Technical Specification for a
Cavity Combiner Prototype
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1 Introduction
CELLS is an institution erected by the Governments of Spain and Catalonia in order to build and operate a 3rd generation light source, called ALBA. 

Synchrotron light sources require a RF plant to recover the energy of the electrons which they will loose according to the emission of synchrotron radiation. The RF plant consist mainly of a high power transmitter, a wave guide system and a cavity, this last installed in the ring to feed the electron beam with power.

The power of the transmitter depends upon the specific configuration and needs of the accelerator. Typical values range from 60 up to 300 kW cw depending upon the number of transmitters. 

For the ALBA storage ring, one of the RF system alternatives will require a 500 MHz transmitter up to 150 kW cw of output power.
Nowadays, only high power klystrons can reach this output power. 

An alternative to this is to combine the power of smaller amplifiers. Slightly modified broadcast IOTs can reach up to 80 kW of output cw power. Combining the power of two of them one can obtain the required total of 150 kW. This would be very interesting for ALBA as well as for other accelerators.
The combination of power can be achieved via standard wave guide components such as magic T, 3 dB hybrids and switch less combiners. These systems are bulky for 500 MHz, which requires a WR1800 or similar system. Such a system is foreseen for the synchrotron light source DIAMOND

An alternative to the combining with a wave guide system is to use a compact Cavity Combiner. The objective of this call for tender is to design, produce and test such a Cavity Combiner (CaCo).

2 Scope

The scope of the project is to demonstrate the feasibility of the power combination through a CaCo up to 150 kW, with two input ports.

For that the Supplier will have to design, manufacture and test a CaCo that should be capable of combine the output power of two 80 kW IOTs into a single output of 150 kW.
The Supplier will have to test the cavity prototype at low and high power. The number and kind of tests are referred in section 6.4.If the supplier does not have the capability or the wish of performing the high power test, he can subcontract it or CELLS can arrange it in collaboration with other labs. 
3 Tendering 

All interested manufacturers are strongly encouraged to contact CELLS and discuss details of the specification before making an offer. In particular, CELLS wants to be assured that the tenderer understands completely the requirements and implications of the specification and that no doubt exists as to its interpretation. 

Enquiries should be directed to Dr. F.Perez, Head of RF & Diagnostics, Accelerator Division, CELLS, tel. +34 93592 4327. 
email: francis.perez@cells.es.
4 Contract Management

4.1 Contract Engineer

At the start of the contract the Supplier shall assign a contact person who will be responsible for all reporting to, and contact with CELLS. The counterpart at CELLS will be Dr. F. Perez (see section 3) 

4.2 Programme Report

Within two weeks of the commencement of the contract the Supplier must issue a final programme covering the design, manufacturing and testing phases in detail, with milestones.
4.3 Technical Meetings

After each construction phase a meeting between CELLS and the Supplier will be held to define and approve the execution of the following phase. 
At the proposal of one of the parts, a meeting can be call to discuss or analyse the status and progress of the project.
4.4 Approval prior to Manufacture

CELLS must approve the final design before the Supplier proceeds to manufacture.

4.5 Contract Completion

The contract will be completed when the CaCo prototype has been tested at high power with satisfactory results, and the prototype and a full set of documentation has been delivered (see Section 7).
In the case that the high power test is not under the Supplier responsibility, the contract will be completed after the high power test performed by CELLS or after one month of the delivery of the CaCo prototype and the full set of documentation (see Section 7)

4.6 Deviation from the Specification

If after the order is placed, the Supplier discovers that he has misinterpreted the specification, this will not be accepted as an excuse and CELLS will insist that the manufacturer delivers the equipment to specification at no extra cost.

5 Technical specifications

The CaCo is intended to combine the power of two 80 kW IOTs in one single output port delivering up to 150 kW. See figure 1.
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Fig.1: The principle arrangement for the CaCo
The following table gives an estimation of the expected parameters of the cavity:
Table 1: The expected parameters of the CaCo
	Material
	High Conductivity
	

	Resonant frequency
	499.654 MHz
	

	Resonant frequency stability
	< 200 kHz
	See note 1

	2 input ports
	80 kW / each
	

	1 output port
	150 kW
	

	3 dB Bandwidth
	> +-3 MHz
	

	Insertion losses
	< 0.3 dB
	At full power

	Dynamic range
	~ 20 dB
	

	1 test loop port
	~ -45 dB coupling
	Reference value

	
	
	


Note 1: The resonant frequency of the cavity at full power should be 499.654 MHz. When reducing the power down 20 dB the resonant frequency should not change more than 200 kHz.
The CaCo is based on a pill box cavity resonating at the fundamental mode TM010 at 500 MHz. The input ports are magnetically coupled loops located axis-symmetrically. The output port is a capacitive coupled antenna located at the top (or basis) of the cavity. Obviously the exact geometry of the cavity will be mainly determined by these ports.
Other approaches and different designs are also accepted.

A diagnostic port to pick up a sample of the power inside the cavity has to be considered..

The need of a tuning system to maintain the frequency of the cavity constant has to be discussed and implemented if needed.

Water or/and air cooling to extract the power dissipation in the cavity walls and ports has to be discussed and implemented if needed.

Ionisation and sparking inside the cavity and ports have to be taken into account.

6 Design and Construction phases
To achieve the final objective of a high power CaCo prototype different phases have been identified. At the end of each phase a review meeting will take place to summarise the results and agree on the next phase.
6.1 Electromagnetic design
Prior to any further step an electromagnetic (e-m) simulation with a computer solver has to be performed in order to determine the basic parameters of the CaCo.

Some of the points to be determined with the simulation are:

a) Resonant frequency of the cavity and bandwidth

b) High order modes

c) Position and dimensions of the input loops

d) Position and dimensions of the output antenna

e) Frequency tuning possibility

f) S parameters of the three port device with different termination conditions
g) Position and dimension of the test antenna

h) Distribution of the electromagnetic fields in order to be able to calculate the heat dissipation

Further points can be identified and agree during the pre-tender discussions.

CELLS will also perform this kind of simulation, in order to be able to assist the tender (if required) and to be able to assess the viability of the project.
Depending on the results of the simulations, the production of a mock up model is desirable. The objective will be to cross check the e-m model and to be able to understand better the CaCo in case of one IOT being off or defect. The details will be discussed after the e-m design is finished.
6.2 Manufacture design

With the information obtained by 6.1, complete engineering drawings for construction have to be done. Especial emphasis has to be put in the thermal and mechanical design, which can affect the resonant frequency of the cavity and the stability of the system.

An ANSYS or similar thermal FEA simulation program, using as an input the e-m field distribution, to determine the power dissipation in the cavity and the possible need of water cooling is required.

Air flow and/or water cooling in the power ports are points of concern.

Depending on the thermal calculations and the drift in frequency as a function of temperature, the need of a tuning system has to be decided. This will imply some slow regulation loop that can be implemented in a PC. 

6.3 Construction of the prototype

With the approved engineering drawings, the construction of the cavity in high conductivity material (-) has to be performed.
6.4 Final tests
6.4.1 Low level tests

Tests to be performed at low level, with laboratory devices (<10 dBm)
Tests:

a) Resonant frequency of the cavity and bandwidth

b) High order modes

c) Coupling of the input ports
d) Coupling of the output port
e) Complete S parameters of the three port device with different termination conditions

f) Coupling of the test antenna

g) Simulation of a defect IOT in one (-) input port

Further points can be identified and agree during the pre-tender discussions.

6.4.2 High power test

With the final prototype a high power test will be performed, up to 150 kW.
If the Supplier does not have the capability or the wish to bid for the high power test, CELLS will, in collaboration with some other laboratory, perform it. In any case the final acceptance of the cavity will take place after the power test, so the Supplier will be invited to attend it.

Power tests:

a) Connect the CaCo to two power sources (or to a power source split in two outputs), with bi-directional coupler installed in the three ports.
b) Test at some kW the combination capability

c) Increase the power slowly to find problems with ionisation and sparking

d) Measure the temperature and resonant frequency as a function of power

e) Check the maximum power reachable

Further points can be identified and agree during the pre-tender discussions.

7 Final Documentation

In addition to the CaCo prototype, the Supplier shall provide a full set of documentation, including:
a) Summary of the results of the electromagnetic simulations: points a) to h) in section 6.1
b) Sketch and layout of the engineering design, section 6.2
c) Summary of the mechanical and thermal simulations, section 6.2
d) Summary of the construction techniques, section 6.3

e) Summary of the low level tests, point a) to g) in section 6.4.1
f) Summary of the high power tests, point a) to e) in section 6.4.2 

In the case that the supplier does not perform the power test, point f) should not be taken into account.

8 Ownership

CELLS will own the CaCo prototype and the full set of documentation as in Section 7. CELLS will have the right to publish and distribute this information.

The Supplier will own the detailed design and all the detailed documentation.
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