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1. The necessity of a research

 The necessity of the undeclared Uranium Enrichment Facility 

detection equipment

 The absence of domestic technology for inspection activities

 To improve existing nuclear safeguards inspection equipment

Alternative

Technology

Rapid 

Detection

Field

Application

NEW
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Development of the 2nd Quad-CZT array system 

to improve the drawback of the 1st Quad-CZT array system

2. The purpose of a research

1st Quad-CZT array system

2nd Quad-CZT array system
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2.1 Quad-CZT Array system Hardware

High voltage 
module

Low voltage 
module

MCU

DAQ Board High Voltage 
Control Board

30 mm Pb 2.0 mm Cu

10x10x5 mm3 CZT

57mm(D)x54mm(L) 
Sample Holder

4 CZT array
Detector

1st Quad-CZT array system 2nd Quad-CZT array system
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Individual Spectrum

Detector  4

Detector  1

Detector  2

Detector  3

Sum Spectrum
SUM

2nd Quad-CZT array

1st Quad-CZT array Detector Calibration

2.2 Quad-CZT Array system Software
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Sum spectrum

Individual spectrum

Information

Detector 1

Detector 2

Detector 3

Detector 4

2.2 Quad-CZT Array system Software
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2.3 The 1st Quad-CZT Array system 

 Equipment Specification

Cable Lead

shield
Pellets

adaptor

Sample

container

Size Weight

Array structure

: (H) 23.5 cm x (W) 51 cm x (L) 38.5 cm : 28 kg

⃰ This equipment was developed portable gamma spectrometry system utilizing the quad-CZT array in 2014.

Energy range : ~ 1.8 MeVSpectrum channel : 4096 channel
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2.3 The 1st Quad-CZT Array system 

 Field application test

IAEA 

IMCN

KINAC

< UF6 Cylinder >

< UO2 Pellets > N (counts) = 4562 x E (enrichment) + 6315 
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2.4 The 2nd Quad-CZT Array system 

CZT 

equipment
Pellet

adapter

UF6 adapter

DC

adapter

CZT Software

lead shields

Array structure

 Equipment Specification

Size

Weight

: (H) 23.5 cm x (W) 51 cm x (L) 38.5 cm

: 5 kg (only equipment), 12 kg (including shields)
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2.4 The 2nd Quad-CZT Array system 

 Equipment improvements  (1st system → 2nd system)

1. Equipment Optimization

2. Approachableness at UF6 cylinders

 Size : 23.5 cm x 51.0 cm x 38.5 cm → 18.2 cm x 19.2 cm x 32.4 cm

 Weight : 28 kg → 5 kg

 Detachable lead shields

 More User-friendly
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Pellets

1. Comparing the performance of Quad-CZT Array systems

1st Quad-CZT array system 2nd Quad-CZT array system

 Sample                       :  3.8% enriched uranium pellets

 Measurement time   :  300 sec 

 Analysis Method      :  Fast Uranium Enrichment Screening test

Comparing the measurement results for the same sample 

by Quad-CZT array systems
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1. Comparing the performance of Quad-CZT Array systems

Energy Resolution

Quad-CZT (2nd) = 5.80%

Quad-CZT (1st) = 6.14%
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2. Fast Uranium Enrichment Screening test

Enrichment Net Counts type

1.28% 69,078 4-pellet

2.34% 101,226 4-pellet

4.10% 150,665 4-pellet

 Reference information

 Measurement time   :  300 sec

𝑬𝒏𝒓𝒊𝒄𝒉𝒆𝒎𝒆𝒏𝒕 % =
(𝑪𝒐𝒖𝒏𝒕𝒔 − 𝟑𝟐𝟕𝟓𝟕)

𝟐𝟖𝟖𝟒𝟔

a (intercept) b (slope) R2

32,757 28,846 0.99979

Reference sources

 Enrichment : 1.28%, 2.34%, 4.10%
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2. Fast Uranium Enrichment Screening test

The Measurement Result of Unknown samples
C

o
u
n
ts

 a
t 

p
ea

k

Enrichment (%)

Sample

No.
Net Counts

Predicted 

Enrichment [%]

1 142564 3.81

2 142456 3.81

3 142198 3.79

4 142689 3.81

5 142374 3.80

Standard Deviation : 3.804 ± 0.008



CONTENTS 4
CONCLUSION

AND  

FUTURE STUDY



CONCLUSION AND FUTURE STUDY4

 Field application test 

 Software improvement

 Development and application of the Embedded monitoring system for CZT 

equipment

1. Development of the 2nd Quad-CZT array system to improve

the drawback of the 1st Quad-CZT array system

2. Evaluation of the 2nd Quad-CZT array system performance.

 FUTURE STUDY….

1. Miniaturization     2. Approachableness
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