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The Development of Silicon Doping Technique by

Neutron Transmutation
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SUMMARY

I. Project Title

The Development of Silicon Doping Technique by Neutron

Transmutation

II. Objective and Importance of the Project

The high purity and low defect Czochralski-Silicon and
Floatzone-Silicon arel used as base materials of the most
semiconductor devices. The former is chiefly used for devices
requiring a series of annealing in manufacturing processes such as
IC and LSI, andr the latter particularly for manufacturing of
high or medium power devices of such as thyristors, diodes and
transistors.

In the case of FZ-Si crystal, however, the dopant striation,
microscale variation of dopant concentration striated wunavoidably
during dopant implantation and crystal growing, causes non-uniform
electric characteristics either from device to device or even in a
device itself, and these striations eventually reduce production
vield or lower the power rating of the devices.

The neutron transmutation doping method 1is based on the
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irradiation of high purity FZ-Si ingot 1in a nuclear reactor to
cause nuclear transmutation:
30Si(n, 7r)31Si — 31p + #3-,

in which one of the silicon isotopes, 3J0Si, is transmutated into
the dopant 31P. Since this technique is capable of homogeneous
doping over large 1ingot volume in the wide range of aimed dopant
concentration, NTD-Si ingot 1is suitable for manufacturing high or
medium power devices with high production yield. At present, the
annual world production of NTD-Si for high-power devices amounts to
about 120 tons/year and tends to increase owing to increasing demand
of high/medium power devices following industrial automation,

At KAERI , a multiple-purpose research reactor (KMRR) of 30 MW
is wunder construction. Equipped with a heavy water reflector around
the core, the reactor 1is expected to provide a neutron field of
good quality with a small fast to +thermal neutron ratio, which
will accordingly make it possible to produce high quality NTD-Si.
This project aims the development of techniques and facilities to
produce NTD-Si at KMRR, so as to enable us, on the one hand, to take
part in overseas NTD service market and, on the other hand, to
lead domestic semiconductor industries, some of which have just

begun with CZ-Si production, to manufacturing high-power devices

either by producing or importing FZ-Si.



III. Scope and Contents of Project

The scope and contents of the project for the third year include
development of NTD techniques, design/fabrication of prototype of

mechanical driving/electronic control units, etc.. The major subjects

are listed below.

1. Design/fabrication of NTD 1/2 holes
a. Design of the irradiation sleeve
b. design of the handling toocl for incore sleeve.

c, Fabrication/test of real-time neutron flux monitoring system

2. NTD irradiation facility
a. The machanical driving unit
b. Electronic control unit

3. Study on precise measurement of the absolute neutron flux

distribution

IV. Results and Proposals

The R/D scope of NTD-Si production technique of the third year
includes the development of basic techniques and design of NTD
facilities. The important interim results and suggestions are given as

follows.



1. Design of NTD 1/2 holes

a. Design of the irradiation sleeve

1) For the design of the neutron screen to flaten the axial flux
distribution for uniform irradiation by the fixed position method, our
earlier 1D-ANISN calculation is revised by 2D-VENTURE code and variation of
flux distribution due to Si ingots insertion and effect of Al filler
addition etc are studied.

As a resulting example, the axial flux variation [ 8¢ = ( Ppmax- Pdmin)/
¢$pav] of about 6 % is attained over 50 cm region by appropriately adjusting
the structure of a 5-layer Ni screen with its maximum length/thickness of

70 cm/2 mm and this flux variation is deteriorated to 9 % when 50cm long Si
ingot 1is placed into the incore sleeve. However, addition of 15cm Al
fillers at the both end of the ingot could improve it significantly to
2. 1%,

2) Study is in progress to perform some mock-up experiments at TRIGA
reactor as bench mark test of this 2D-VENTURE method of neutron screen
design, and also to extend this method for optimization of the screen

design and evaluation of the uniformity over the variation of axial

neutron distribution during KMRR fuel cycle.



3) Design work for the incore sleeve is under way in which Al-6063 tube
of ~10 mm thickness is equipped with 5 SPNDs inside its wall material and

neutron screen of its outer suface to flaten the axial neutron flux

distribution.

b. design of the handling tool for incore sleeve,

To faciliate various experiments with secured procedure, such as

characterization of neutron field using foil detector kit, mock-up test for
neutron screen design and installation/bolting of incore sleeve to NTD

irradiation hole, design work for handling tools is under way.

c. Fabrication/test of real-time neutron flux monitoring system

1) In order to monitor precisely the neutron irradiation fluence and
the variation of axial flux distribution during fuel cycle by means of
1 V- and 4 Rh-SPND units at each NTD irradiation hole, a prototype of
monitoring unit based on nvt-PC is fabricated and in test operation
after completing software,

2) In order to deal with emergency situation, such as reactor trip,
fail of any SPND channel and communication error between real-time
monitoring system and control wunit for mechanical driving,

supplemental work to the software is also in progress.
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2. NTD irradiation facility

a. The machanical driving unit

The first prototype of semi-automatic mechanical driving unit was
designed and machined, which is capable of various mode operation of
uniform irradiation with flexible design feature. such as independent
driving of rotation and up-down motion and absolute position control
of the latter motion.,

Testing of its overall characteristics is underway. Some interim
results show that machining precision meets the design specification,
and overall precision of position control based on the encoder signal

(En) over 10m driving span of up-down motion has following relations :

down motion ¢ Z{(mm) = -175.498 + 3.51 * En

up motion : Z(mm) -174.756 + 3.51 % En

within average deviation of ~=1.5 mm and backlash of ~0.7 nm
between two motions. Various improvements are also in progres, such
as more compact design of the unit, resolution improvement of up-down

positioning and hardware/software improvement for sensitive detection

and safety/protection measure for any erroneous operation and trouble.

b. Electronic control unit

The electronic control unit for driving the mechanical unit was
designed and fabricated based on Con-PC(IPC-600), and test operations
are underway with first phase software development for the manual

mode, PC manual mode, and FP auto mode operation. Various
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improvements, such as early detection of abnormal functioning,
software modification for the error services, and miniaturization of

the unit, and software development for the CV auto mode are in

progress.

3. Study on precise measurement of the absolute neutron flux
distribution

a. As a continued study for the measurement of thermal/epithermal
neutron in NTD holes, method for the measurement of fast neutron flux
and its integrated spectrum using 7 threshold detectors with different
effective threshold energy is followed.

b. For the precise measurement of spacial distribution of thermal
neutrons and the evaluation of epithermal/fast neutrons in NTD holes,
related work, such as preparation of experimental manual, design of
foil detector irradiation kits, etc., are in progress.

c. For the measurment of foil detector activity, a HPGe spectro-
meter 1s in prepafation. In particular, the accuracy of thermal
neutron flux measurement is required to be within ~t2 %, and a
comparison method using 609Co and 137Cs NIST standard source is under

development and various corrections, error estimation, preparation of

experimental manual, etc., are in progress.
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Fig. 1. VENTURE RZ model for calculation of neutron screen effects
in NTD-1 hole.
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"Fig. 2. Comparison of relative thermal neutron flux distribution at
NID-1 hole site calculated by 3D-VENTURE and ZD-VENTURE code.
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Fig. 3. Axial variation of thermal neutron flux with and without S
sheets Ni screen by 2D-VENTURE calculation in NID-1 hole.
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2 o8( S58cm) = b2 6#(Si SBcml) = 3 Flux gain = 1.82

1.5

Neutron Flux[Cx1.E+13(nv)]
-

’.
S v
®
P Fuel Length —--————--- »
_ . .
-68 58 -48 -39 -28 -18 © 10 20 38 48 S8 6O
Z—AXIS (cm)

Fig. 4. Axial variation of thermal neutron flux for 58cm-Si Ingot
only inserted in irradiation sleeve with S sheets Ni screen.

9 56( SBcn) = 62  58(Si SBcml) = 2.8% Flux gain = 1.86

1.5

Neutron FluxCx1.E+13(nv)]
-

s .
.5 % e
i* ---------- Fuel Length —-——————-—45
a ¢ \
-66 -58 -48 -38 -26 -18 8 18 20 38 49 58 6O
Z-AX1S (cm)

Fig. 5. Axial variation of thermal neutron flux for 58Bcm-51 Ingot
with tuo 18cm-Al fillers inserted in irradiation sleeve with

5 sheets N1 screen.
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Neutron FluxCx1.E+13(nv )]

Neutron Fluxix1l . E+13(nv)]

2 56( SOcm) = 7.7« Sﬁ(Si S8cnl) = 8 Flux gain = 1.87
1.5 ST Tt e
, Al Sidngot __ Jal |
- .ét:‘ T e @ 0¥¢ s o & * o 'E-;
2 * i Ni screen e
| MRS T S '
.5 L .
| ——————————— BB c ——————————. | é
E+---------- Fuel Length ————- +§
B 1 |
-6 -58 -40 -3 -20 -18 @ 18 20 30 40 S8 60
Z-AXIS (cm)
(a) bBcn 5 sheets Ni screen
Op( S0cm) = bz  O¥(Si SBcnl) = 2.12 Flux gain = 1.88
1.5
1
®
.5 * ®
®
- E*——-—-—-—-- Fuel Length ~—————— *E
a i ]
-68 -5 48 -38 -20 -18 8 18 28 38 48 580 60
' Z—AXIS (cn)

(b) 78cm 5§ sheets Ni screen

Fig. 6. Axial variation of thermal neutron flux for SBcm - Si Ingot
Wwith two 15¢cn - A1 fillers inserted into irradiation sleeve
with S5 sheets Ni screen.
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Fig. 9. Handling Tools

(1) Foil detector handling kit tool
(2) Incore sleeve handling tool
(3) Flange bolt fixing tool
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Fig. 10. Block diagram of neutron flux monitoring system
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> 1x1012 Q - 1.5x1012 @ @ 3x1011 @ | 0.5x10!11 Q | 1.5x1012 Q .
(21m)  (41m) §  (5m) 5 5
SPND EXTENSION
CONNECTOR —
JUNCTION | INSULATION
I } - //—~{__I__}———¢/ BOX ————//—— RESISTANCE
- 7 s (4889) | - TEST

! .
Lead Cable Cable

Inconnel 600 (1mm¢) (RG108 A/U) (9P)
- Test Voltage : DC 100V

- Test Temperature : 20°C

Fig. 11. Typical SPND unit insulation resistance,
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Regist each SPND signal/min
out of Ave, of 10 Redings

Burn-Up Subroutine

1/Ci=(1-0¥)Exp(-0a¥)
Ki = f(Sn. G. c---

)

- Regist ¢i(t)/24 hrs

- Clear all data

leaving 24 hr-Sum¥;
- Regist grand total

from t=0 to last
24 hr-Time mark

A/D
10V/4096
Gain - ¥i(t) = 2¢i(t)At
Rh - 1 ——| x 2 (——| Ni(t){=]KiNi(t)=¢i{t)]—|- Regist Si In/Out
Rh - 2 —| x 2 Time mark
V — x 4
Rh - 3 —| x 2
Rh ~ 4§ ——| x 2
1
nvt- If in any SPND
Emergency| ¢i(t)<¢min

[1-6i (t)/[¢i (t-3)+0. 1¢min}| 20.2

From Con-PC

V-Control Subroutinet——

- Calculate V¢

To Con-PC

To Con-PC dp(av) <Pminl(av) ¢

(nvt)av Subroutine
- Calcutate ¢(av)

b

Fig. 12. Block diagram of (nv) and (nvt) monitoring software.
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oA7lA (3)2 HAZE 75 Aol &7 ¢i(t)e] FHEF E+= SPND e
S &A1 41% Aol V W Rh SPNDE] SHEAHZ S I YA 255

20052 [ H 5 BEsHA stATH(A-3 i),
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oo i ATol Fodstt HEIo] E@se
HELE
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A 2to] &o]3lL} Rh-SPNDE] Z$ol: a@x E3it), wleba $2 V-SPNDoJ



tj3] 2338 ¥l

k Q12}= emitter ol & gAH I FSEH L AU s
FTEAEE HP3%le ULE 178 F8A T4 E enitter7} WESI= A
21e] BFAR4+E oo|ggct, Studsvik] Alitoll 2]3}A 550344 V-SPNDE

BT BAY HeHE CB(Emin):O.zgl, Compton A =x}e] A gl elas¥HE
£y colEmin)=0.88x10-2, FAzte] MY % Y&HE ¢, | (Emin)=1.33x10"
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s = fa - fs2 EWEH, ol tiZ3} o] A"t

A 7|2l 2 2 A} fs+ ThE 3 Zo] Foxg(7)
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fs = ———— (5
’ 23R )

Za » YA (cm!)
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oA 7]l A x0(ZaR)= AEZ|ol ¥ FH4XNIFTHEE 23 o] Bessel
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Xo(5aR) = 3 (ZaR)? [ 2 { SR (Ki(SaR)1(ZR) »
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Ko (SaR)To(SaR) ) - 1 } K112eR)I112eR)
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I, K The first and the second kind
modified Bessel functions
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T3 H/do] H3to] V-SPNDY HFFAH EAFAR AAito] £olsta| X3}
71 wigelch. whetA Rh-SPNDel| ctith RF A AdAe 1 FHEI
oA oE HHPHOE skhEF FAF3E= WHES A&t diy o]o tf3) t}
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o1 : BdYFo] 104Rhe) Fo4<EHA (=139Db)

' . (i &] (
A oi AW Fo] 104phel bS] B 4t4
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Al (10), (11)& o] &3l ¢(t)71 ¢oollA 022 AHhHE T F 72 STHS

T3},
- ) 02 A -Ait g2 A1 -A2t
I(t)_lo[(l 01+02 A1-A2 ) e . 01+02 A1-A2 ) e ]
= 16(0.913 e-t/61 + 0,087 e"t/381) (13)
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Fig. 13. The response of V- and Rh-SPND to a step change in neutron
flux.

- 427 -



= 3 = NTD = A} F&F X]

NTD Z A& R &= $AIE pool AR o AHX|3l Si ingotEF Z AL
Buy 48 wygoz Fd ZAY F X, 323 zasts A
220l Ao o] B Aot Az Ao RN T TAHAAC

NAFERE o 59 A turretd ] €7ujo] 107] 2l e Si
ingot& A AVt Fi, 1Y SZEHAld &AA NTID Ao WA
FU AR F o]l HEStE A ALK S OF ATHLE AFIE= 49
ApEA TERA S, ingot - Al chaing JIATE Yol AY, Helsts A
Al £FLE 33 1 o)y RE ZAE AFHUINE WMAEA IFHAE

ZAE%H vl ol HxpEA FERAE

7h, FERA e HE2 Fobsjol H A Y F FAIE ¢ 1lton
o8 F3H+= .

L}, pool 5o 4R man-bridged] LRI} o3 n|FAHoin,

Cl. #5382 2AY dA Az 7laAd og o] dgsEE
PAZA = DA LY 52 A3t o] el o]

=2 ]t ¥} dr},

- 43 -



izl EAl X AL THAX 2 reactor pool linerdj
ingot 27t A &L rackE Fu]3ld ZAH ingotE A E A F2Art
7t 1~2Q o] ZHA service poolE UHIMNA &A= WHE AFsIL o

C}l.

2. 71A FEFZA

7}, 7|93

L e

1. ¥xls FEHFAE ¥Pcl, &, Si ingot-7.5m Al chain®] Z3l,

2 & AP RE 232 253 ¥rf

2. ThYt Fd RApHE o] &Y $ UA Fr)

I

Mmoot e PP L e e e

o2} T2 WA ot Il 148 2 F8Y TIA F&FAY A

chsf A olml  ‘89dESl RI¥ v gen, o Fxe BFFE che

1) sheave W link chain WA 28 Si ingot £+ =%

2) B, #xlolsY U Ko|FH T v A XA
7} 53} F rotary connector& o] £3}o] Si ingotd F7}&% 3
AT E HHIHLE A 35

3) stepping motord} Al X227 (3% : 4096/rev)E

- 44 -



_gv..

1U3-8572-794]1 PIN

Tn—
gl
STEPPING COUPLING
SANYO DENKI OLDHAM
tO03-8572-794] WORM GEAR
0.75A DC24V 60:1
UP/DOWN MOT IT —
/ ION UN = | NDO
RS 0030
30P
2. 954

STEPPING MOTOR
SANYO DENKI

SAFETY
0.75A DC24V

-

l}.:ﬂ- T;-lﬁ

T

HANDLE
ROTATING UNII

BEVEL
GEAR

SHEAVE
Z:24 PCD YL .6

HAMONIC
DRIVE 50:1

OMKON £ & G
ABSOLUTE ROTARY
ENCODER R 4096

+0.044°)

(
T ) i
287.23 G l SPUR GEAR

SPUR GEAR

CHAIN ¢4 RATCHET
PITCH 24.312 | GLEAR

-L- | SAFETY
[ 1 PN
ill;(?}g AL 2 1000mm/min MELFI_‘l'TURN CAM | -‘;"—% HANDILE
‘ .»-14;* S00mm/min ! ;g 31 /7.14mm
S i 7% 2300mm
21 kg
omgom E@Ck | 1:] BEVEL
ROTARY ENCODER GEAR
720 P/R :
v X =o'k
) RACK AND
PINION
STEPP NG o i
MOTOR REDUCTION == SAFETY

SANYO DENK1 UEAR 1760 . |
103=8572~794 | = HANDLE

GATING UNIT

Fig. 14 Block diagram of Up-down, Rotating, and Gating units of the
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Photo. 2 Driving mechanism and a height gauge for the measurements



Photo., 3

Front view of driving mechainsm in detail.

stepping motor for up-down 2.
worm gear

rotary connector
spur gear
multi-turn lead cam

]

Q0 O i

- 48 -

manual gear for up-down
manual gear for rotation
incremental encoder
microswitch



Photo, 4 Rear view of driving mechanism in detail.

— (O ~J N L

chain basket
chain sheave
rotary connector
spur gear
absolute encoder
worm gear

2. angle index

4. manual gear for rotation

6. stepping motor for rotation
8. harmonic drive

10. manual gear for up-down

12. stepping motor

- 49 -



angle
index

360°

spur
gear
1:1

harmonic
drive
00:1

absolute
encoder

4096/rev

chain
sheave

lI chain

worm and
worm gear

60:1

stepping
moior
9 phase

Fig. 15 Block diagram of the structure of the Up-Down unit
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‘ 3. Ao} B¥E YAE BF R FFAHC Uxe AU PC CRTE F A
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3) FP/CV auto mode : nvt-PCe] B2 E dojr] ALX]/AFHo]lE vy o

2 A ZANRPEE AFLE S5 F 27 914
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( MECHANICAL { MAIN

DRIVING CONTROL
UNIT > UNIT >
STEP | WARNING CONTROL
MOTOR —{ DRIVER P.C
1 - 3 | (IPC 600)
| |
| . Check CMD
POSITION| | DRIVE & RS422! Data CMD
ENCODER DRIVER WARNING Graphic CMD
1 - 2 | INTERFACE Ingot In CMD
RS232C Ingot Out CMD
| PROGRAMMABLE| | nvt |
CONTROL LOGIC |
SENSORS DRIVER PANEL }—{CONTROLLER P.C

Fig. 16 Block diagram of the main control unit of the NTD system

chasﬁﬁ .
=

Photo. 5 Front view of the main control system consisted of two racks
and two IBM PC/AT computers,
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E 5 X 39 T2 117 A% Oy 229 Yol time interruptH o8 Zr &)
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< RACK #1 > < RACK %2 >

; MANUAL OPERATION
8u | MONITOR UNIT

| (CONTROL PANEL)
4U | INDUSTRIAL P.C |

| ( IPC 600 ) ]
w| wew

I INTERFACE
8y |
8U §

H: 1620 mm, D : 600 am, U : Height Unit 1U = 44,45 mn

Fig. 17 Configuration of the two racks for the main control system

MANUAL OPERATION UNIT

TIME SETTING POSITION
®
G)I 10 30 29 ]@ R-TIME @I 00 1234 |®
®
REAL TIME S-TIME Z-POSITION
@

' @l 12 40 35 l@ POSITION @l 00 4095 |@

JE=Niyy
IEEEEER:

PRESET 1

ROTATION UP / DOW GATE
® ® & o ® ©
ROTATE UP DOWN HI OPEN CLOSE

3OO (jOoOddp) o

ROTATE STOP {START STOP SPEED OPEN STOP CLOSE

Fig. 18 Configuration of the manual operation unit,
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o1 § | 14" MONO PRINTER ?
KEYBOARD 3 ™ ¢RT DRIVER E ™ MONITOR P— )
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: - :' STEP _MOT <
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vy CONTROLLER : 2 T s UP /DOLIN
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; CPU <ARD » o *(PYC~G00) CONTROLLER DRIVER 2 —
; (PCA—E121) | (PY G- (PMM=BA~ ; —
; _ : 54 DES;LRY
J BOARD
STEP MOTOR - INTERFACE . (RACK #2°
™ CONTROLLER ; » (PYC~300A > : 2
& D-IN/QUT : B ENCODER
FOCAHOC ®CFYC—~8600 ) : - E JPZ ICUP/DOWN D
¥ L % 3 '
'L : EEIJER ol 511 i CROTATE D>
| e L KPYC=TG00 PLC REAQY
: : U""SH:
: FOD./HDD RS—422 8 485 - Ci2 o JPE NVT PC
; _ I INTERFACE CARD DA — 111 0 CLABORATORY
: Sh=?422 @ ; :
I1PC | sececion f
; E ST ;
. e 2xa 4 ; »(PYC-3008) L“QL]
IPG—E00 . FS—2 si‘ﬁ“*ﬁ
" INTERFACE CARD : t
‘hke-gSecy . T I O SO i o
e | e ,
RELAY ouTPuT | lcie @ ¢ JPE AC MOT AR
BOARD T _ (GATE >
PROGRAMABLE _ - P
LOGIC ;
CONTROLLER MICRO
CFU BOARD JP7 SWITCM
CCPU D ggﬁggPUT __JtMS=1, M8~z
r ‘
41 (DAI-16> OPERATE 5./
CRUTO/-MAN)
; CEMG,ETC )
. . N, OPEN, CLOSE D
i -
§ PLC MAXCOM P224 P CONNECTOR
et e e e ee it eaaesnaterenrnrarntas e errareireenrans ettt aaae e, et naraenaaren e raan.s P ettt rererrareraaeraeare e ———— |
RACK #1 f

KA-RACK1l.BLK

Fig. 19 Block diagram of the control system in the rack 1.
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S — e —

STATUS LAMP SPND1 SPND2 SPND3I SENDG SPNDS
LED DISPLAY
T i, b ; o JFZEL
Cy3 «f MANUAL DPERATION _
JFP4 ' BORADR | CF TPl
_ ¥ (FPYC~3Q002 . CT =T 7 -
; STEP MOTOR | |[SENSOR STEP MOTOR | ENCODER
LJPE ROTATE gﬁbogg UP /DOWN (26G—-RG D
] R .
- SHITCH JF1
Eﬁ _ JPZ
JPiIo [ FOWER SUPPLY l ““"““1 JP6
b = e N
S ac MOTOR MICRO SWITCH Jp7
AC IN . A.V.R _
KEYBOARD
f CRT & PERIPHERAL —®  MGNITOR e. PRINTER
: NYwT FC . ,i & CARD ; 19’ MONQ D —~1eS0 )
: (296 = . ] .
? [ HDC, FOC |, ~.70 NV :  DC ARP
§ MDD, FDD ' :
: . R5—-422 CARD . CL9 JPS IR
1 ' (FCL=742) ’
C21
RECODER INDICATOR %2 TEST POST

KA-RACKZ2 . BLK

Fig. 20 Block diagram of the control system in the rack 2.
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1 S

[ Message Bispiay]
Down Load NO
I’ — Xey In
[ PLC RN Check ! Go to 2o

Up / Down Motor
RIN Check Gate YES
i 1 Open ?
Position Encoder NO

Up /Down Speed
Check

.

Rotation Motor
RUN Check

Ingot
Gate Micro S/W

Check

nvi Value of

nvi P.C Check
¥.P

Mode:

Check Status
Display

NO Job
Continue

YES

System Initialize

Fig. 21-1 Flow chart for operation of the control systen.
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e

,l..

Data
Key Input

o

2o Arrival Time
Fast Speed Set

M

Position NO -
Encoder
Speed Check

YES
NO Zirr Position
Slow Speed Set
YES - —
' NO
Error Message e L
Beep Sound

Slow Speed
Check

YES
NO Silicon In Signal
to nvt P.C
YES @

[Estinated Time |

Set NC
_—‘L [Ermr Hessage]
IRotate Speed Set I
! VES
[ Start Rotation J @
VA —> NO
nvt Calculate - [ nvt/Rotate Check Rotate Check
Subroutine - Subroutine
Error
Error Message

Fig. 21-2 Flow chart for operation of the control system.
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Message

NO
vA

Error
Message

Fig. 21-3 Flow chart for operation of the control system,
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B7ISE& T3 A rotary connectorEF T3] U=2¢Udt:= encoderdld &

logic pulse?] chattering X X} Zoj 3t g3k S22 xS} Aojr},

7l BEE olFH Ao U FHATFTY oldEE HES A= A
o] 1] H&E& encoder F3l5(4096/Rev)o] UF y 2

L) 22 AR AtE F uf o HApAo A o] A3

t}) Con-PC2] # B/W CRTZE color}
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Table, 3 Check list for errors on the control system

At B x], th7], Message

No.| & Al 7] & e & ot &
1. [Mode Digital Input Port® 'Uolgod ®zaje
Auto/Manual | Mode Switch AYENE Z2A].
(Auto:Computer, Manual:Contro! Panel)
2. |Z-Position Zp t > Zp t-1 £1 2AZ Al ZAIBA
A 2] AFe] HACtslH Feedback 2 2],
3. |Zirr Position| Zire Pt > Zirr Pr-1 1 23AF ASK 2
A =] AFe] A3t B Akl Feedback X 2.
4. |Step Motor Step Motor Driver2] o]AlAle] Y&
Driver Digital Input PortE olgo| Register
Bit AYellg ZHAl. ( H A L oA )
5. |Communication] nvt P,CojA{ vl 1=ujt} SPND Datag
Status Control P.C{ IPC 600 (B M43,
69sec( S5sec Margin )7} @& £4]0]
tE]H Communication Error HWAS.
(RS422 u}A) 1, 2x} AB A])
6. 1Up 7/ Down Position Encoder?] Acthigl& 1&unjr}
Speed Check 8}, 3 < [AZ| < 58] k=
1 < |AZ]| <3 8 2U& PFslodo}
Lige )
7. |Rotation Incremental Encoder?] Pulsef 1XF¢}
Speed Count %}o] IRPM ¥€uR2] Pulsesof
Margin & Ci3tq L-FHE foll =]
& Al
8. |Gate Nurmal Micro Switch®| Arel& Digital Input
Status Port2 wvlo}lsod Open / Close Atelg 2t
Al jich,
9. |{PLC Run Check| PLC DC Out Card®] Output Port§ Z}AL.
( A4} H-2rdul Digital Signal 0 fE=
1& &9 ¢}, )
10. {nvt Warning | nvt P.ColA 1&utr} SPNDLLE Foi3
DPmintM U] Checkdte ZRAE wiZ 3}
Z| X8} Error Signal& ‘448,
(SPND &% |73 A 8}])
11. iLoad
¢ A RLZY 1. Start — Gate Open.

5. Ze — Zjrr.

2. Gate Open — Zg.

6. Zirr — Irradiation.

Programit 2] X X|A}8}

ateia}e] Z A AbY

& + 2

—

Error AI%H& M A
Enter Key@ 2 A&,

Rotationgr BF I Z. 8
wlTl.

No. 1 A%} F4.

ARA=], 7], Z«E In-
got{ w3},

Helx|eoff AzjsI 15H]
ANEE U] HAARS
&« BFUcH

Rotation® B3 Ze B

w3lTh,

e} M2}, Message

No. 1 A2} H4.

Rotationw VI Z. 2
wilt},
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Interface Unit2] Mode Sw-
itchay EA¥X Auto® =
=3

7| At E 8 xla HAs
HandleZ Zo#| X 2 &7

Interface Unit&] Povers
Reset A]ZIr},

RS422 Cable2} nvt P.C¢]
3tatelg 7 Yl

Position Encoder, Interf-
ace Card Y| & 9 7iIAF»
B2 AJelg HAEYcl

Micro Switch 3! AC Motor
o] HY Jel§g HFE Y}

PLC Mode2] RUNoJ 2 Se
SjojglLhg AT, DOS
Alefoll M Ladder Program
i C}A] Down Load A]ZIt}.

SPND 9 nvt P.CE MZAY
= 3

J. Zg — Gate Close.

Start — Irradiatij-
ong UHA| 3 Ze7}A],

Start — Gate Open.

Zirr — Irradiation

Start — Irradiati-
ong BIR|31 Z«Z}A].

Gate Close — Irra-

diationg o] 7}

].

Gate Open — Zp.
Cate Close — Zirr.
Irradiation¥ — Z,

Zirr — Irradiation

w'de] 73],

Start — (Gate Open,
Cate Open — Zp.
Zo — (Gate Close,

Start — Zirr.

Ze — Zirr.
Zirr — Irradiation

- —

7. Irradiation¥ — Z,.

4. Gate Close — Zo.

r




Time
Interrupt

YES
irradiation

NO
YES
Gate L

Open
ON/OFF
NO Sound{1)
< |

C.V Mode Hotation
Zo—Zq Error

S
' >
YES
YES Error 2 Job
+10% Vz Stop
NO NO
Go to
YES

Sound(1)

NO
Rotate YES Rotate
Error 2 -+ 5% Error 2 20%
NO |
YES NO
YES
- Q | (nvt)av
Job Stop} Y¥—Control
S " "
- oK
Go to Job NG
Ze l Stop 411iiiiiiiyr
| - 1
Go to YES
Return l Ze

Fig. 22 Flow chart for the errors checking and its service,
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NTDZALEU S8AEGERY FUY HuUSHES Si [APYHZETE, ZA}
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del 382 AL 3tvolrt. I FA AR FH2 tF3 T2 ARE €=
2 o] i,
(1) A3 35825 U8 A Y X
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(4) €382 5582 % rd 4€ % & AAF7

AAZA VAol BUY T2E HAE F23QA ND AR F
BASYSERE ALOZE YUY FRE €2 4+ A2 WA & of
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1. 5482 %7
dx12 8 FHALHEL LS gt oE 1 oYX el €, &
| 382 3FLE b, 47 AHEHL 7] thE UFE I B
el 7} & # .
'88-'890ll= HAIR FAHALHEHF dopant FFo 7|Hdt= € ¥
A 382 A4S Ao g3 SBst= WHE& A5t ol
23 ARES Y vt Urh oA G EEd = Si AR FAAEA
& & 5 Ut 3482 S #Y dFE Y3
HA2 o] oA HFEALHEZRY tEAA Fo2M YEALH
=dg & 4 gon, BUdd Yus Ean dFYatel oy gaaR
X9} o] £FHALHEZY 3hte J[ELE ATt 2350y YFIA
HMEHS ABALZA ojn W7 LA gloem, I tfEHU A2 A
t o2 2 ZHol drt (9
¢t(E) = 0.484 exp(-E) sinh(2E)1/2 (Watt) (16-a)
¢f(E) = 0.453 exp(-1.036E) sinh(2.29E)1/2  (Cranbery) (16-b)
¢1(E) = 0.770 E!/2 exp(-0.776E) (Leachman)  (16-c)
%238 ALEZAASES 1 x 1012/ca2secet 2 7FES L (16-c) S
o] &3t F¥ njFg LHFHPR AHMEY $(E) Y FE $FE8A &H
EY ¢(E'2E)E B¢ FHojo, Al (16-a, b)E A ul£3 HAAE BRIl
4382 U2y ZF% dAFHLE (n)REgEctE (n,p),
dozl ¥ dFEHE HolxE= FFoN r-A
G Aol A9 S8 Ael ul3] wi$ ol =3
oY UFES FAY YUY A ol FoHT dojus FZE A3 Y
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Neutron Flux
;n—l

—~ - —~— : Integrated Spectrum
- - . O
<~ = c ¢ c ’ //
L = < =~ .
| i L |
Differential Spectrum
109 H
0 1 2 3 4 5 b / 8 9 10

Neutron Energy (MeV)

Fig. 23. The differential and the integrated spectrum of fast neutrons.
Total flux is assumed to be 1x10¢/cm? sec.

4 - EE—

séf(E)xaﬂ
d

O 1 Eeff fi 3
S

Neutron Energy (MeV)

Fig.25. Definition of effective threshold energy
ngf by Hughes' method.
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7}. Threshold Detector®] H43

oy 288 threshold detector?] WAil3 = 33 Zo] Folx|n,

TR o] HEZTtH A2 Abgta} 27 A7 FAEH # UASE BER H

C}.
C = Nd [maact(E) 4(E) dE (17)
N T3 A& Y AM4 (atoms/cm3)
i oAay

23 T4 (cm)
Oact » WHSTHHH  (cm?)
¢(E) : =X (neutrons/cm? sec)

Threshold detector& o] &% &RolA 713 ola e AE 42424
$(E)et DA ace(E)] oix o] &Ao] Tl wj$ Basichs Zoltt
2zte] Aol oA WAL AL ouyx EHE A oy, F
Bat4e) Uzl E2He BYs] dA A Yth

o] 32 Ql threshold detector®] WA}¥ TIHA 2 FEHol x| Es o] 3}
o] = 00]3L Es oJAoIAE o8l AGHTY HAHE z=rt  getA

0

S AL S g J $(E)Eo] WlalstA S22, ZRol 3f olyx7} Es o] 4al

Es

HE < (integrated flux)S 9 A Hcl.

S a24e] hEHA Aaute] Uiy ojuxle] wE wrgThE A
M R uiel o, AAH DHAY oy EHE AL TRY
MlZA  wol Melugl: Wolth  StAT S AEE U] (effective
threshold energy : Es®ff)& Alg8lo] ATH42] B4 o|88 4 9o
o, REAUAY Jult o] oz olste] FAxlo] ths AL o} F g
gol dojux 93, EE ubgo]l 1 ojae FHAe] o8 SATHY
Hlalsto] UEIYTIT BE AAZAH 225004 BA A%} Br} ZolAE of
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Fig. 24. The cross sections for the reactions of various threshold
detectors as a function of neutron energy. (continued)(11)
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Fig. 24. The cross section for the reactions of
various threshold detectors as a function
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Yxjolch (1) weps SAVHAS ooch 3t tha2t 2L A BYY

=3

JmOact<E)¢(E>dp - 5 jw $(E)dE (18)
° Fgeff

o] 2]}t Eseff= dntAQ s olum ¢(E)E Helo 2JE5HA M 2
L Y2 F82 A2HEZJ L ZAFH SR 0.5MeV o] YEE F8AAL
HEHoln, BEE Hao thsto (17)4 2] ¢(E) thilo 23508 HFd 54
AAHEYH N(E)E AHE5to Eseffg B 2dt= Ro] EuFHolr} (7)

Jals {SIFIUAHFE go= YHEAH O T plateau Yo]lHW, plateaus} =z
Foll tisiA = AR A A Y FHoj ghol Tl
ol UES HA FTHAHE SFEA &M E-] YEE FEAL
HEHoA Yol Bojiuts FFoes 2 YujE HFAHSIA Ho= EF31a,
3 ZeYo| AHEE & e dUREYHd S £EHIERE ) {-&3ir.

EY YEEd AYMEY NE)o] thdt BIFHHY o HAFHo Q&

g, Oe, Eseff, 3‘; Gact(E) }‘]'Olo'"}f:' E]"‘%;"I' @% {]’75“7]' %Zﬂﬂ't}

[mN(E)Oact(E)dE = 6 Jm N(E)dE (19-a)
= G Jw N(E)dE (19-b)
Egeff

$3424 20 BT AIRHE HAEUES YEHL Hdo

| 2] &} o}
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Table. 4 . The nuclear data of various threshold detectors with different effective threshold energy,(11)

Target | Reactlon | Production | Half life Effective | Effective | Average
Threshold Cross Cross |
Energy Section Section |
(MeV) (barn) (barn)
{03Rh (n,n’) 103mRh 56,114z 0.03§ 0.070 : 0.877 0.72¢ |
{131 (n,n’) ' 1iimIn 4.488h 0.336 $5.8 0,288 0.18
JON| (n,p) "8Co 70,824 0.810 | 88,44 0,398 0,111
647n (n,p) , 64Cy 12.701h 1,345 0.472 0.146 0,029¢9
4Fe (n,p) J4Mn 312,148 0.834 | 88,8750 : 0.327 0.0817
1 | (n,p) l 274g 0.458 |  0.843 | 71.8 0.0002 | 0.00395
_ 1,014 | 28.2
J0Fg (n,p) 36)n 2.577h 0.846 | 88.87 0.0424 0.00108
1.810 | 27.2
2,113 | 14.3
%7Co (n,0) S6Mn 2.577h 0.848 | 988,87 0.000161
1.810 | 27.2
l 2,113 | 14.3
¢TAl (n,0) 24Na 14.858h 1,368 | 96,884 0.00072
| 2:754 | 99156?8 |
63Cy (n,2n) | ¢2Cy 8.74n 0,875 0.15 0,000122
1.178 0.342
|
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7 4 gl
Rs = A/No[(1-exp(-Ati))exp(-Atw)] (20)
A = ZAa&e] ¥ibs
No = HEY | A4
L= 8IS
ti = RAMAIZE
tw = ZALE ZA 2

e YUSEERYE S5A8XIEE L3t=dod= (19-a), (19-b) 28] F

7tA] W tE Y& AMESlo ZHJ] i Pol T 4 Ut}

¢ (0CE<{w) = Rs/0 (21-a)
0 = Wt 3

¢ (Eseff{E<w) = Rg/0e (21-b)
e = FHATHH

A
el A(21-a)2RE A4FHAGE Y 4 gdon, (21-b)2¥
= REURI NE T ol HAEYE o8 SEHA HEL 2
MEYS @8 4 Atk UM 0 BAL 49U FEUE FEEE
AUz $1x& LhebdTh welA oY AEUES ol 8ot FFY HE

G AHEHORHE NTD RAIFHU Y £242 BEAH S #H1E 4 ot}
2. Aey RAIET AdE A

Al F7HA] NTD A3 F8A18 54& H713t7] 23 vz A4y
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Holl 23 €, €4 4 S38AS S Hol #3to] 33t ol F

M2 FES5o A AR Bl} Ho] MEF HAH uigt 217 ctE HEUEE A}
&3l NTD A8 24 OF 825 W 43824 £X2& S5383%t=d
o] &d Zlojr}.

2} S22 F iy S A8 HAENY FF U 2 FEES 53
HAF AFolA olu] ZEYR v} At 2zt ZA&dtojct Wrgeidy o wk
7171 TIEER {2 Yol wel AHSE AEe] AU, ZARAZG W o
Z}A| 2b& HEHS| AP dtojof ¥rl.

d ® EAFHAS SHoAAE 2EaYY AV E 3¢ QL 12.5mmp T X
E3Y o Foln, FAHAE X Ao wE | LSS H6o] 23
Sith tiF & 10KWoll A 40~60& ZAPst= Zo] HAsH, FAEHA =
Au-Al, Co&d ©|&3l= Zlo] A ASicin sty

§FT8ASF S UHIE o] Zo} 12.5mpe] HE}E o] &3t F
dEYAA SFE g 3o, SFEAE W ZAA Y g E Foiy
A 7o #5312ttt HolA B uiel o

>8Ni(n,p), 64Zn(n,p), °9Co(n,a) : RA} 112, ¥z 142

103Rh(n,n’), 27A1(n,p)/(n,a) D RA 20E, YL 1A
115}_3({;,{3’)* 55Fe(n,p) : :}"_)‘]' 20"5‘]_', LQ“Z} IO}‘,Z_}.’

& AAE S AAY YAeE & F 9o, SiFe(n,p)= A 7Y
ZA7 Y& & 4 drh

EY ZEUES NID Az ZAAAuo= A& 3 € 3
/8D B M Fol nlf FRIIEE HHY =23 E 2UY Yot o
Ch, =48 2MEE e £HY FH4AH AU 4310 =T {7

He WAbeE H 43317 ¢ €& 40 32 A1-1050& A&3l5 2
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Table, 5. Plan for the measurements of the thermal/epithermal/fast neutron

flux and the spacial distribution of thermal neutrons in NTD hole,

|

e FTRETE - Sl e - S _—T_

El A W & | Hzyg | =337 29
| (~10KW) | ( 30 MW )
1. 242154 W} T | ]

z E A(E/kT) _ ;
! ¢,(E) — ¢’th —— @-E/kT 4 ¢’epi _— 4 ¢f 0‘770 ./E e~ 0.776E ;
(KT)2 E
K en DD |
S 2z RS |- g 2A Au, Au-Al Au-Al
= Co Co, Co-Al
- 578 &} oy A - FRARXE(T)SH Lu
=X 57 Mn
I <K ¢epi >>
- QU FHBAS FF |- Pepi FF | Au, Co |
- E2]F8A YA |- 1/E 42 H7L Mn, W
=X S% In
K of P>
- HF8AE §F - @5 (0<E<0) & A Rh, In
- FF8 X} oy A - ¢f(EDEseff) &4 | Ni, Zn
X 5% Fe, Al, Co
K ¢tn(Z) D>
- ¢tn(Z) ofju]H 7} - ¢n(Z) &7 Au
(2. ¢en(Z) H7L
- Screen A A - ¢¢n(Z) Aci A - Au-[Aulcd - Co-[Co]cd
! - Rx Control Rod oA HEXE &% LT X Y S T ul X] Y
92 9 &
- Ingot A&
* Ingot Dia %! Hs0
I Gap i.:\'—l' ‘%‘
- SPND S E 23X vs |- ¢en(Z) &
| ERE 3
3. ¢th(R);_¢tm£Ll o
- /AN BE
- HH VI X |
- l ) e 1
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Table. 6. Estimated activities represented by yield of major y-ray from (n,y)
detectors to be used for the measurement of thermal and epithermal neutron flux.
Detector size, thermal neutron flux and irradiation time are optimized to have
appropriate activity for measurement.

Thermal |Activity(uCi) x Yield -
Foil |Reaction|{Half Life| Size |Neutron| Irradiation Time Remark |
o |
I

197Auf (n, ) | 2.696d 1010
12 7 | 1011
1013

B ‘

23.9h [12.7 | 101t | 054 | 1.62
>SMn | (n, 7) | 2.577h 10 1011 1.03 2.82 Mn-Al(2. 4%)
wire length |

0. 51 Au-A1{0. 155%)
2.87 Au-A1{0Q. 155%)

| -
2.83 q
0.16 Co-Al1(0. 483%) l

_7?_



Table, 7. Estimated activities represented by yield of major py-ray
from threshold detectors to be used for the measurement of fast
neutron flux. Detector size, fast neutron flux and irradiation time

are optimized to have appropriate activity for measurement.

Fast |Activity(uCi) x Yield
Foil | Reaction | Half Life | Size |Neutron| Irradiation Time
mm¢ | Flux 60 min,

103Rh | (n, n’) | 56.114m | 12.7 | 1012 1.7

115Tn (n, n’) I 4.486h 3 ’

70.82d 12.7 "

12.701h " "’ 0.07 0.21

312.14d " " | 0.005 0.015

9.458m 3 " 19. 82 25. 46

2.577h | 12.7 | " 2.96 8.15

2.577h . : 0.23 | 0.62
I

14.9359h 3 " 0.10 | 0.30
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ol ¥ RAEFT = EFHA FUS FHF &, dY/EFExNS SFE 4
¢ thE HEY RAIER €58 AS X SF &S wE udEsilE sy,
Ch23 F2 712 HE& B3l

1) 5482 Aus SEAE€&2 7l=Ew A 2 =€ HEUS A9
ZAY # UAEH 5y, 27 &0 JFIEFY VS UA UEF AAY
H3E& FAIBoF stH, F A FHAo| & FHAY Alo|= nmle] AR|HY =
wHl& SE3l EFSEFH .

2) €582 £HEY 5 32 i 2FY A& (A vt=
w A W ks A E4])& FAd ALY FA A o] Au monitorE
Hf x| 3ty TIEX Y] JAE Y RAYUCL 7l=F 48 L 7 RAAF
& T8 Alol= 1) o] g Eoof ¥},

3) $F4Ae I wtgetw o] ol FAEART Y 27| xw HI}
7t A QGeBE ZHAevd WHUASIALU ME X0 FAd o F9
HAeWE ZAISIES Urt, =X @58 At Y3 WASE JASH] 93]
12w EE & A& olufox FA X ol Au monitorE vlX| 3t =}
29 H o] o] &Ftrl.

o, =B A& AN LEAERY WSS =EAASUEY
WAs o2 RY UAgol g8 FASES wrh ZA/HAM U BExe z
B A Z 31 3 AAGA 3L 4+ YEE Py}

oot ZE& WMo wal ZAEFo] Uiy HANLE ¥ YoT =7
A2 ALY R71BAEs L FEES F4AF 2 Tbe] iyt oujAY
& AX ZA¥E 279 23 fo]d L HAAY 2 WS ZEYIY
olgd A& RU/EAT ROFNES 317 AT PSS TAY Hoth
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3. v]alye] 2yt WAHE FU SN

He|Zx B 7|e 7dollA] RAL Si-ingot ] + 3~ 5 % AH{YHFEIY
5% 2 HAFEE AYESEYL AEL #¥AE NID AN dFA4 2%
TH S0l HeHo|rt, oy EFAPAEE B AL =AY 198au ¢}
50Co Zate] FEWAIS S HUSIULEN FH4, 2o 2% o]

Als ATl SFFIEE €7 HY EFEF AP Fo arch

198Au 2} 60Co HEWY WAl &3 #sl9 1 2Ad=EdE 8-
FAAL 71Edele} BEE o] #dlo sl AdRdE
NE102A plastic 8 ZH&7]2} Nal(T1) y HEJIE2 F8YE 8-r FAAFAA
= YOI f AEAUY LT 1984y 9} 60Co FHEute] wWalgg &4 8}
STh o A o)A plastic 8 A&V & y AEA}E A&7 AT Al
filter & F3A3tq AHA ey -7 FAATE ESHALY ojulg} g
508 ¥ PHFLR A3l P& o] oyl

olgt Zol AT E Ml Fol nEEI(NIST)OIAN AP 28
137Cs(10.8%) 2} 60Co(10.9%) & MU S Y4USF ddoerzg 5-y ZAH
Foll 2 FFolAol £4 WHUENE o] MU FROE st 1)
Aol o njxje] 198pu o} 60Co A]E ZEute] WAldg ZAWYHE &

A BAE BYSHATHIY 26). W2} 1984y 9} 60Co A|R&] WAt}
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l 19840, 60Co A 29e] WAZS &3 A (v ) "

n 3 Hi&

Nal(Tl) » =33

FEHE &%
(NIST-137Cs, NIST-60Co)
[ + 0.8% ] [ + 0.9% ]

|

o Peak center
o Resolution :'71':4%'

o Efficency

EEAY | A &§F

129 2] Photo Peak ™ H

5% Peak W3 HH
Nx = Nx /7 2{1 - &;)
=1.2.3.4 |
. - &A1 - Sum Peak
.

. - Pile-Up - Absorpti
No , Nx:i@ I

- L T Fi— iy

198Au(412 KeV) : A& R
In(érel)=1nép(E)-1ne(661.7)
Inep(E)=0.6328+0.72751n(E)

- 0.12551n(E)?
WAL S AHE/ Q2 A} 7} —
Ax = 7 K Nx + AAyx

D BE 4 Peak W A

»”

£i 1

Fig 26. The flow chart of comparative measurement method for
198Au,60Co foil detector activity.
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’ 60Co IQBAU

4 yield PatiO(Ycasz&): 1 (Yﬁs/YAu) : 0.892
K Aa Ao
No grel Ng

Au
Nx 60Co &AW M%] peak HE| 198y S A Y peak HH

Ao | 60Co FEAY WAIFE | 137Cs EEUY WTARE

No " peak T3 ” peak ™ 3
!
EAu 137Cs EEA ol 3t
412 keV y A2] Al A8

ei |i=l..4 = M YEFES, sum-peak, pile-up EZAIL KB A

Al (22)0ll A WALEHE, Ax & 60Co & NIST - 60Co EEAY A HBAE
AH FE ulMYo] g 198A0 = 412keV A9 Acix L
NIST - 137Cs EFAUE H]Z3t 3l AZIA y & £7/8&4], N &
SEAML y £2HEHOZHE ZE Y photo peak HE, K = AU FF
of wie} ZABE+E= Agolvh oA gl 263 ol F{IUZ vl 4%
198Au 2} 60Co ZEWe R[REYAbs FFAFS Zledta I Z23AE

AE Jitcl.

A L

O¢ 272 7y A £HMER SF L Y Nal(T1) 7 82 Mu=ed
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2t 188452 TAFES EYRo|th

NIST - 60Co,

137Cs EEALS 3~ 4 7ol AA

o2t y =AY v BLZ

&SRS 82 X

82] HAAE o] gslod Lusin oy NN AS7)e) Azt 10cm, =3

N BE2ALY ZEE st 600 28 2Pt

L}. Photo peak W3 ZAA

2ol » =H3I}ojl A photo peak ™A

SAMPO, SHIFTY-1I 52] A&l

23} gol FAstadrh. $4 1 AY4E 7B background P4 FOE X

A3}sto} 23}

GaussW2] Z Al+-E5& T3l

background®} Gauss 48] Al F& 2| AX% fittings}dd

. channel i & A$+8-- (23)

i)
i=1 B(i) : calculated Bkg
W(i) : weigthing function
F=3 —— [Yi -(Bi +26)]  --eeee (24)
i i k
. -41n2 .
G(i) = A1 exp [fwhgz (Xi - Xp)2] A; :peak height

Xp :peak center posi
Xi :channel no

Gauss ¥ G(i)& [-00, 00o] FIte] HAX A ESlo photo peak HEHE

st .
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Peak &8 =1.064 x fwhm x Ay;y, = —---- (25)

AA = 1.064 x (A112 Afwhm2 + fwhm? AA112)l/2

3tod 9ol Al F3¥ photo peak WA} B|3}7] $I¥ peak Al HAEHZ
peak $AolA + 1.5 fwhm 742 Hilstd o @A AME 2.58& Flof

99% 127 7H& FRISHATEH

[
™M
=<
|
t

Peak ®H 3

B : calculated Bkg area
ny . Xp+l.5 fwhm channel number
ng : Xp-1.5 fwhm channel number

AA = 2.58 x (T + AB2)1/2

T = integrated measured peak area

(n1- n2)| 2
—5 | ¥ [(n1+n2)2 Aa2 + 4Ab2]

719 288 NIST - 137Cs, 60Co &MY B 198au 48] photo peak

AB

HE ¢ Zol 7% Ao Y FHAHES FAlo o|&¥rh E 8

A71vo] A2 ZHOZHE NIST - 137Cs, 60Co HEFM Yol tiglt Gauss

A2} AeXHA @AY O 4 FUAelth. €000 o [ F WA
=3

Sidl

Aol 1.7% B AYs] 231 3 4= 242} 0.61 % &F 0.49 %

zjo]l & ¥ Al
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= CANBERRA

Sourceb—1—+Nal(T]l)||Pre Amp ‘ Amp o —— 81003 MCA
- 2048 Ch %

r R

HV:800V | {Gain 0. 5x20x0. 1
Wave S:0.5 pusec Chan:Z2048 |
— [BLR ¢ Auto Set : Live é

ODut.: Positive Input: ADC
Uni

CeEf Stasndisd Sowiroe K Bele 91 o Cob8 NS Source. K Dale S «: 1B, 18: if

!_ ECReV) Peek DGO Center  Cauz Rrea Pats fres

f vl LT3 €28 S9.4 948.8 33389 ¢ LiT5 & s ¢

i rd 1333 SITE B4.T 18TR.3 3Sb434 3 1832 36189S s 817

e y f 2.53 x Bif = 2153
{ .58 !

[t Peak Wl Conter Laur Rrea
f] 31Ty 1482 SS.6  S48.7 {189 : SU4
v 1Y 125 B4 18T BSS19 ¢

A\

j( 1 - lht ﬂul Uui; Posi

i el E T 1 JISPIRRTIRNY

) -

Prpil}) - §.5:08.2 1
Shaping: 8.5 rFiex
Kf: futs

fny Dui: tai; Fosi

B 8 o
137 WiST Soerce, K batr 31:4:18; 9: O fui-19 Source. K Dutc S1: {: 78: 11: & 3
ERe#t Feak TR Conter  faus rer Bale Rrea FOK!) Peak PRt Conter  Caus P et
] BRelIE (4TS {55 S4B TSETRY ¢ 129¢ 7S1226 ¢ AE AL (7558 .2 333.3 642590 + 1195 &¢3@> . o
A — -t .58 x 858 « 2471 : o s T.58 x Q7 < 7178 E
{328 n B | { .357¢ 7} f
A —
an(l?l . B.5x2Bal 1 f ' Cain . B SxZB.B 1 &
Shaping: 0.5 rec { \ 1 M Shep - 8.5 »sec
My e P BLX: futo
’ D Una; Fosa i E Anpg Bull iy, Pos i
/ \ | S
- 'i.‘
l'.'" .\h
Aeti @ 8 o Ouannel: 258 - <58 |
Ef(i 1B 2 8 | Tine 888 se¢
S~B 18 on

Fig 28. The measurement of peak area for §0Co, 137(Cs, 1984y
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Table 8. The optimum condition of Nal(Tl) y ray spectrometer

NIST-60Co(1333 KeV)

NIST-137Cs(661.6 KeV)

i . - .

Peak Center 1077.5 t 4.5 Chan 540 + 3.0 Chan
Resolution 5.94 + 0,059 % 8.40 + 0.022 %
Effiecency 0.3889 + 0.0024 % 0.8587 + 0.0112 %
Gauss Area | 1262.2+7.7 cps(0.62%) 627.7 + 3.8 cps(0.61%)
Data Area 1263.1+7.7 cps(0.61%) 638.5 + 3.1 cps(0.49%)
& A 71 7H '90,11,9 - '91,2,19 '90,12,20, - '91,2.19
Data No 12 g

% S-D distance : 10 cm , measure time :

600 sec

il S i e

Table 9. p escape probability in various material and

detector window effect

- 86 -

| fp3=0.009", fp4=0.013", fp5=0.018" :

Energy hT Au Co Al [ Ew
L 1 . . |
0.412 MeV| u(cm-1) 3.709 ~ 0. 249 0.950
fpl 0.995 - 1.000
fpe 0.977 - 0.998
fp3 | 0.959 - 0.997
fpé 0. 941 - 0.996 |
fpo 0.920 - 0.994 I
0.661 MeV| u(cm-1) - - 0.202 0.960
fpl - - 1.000
fpe - - 0.999
fp3 - - 0.998
fpé ~ - 0. 997
fpo - - 0. 995
1.173 MeV| u(cm-1) - 0. 451 0.135 0.973
fpl - 0.999 1.000 |
fp2 - 0.997 0.999
fyd - 0.995 0.998
fpé - 0.993 0.998
fpo - 0.990 0. 997
¥ fpl=0.001", fp2=0.005" : foil
wire




C}. Photo Peak HZ KA

A (22)0] % wAEIEe] Y 23S AL AN FFHY
apzAe) Aol FAHolol sy TR Y] BE U A2 FA

of W} B A (EF7HA|7H, sum-peak, pile-up etc.,) WQto] ¥Hglxjojof Tt

S ! source strength
i linear absorption coefficent

o2 FojArh. X 9& oz EAUGA » e £3}ug3t B bean of
th3t AZX7)He ZHAI(ew)E RQY HoZ Al & Al-diluted =
60Co, 198Au ZZute] ZSE BT Zolth. olHY AANFTLRFL
Al dilluted ZZUE o]8Y ZA$ AY RAYS Jou AZ7 o] 2

y A8 LA Byl HayE g+ Ut
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2) Sum-Peak R &

Isomeric state & X512 9L T}E cascaded ¥|F Y ZH Lo ML
A FAle] WEFHEE Z&7e EAY =¥ F Ay AyAy
2} 22 sum-peak 7} ¥ EH | F Al photo peak HA o] UAJIER o]
ci3t HAo] Wasict, FPAo] Y 292 ASu] sum peak WHZ

ch&3t Zol
Ni2 =S €12 Yy Y20  —-mmmemee (28)

£1,&2 © intrinsic efficiency
Q : solid angle

S ! source intensity

Y1,Y2 © 71, y2 ray yield

S-D Azt ARl wel FASHA Zch o9 L sum peak BHE
/&MY 137Cs 3} FF MY AELS 5Y HYAU(d)o] wel sl
o] 73 AUNEE(f0)8] 1 A Yoz sty o

0.4658 - 0.0200 eg61(d) : for 69Co
0.5169 - 0.0269 ¢cgg1(d) : for 22Na - (29)

fd
fd

M

t661(d):absolute efficiency of 137Cs with d

d=10 cm dul] 60Co &] B AL 2 04% o|c}. (& 30)

3) Pile-Up W =&AL BF
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1 th
8!
M g LYy =ty - Ey
Y, EYZ = EB
y 0

Ground state

F1g.29. The simplified nuclear decay scheme
for determining sum effect.

ao=0.ﬂ6514.612£-3, a}=}.9995~2i1.270E*03

f{L,d)

W
2 b
I S—— Dtk F F S S PR A
o1 2 3 4 5 & 7 8 9 10

S{Es, d} for Co-60

a0=0.517i5i2925-3, ai=2.6956~2i1i434E-03

f(L,d)

t i i L i [

I W
3 4 5 6 7 8 9 10
S(Es, d) for Na-2?2

oL,
0 ]

A o

60 27

F19.30. The measurement of sum effect for °“Co and

- 89 -
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Pile-up & ¢}A 2] sum-peak 2}= W] U] ZFA|Q y AFo] A&7 &

A}3t o 2 a] WA peak W tail pile-up & ¥ $7F Ut o|l¥ HA

)
]
-
o
dg

2 A2 &% spectrum 0|4 photo peak & $|X|HF2
olo] Eloy FX£7)2] A+ &FF A4 ES RAUYLEA I HPLS &
g4 ol A AFo wirst n o3 pile-up EEA O] T, Uuh
pile-up YFHEL n1p O|BE & AHEFHAM pile-up & EFT

photo peak 3 Algx= T3} Zrl

np = np*/(1-TpnT) = smsmmeemmeme—eoeeeo (30)
np* : measured photo peak area

nt : total spectrum count rate

Il
]
oX,
tl

pile-up =3A|Zt 1, & HEZIY Z|ETU(88Y)8] Age 3
A (60Co, 137Cs)E 7131 FAHY np*,nr & WHE AP Y4sty 7+
T Qo Haf o] I AFLE I Qi)

E I 27 H2S SHHZEo|M MCA/ADCE A ¥ 3 = (pre-amp,
amp etc.,) &2 ERATE AY FAY4 glen MCA/ADC & EZA L
time preset & live & 3} R A ¥4 qQlc).

o] 2|3t pile-up W EZIA| 7o 2% &AL ZAH I Zof PUR/LTC (PUR:
pile-up rejector, LTC:live time corrector)ES o©o]&35lod HAFE= uHIHL

HEZF st}
el g A

G e Al (22)ol A 412 keV y A8 o]FE AJEE eaurel(d:10cn)=
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300 keV ~ 800 keV Afole] Hrf peak & & 9 oluzlo] T Qnbchsd

Al

21 & fitting St F¥TH
In ép( E ) =Cy + C2 In(E) + C3 In( E )2 + ----
Al (31)2 1, 2} cigA] fitting ZAfelvt. 741 vlaro]A 300 keV ~

800 keV d o= 2 A} fitting AAE o] &3l= Zo] B} ey ¢

+ glen

In(ep) = 5.4166 - 0.8235(1nE)
In{ep) = 0.6328 + 0.7275(1nE) - 0.1255(1nE)?
In (grel) = ln ¢p( E ) - In € (661.7) - (31)

138Cs 2] 661.6keV » o} thIt 412keV y Ao AMhEEL 1.49:0.64% & &

BAEE & o & o uIold @2 BF At 2AlolTh (R 10)

o}, &34

ol 7]=3¥F v]2H L NIST - 60Co(+0.9%) ™ NIST - 137Cs(+0.8%)=
EFMP o7 313 A ZRAFOJA 36661Bq:2.3%(60Co) 2} 25864Bq+2. 7%(°4Mn)
o2 AZY NYL A AR ste] I 269 Fate)] wtel HFston

AE et gl

27 photo peak WHe RAL 60Co o 7S EEMU} njxdgdol

Y YFolBR HE7]H2} sun-peak BFZ FA] 3pglem SiMn o H¥#
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= Z=Medo] BE sum-peak 7} BAFEZA] U= T y A WS PYFolBE
A&7 o] ¥ Avtg BAFsIAT W SAANT W s 2 % 7 A%
£ pile-up 82 & U 82U EY AsEo] Extol7t e B 7l

Aol FA|gs olon Hit)e FFdE 1 KB Eo] A4St FHol At}

et o]l FHY x| 60Co MU} S4Mn UMWY WAHES 7
36919:2.3(%), 25804t1.73(%) Bq E oAt WAlEE2t 0.03 ~ 0.7 % & 2}
olF HIArHE1l). AINAH SFFZE+= S Peak HHI} o]of 485}
A JALxe EEMY 2AY AZLAE Y AR olg F 23

o] A1 F7t2 25 99% o|c}.

o]} o] HlaPo] ¥ FHLE uAHUL YAIHEE vy F
H3lA SAUT U2y FIFHLE 1+ 2% 2 HuWAle SFFEE &
71 flsid= o= Hrp AHYW BFY W e HrpPgd ol&ES LAY
st71 #1t SFEASY Hyo] HAsdic].

- 992 -



Table 10. Photo peak efficency curve coefficient

In(€p)

356
412
661.
840

6

er1:total counting effi gr:photo fraction

2.0125 |+0.2733
1.6265 |+1,1374
1.3593 |+0.2722

0.6377(*)

"T_" | ]

! Arithmetic mean

1.6673

1.0000

1.4909
| 0.8004 |

Table 11. Activity measurement example using comparative method

- 03 -

Ax’ !Ax/Ax'

Ao Ig;; IRand Y | EMnT Ax
- | - {1.16% 3691999, 30%
+ 849
T—11 -
15261310.9%|0. 59% 36661
(Bq) + 807
___ I
Unknown| 184.6 - - - 10.87% 25864199, 77%
54Mn (178.1)] + 698
| 0.85]0. 80
INist- - | 1304 171557(0.8%|0. 33% 25804
137Cs 1(1252) (Bg) + 447
X ) ! measured peak area
Ax : anticipated activity _J




A 3% AE 9 ALY

P} PAG A F 2ol 19923 Lol $Fsle], 1993 FutEE A
NeAY AYOT 30MF TIEH AT Z(KMRR)E AR Zol gt} o U=
Z AL o] ZH[Eolgle NTD-1/2 ZAIBE o] &35te] Z2AAHB
ot wkm A AeE =%, & NID-SiE BAsH7) 91g 714428 A 334
2o AT E 43t 2xdE e NTD 7Z|&Yd 71 2E8] 9 JALS/A

AtA| o] x| A Fol oloN Y HIHFIEY A UHES

1. NTD XA A A
2. ZIAFERAN L A A A7
3. TRHRXAE HAIZE ZAARX] A2

4, F8AAHA FH AF
SLCE ojo o3t AEL i3 Trl.
1. NTD XA} A
7. ZARWRHAAA
1) BX FLd2ZAH S 9134 A oln] R ¥u} gl 1D-ANISN I =of ¢
¢TSS FEXE HEIE Foy AAIYHE 2D-VENTURE I EZE AL

22 Si ingot o] ¥ FMHx FEX HEFI} Al fillero] &3 ZAH
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dz o tiEFHR F¥HE €5 7 U

3 o2 A ] Zol/FA7 42 700mm/2mm 1 5FF X Ni 9o
2 50cm ¥ HEIZL 8¢ » 6% 7tx| ELY 4+ 21} Si ingot ¢
o8 9%x3 "ol g %o 15cm Al filler§ Y& AF= §¢ »
2.1% 2 t]F 3 Hc)

2) o] 2D-VENTURE Z E=of 2% F42 HAYHLE UL2E TRIGA dF=E
X Mock-up BT ZAEE AYF dom, KRR -5 F7| U4

A2 AT WEE F4% HAMAY L Fusg FE AT d78

. zAp R AX/2A8 A7 A
NTD ZAHBU F4AE S4Z2A L ¥4 HAE AL AEY =7/
Bojzatg AYT 2AUBY FA/2F AP AW FAF HA 2 A

NtER]E AW Fol glch

O

Th. F8A ZANR AAZ ZAARA] A 2/ AH

1) NTD ZAlgunjr} 5-SPNDE o] &3t FHARANYT U {FEX HEZ
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