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E-field profile along the axisE-field profile along the axis

Frequency:Frequency:
704.4 MHz

•Length of a half-cell of the cavity =L/2 =70 mm.

•Iris radius = Riris = 50.4 mm.

•Dome (equator) radius = D/2 = 188.2mm.

•Equator ellipse ratio = A/B = 45 mm/47 mm.

•Iris ellipse ratio = a/b = 12.5 mm/15 mm.



Bead-pull measurement :
Using Phase-shift technique instead of frequency-shift

In manufacturing or tuning multi-cell 
cavity, it is required to investigate the field 
profile inside the cavity
The Field can be sampled by introducing a 
perturbing object and measuring its 
change in f0
The object must be very small so that the The object must be very small so that the 
field does not vary significantly over its 
largest linear dimension: it is a 
perturbation methodperturbation method
Phase deviation is much easier to observe 
than frequency change especially for small 
perturbation.p
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Data: 
Provided from 

JLAB

Results:
Very Close

kc =1.40%   (JLAB)
= 1.37% (VECC)



D tData: 
Provided from 
FERMILAB

Results:
Fairly Close



D tData: 
Generated by 

VECC

R lt
Field flatness:

Accelerating mode

Results:
Very good!

Very good! 

kc = 1.24%%
( Riris=48 mm.) 



5π/5 or π -mode : 650 MHz
(Accelerating mode – E-field lines)



π/5-mode:      641.99112 MHz
0-mode

2π/5-mode:    644.21851 MHz

3π/5-mode:    646.95522 MHz 4π/5-mode:    649.15610 MHz



CST MWS CST MWS CST MWS CST MWS 
RESULTSRESULTS

--------------

Frequency:Frequency:
956.664 956.664 

MHz MHz 

Effective Effective 
Transverse Transverse 
i d  i d  impedance: impedance: 

0.035434 0.035434 
ΩΩ.cm.cm--22



CST MWS CST MWS 
RESULTSRESULTS

--------------

Frequency:Frequency:Frequency:Frequency:
961.669 961.669 

MHz MHz 

Effective Effective 
Transverse Transverse 
impedance: impedance: impedance: impedance: 

1.02762 1.02762 
ΩΩ.cm.cm--22



CST MWS CST MWS CST MWS CST MWS 
RESULTSRESULTS

--------------

Frequency:Frequency:
969.168 969.168 

MHz MHz 

Effective Effective 
Transverse Transverse 
i d  i d  impedance: impedance: 

1.915332 1.915332 
ΩΩ.cm.cm--22



CST MWS CST MWS CST MWS CST MWS 
RESULTSRESULTS

--------------

Frequency:Frequency:
977.15977.15

MHz MHz 

Effective Effective 
Transverse Transverse 
i d  i d  impedance: impedance: 

0.43999 0.43999 
ΩΩ.cm.cm--22



CST MWS CST MWS CST MWS CST MWS 
RESULTSRESULTS

--------------

Frequency:Frequency:
982.95982.95

MHz MHz 

Effective Effective 
Transverse Transverse 
i d  i d  impedance: impedance: 

0.0186860.018686
ΩΩ.cm.cm--22



2.5

Transverse Transverse Higher Order Modes (HOM)  Higher Order Modes (HOM)  
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CST MWS CST MWS 
RESULTSRESULTS

--------------

Frequency:Frequency:
1619.771619.77

MHz MHz 

Effective Effective 
LongitudinalLongitudinal
impedance: impedance: impedance: impedance: 

1.66    1.66    ΩΩ ((ββ=0.61)=0.61)
0.1350.135 ΩΩ ((ββ=0.75)=0.75)



CST MWS CST MWS 
RESULTSRESULTS

--------------

Frequency:Frequency:
1624.361624.36

MHz MHz 

Effective Effective 
LongitudinalLongitudinal
impedance: impedance: impedance: impedance: 

3.370    3.370    ΩΩ ((ββ=0.61)=0.61)
18.75618.756 ΩΩ ((ββ=0.75)=0.75)
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DIE DRAWING 
FOR HALF-CELL

CAVITY



Impurities:Impurities:
H2 ≤ 2 Wt. ppm W ≤0.007%2 pp

C ≤ 10 Wt. ppm Ti ≤0.005%

N ≤10 Wt ppm Fe ≤0 003%N2 ≤10 Wt. ppm Fe ≤0.003%

O2 ≤10 Wt. ppm Si ≤0.003%

Ta ≤ 500 Wt. ppm Mo ≤0.005%

Ni  ≤0.003%











Cylindrical Shell Cylindrical Shell 

Inner Inner 
VesselVessel

yy

TorisphericalTorispherical headhead

Cylindrical Shell Cylindrical Shell 

T i h i lT i h i l h dh dTorisphericalTorispherical headhead

Cylindrical Shell Cylindrical Shell 
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TorisphericalTorispherical headhead

Outer Outer VesselVessel

Cylindrical Shell Cylindrical Shell 

TorisphericalTorispherical headhead

Cylindrical Shell Cylindrical Shell yy

TorisphericalTorispherical headhead

Cylindrical Shell Cylindrical Shell 
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T i h i lT i h i l h dh dTorisphericalTorispherical headhead



Table 2 : Design details for Main Flanges inner Table 2 : Design details for Main Flanges inner 
and outer vesselsand outer vessels

Flange
Thickness Int. stress (UG-34)* Ext. pressure (Apx-2) Int. stress (Apx-2)

and outer vesselsand outer vessels

Flange
(mm.) (PSI) (PSI) (PSI)

Inner 
30 11392 556 10953 

Vessel
39 6790 331 6527 

55 21365 3888 15879
Outer 
Vessel

55 21365 3888 15879 

60 17953 3267 13342 

* ASME BOILER & PRESSURE VESSEL CODE, SECTION VIII Div. 1 & 2.
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IOT based RF Amplifier, 60 kW at 704.4 MHzp ,

• Compared to klystrons, IOTs exhibits 
very interesting characteristics in 
terms of efficiency (> 65% is usuallyterms of efficiency (> 65% is usually 
reached), linearity and compactness. 

• operating at 460-800 MHz, with 
t 60 kW CW tiblpowers up to 60 kW CW , compatible 

with our requirement.
• We have selected TH 793 IOT for 

704.4 MHz and also for 650 MHz 
operation

• Maintenance is simpler --Maintenance is simpler 
replacement of the tube only

• IOT can be re-gunned twice, at about 
60% cost of a new IOT60% cost of a new IOT

• Output RF cavities are external to 
tube.





Amplitude: 0.01% pp Amplitude: 0.01% pp 
PhasePhase : 0.05 degree : 0.05 degree rmsrms
User Interface and Diagnostic Data User Interface and Diagnostic Data ––

Digital IQ based Amplitude and Digital IQ based Amplitude and Digital IQ based Amplitude and Digital IQ based Amplitude and 
FPGA based systemsFPGA based systems

•• Amplitude and Phase stabilization Amplitude and Phase stabilization 
via control loop via control loop 

RF DACs are 16 bit  800 MSPS  1 GHz RF DACs are 16 bit  800 MSPS  1 GHz RF DACs are 16 bit, 800 MSPS, 1 GHz RF DACs are 16 bit, 800 MSPS, 1 GHz 
analog BWanalog BW

•• IF 100MHz IF 100MHz 
•• Commercially available The Commercially available The VirtexVirtex®®--6 6 

FPGA ML605 carrier board with FMC  FPGA ML605 carrier board with FMC  FPGA ML605 carrier board with FMC  FPGA ML605 carrier board with FMC  
(FPGA Mezzanine Card) adapter has (FPGA Mezzanine Card) adapter has 
following features:following features:

Commercially available FMC Commercially available FMC 
Daughter Modules :16 Bit D/A Daughter Modules :16 Bit D/A -- Daughter Modules :16 Bit D/A Daughter Modules :16 Bit D/A 

1GSPS1GSPS
-- Daughter modules : 14 Bit Daughter modules : 14 Bit 
250MSPS A/D 250MSPS A/D 
Conversion  700MHz analog Conversion  700MHz analog -- Conversion, 700MHz analog Conversion, 700MHz analog 
input BWinput BW

-- Communications: Ethernet Communications: Ethernet 
and optical and optical fibrefibre





PSM Interface & 
System unit 

Algorithm Buffer
System unit 

• Pulse step technology is recommended for RF amplifier kind of load where high
efficiency, regulation speed and accuracy, and compatibility with large variation
of the load impedance.
• Modular concept with high redundancy (up to 10% defective modules without
performance degradation) makes it very reliable, easy to maintain and avoiding
of HV crowbar tubes.





FILAMENT P/SFILAMENT P/S CONTROL GRID P/SCONTROL GRID P/S// //
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