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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW

Outline
• Design of the 170 GHz, CW, Gyrotron

– Parameters
– Key features & Issues

• Power supplies (MHVPS, BPS & 
HVSSS)

• The Coaxial Gyrotron Test stand
• Project status
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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW

Tube design study (2003)
• HUT: Coaxial cavity + multimode 

simulations
• CRPP: Gun Design + SCM
• FZK: Almost everything + Short pulse 

experiments
• Thalès: Thermomechanical + electrical 

simulations 
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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW

Schematic of the tube & SCM

Cathode (MPS Voltage)

Body (BPS Voltage)

Ground

Insulator (Ceramic or other)

Cathode (-55kV)

SCM with dipoles

CVD Diamond

External pumps

Coax alignment set-up

Anode (+35kV)
Cavity w/ corrugated
Inner conductor

Denisov type 
conical launcher

Swept coaxial collector (?)
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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW

Nominal Parameters
Frequency: 170 GHz

Nominal RF Power 2 MW

Designed pulse length at nominal
power

Phase 1: 1s at 2 MW
Phase 2: 60s at 2 MW
Phase 3: 3600s (CW) at 2 MW

Nominal acceleration voltage 90 kV

Nominal Cathode Potential 55 kV

Nominal Body Potential 35 kV

Acceleration voltage stability ±0.5%

Nominal Beam current 75 A
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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW

Nominal Parameters (2)
Cavity  Coaxial, TE 34,19

RF output efficiency η �45% with depressed collector

Window Diamond (CVD)

Output mode at window TEM00 (Gaussian)

Mode purity in TEM00 at window �96% ±1%

Output from RFCU HE11 ,63.5 mm

Output polarization from RFCU Variable, elliptical polarization

Output power range through variation
of the body potential

0.6 MW - 2 MW

Modulation of the body voltage 0 Hz - 5 kHz sinusoidal, 25 kV p-p
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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW
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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW
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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW

RF Conditioning Unit (RFCU)

Water Outlet

From gyrotron �
Window

To TL and Load

Plane Mirror Polarizer

Polarizer

Quadratic or �
Non-Quadratic

Quadratic or �
Non-Quadratic

Water Inlet RFCU
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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW

Potential issues
• Inner conductor 

– Cooling & stability

• Collector loading (2.2 - 2.8 MW)
• Stray losses handling (est. 5%)

– Water loads 

• Internal mode converter
– TE34,19 not ideal
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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW

Power supplies
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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW

MHVPS Parameters
Duty cycl e 8 hours each 24 hours
Nominal output Voltage
Output Voltage range -45 kVDC < V DC < -60 kVDC

Output Voltage accuracy:

• Static (εs) < ± 1% of VDC nominal

• Load – no Load (εd) < ± 1% of VDC nominal

• Ripple (εn) < ± 2% @ 600Hz, < ± 0,5% for
higher frequency

Voltage transient duration < 10 msec
Nominal output Current 80 A
Shutdown time < 30 µsec / 200V
Measurement Accuracy:

 Voltage
 Current

< ± 0.1% of the nominal value
< ± 1% of the nominal value

Measurement bandwidth: ≥ 500 kHz
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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW

BPS Specifications
Bod y nomin a l volt age : 40 kV
Bod y cur re nt (s ta tic ): 150 mA
Bod y vo lta ge  modulatio n:

Bandwidt h
Dep th (pea k-p ea k)

DC to  5 kHz (s inus )
25 kV

Bea m volta ge  Accurac y (Vkb ): ± 0.5%
Bod y pea k cur re nt < 5 A
S hut down tim e < 10 µs ec
Fault  en ergy into  th e  gyrotron < 10 J
Dum my load :

R
L

267 kΩ
3 nF
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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW

HVSSS Specifications
Techno logy:
Rate d Voltage ( across
te rmina ls):

-60 k VDC

Rate d con tinuo us cu rrent :
Trip cu rren t leve l:
Max. pe ak cu rren t
(fault co ndition )

≤ 1 kA

Min. rec overy time a fter fau lt: ≤  2 00 ms

Gyrotron arc ing en ergy:

Fas t switch -off time :
Pulse re pet ition freque ncy:
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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW

Control room

GHe Storage Cooling

HV

RS launcher

CW, 2MW Load
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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW
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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW
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Coaxial Cavity Gyrotron, 170 GHz, 2MW, CW

Status as of May 2004
• GYROTRON

– Design study -> OK
– Contract starting date: April 16th, 2004
– Delivery scheduled Oct. 2005 

• SCM
– Contract estimated starting date: Oct. 2004
– Delivery: Dec. 2005

• POWER SUPPLIES
– Contract estimated starting date: Oct. 2004 (?)
– Delivery: March 2006 (?)

• INFRASTRUCTURE
– Running project
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