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MICROWAVE POWER PRODUCTS

Development of High Efficiency Klystrons at MPP

2nd Workshop on Efficient RF Sources

23-25 September 2024 – Toledo, Spain
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Presentation Outline

• MPP History

• Markets Served

• Recent Developments

- High Power X Band Klystrons

- High Efficiency Efforts

• Summary

2nd Workshop on Efficient RF Sources
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MPP History

• Founded in 1948, original business of 
Varian Associates

- Spun out of Varian Associates in 1995

- Acquired by the TransDigm Group in 2024

2nd Workshop on Efficient RF Sources
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Historical Timeline

1948 … 1995 … 2004 2006 2007 2011 2012 2013 2015 2018 2020 2021 2022

9/21/2024

CPI originates as 
founding technology 

group of Varian 
Associates

CPI is formed 
when Electron 

Devices Business 
purchased from 
Varian by private 

equity group

CPI acquires  
Econco Broadcast 

Service

CPI stock publicly 
trades on 

NASDAQ: CPII

CPI acquires 
Malibu Research 

Associates

CPI is taken private

CPI acquires 
Codan Satcom 
and Freeland 

Products

CPI acquires 
MCL and Radant 

Technologies

CPI acquires 
ASC Signal

CPI is acquired by 
The Jordan 
Company

CPI acquires 
Orbital Systems 

and Quorum 
Communications

CPI acquires 
General Dynamics 

SATCOM 
Technologies 

business, divests 
ASC Signal

CPI acquires 
TMD 

Technologies

CPI acquires L3 
ESSCO, Inc.

CPI acquires 
AdamWorks, 

LLC
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Structure at The Jordan Group

CPI

CPI APT CPI EDB

Antenna & Power Technologies

• Former GD Satcom

• CPI Satcom (Amplifier)

• CPI Radome

➢ Radant, ESSCO, Adam 

Works

Electron Device Business

• CPI MPP Division

➢ CPI Econco

• CPI BMD Division

• CPI TMD Division

Communications & 

Power Industries LLC 
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Recent History

• In September 2023, The Jordan Group 
and the TransDigm Group came to a 
definite Agreement for the transfer of 
the CPI Electron Device Business to 
TransDigm

• This agreement, after sorting out all 
legal and administrative tasks, was 
executed in June 2024

• After the transition, TransDigm decided 
to operate the former CPI MPP division 
as a separate company, allowing it to 
do a stronger focus on its products and 
markets. 

CPI EDB

MPP CPI EDB
(BMD + TMD)

Microwave Power 

Products, Inc

• Helix TWT

• CCTWT

• Klystrons

• Gyrotrons

CPI International, Inc

• Magnetrons

• Control Components 

(Incl. Coupler)

• Transmitter

• Transponder

• CPI TMD 
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Medical Market

• MPP Products:

- Klystrons

- Power Grid Devices

VKS8252 5 MW S Band Klystron

2nd Workshop on Efficient RF Sources

VKX-8255A 25 MW X Band Klystron
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Industrial Market

• Irradiation Market for 
sterilization, Klystrons

- 2.856 & 2.998 GHz

- 5, 7, 10 MW output power

• Industrial Heating

- Klystron & Power Grid

• Dynamic Nuclear Polarization

- Gyrotron & EIK

2nd Workshop on Efficient RF Sources
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Science Market Products Developed

2nd Workshop on Efficient RF Sources

2016 –  1.2 MW 

704 MHz Klystron, ESS

2012 –  3 MW cw

324 MHz Klystron, IHEP

2014 –  1.2 MW 

704 MHz MBIOT, ESS

2016 –  5 MW 201 MHz 

Klystron, PIP

2017 –  20 MW 3 GHz 

Klystron, CLARA 2011 –  300 kW

CW 1.3 GHz Klystron, 

HZB, TRIUMF

2003 –  700 kW

805 MHz Klystron, ORNL 2010 –  2 MW 500 MHz 

Klystron, CAS
2010 –  3 MW 352 MHz 

Klystron, CERN/ESS

2011 –  50 MW 

12 GHz Klystron, CERN

2007 –  10 MW 1.3 GHz 

Klystron, DESY

2021 – 3 MW 402.5 MHz

Klystron, SNS ORNL

2011 –   3 MW

325 MHz Klystron, CAS
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BMD - Power Couplers

2nd Workshop on Efficient RF Sources
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VKX-8311A3

11.994 GHz, 50 MW Peak 

High Efficiency

Pulse Klystron
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Development of VKX-8311A3,11.994 GHz, 50 MW 
High Efficiency Klystron

2nd Workshop on Efficient RF Sources

• CERN & MPP collaboration to develop a 50 MW 12 GHz High Efficiency Klystron

• Two stable designs with predicted RF efficiency of over 60%

• Received contract from INFN in March 2023 for design, fabrication, testing, and 

delivery of one proto-type unit
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Final Design & Analysis of VKX-8311A3 Klystron

2nd Workshop on Efficient RF Sources

Beam optics & Magnetics

DC Electric Field Gradient Analysis

Gun Thermal Analysis with ANSYS

RF Circuit Analysis with MAGIC PIC code

Collector Analysis
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Predicted Pout vs Pd & Pout vs Frequency Curves

2nd Workshop on Efficient RF Sources

• 54 MW output is predicted with 400 kV x 202.4 A beam for 66.7% rf efficiency
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Predicted Pout & RF Efficiency vs Beam Voltage

2nd Workshop on Efficient RF Sources

Pout

Effi
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Predicted IP-OP Delta Phase vs Drive Power

2nd Workshop on Efficient RF Sources
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Status of VKX-8311A3 Proto-type Fabrication

• Completed final design, drafting, and parts procurement

• Parts for proto-type unit have been issued to production 
(expect cathode due end September 2024!!!)

• Fabrication of proto-type unit is underway

• Seal-in scheduled in November 2024

• Test in February 2025

2nd Workshop on Efficient RF Sources
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Specification of VKX-8311A3

2nd Workshop on Efficient RF Sources

Based on the analysis results, considering the manufacturing tolerances of the prototype, and 

particularly the six-gap output structure, the final efficiency is projected be greater than 55%.
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VKX-8255A 

11.994 GHz, 25 MW Peak 

High Efficinecy 

Pulse Klystron



M
IC

R
O

W
A

V
E

 P
O

W
E

R
 P

R
O

D
U

C
T

S

20 cpii.com

Development of VKX-8255A,11.994 GHz, 25 MW 
Klystron

2nd Workshop on Efficient RF Sources



M
IC

R
O

W
A

V
E

 P
O

W
E

R
 P

R
O

D
U

C
T

S

21 cpii.com

High Efficiency with 3-Gap Output 

2nd Workshop on Efficient RF Sources

1-Gap OP

3-Gap OP

• Studied the effect of efficiency improvement with 3-gap output using ideal beam

• RF efficiency improved from 52% with 1-gap output to 56% with 3-gap output
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Status of VKX-8255A Proto-type Fabrication

• Completed critical design review

• Completed final design, drafting, and parts procurement

• Parts for proto-type unit have been issued (except 
cathode)

• Fabrication of proto-type unit is underway

• Seal-in Jan 2025

• Test schedule TBD (late 2025) 

2nd Workshop on Efficient RF Sources
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Cold Test of 3-Gap Output of VKX-8255A (25 MW X-band)

2nd Workshop on Efficient RF Sources

Cold Test

HFSS Result

• Initial Cold test of 3-gap output

• Good agreement with HFSS prediction

• Tuning in progress to understand the effect of minor geometry change

• Bead pull test under preparation

S11 vs Freq
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Specification of VKX-8255A

2nd Workshop on Efficient RF Sources
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VKX-8254A 

11.992 GHz, 6 MW Peak 

Pulse Klystron
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VKX8254A - 11.992 GHz, 6 MW Klystron

• SN-02 achieved 6.2 MW at 161.6 kV, 106 A, 50 Hz PRR, 1.8 us RF pulse 
and 37% RF efficiency

• SN-01 was retuned and achieved a higher efficiency of 42%

2nd Workshop on Efficient RF Sources
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Summary

2nd Workshop on Efficient RF Sources

• Three X-band klystrons are available / under development at MPP

• VKX-8311A3 High Efficiency 11.994 GHz, 12 MW Klystron  for INFN 

- Design complete

- Fabrication underway for proto-type unit

- Delivery to INFN in July 2025

- VKX-8255A proto-type under fabrication

• VKX-8255A 11.994 GHz, 25 MW Klystron

- Fabrication underway for proto-type unit

• VKX-8254A 11.992 GHz, 6 MW Klystron

- SN-001 & SN-002 built and tested
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Questions

2nd Workshop on Efficient RF Sources
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