the RF couplers.

Pulsed and FM operation
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Classic Method

Pulsed FM modulated RF power is applied to the cavity Iin
a controlled way with vacuum feedback

Two loops
Fast vacuum feedback

Slow computer controlled loop to generate AM envelope and
iIncrease field and power as conditioning progresses

Programmable Conditioning Envelope (Not to scale)
flat-top
rate of rise rate of fall
RF Power
0 thru 300kW
Rep-rate 20ms pulse width: 10,20,50us thru 1,2,5,10ms,CW
Total Envelope <= 90s
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Classic Method

A

Increase Power using a fixed pulsewidth until Pmax is reached.

Increase Pulse width and proceed with the Power as above.

Finish with CW and proceed with the Power as above.
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Analog Conditioning System (until bec. 2006)

Sideband RF 5MHz sweep
100Hz-1kHz (transient

beamloading) SA2 and

LF2 Generator
(FM2)

(FM1) Main RF 5KHz sweep 0.1-10Hz

A 4 A 4
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LHC SC RF Conditioning
Motivation for a new Digital System

The LHC SC conditioning system must be integrated into
each cavity controller enabling remote operation through the
VME interface.

The use of off-the-shelf RF & LF generators is unpractical
and too space demanding. (16 systems !)

Embedded history and diagnostics
Requirement to maintain tuning in pulsed mode

Implementation
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New solution resident in the cavity controller, uses the VME
CPU, the Conditioning DDS, the “Switch & Protect” and the
Tuner Loop Modules.

Fail-safe vacuum loop operation cannot be implemented in
an FPGA due to S.E.U. issues on Static RAM. A CPLD
based on flash-ROM can be considered radiation tolerant.

J.C. Molendijk - LLRFO7



Cavity Controller
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New Digital System vs. Initial solution
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Radiation tolerant

Conditioning DDS Block diagramsai-sae

implementation

Dual DDS Module
version: conditioning
last edit: 27/09/2007
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Conditioning DDS - 1/Q plot of Dual FM sweeps
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Actual Data Obtained from Forward Current, I1/Q memory in the Tuner loop module
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Design Flow & Management

Import Externally

created VHDL source

VHDL file

VHDL

IE} @1 Departrents 8B GroupsIRFMachines LHC  LowLevel\Madulest QuadDD s

TestBench

Visual Elite

VHDL text / Block Diagram /
State Diagram / FlowChart /
Truth Table

Cadence
Reusable
blocks

Design
Repository
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I CommonCad
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| Doc
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A
edf / vam. file
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SDF file FPGA Vendor
Dev. Sys.
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Configuration file (bit)

PROM prog.

FPGA Downloader/———

Generic Design Entry &
Functional Simulation

Synthesis
Target architecture mapping
Design Constraint Entry

Place and route

Cadence Symbol
Creation

Schematic Entry

VHDL file
SDF file

Concept (Cadence)

¢ PCB Design

J.C. Molendijk - LLRFO7

Allegro (Cadence)

¢ Signal Integrity

SpectraQuest
(Cadence)

14



FPGA Design Overview P & R

Occupation '\

Overall
Gate-count

Ready to
run
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DDSFPGA Project Status

Project File: DDSFPGA. e Current State: Programming File Generated
Module Name: QuadDDSTop * Emors: Mo Emors

Target Device: wcdvin15-10(EER + Warnings: 2% armings

Product ¥ersion: ISE 9.1.03 + Updated: wWied 17, Oct 10:17:20 2007

Device Utilization Summary

ilization Used Available Utiization Hote(s]
MHumber of Slice Flip Flops 1673 12,288 13%
Mumber of 4 input LUT = 20 12,288 18%
Logic Distribution —
Mumber of occupied Slices 1.940 E144 K Nz )
MHumber of Slices containing only related logic 1,940 1,540 m‘
Murmber of Slices containing unrelated logic 0 1.940 0
Total Humber of 4 input LUTs 2,705 12,288 22%
Mumber used az logic 2320
Mumber used as a route-thru 129
Mumber used for Dual Port RaMs 2586
Mumber of bonded [OBs 262 320 alx
Mumber of BUFG/BUFGCTRL: 3 32 9%
Mumber used as BUFGs 3
Mumber uzed az BUFGCTRL: a
WF FIFO16/RAMETE: g 48 16%
Numt@w i
Mumber L:ISEd az RAMB1Es: : /—&‘
Total equivalent gate count for design Q?ZSE?J)
Additional JTAG gate count for 0B 12576
Performance Summary
Wg Score: 0 Pinout Data: Pinout Beport
Routing Hah\ ﬂwﬂe@m Clock Data: Clack Repart

Timing Constraints:

<

All Constraints Met

—
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The Conditioning DDS Module

Vacuum | 5 N —r
Loop CPLD = |{SsiE | ok
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" J
The Cavity Controller Tuning Crate

(Installed in 8 out of 16 cavities, Oct. 07)

VME CPU

Tuner Loop

Switch &
Protect

Conditioning
DDS
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" A
Software architecture
m Based on the CERN Standard Architecture

(see reference: ICALEPCS-10)
Driver

Front-End Software Architecture (FESA)
Controls MiddleWare (CMW)
Application layer JAVA...

= The current conditioning application

Uses an additional FESA wrapper to interface with
LabView

GUI made with LabView.
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Conditioning - Real-time operation

The conditioning DDS Module generates IRQs and
ISsues crate-wide observation triggers at a 50Hz rate

Whichever
IS first

2007-10-22

The IRQs trigger the FESA conditioning class that acquires
cavity power, gap voltage, vacuum, vacuum gain and status
from the cond. DDS and the Tuner Loop modules.

The conditioning class regulates the RF power using the
Tuner Loop power acquisition (1°+Q? of Cavity Fwd channel).

The conditioning class regulates the cavity gap voltage using
the Tuner Loop voltage acquisition (12+Q? of Antenna
channel).

Back-off the demanded power if the vacuum gain issued by
vacuum loop exceeds the working point.

The conditioning DDS module disables both the IRQ source
and the RF drive if 8 successive IRQs were not serviced.
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LHC SC RF Conditioning - LabView GUI
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Conclusions and Outlook

SM18 first tests successful

Close collaboration between power, LL RF, digital design and
software specialists with clear definition of

Mode of operation
Interfaces between analog, RF hardware & Software

The initial prototype worked with very few changes and allowed an
immediate launch of series production

25 boards fabricated and tested

The entire series did not require any reworking and passed all
validation tests

Currently installed 8 of 16 systems in UX45 Faraday cages
Presently used for Klystron power tests

Ready for operation in November 2007
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" S
LHC RF System

= 16x 400MHz Superconducting Cavities (8 per ring)
= 1x 300kW Klystron per cavity

= Sophisticated Low Level RF Loops for caV|ty control,
beam control and synchronization.
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LHC LL RF Back
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plane

Digital data A B C
(3x6)
A B ¢ Legend: 1. Cycle Start* | @ @ @ | BpTB1* AnalyzeTrig*
0 = output (red) Timings (12x) .
s BeamIn* | @ @ @| BpTB2* Post-mortem Trig*
BpTA3*/Beam Out* |@ @ @ | BpTB3* Observation Trig*
6 4 BpTA4* ® @ @ BpTB4* Cold reset*
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! eoeo
8 Digital data [ N N J See page 2
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9 [ N N J
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(Differential ECL) 54 MHz- | @ ®!| 20 MHz+
+
Module Address MAO | @ g w 8 x DGND
(MA3-0) 10MHz- |@ © @] 10 MHz+
MA2 |@ (] MA3
Frev- [ ] ) Frev+
21 [ Y -5.2 V (for backplane ECL buffers only!)
Jtag TDI [ ON J DGND, TDO
TCK | @ @ @ IENA, TMS
Extra Digital V oo 3.3V Switched Mode
oo DGND Power Supply
26 [ o o J AGND
spare [ X NO) Module Serial Number Bus
Analog Power oo *2v Linear Power
Supp!y+AGND [ o o J +6V Supply
(3 pins each) oo 6V
[ 2 o J -12 v
32 [ o o J AGND
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Conditioning DDS Interface

LHC Quad DDS Module

T Conditioning Interface Failsafe
Failsafe ‘
open = bad vac. Serial Port
MAX1270
\ UNI 10V l Clip Neg Limit - Invert AD7845AR LT1223 PowerStage
Vacuum > Att. Gv XDA\Gv (0> 5v) (0->+10V)
Signal from 0-10V VAC(11-0) +@ \F + >< R /_ 0 2 N\ _0 ® D Gv,
TPG300 N
OV = best vac.
10V = bad vac. pa— —
Autodiagnostic Channels Failsafe Failsafe G=-2
Vac Offsef All'0" = Zero Offset VB it ] All'0" = Max Att.
Gv AD Envelope Mem
: M Ref +2.5V
Offline Mem / \
Interface 0
. L7 AD5546 . . VGA
Gp int AD Envelope Gen Chopper YDA (g;vint o4V ADL5330
Gp1s
CR|start Cycle [—| / \ b %)
0 0
POR
CR|Env Select |
Obs Trig & |L— RF1in
- : IRQ AU LY .
[Rise/Fall rate —{  [Pulse Width — Rzl + [REIn V
- Failsafe —
VACGv[Max Level |  [Period 20ms f=reor
Env Width I rron REF® 2ro
LAl CR|RF Switch ON =) "
POR
‘] Dual 20ms or RF ALl
Memory | VAC(11-0) Loec |
Program_N Gv
Legeng , .
- ADC Watchdog RF Switch
|:| VME Register M3sW-2
RF1 %7
|:| Firmware Functionality DDS AD9959 Controls RE in . RSum
|:| Firmware Constant RF1| Level FTW(31..0) || Delta f RDW/ Sweep e
- - RE2 FDW(31..0) |[Period(15..0) RF On |
|:| CPLD Functionality
[ Haraware Notes: Epaouooc | Title LHC Quad DDS Page |22
RF1 Main Carrier FM 5kHz sweep freq. btw. 0.1 - 10Hz = Q - ‘ g ‘
RF2 -20dB below Main Carrier FM 5MHz sweep freq. btw. 100Hz - 1kHz @ Designer | John C. Molendijk AB/RF/cs
PM & OBS (ORS) memory for VAC. Std. rate = 1ms. Min Length = 256s \ ) :
7 Date 2006/04/04 ‘ Version ‘ 1.0
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Single Event Upset

Soft Errors — Current Product Families

ORCA, XPGA, XPLD
» Current Product Families based on 0.16 — 0.18um technology

Product | Supply | Technology | Neutron SER | Alpha SER | Logic SER | Total SER
Voltage Rate Rate Rate Rate
(FIT/Mbit) (FIT/Mbit) (FIT) (FIT/Mbit)
(SEU Xsect)
ORAE 1.5V COomz2 <150 <450 MN/A <600
=<9 1E-15
FPSC 1.5V COomz2 <150 <450 MN/A <600
<9.1E-15
XPLD 1.8V EES <400 <1200 <10 <1600
<3.7E-14
XPGA 1.8V EE9 =450 TBD =10 TBD
<3.9E-14
CPLD 1.8V EES MIA /A <10 <10

* - Actual data shown from Neutron beam testing at Los Alamos, and Alpha Source testing at LSC. Mo indication of Single Event Latch-up
was detected during testing.
Revision 1, Apr 24, 2004

-
I .
£ LATTICE EEMICONDUCTOR CORPORATION aﬂl c e

Semiconductor
Page 1 Corporation

Bringing the Best Tagathe:
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CERN Stano

ard Architecture

MATLAB Java application LabView application
CMW Java client CMW Java client CMW C++ client
< Controls MiddleWare (CMW) >
B
~N7 N
Front End e
Computer
(FEC) Generated
Server task with
PowerPC FESA
+ Lynx0S Data store
Real time task
A
Device access library Ge_m‘:rated with
DriverGen
Driver

VME board

VME board
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LHC SC RF Conditioning — Tuner lock-In

J J I
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