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1 GEV PROTON SYNCHROCYCLOTRON

Diameter of the magnet pole pieces 685 cm
el Magnet weight 8000 t
Electric power supplied 1 MW
_.‘ Proton energy 1000 MeV

= | Internal proton beam current <3 pA

- % ~ | Proton beam current <1pA
- Repetition rate 4550 Hz
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RADIATION EFFECTS ON ELECTRONICS

High energy particle

Drain Source

5 Trall of
ionisation and
+ . current pulse

Single Event Effects (SEE) are created when a high-energy particle (proton, neutron, heavy ion)
travels through a semiconductor, it leaves an ionized track behind. This ionization may upset the
function of integrated circuit



TEST FACILITIES PROPERTIES

Remote-controlled
target driver

Conditions

Particles

Energy, MeV

Flux, particles/cm?s
Irradiation area, mm
Uniformity, %
Temperature

Status

IS SC - 1000
Atmosphere
Protons
1000
10°-108
=25
<10
up to 125

In operation
(1998)

IS OP - 1000
Atmosphere
Protons
60 - 900
10°-108
=25
<10
up to 125

In operation
(2015)

ISNP/GNEIS
Atmosphere
Neutrons
1-1000
<4-10°
@& 50 - 100
<10
up to 125

In operation
(2010)




PROTON BEAM LINES P2, P3, FOR RADIATION TESTING
(1ISSC-1000, IS OP - 1000)

b /// SC-1000
Main room




NMR MAGNETOMETER
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ACS OF MAGNETIC ELEMENTS
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PROTON BEAM LINE P2 FINAL COLLIMATOR
(IS SC - 1000)

Material: Steel

Length: 650 mm

Ext. diameter: 200 mm
Int. diameter: 20 mm

The output radioautograph
from collimator

relative units
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IS SC-1000 TEST BENCH
FIXED PROTON ENERGY 1000 MeV

Scintillation Heating chamber
d profile meter ;
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DOUBLE-SECTION IONIZATION CHAMBER
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Effective range
Proton 106 - 109 p-SeC'l

beam
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SCINTILLATION PROTON BEAM PROFILE METER

Scintillation screen

8 2D cCD-Sensor

=% Data processing
electronics




1000 MEV PROTON BEAM PROFILE

EXTRACT BACK
MEDIAN FILTER

Elapsed time, ms
0




HEATING CHAMBER

Properties:

Temperature
Sensor

Y- Axis Driver

- Heated, temperature range
250C — 125°C

- Max. heating / cooling time
300 sec (closed chamber)
600 sec (upper cover removed)

- Moved along X-Y axes,

Max. displacement range

200 mm

- max. DUT dimensions
150 mm x 150 mm

- Distant Computer control

¥ NPOTOHHAR MCNBITATENEHAR CTAHLIAR. YTIPABAEHWE TEMNEPATYPOR 1A MO3MLIMEN KAMEPSI. MHAMKALIAA COCTOAHWA 3AMEANWTENA,
MNONOKEHWE 3NEMEHTOE 3AMEONMWTENR:
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PROTON BEAM LINE P3
VARIABLE PROTON ENERGY 60-900 MEV (IS OP-1000)

R o /// SC-1000
Main room
'/ ‘ E 3;
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THE CALCULATION RESULTS FOR VARIABLE PROTON ENERGY 60-900 MEV

Proton | Standard | Absorber Absorber
energy, | deviation, | thickness, | transmission,
MeV MeV mm %
62.1 28.20 530.5 1.6
100.09 24.63 521.2 2.3
197.93 15.77 490.8 3.4
300.21 12.12 448.7 5.4
399.12 10.24 398.0 8.4
499.24 8.92 340.9 13.5
601.03 7.89 279 22.0
699.88 7.01 213.1 35.6
800.18 6.13 144.3 56
899.85 5.13 73.11 82.1
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THE CALCULATION RESULTS FOR VARIABLE PROTON ENERGY 60-900 MEV

Proton | Standard | Absorber Absorber
energy, | deviation, | thickness, | transmission,
MeV MeV mm %
62.1 28.20 530.5 1.6
100.09 24.63 521.2 2.3
197.93 15.77 490.8 3.4
300.21 12.12 448.7 5.4
399.12 10.24 398.0 8.4
499.24 8.92 340.9 13.5
601.03 7.89 279 22.0
699.88 7.01 213.1 35.6
800.18 6.13 144.3 56
899.85 5.13 73.11 82.1
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Proton energy (Exp), 10%
MeV X, mm Y, mm
64 38 35
103 37 21,6
201 26 24
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699 29 27
808 25 24
903 29 26
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IS OP-1000 TEST BENCH
VARIABLE PROTON ENERGY 60-900 MEV

Heating Scintillation |
chamber profile meter R 7 T

5 G |
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SOME PROFILE OF VARIABLE ENERGY PROTON BEAM
IS OP - 1000

= 100 MeV
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Differential Flux ( n/ cm2 sec MeV)

NEUTRON ENERGY SPECTRA OF STANDARD AND ISNP/GNEIS
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GENERAL VIEW OF THE GNEIS AND ISNP TEST FACILITY

GNEIS Building

Experimental Hall

Profilometer
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CONCLUSION

At the 1 GeV proton synchrocyclotron of the PNPI NRC Kl, it have been developed 3 irradiation facilities
dedicated for proton and neutron radiation resistance testing of electronic components used in equipment for
aviation and space research.

-proton testing is carried out at the IS SC-1000 with fixed 1000 MeV proton energy and at the IS OP-1000
with variable energy in the 60 —900 MeV range;

-neutron testing is carried out at the IS NP/GNEIS facility with atmospheric — like neutron spectrum in
energy range 1-1000 MeV;

All facilities have been certificated and are used for testing of electronic components under Agreements
with the Institute of Space Device Engineering (ROSCOSMOS) and other Russian organizations.

A unique conjunction of proton beams with variable energy 60-1000 MeV and atmospheric like neutron
beam with broad energy range (1-1000 MeV) spectrum enable to perform complex testing of the
semiconductor electronic devices at the SC-1000 within a single testing cycle.
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