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HV PSU

+V

-V

CX1622
Thryatron

Mains In IEC C14 socketIEC C14  plug to socket

MA2709A
Thryatron Trigger System

Grid 1
Grid 2

Grid 1 Grid 2

External IEC Mains SocketIEC Mains LeadMains In

Trigger In Electrical BNC Socket
Coax

Trigger In Optical Optical FDMA Optical FSMA Socket

47 Ohms
R5

12W Wirewound ?500 Ohms or greater

R4
12W Wirewound

NB See note 10 of datasheet

*4

TVS

*5

TVS
*7

TVS

*8

TVS

*3

TVS
*6

TVS

*2

TVS

*1

TVS

TVS and Grid R supplied by e2v - see datasheet

AGND

AGND

AGND

Mains lead filter ?

Mains lead filter ?

One Lamp per R - "If light is off do not use" message on panel

'Clamp On' Current Transformer TBC
Voltage scaling TBC

Cabinet
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C
 C

onnector (rating ?)
U

se U
R

67 (check rating !)

5-30V, 1-100us

1M
R6

AGND

EARTH

1
2

?F
C5

AGND

Current trip on
Remote On
Interlock On

Interlock

HV PSU interlock requires door closed and 5 minute timer to have passed

Cabinet Door and Thyratron Heater interlock

V Monitor

HV Enable

Fault Status

Mode Status

Remote HV ONStatusAssuming pulsed Grid 1 and 1A Max drive

Fan

Cathode Heater 1
Cathode Heater 2

External IEC Mains Socket
Mains to 6V 

Transformer (2 
output 

windings)

6V
0V

6.3V +/- 5%
Clip on ferrite

(Open = Off)

J3 D
 Type Socket

HV High Current cable 
in bold (Keep loop 
length as short as 
possible)

AC set to 230V

PS/FR30P10.0F22

JHV1

E1

(83-1r-rfx) (IEC C14)

(Stud)

J3-1 connected to 
J3-2 (common 
connected to GND) 
on cable

(Use Digital Common)

I-Monitor (Use Signal Common) 0-10V

0-10VJ3-9

J3-10

J3-3 (V
ia Tim

er Interlock)

J3-20

NB Some Analog in/outputs require setting to REMOTE on PSU

2.5-15V ON, 0-1.5V OFF
J3-22 Low = OK, High (5V) = Fault (HV off)
J3-23 Low = Voltage mode, High = Current mode

Check if this model has Arc status fitted ?

J3-21 HV Status Low = HV Off, High = HV On

J3-15

J3-16
Remote HV ONStatus

(Use Digital Common)

Switch between 
J3-15/16 allows HV ON 
to be done remotely
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20 x 100M in Parallel 16W 50KV

R2

MOX96021006FVE

Equivalent 5M
@30KV = 9W (DC) per R. 
6mA total current @30KV 
50KV rated

10 x 100M in Parallel 16W 50KV
R1

MOX96021006FVE

AGND

Or Led

Equivalent 10M
@30KV = 9W (DC) per R. 
3mA total current @30KV 
50KV rated

Or 2nF made 
from parallel C 
to reduce ESR

During cap discharge 
(plasma generation), 
discharge PSU max Iout = 
9mA approx.

Check This !

J1

Bulkhead BNC

Equivalent 1M
@30KV = 1.5mA per R = 
45W. Resistor is 10W but 
can withstand 5x rating for 
5s

EARTH

EARTH

Heater required to 
be on for 5 minutes 
before PSU HV on 
via interlock

HV PSU has Gnd 
connected to case 
and this Earth and 
Ground connected 
via case.

J2

J3

J4

J5

J6

J8

J9

J10

J11

Digital Common

Signal Common

Digital Common

Digital Common

Digital Common

Digital Common

Digital Common

Digital Common

Signal Common

5 Min Timer 
Interlock for 

HV PSU. DIN 
Mounted

J3-3 H
V

 PSU
 Interlock

24
V

AGND

24
V

AGND

24V DIN PSU
Industrial

24
V

AGND

Transformer in 
earthed box as no 
interlock for its 
mains supply

External IEC Mains Socket

J7

Bulkhead BNC

J12

Case Earthed but from where ? One of IEC Leads ?
All Bulkhead BNCs to be have signal and ground isolated from mechanical fixing e.g. 031-10-RFXG1

EARTH

Change to DNF as -V 
stud is gnd/case ? 
Case (earthed ?) 
connects to this ?

To cool thyratron 
and/or general air  
circulation

Indicates bleed R is working and thus safe to use/work on

Double check 
transformer 
spec

Add bleed resistor 
(to avoid flyback). 
Add ferrite

Allow for option 
of test Rs (maybe 
usefulfor 
characterise of 
timing pulse)

Could operate the PSU externally by making small remote control box ?

6V AC, does this 
need to be DC ?

PI0101 PI0102 

CO01 

PI0201 PI0202 

CO02 

PI0301 PI0302 

CO03 
PI0401 PI0402 

CO04 
PI0501 PI0502 

CO05 

PI0601 PI0602 

CO06 
PI0701 PI0702 

CO07 
PI0801 PI0802 

CO08 

PIC101 
PIC102 

COC1 
PIC201 
PIC202 

COC2 
PIC301 
PIC302 

COC3 
PIC401 
PIC402 

COC4 

PIC501 
PIC502 

COC5 

PIJ101 
PIJ10MH 

COJ1 

PIJ201 

PIJ20MH COJ2 

PIJ301 

PIJ30MH COJ3 

PIJ401 

PIJ40MH COJ4 

PIJ501 

PIJ50MH COJ5 

PIJ601 

PIJ60MH COJ6 

PIJ701 

PIJ70MH 

COJ7 

PIJ801 

PIJ80MH COJ8 

PIJ901 

PIJ90MH COJ9 

PIJ1001 

PIJ100MH COJ10 

PIJ1101 

PIJ110MH COJ11 

PIJ1201 

PIJ120MH COJ12 

PIR101 

PIR102 
COR1 

PIR201 PIR202 

COR2 

PIR301 

PIR302 
COR3 

PIR401 

PIR402 
COR4 

PIR501 

PIR502 
COR5 

PIR601 

PIR602 
COR6 

NL24V 

PI0101 

PI0201 

PI0301 PI0502 

PI0601 PI0802 

PIC501 

PIJ70MH 

PIR301 

PIR601 

NLDigital Common 

PIC502 
PIR602 

PI0102 

PI0202 

PI0302 

PI0602 

PIR401 

PI0401 

PI0701 

PIR501 

PI0402 PI0501 

PI0702 PI0801 

PIC101 PIC201 PIC301 PIC401 
PIC102 PIC202 PIC302 PIC402 

PIR201 

PIJ101 
PIJ10MH 
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PIJ20MH 
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PIJ80MH 

PIJ90MH 

PIJ100MH 

PIJ110MH 

PIJ1201 

PIJ120MH 

PIR101 

PIR202 

PIR102 

PIR302 

PIR402 PIR502 

NLSignal Common 

Heart of the technology

Discharge source

• HV discharge circuit is almost complete 
• IAA, commercialisation, Tritec Development Ltd
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Heart of the technology

Discharge source
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• HV discharge circuit is almost complete 
• IAA, commercialisation, Tritec Development Ltd



Heart of the technology

Plasma
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Example working range for He

Discharge source

n(cm-3) Pressure 
(mbar)

Pd (10cm)
(Torr cm) V (V)

4.12E+13 0.22 1.6480 INF (pressure too 
low)

5E+13 0.3000 2.0000 828

1E+14 0.5 4.0003 349

5E+14 3 20.002 619

1E+15 6 40.003 967

5E+15 27 200.02 3172

1E+16 54 400.03 5543

5E+16 267 2000.20 22620

6.75E+16 360 2700 power limit
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Laser machining

Sapphire target

K. S. Kim, et al., 14th Annual Meeting of the IEEE Lasers and 
Electro-Optics Society, doi: 10.1109/LEOS.2001.969038.

S. M. Wiggins et al., Journal of Plasma Physics,78, pp 355-
361 (2012) doi:10.1017/S002237781200006

Microscopic image courtesy of  
Andy Wootten (STFC)

1kHz, 1mJ, 200ns



~1.5 m

~3 m

HV Discharge Unit

Gas supplies for 
N, He, Ne, Ar

Laser interlock

Prototyping

• Mach Zehnder interferometry for density measurements, optical table 
installed on 20th Dec. 

• Procurement ongoing,  

‣ Manchester strategic, IAA and internal funds + CI funding 

‣ In process of a new IAA with also industrial contribution. 

• Delivery timeframe is compatible with to FEBE timeline. 

• Manpower 

‣ Initially, 0.5FTE PDRA on interferometry 

‣ MPhys and PhD student on laser machining 

‣ Dedicated PhD student on implementation into FEBE advertised.

Lab space in A Block
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Matrix based matching

Multi-staging scenarios

• Pseudo-inverse matching to extract a transfer matrix. 

• Validation using non-periodic transfer matrix. 

• Multi-objective optimisation for determining a matching lattice.

O. Apsimon et al., Phys. Rev. Accel. Beams 24, 121303 9
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