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Microwave Electron Linear Accelerators
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AET Inc.  Micon City, Kawasaki ,Japan
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Start venture in the garage
Sunnyvale, CA 1985
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MW STUDIO
EM STUDIO

PARTICLE STUDIO
DESIGN STUDIO

EGUN/IGUN
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Electron Guns, Ion Sources
X-Ray System

Accelerators
Plasma System
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Dielectric Measurement Service
Education, Training 6

Advanced Electronics Technology
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Questions ??????

How Many Linear Accelerators for Radiation Therapy
in the World?

How Many Cancer Patients are Treated Daily 
by Linear Accelerators  in the World?

When Radiation Treatment Started?



W.K. Roentgen, X-ray was discovered.1895
W.D. Coolidge, Vacuum X-ray tube was developed.1913

E.O. Lawrence, Cyclotron was developed.1931
Medical Cyclotron Operation started. (Crocker, USA)1939

1.25MV pressurized type Van De Graff Accelerator was installed at Massachusetts General Hospital.1940
Medical treatment by 20MV X-ray of betatron. (Illinois University, Urbana, USA)1949

The first Co-ray was installed in Oakridge.1952
8MeV Medical Linear Accelerator Ver.1 was installed in Hammersmith Hospital. (London, UK)1952

4MV beam generated for the first time by 6MeV Linear Accelerator in USA. (Stanford, USA)1956
The Proton beam was used medical for the first time. (Sweden)1957

Isocentric Microwave Linear Accelerator was installed. (USA)1962
The first medical treatment by the Pion beam in LAMPF. (USA)1976

The first Isocentric Cyclotron. (USA)1982
The first Hospital use the Proton synchrotron for radiation therapy. (Romalinda, USA)1990

Neutron radiation therapy by Super-conducting Cyclotron. (Harper, USA)1991

History of Medical  Accelerators
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1937
1 MeV  Cockcroft

Metropolitan Vickers
London

1956
First Patient, Stanford Univ.

Medical Accelerators



Stanford Hansen Experimental Physics 
Lab (HEPL)
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1946
MARKⅠ Accelerator

1939 Klystron R&D
Varian Brothers and
Prof. Hansen

MARK Ⅳ



World First Isocentric Linear Accelerator
1962 Stanford Hospital
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Various Microwave Linear Accelerators



Side Coupled Standing Wave Structures

Side Coupled Standing Wave Accelerator Varian Clinac 4 (4MeV) 
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Medical Electron Linear Accelerators
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X Ray Head

Accelerator Length: 1.3m

１．Shorter and Smaller Size
２．Energy Variable(Low to High)
３．Higher Shunt Impedance 
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High Gradient Accelerator Structure
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Voltage Breakdown at MW Frequencies 
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Microwave Gun
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Higher Shunt Impedance at Low Temp.



Variable Side Coupling Structure 
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Multi-Energy Medical Linear Accelerator



Book of “Medical Electron Accelerators”
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1970s

Higher Energy and E-Beam
System Development

1980s

Dual Photon Energy and
Computerization

1960s

Accelerator R and D
Verification Study

1990s

Dynamic Therapy and
Software

2000s

Systemization and
Process

2010s

Imaging and Motion
Management

Evolution of Radiation Therapy System
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Computerized 3D CT 
Treatment Planning
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Prostate Treatment（Intensity Modulated RT:IMRT)

Advances in Radiation Therapy Technology 
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Advances in Radiation Therapy Technology 
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Confidential Copyright 2010:Accuthera, Inc.

Prostate Treatment（Intensity Modulated RT:IMRT)

Advances in Radiation Therapy Technology 
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Stereotactic Body Radiation Therapy

• Not a machine, but a type of 
radiation delivery.

• Stereotactic = precise positioning of 
the target volume in 3 dimensions.

• Has become synonymous with  high 
dose per fraction.

• Different delivery techniques (arcs, 
static fields, protons)
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Image Guidance / Delivery Technology

1. Single X-ray tube added to delivery unit
2. Dual X-ray tubes and flat panels w or w/o fiducial markers
3. Ultrasound/CT matching with video image referencing
4. 3D Surface Alignment
5. Implanted fiducial markers with RF localization
6. CT on Rail
7. MV Portal Imaging
8. Multiple Fluoroscopic systems
9. CT + Simulator + Accelerator
10. Cone Beam CT on Accelerator
11. Digital Tomosynthesis
12. Megavoltage CBCT
13. Helical Tomotherapy with MVCT
14. Movable X-ray head with integrated CBCT
15. CT/Pet Systems
16. Integrated MRI imaging and radiation delivery



Technologies required for Future RT
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High Dose Rate
High Accuracy in Space and Time
Real Real Time
Higher Stability
Higher Efficiency
Higher Freedom

Compactness
Light weight
Lower Cost
Automatic System
Lower Leakage 
Maintenance Free

IMRT, IGRT, 
SRS, SRT
Adaptive RT,
Cone Beam CT,
Portal Vision,
KVXR…………….



•Electron and Ion Beam Accelerator Technology
•Electron Gun, and Ion Gun Technology
•Numerical Simulation Technology
•HV Pulse Technology
•X-Ray Technology
•Vacuum Technology
•Robotics and Control Technology
•High Speed Signal Process Technology
•High Energy Photon Detection Technology
•Electromagnetics, and Microwave Technology
•Material, and Process Technology

3
3

Medical Accelerator Core Technologies
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Accelerator Beam Dynamics Simulation
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Beam Radial Spread



Spoke formation according to π-Mode
Rotating direction can be changed due to sampling artefact.

Magnetron Beam Dynamics 






[1] Design, simulation and measurement conducted by M. Ruf, K. Thurn and L.-P. Schmidt at Chair for High Frequency Technology, 
University of Erlangen-Nuremberg

E-field of accelerating eigenmode

Particle trajectory

Accelerator Beam Dynamics 
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New Technology 1.
PET / CT and Linac by Reflexion
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New Technology 2.
MRI and Gamma Radiation by ViewRay
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- High Dose Rate
- High Precision in time and Space
- Free Isocenter (Dog Fighter)
- Free SAD （Dog Fighter)
- No Gantry
- Real Real Time Process
- Compact and Low Cost

Next Generation RT System Combined with
Early Tumor Detection Technology
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0

20 Narrow Beam20 Broad Beam

Narrow Beam Technology provides a new RT with single
high dose treatment and very low risk for early stage tumor

■Narrow Beam vs Broad Beam

Narrow Beam Accelerator Technology



Robotic Moving Phantom with Robotic Accelerator
and RTRT with Flat Panels

National Center for Global Health and Medicine
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Dynamic Variable Collimator

■Size: １ｍｍφ～３ｃｍφ
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Electron Linear Accelerators for 
Industrial and Research Applications

• Electron beam materials processing
• Electron beam irradiators
• Radioisotope production
• Electron Microscope
• Non destructive testing and Inspection
• Neutron generators
• Synchrotron radiation
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50 MeV Synchrotron Injector System

2856 MHz Traveling Wave
Accelerators

Nagoya Synchrotron Research Center
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Microwave Electron Microscope

Compact 2450 MHz
CW Linear Accelerator



Accelerator Head ~35Kg
including Collimator

1 MeV Accelerator for NDT

X-Band Standing Wave
Accelerator ~15 cm



4 and 6MeV Accelerator for NDT
Suite Case Design
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Technological Innovation

1. Idea and Concept
2. Study Competitor, Cost, Market
3. IP and R and D
4. Business Plan
5. Fund Raise
6. Design and Manufacture
7. Testing and Verification
8. Packaging
9. Pricing and Sales
10. QA and QC
11. Support and Version Up

Innovation involves the whole process from opportunity 
identification, invention to development, prototyping, 
production, marketing,  sales and support



SUMMARY

1. Advances in accelerator technology have 
significantly contributed to the world healthcare. 
Electron linear accelerators are key contributors to 
the success of radiation therapy and NDT.

2. The medical community needs innovation in more 
effective treatment methods and technologies 
other than IMRT, stereotactic therapy, or interstitial 
radiation therapy.
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Let’s “Think Different”
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