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Outline

B System specifications

B RF drawings & general overview

B \What the equipment looks like & where it is located
B Manual Turn on of both Par systems

B Requirements - after system modifications occur

B System phase stability

B Recent ongoing Harmonic Par efforts




Fundamental PAR RF

B Operates at approximately 9.77 MHz.
B Operates 100% duty cycle or CW

B Maximum gap voltage of 40 kV.

B RF power required is < 3 kW.

B Fundamental Par is the primary rf system used to restore energy to
electrons due to synchrotron radiation loss.

B Provides the primary bunch length compression.




Harmonic PAR RF

B Operates at approximately 117.3 MHz.

B Nearly 50% duty cycle, 240 ms on, 260 ms off, 2 Hz rate.

® Gap voltage ~ 30 kV.

B RF power required is ~ 2 kKW.

B The twelfth harmonic system is used to further compress the electron
bunch length before injection into the booster.
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Harmonic PAR Line Drawing
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Par LLRF in Building 412, B105 - (racks 14 & 15)

Harmonic LLRF Rack (#15)

Fundamental LLRF Rack (#14)

Harmonic interface box

Harmonic VXI Crate:
Envelope Detector Card
Phase Detector Card

Fundamental interface box

Phase Shifter Card
Fundamental VXI Crate: Modulator Card
Envelop Detector Card Feedback Card

Phase Detector Card
Phase Shifter Card
Modulator Card

Feedback Card Harmonic VXI Crate:

Arbitrary Function Generators

Power supply for Fundamental
Cavity Tuner Current

Patch panel to ICR for
both Par systems
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Fundamental Par HLRF in Building 412 Hallway
1 kW Driver Amplifiers (9.77 MHz)

J\‘»

EINTERLOCKED
AUTHORIZED
PERSONNEL ONLY

ALUTHORIZED
PERSONNEL ONLY




Fundamental Par HLRF in Building 412 Hallway
Tube Amplifiers (9.77 MHz, ~ 3 kW CW)




Harmonic Par HLRF in Building 412 Hallway
Crown Amplifiers (supplies cavity tuner current)

Scope shows tuner
current waveforms

Crown Amplifier - Master

Crown Amplifier - Slave

Crown Amplifier — Cold Spare

Power supplies for 500 Watt
driver amplifiers located inside
Harmonic tube amp racks.




Harmonic Par HLRF in Building 412 Hallway
Tube Amplifiers (117.3 MHz, ~ 2 kW Pulsed)

AAAAAAAAAAAAAAAAAA
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Par HLRF Coaxial Switching in Building 412 Hallway

Harmonic
E Coaxial
Fundamental sl . = o) ‘ Switch
Coaxial S\ :

Switch

[
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Switching High Power RF Systems

«— Screen is used when it is
necessary to operate with the
backup tube amplifier:

ABORT / RESET

1) Switches high power RF
R coaxial switch leading into tunnel.
Start Switch

4C Control [l
ac status [ 2) Switches low power RF switch

leading into tube amplifiers.

Fault Ack.

/ example

These five separate unopened screens could be it ttats
used as troubleshooting aids if the switching |
process will not complete.




Par RF System Turn-On

M At the start of a run, normally both par systems are set to the desired
running conditioned and turned over to operations.

M [f required, Operations could use the following procedure:

#2504-00013
PAR RF Systems Start-up Procedure for MCR Personnel

(note title change & additional table for storage instructions)




For Manual Turn On of Fundamental Par System:

P1Mainl.adl 13:48:45
Gwirr AL [ Fundamental PAR _ e Set RF ON/OFF switch to OFF position.
e e L .l Smae e (Will set Tuner & AGC to off positions;
Booster Beam Current 0,159 nC [ SR Beam Current ?1 2 mA
Active: SYSTEM #2 Tube Amplifer  susten co: CHENEN Sets Tuner to -10V, AGC to +0.10V)
8 | [F P t 1603 BEONCF . e
il R | e e Bring up digitizer screens.
Grid Current(A) 0.19 : =0 Auto Shut OFF .
@ Intericok Tripped ® P Tenp High ® Plate ON S e Set RF ON/OFF switch to On.
® Interlock OK @ Harm Filter Temp Hi # Plate OFF .
St oo Gh @Rk i SEY e e e Increase tuner current set point to +1.0V
@ Plate Voltage Low @ Rear Door Open @ Step Start IN . ; . L
 Gine i @ P8 Srtdou ® Step start. o7 e while monitoring digitizer tuner control.
# Refl Power High @ Ext #1 HY Short SW Open .
Short SW
kbl gl o — Onpe loop comes into lock, set tuner set
e Bl | A point to zero volts.
INTERLOCK RESET BEE o [ oF | e Bring up the AGC level by slowly adjusting
fictive: SYSTEM #2 1KW Driver seates [N the set point in the negative direction in
Foriactas Par 0 %7 e R mamr . e | Y T 0.1V increments.
Fir‘c Det t = [l mgw
(e i ouatal [rewe e son || i (| e Monitor digitizer screens to be sure all
uter Con or Arc Detector # .
e | L XTI | three loops lock, feedback card outputs in
Tuner Water Flow 8.9 gpm Digital T Digital mE—— middle Of the range
sk WEETR = S TR T '
B Error (D —4.02 = Erpor () 0403 B Ereor (0 0,02 P If requ”-ed, reﬂected power Could be
minimized by adjusting “tuner phase ref.
offset”, PHS 1-2.
Path:
RF Panel
Tuner Phase Set Pt. (2-1) Linac / Par
=10.00 =000 10,00 [—1.80 =1.10 1.80 I—lO.OO 0,00 10,00 Operator Par RF
| J—p—] J—— g
Phase Det 1-1 0,018 V Env Det 1-1 1,13 V¥ | Phase Det 1-0 0,021 V Fundamental Tube Amp

A
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For Manual Turn On of Harmonic Par System:

P12Main2.adl 13:47:58

= AL [ Wersonic AR | | - "
i [ Hardonic | e Set RF ON/OFF switch to OFF position.
| PAR Beam Current 0,000 nC | Gap Voltage 24,6 KV |
[ Booster Beam Current 0,153 nC | SR Bean Current 71.3 oA | (Will set Tuner & AGC to off position;

Active: SYSTEM #2 Tube Amplifer Sets Tuner to -10V, AGC to +0.10V)

Amplifier Foien Lever - LUk Gethion Bring up digitizer screens.
Plate Voltage(V) 36867 Forward Pur(uatt) YXI Status

Plate Current(R)

0 Reflected Pur{uatt)
[

Power Control
PRESS ON |

1323
131
800

System Diag, E

Standby Control

PRESS ON_|
T

Arc Detector #1

frc Detector #2

@ Blower Air Flow Status System Ctl o
Status [
# Back Door Closed Status _
i Source Sell ACI“‘. REC‘-ET
Harmonic Tenp., Tuner Current 19,0 A - =
Tuner Temperature 37deg C . PAR Compress Begin
i ———————— | Signal Indicator
Cavity Temperature S2oRe il e BUCKET PHASE SHIFTER V;z b
g Analoz ME Sample Trigger
Digital I Digital E— .ngnal ndicator
" et Point (W 1410 " Set Point (1 =070 ¥ Set Point (W =000
® Phase Det 1-1(\0 0617 E " Erw Det 1=1(W) 0e78 E " Phuse Det 1=(W) Ge00% B
B Error (W0 1.72 B Error (W) Dell

" Error (W =0+00

Slowly adjust Tuner Phase Set Point
positive to ~13 amps (~ +0.85V).

Set RF ON/OFF switch to On.

Bring up the AGC level by slowly adjusting
the set point in the negative direction (0.1V
increments).

Monitor the digitizer screens to be sure the
AGC & Cavity Phase loops lock, feedback
card outputs in the middle of the range.

If required, reflected power could be

minimized by slightly adjusting the tuner
current (Tuner Phase Set Point).

Path:
RF Panel
Linac / Par

Tuner Phase Set Pt,

-10,00 1,10

10,00

-1.50 =0,70 1,50

: ; , PR 000 19,00 Operator Par RF
Phase Det 1-1 0,617 Y ||[Env Det 1-1 0,76 V Phase Det 1-0 0.004 V

Harmonic Tube Amp

A
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Changes in Par Systems — After a Shut-Down

B During a shut-down the RF Group may change many things such as
coaxial cabling, tube amplifiers, solid state drivers, adjust function
generators, etc. These changes may cause a change in electrical delay or
phase shift.

B After a shut-down, the “Offset Phase Shifters” may need to be set to a
new position to keep the “Closed Loops” in the middle of their range.

B The modified parameters must be saved to a new file & from that point
forward, the new file must be used by operations.




If Closed Loops Become Unlocked

B Loops could unlock due to the restoring of an old file, where the offset
phase shifters could be set to a wrong position.

B May cause “double bunching.”

B Bunch Purity could be adversely affected.




Fundamental / Harmonic Offset Phase Shifters

B Fundamental System B Harmonic System
Path: Path:
RF Panel RF Panel
Linac / Par Linac / Par
Operator Par RF Operator Par RF
Fundamental Tube Amp Harmonic Tube Amp
System Diag. System Diag.
LLRF Main LLRF Main
RF Source RF Source
Phase Shifter 1 Phase Shifter 1
P1PhaseShifter].adl 13:35 P12PhaseShifter].adl 13:48:
[Fund. Phase Shifter 1 Harm. Phase Shifter 1
Channel 0 Channel 2 Channel 0 Channel 2
Tuner Phase Ref. 0ffset RF Source Phase Adjust
Output of D/& (V) -4 999| |Output of D/8 (V) —-5.502| |output of D/& (V) —2.498| |Output of D/& (V) -4 335
RF Phase Shift(Deg) 100.000| BF Phase Shift(Deg) 110.000] RF Phase Shift(Deg) S50.000| RF Phase Shift(Deg) 86.700
0.000 200.000| |0.000 200.000 0.000 200.000| |0.000 200.000
[ =l I =i | | v ) R |
Channel 1 Channel 3 Channel 1 Channel 3

Cavity Phase Adjust Cavity Phase Ref. Offset m
Output of D/& (V) —5.000| [(Output of D/& (W) —0.750 |Output of D/& (V) —5.000| |Output of D/& (W —4.349

RF Phase Shift(Deg) 4.999 RF Phase Shift(Deg) 15.000| RF Phase Shift(Deg) 4 999 RF Phase Shift(Deg) 8&7.000

-10.000 0.000| [0.000 200.000 -10.000 0.000| |0.000 200.000
| JE | | T | 1

A
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Digitizers (Are Loops Locked ?)

® Fundamental Digitizers B Harmonic Digitizers
Path: Path:
RF Panel RF Panel
Linac / Par Linac / Par
Fundamental RF Harmonic RF
XYcom 566 Digitizer XYcom 566 Digitizer
PRF1_Xy566WaveForms.adl 13:35:22
PAR Fundamental - Xycom 566 PAR HARMONIC - Xycom 566
Cavity F,P, (Ch 02 AGC Control W, (Ch 1) Harm Cav f,p. (Ch 0> Harm AGC Ctl ¥V (Ch 1)

0V to +10V
100 200 300 400 _'_‘_;_,TI :3,;,:._'_4.!,[, OV tO _1 OV
Harm Cav Phase ¥V (Ch 2)
OV to +10V
" e OV to -10V
(Ch 5>
Unlocked
+ ::“g”:l—i—ﬁl[l ’ T :- A OV to -1 O\/ 300 400

S llata Pornks l

A
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System Phase Stability

B Fundamental System B Harmonic System

Harm. Phase Det. 3

hp8508VVMpar.adl 13:35:29

Fund HP 8508 VVM

Cn:l:ha:t::l-lﬂi NO RF F:;:"nt:el; c;use a GPIB Error Channel 0
-20.430dBm -11.070dBm
B/A MAG B-A Phase Input of &/D(V) —1 640
9.360dBm 158'_500 deg RF Phase (Deg) 4 _29 5
e CE = X

/mEl 1
Varies ~ + 0.1 degree Varies ~ + 0.2 degree TEST CHANNEL

(continuously) (shot to shot) Tnput of & sz (W 4 062
Path: Path: .
RF Panel RF Panel RF Phase (Deg} ?3 ]_
Linac / Par Li /P =
Fundamental RF Harmonic RE DELAY (us) 1,0
Fund. Par Phase (VVM) Harm. Par Phase (PHD)




Recent Ongoing Harmonic Par Efforts  would like to increase Harmonic

Par RF output level to achieve a
shorter bunch length!

TekRun | =1} ] Trig'd System using Modulator Module

sn.100 (mixer configuration):
‘ . : : + : : : ; : Normal operating conditions

g R A e il . oyl it
B © ~300mv,~8ms] : : : :\
/ I e GRS Phase Detector (AD8302)

[Z]———— s «——  RF Waveform (VXI Wavetek
: : ; , - + : : : : : Function Gen.)

,“ Tuner Waveform (VXI Wavetek
/ Function Gen.)

@ <« Harmonic Field Probe

S00mv _ |ch2| 1.00V _ |MM4O. Omsl A| Ch3 7—80.0mv
Ch3[ 1.00V_|Ch4[ 1.00V




Recent Ongoing Harmonic Par Efforts System using new prototype

modulator module

5 UMCC AT-3000-30V
Run j ] Trig'd
Tel_(_ - 5 l [_ﬁ 2 L S j T ‘9 e (pin diode atten configuration):
s, | Lowerin amplituderg faster S ] «—— Phase Detector (AD8302)
phase settlil_ng time_x: :

7)) maanianc : f ! i i Sl «—  RF Waveform (VXI Wavetek
""" Z : : : ; i i ' : ; : Function Gen.)

: Tuner Waveform (VXI Wavetek
/ Function Gen.)

: <«— Harmonic Field Probe

Ch3 J—80.0mV

Ch3| 1.00V Ch4| 1.00V




Recent Ongoing Harmonic Par Efforts
Harmonic Par System Phase:

I I
SO0 i
R , :
O ‘ Modulator Module sn.101
HCI_) 1501 d Mixer configuration
= (used for the last several runs)
O
= 0L |
-
Ll
.CP 50L = Modulator Module sn.100
O Mixer configuration
g 0 (installed during 2009-01 run)
e
DI
= + Off Time On Time
o -100| | -
% Prototype Modulator Module
A = el i UMCC AT-3000-30V
ey | | b Pin diode atten.configuration

(installed 2009 May shutdown)

Data taken (overlaid) from different runs, on start time does not exactly line up.
(Measurements taken from the Bunch Cleaning FPGA chassis.)
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