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State of Art in Radiation Tolerant Camera
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SUMMARY

Working in radiation environment such as Nuclear power plant, RI
facility, nuclear fuel fabrication facility, medical center has to be considered
radiation exposure, and we can implement these job by remote observation
and operation. Remote observation and remote working is depend on visual
information, and visual information source is acquired by CCTV system
which consists of camera and monitor. However the camera used for industry
1S weakened at radiation, we can not see an image clearly what we want to
observe. Therefore, radiation-tolerant camera 1is needed for radiation
environment. Radiation-tolerant camera has a robust characteristics to
radiation, so Wwe can sSee an 1image clearly. The application of
radiation-tolerant camera system is nuclear industry, radio—active medical,
aerospace, and so on. Specially nuclear industry, the demand is continuous in
the inspection of nuclear boiler, exchange of pellet, inspection of nuclear
waste.

In the nuclear developed countries have been an effort to develope
radiation-tolerant cameras. Now they have many kinds of radiation—tolerant
cameras which can tolerate to 10°-10° rad total dose. In this report, we
examine into the state—of-art about radiation—tolerant cameras, and analyze
these technology. We want to grow up the concern of developing
radiation—tolerant camera by this paper, and upgrade the level of domestic

technology.
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1. CCD "4
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19 3. CCD 2o upgAd 7hv et

¥ 1. RCS-510NBP  WHARA Fhuete] A

T -8
Power 12 VDC
Horizontal Resolution 460 TV lines
Minimmum Scene | )y, g 5

Lens ié)ggisal zoom lens with non-browning
Zoom 22-90 mm remotely controlled

Focus 10 inches to infinity remotely controlled
Iris /3.5 to /45 remotely

Shutter 1/60s ~1/10.000s remotely controlled

In-Air Field Of View

16.55 deg to 4.07 deg horizontal

Underwater Field Of View

12.43 deg to 3.06 deg horizontal

Housing Diameter 3.95 inches
Housing Length 11.05 inches
In Air Weight 26 pounds

In Water Weight 22.3 pounds

Housing Material

300 series stainless steel

Window Material

Non-browning fuse quartz

Depth Rating

150 feet

Raidation Tolerance
(IMeV)
(0.67TMeV)
(0.56MeV)

1.3x10" rad/hr, 1.3x10° rad total
8.3x10° rad/hr, 8.3x10" rad total
7.3x10" rad/hr, 7.3x10° rad total

Cable Length

Up to 300 feet

,16,




2. CID 4
7}. CID Technology

CID¢} CCD ddaat 7l 19709 =58 =7 A&,
E A Ag 2A2A A5 AdeE MOS AloEdA SR =L Ay o
=34 Fetdd Ao ® A ETh CIDE CCDell Hlal] #AL 7
= Holddd. CID A= =2, ZUHY, AS, PA A 59 of
T2 AR 3
CID Technology IncAtolld+= CID A E ALg3te] Zhv s A #Fsla
U= IMrade 9] Hof WA S&dFS AYUESE & Jhve =5 A
Atk ghdlel sl=e A7 50mm” o]l Aol 100mm o]t 1E]i 23¥e
conductor Alo]EE Aol Fyle] AAxol vt HFol= 6 Mradw FH] 7iE
of Aestdtt. ¥ 12 WA 7hekel CID8712 ZhHete] <] ¥holw, 7hve}
o] 542 oot 2o
« Total dose : 1 X 10° rads (gamma)
« Excellent Image : 7 X 10° rads/hr

(2
=2
=
R

N

s

* High resolution

* CCIR Scanning Format
* Size ! Small size

+ 30 Meter remote sensor
* No geometric distortion

* Selectable 2X, gain boost

13 4. CID8712 Camera
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CID8712D1IM 7}wlgte] GAsAe EAL g3 2.
® imager format.
- total pixels
- displayed pixels
- pixel size
— full well capacity
® active area
® optical format
CID8712D1IM 7tulgte] A71&HQd 54L& t53 2.
e Scanning format
® Resolution
e S/N Ration
® Sensitivity
e Composite video
® Geometric distortion
'é o " bt o op %i*.‘:s;““m
s 1
H 5 P
> e )
b
= l’ X1
! rs (Hﬂ‘ﬂ
= e =
2 —e :
¢ >, . op *‘HEEFM““’ i
.E'rED‘:ﬂ.A. TAnG @Wmaffn%h‘i'mwu:zdﬂ 300 :— b
; A . TR Lot axn il
y “ \ Id‘ o —Tm . ' .
Gl I SHE S s
s A5 .=3m . 2 AN ;T N e T
i | s
%,.‘f"“":'ﬁ i L84 o LA L
- ek g Dby

198 5. CID8712 Fhwate] %
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Spactral Reapange

.11, Cpm s e

Rosponsivicy s
Camyeiwans)

0 [FED ) F26) W e i o

Arperdrngth inacanetent

19 6. CID8712 7hvlgte] ~HEY 54

a¥ 8 F¥AXAF 1 Mrad A9 94 (CID22Q)
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CID22Q 7HvletE Co-60 AR ol ZAMAIZL A3 500 krad/hr ©]7¢<]
A FEANAME ZART ddS 2 JAY 2" 72 CID22Q ZHHlEE 700
krad/hre] A&&= 2AAZRS W] e, 219 82 T4l 1 Mrad7}

o
e wel Qelth WAMT] FARLH Gao] s, FejE dopn]

Y. Emco

Emco Intertest Inc. Aol A= CID AMAE o] &3] =58 WHALA 7wt
= Xﬂﬂ‘?ﬂ-oﬂﬁ}. 1% 9% Emco Intertest AbollA] 7R3k 1Mrad & WWARA 7}

x2ME 2HoRE A& Y. Aol 01 ESE /\}%0}04 WALA 37 of| A I
MEE F3S dS5 F AES 3T MegaRad Cam WHARA Fhvgle] &
e 7 29 2}

1Y 9. MegaRad Cam
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¥ 2. MegaRad Cam 7Z}vlgte] A<

T -8
3| ALY Emco Intertest Inc.
7] 63.5mm (W) x 63.5mm (95.3mm) (H) x 215.9mm (L)
3194 waterproof stainless steel housing to 330'(100m)
Zzm dual 35 watt halogen light module
A o] & cable lengths up to 100 m available
A =5 sapphire window
T 1 x 10° Rads
A& excellent image at 7 x 10° rads/hr
Xl CCIR Scanning format
AT E 0, C - 25, C
ol 5 Selectable 2X, gain boost
= remote radiation level sensor

,21,




3. F1 W

CCD Zelzb7t ti=st= 7] del 1970d el = By, wH &, FYZ 59
T Ao Fiugrt 28 AHgEden, O FAdE CCDEY 4&¥, AV
RFEAL GAE ATEATt IAFEE BAA 5] CCD Bk AR §-3)
WHARS Zheeke] B Ql AP Z A A HAT A /\}%H—t«
o WA Fhvlebs FEEA S JhdetolH, o] 52 Fhet &=
SAR O AR 2AbE XP%%M WHEARE 71
A Zhelebs whe g el Fhviletel wlE 43
WAL o] g 2L ]o—g« }xln} Jed FRO e HAHE AR eA
10,000-20,000 AlZke] Al 4=

= AAs RS FoloF shm, shAe] Ml el it

™

£ 2 M

ln:
T o o

s

oR
N
N
N
!
%0,
2
B
X
Lo
of
ox
o
N
O/
ol
N
Ho
o)
>

7} IST-REES

IST-REES AtellA = vpFe S5 WiAR 7hvets g3t Aok 19
102 IST-REESAFS] R93, R930VHYV, R938, R940, RI75, R976 WA 7}w e}
o] B%S BoFa gtk REES A Zhwlahs 10° rad & WldAA ghwetz
A el 7Hd ol BRuEol e AAolth 1Ela v Al="e REs)
o] it = 9 2WHES AbEAte] o wEl MEste] AMEE = R
Z 3tk WAk FhdiEke] AL JRg A= ghdE EA, AdE, Aol
=, WHEHE, 259, AlojfHoR ofFoth REES Ate] AF T M2 vE 3
gle] Zimgtel R93x RI75 Zhvlete] A& Awn7|E b R93 shH ke 7}
mel = 2o AAREFS Fo] WAbdd g dFS HAJAIIEE A
Ho} k. RI75 ZhWl gk FhWlEr EAC AAFZE FFste] 4A Ao Fehe

Aol coreTE EYLZA AME B AR S5 A, AlzE o i
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R93 R930VHV

R976

R975

19 10. IST-REES AFo] WHALAl 7w et

1) R93
RI93 Ztvlgt= IST-Rees AFe] WAL 7MW 2l2 viewing headE U3st=
Tz

T2 wAste ARES = QY W48 viewing headE FEshA H WA

_23_



= 2 o] 9tk R93 AWl 27 11, 29 129 o] v
&=y, 97 Aojyz TAH] gon e SRR AAA AR Aol
o= GRS A A= $ YL 20 Mrad olf AAAA Al

5 =z

9 decoupling 3=t FhuE} FAYl T ThE I RZELS Ao o] Fof WARA
o YFe HALHHEF ok RO Apete] AAIRRE A e

head amp. %, decoupling H7} 3L AojFHo vt ZZ MK scan A
B OEH/ZYW TEE, ALdE2 FAEHY dt Head ampi-+ HI Y& FE| A
Ues vokst AeEHS T3 98-S 313l decoupling block Ao F-of A

rr

o Assh Fuaols WAL g% FHzw FAHd Yk LAA
Power Supply #%4l, HIHQ 7t= 2707t= BH/Z2W 5 7t== FA 5] 3
o 7hE Fes s T8 TS Fdste HYe e, 27 =9 T)E
= AuEd gEa 2o
» HHQ 7=

- video processing

- dc restoration

- auto black

- gamma correction

- video sync mixer

- white and black limit

— auto target

- auto iris
- VEU interface
» AWM=
- CCUA Ha3t w7459 oA
= Fhellgtell A et E = oL HSke] I
- e 270 A, 2l 20 W& 2] A ZES 1A

- by EA 2 A way

RO3 7Ziwlele] A g ok YUAE, Tanks and Vessels, =7] @A7], 1A,

,24,



. 971 % incineratiors, ¥}o]=Z A 2 3

AN
ol
=2
o
=
O

% 110 R93 Fhvlete] s =5

& 3. R93 7hvllete] 543

23 12. R93 7 g} Alo] ¥

T 5 U] &

A 1.25kg
<%, storage -25, C ~ 60, C

operation -25, C ~ 50, C
5 90%
WAL U] A (F A ) >10° Gy(Si) [Co—60]
AR Y4 (&) >1 Gy(Si) [Co-60]
AT >550 TV lines/picture height

Az g

>40dB measured ower 5 M
Hz bandwidth

<1 lux scene illumination for usable
e picture
<7 lux scene illumination for full rated
performance
Viewing angles 11lmm lens
T3 43,
T4 33,
o 7} 53,
XA~ WY (1lmm A=) 30 mm ~ o
AAMA HFH o]lF 4.5mm
Alo] &4 o
minikevler (1lmm o.d.) | 100m % tj
TV36 cable (17mm o.d.) | 400m 2 tf
94 AA FH B A s, SIS A e
2, T8 vl

D "h2E (C "HE Al 7Hs)
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2) R975

IST-REES Ake] FH<* AlFolw & WA 2 200 MRadelal 2E 23

18 sl slsd Yo, AaE FEA77] A B F A Aol
wBesty] WEe] sAetst 4R} R Abe]e] M7t gheraheh, R9T5 vl o
o e vhest gt

» Mechnical

- Zo] . 244mm

- AYHE 233 do] : 285mm

- A7  70mm

- A 2k

- Aol AE - 2HE A

- viewing window : ¥ HE+& water corrected
» Environment

- AR WA (FAE) ¢ 2x107 rad (H20) [Co-60]

- Mg wYE : 3X10° rad/hr

FrHlE/ZFUE ¢ 1X10° rad/hr

- 324 = : 500 tv line
- Aladl 754 56 dB (200nA peak, 5SMHz CCIR weighted RMS)
=9 1V composite video
0.3 V syncs
1.2 V peak white clip
- interlace @ 2:1
- AEAd 2%

,26,



9 13. R975 7hvl 2k

E 4. R975 7hlete] 543

g = y &
4 o] 244mm
AdE S ¥3H3F 2 o] 285mm
. 2 74 70mm
Mechnical
A 2 kg
Aol A4 2" e =%
viewing window % T+ water corrected
HARD WA (F4%) | 2x107 rad (H0) [Co-60]
H T2 : 3X10° rad/hr
e
Environment T =/2Y 2 ;0 1X10° rad/hr
TARE =25, C ~ 50, C
Ho &2 2ol 60m %<& (5 T4 200m)
Y= 500 tv line
56 dB (200nA peak, SMHz CCIR
Al itﬂ sz‘u]
weighted RMS)
y%
1 V composite video
=49 0.3 V syncs
1.2 V peak white clip
interlace 2:1
A 2%
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L}, AEA Technology

AEA Technologydl A+ 37FA] /2] WHALA FHd et E 7))
glom WaALA &g 10° rad otk UARA FhviEkel &
e &dFvlg e 2HQE2o R Ho )
i ok Jheleke] 2w LED % = x5 ARgsta slvh WiEAbd
Zhel e} 222 TRC404, IRC8605, IRC8600°] Slom & AR Fh
wlekol k. IRC404¢] 4% 27 o] 63mm, IRC8600 27 o] 42mmo]™, IRCS605
= #A74ol 3Ibmm=z M &S] Jhdlgteltt. & 5= AEA TechAbel ulgARA
Zhvlet S-S BojFa Ut

!
=3
N
oft
k

=2

5. AEA AR9] WA 7 2F 54

sz A7) FA | total dose 7] e}
no control box,
IRC404 (9mm 6.3 mm (d)
1.2 kg | 100 Mrad basic camera,
lens) x 230 mm (L)
12 V power supply
(16-96mm
6.3 mm (d)
remote control 1.6 kg | 100 Mrad controller box
x 375 mm (L)
zoom lens)
35 mm (d) x
TIRC8605 0.7 kg | 100 Mrad 40m PVC cable
285 mm (L)
40m PVC cable,
42 mm (d) x
TRC8600 0.7kg | 100 Mrad |8-24mm remote control
265 mm (L)
zoom lens

,28,



t}. Industrial Video Systems, Inc.

Industrial Video SystemsAtell A1 ReesAte] R93 71H et} 70 seriesES )
stal glth. 19 14+ R93 MK3, ¥ 15% 70 Series® HojF1 Ut} 5§
Aukg WakAbA FhuElrt 9o EAS o3t )

o

» General Purpose Underwater Nuclear Camera
* Compact, robust construction : 9.8"L x 1.6"H, 2.8lbs
« radiation tolerance : 2 x 10° rads
+ Dose rate : 3 x 10° rads/hr
* Wide range temperature operation
¢ remotely controlled
» Radiation-Hardened In-Air Camera
* Electrical : 90-135VAC or 195-260VAC, 18W
* Camera tube : Vidicon, Silicon Diode, Newvicon, Plumbicon, Pasecon
or Lead Sulfide
« size : 29"H x 2.79"W x 9.75"L, 2.24lbs
e camera control : 3.75"H x 86"W x 12.75"L, 7.2lbs

1% 14. R93 MKk3 13 15. 70 Series
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2}. Bowtech

Bowtech AtollAl= thkst %8 7MHestE Agsta Aok 1" 162
Bowtech A}¢] 7WetE HolF1 9ot A d o 3w 9 Ags A3 s}
Boglon WAk FEMFe 2x10° rad AEolth olE FWEgE F7Fol
FToA A & o A= A== Ao)7], FH, Aoles AEste] AL
g 4 Aok F 62 Bowtech AHY 5 B WHAMAE Jhvete] EAS YERY

o

Bk &9 shdekel B9 ek sheletel ws) AYE 3 2wk Fa R

e ARs 7Y 23 dAos =AY A2 AHdUAS Fow
sol Aot

19 16. Bowtech Ao Zh# 2

% 6. Bowtech A 7hHg} EA

High Radiation Tolerant High Radiation Tolerant
B&W Color
Radiation tolerant 2X10° rad 2X10° rad
) 500~800 HTVL
Resolution 300 HTVL (Monochrome)
(Monochrome)

Sensitivity 30-45 Lux Scene 70 Lux Scene
Power via Controller via Controller
Focus Remote Remote

. Wide, Narrow, Zoom, Wide, Narrow, Zoom,
Optical . ) i )
Prismatic Prismatic
Size 405 mm X 217 mm 405 mm X 289 mm
Weight in Water 1.25 kg 1.6 kg
Housing Stainless Steel Stainless Steel
Depth 200 m 200 m

,30,




v}, Deep Ocean

Deep Ocean AlolA = AAFHA A AL F & 5 Y E ZHE

Z Jfstal 9tk olE RREE dARY T2 AdE 79 44T 5 d%
2 3¢ty o]Fo] 7FHE ROVo|tl. o] % Fireflyx size’} Z7] wjio] BWR
9] core plate 2F oA FHdE Fws AT 5 JEF Ho{dtu Firefly

td

= 729 A™2 PWR ¥ BWR AA el A 2tgstrlell At Ad = o
ko Jhel =% thrusterot F 70 44 thruster’t ol FFS ol

Agd Aol e Aot = 7158 AA A 5 dvk. ROV = d#
327 glomz 3 WAlS A AT etAEtt. DOE AR shaft seals =

Fetew Aol 7hsstel ™ AIA] FA] Fld 5 3k Firefly= 47

%2,

et} firefly A]Z2~¢l
Ht) e helelrt F2Eo] ). fireflye] Zhvlgtol= Yol =

Z%F 7153 MZ e} light set ©] 87 H-2E o] du}

19 17. Firefly Al 2~€l
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AF. RSL(Rovtech Systems Ltd.)

Rovtech Systems LtdolA= €xt=at 3] 482 55 CCTV 7hvlet
394 24 ZREE A vk RSLAFS] SMCEI1IR FH 7helgts F3F
Ao WA EA M AHEE & AES s aAdS WA At
of vl 7t4 AAHe] ity 18 182 RSLAFS] SMC6E911 Zhulehe]
& HoFErh o] Fhvleks AR Hekgk CMOS IC ¢ IC voltage regulator
T 2o AHEE dEdn AAe A ugd RS 2% nER wE
ol i | A2 $ A=S A F3t 272 Jhvleke §dol
AN 24T F AEE Holgdth AYE 120V 1 240V ACE A HES Hol 9l
1ol Stk 1¥]

bl
—
[\
<
Rl
o
I+
0
<
o
e
o
ot
o
4
-
offt
o
il
ke
i)
ot
i)
il
L
(o,
o
il
(o,

19 18. SMC6911R Tube Camera

SMC6911 Zhvlete] 8 548 g7t
¢ Rugged, compact design with 2/3" tube
* No radiation—vulnerable components such as CMOS IC
*  Loop-through for lens functions, with video and DC supply for
auto—iris
* Optional genlock facility
* Mains or 12V DC operation
» Various connector arrangements
+ Pasecon(Chalnicon) or Newvicon tube
» Switchable video gain to allow for poor lighting conditions
» FEasily accessible tube racking to extend optical focus range

* Simple 2 PCB design, with ease of tube and board replacement

,32,



o}. Sacrab II

ROV technologies AFe] 4% vl dxELAH g5 A =
A, AZ3skar 2tk ROV technologiesAte] WHALA Fhuels FH EQJOoE &
Foll Fstol A S FEFE & Ak AR Fhdde SHo R ]
Z, AHEE, 7 AYE FE BYe®E HA 600 7% TV 2l A =E Tt
AW 5 lux Ao 225 a5ty W8 Aoy gAdn. o] 7heke]
= 22 FAdol el 10° rad/hr o A #Fgol A
23 727 fla 50R/hre] M Ee® FAE 107 rad7kA] dhd e s dojut
0 MR/hr= 18704 &2td 5 3H47F glolth

ey
Lb
d

9 19. Sacrab el F2-e 71w ek

Sacrab IIo] &g WAkl shvete] 542 taa 2.
* Internal : 700 horizontal TV lines,
radiation tolerant,
low lux,
miniature,
tube type with constant focus capability
 External : same as above with remote operated zoom and focus
* Low lux requirements : 5 lux, 0.3 footcandles
« gamma tolerance : 10° R/hr

5X10° R (50R/hr)
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ZF. Q.I Nuclear TV camera

Ao QI Al A E 2/3° FulE FHE A
Mok AEEsieh S E FHE ofFe FelAE JYS wolsd

e AAE W Eg PE P e s

E7QLA] AR sbvieh 54

S

Al 9]

1t

Camera tube

2/3" Newvicon

Scanning system

2:1 Interlace

Sync Internal
Horizontal resolution >530 lines
Minimum illumination 1 lux at F14

S/N ratio >40dB

Lens mount C-mount
Radiation >10" rad

Video output VS 1 (£3 dB) Vp—p, 750hm

Output connector BNC
Operating temperature 0, C - 40, C
Power 100VAC, <30VA

Size(mm) 90(W) X 80(H) X 214(L)
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M 3 & ZFioete] 74 2 ujgkAtst

A1 A AR Fhd kel At gheeke] Bl

AuetE ol g8 CCTV Azde U7ee] #2, nelx g 9o w2,
A Mol Brhsd DG B, Oael @ A B 4FA 4
e % o1 §H 1 Y. CCTV Alzslol A shujei A28l )

o) Yue AFHE FUE Q20 N hieke] e Wyt AX
So oa tepd Ferel Aet EAsA Ak Aveks sAAe ey
: A ol Wk e FRE UrelAme BHou 7

A 3
of WAl Hg AT A Aestelol @k A Agge A5 Ad A
sge AQ@ge F4 A, WE WAL 24, Aulagde] W, wA 5 Az
o w2 Uastel ol F §83 AR Uk 53, A4 edse g
AR AT AAe Abgel Aol ARHE THoz A Aswe o3 947
B0 BoAolet ¢ 4 olvh AR WAL Aga] §F upEAA Fie
ook splges gy adad 5o 3@ BN Be AH4S 2n
Aafop . Quk Apvlehs WAABAN A 17 20049 ol WALAe] A3}

d duolol @ 2SS 8 o Ui
oh Fbvietel Bk R AARE Wk ol ABAES A AR U A,
Selw Qe $ge B2 98 W/HE, YT 55 L A Bl

74 27t

aL Sl o

§a A el SRR G A AW ot e
0|83 FAuesl Wel A4 3Tk CID GANAES o] &7 Fdze CCD 7
ol Wlal WA Saol ANE Aew YA seerEen A% swy

Aol M= ARt Zhviet 2 upgARd ghdekel = 9 F 2k, Jb

Metol AgEE GAAN 2L 2tE FHREES 54 duBozy HA



1% 20. CCD 7hvllghe] WAl o &k
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Al 2 A4 CCTV 7hdlete] 474

WARd b ) Al =gl AR e A g BES 99 GHIEA A
s®o] LS CCTV 7hulgl Alz€x} B %3t CCTV Al~de 384
Feo H71A21 AE 2 vprolF= shvlgt Ao Fhuete A F55 A
SANA BHojF= EUHE FAE v 2¥ 22+ CCTV A =He)
S deda sled ghelet 24, e Aol ful, #S5fuEloR BiE
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LHEE AR IHO 2H(109-108 rad =)
- Focus/Iris/Zoom
( Fixed or Motorized control)

2LIH

Video Printer

ZoomM| Of

It 2t Focus/Iris M1
=9 Mol

2" 21 WA FheEt i e

Camera Camera Camera control unit Viewing unit
cable
. Synchrorizing
L Scaming le—| puse
Scancal generalo generatar
Caneratibe [ l
]
Video iomaruiﬁer
Pre aplifier > anplifier | and synchronizing
! mixer
Object !
|
Photoelectric
surface
Control panel

a9 22. CCTV Al="e] 44
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Tube type
property Newvicon Vidicon(Standard Chalnicon | Pasecon(High
(Extended red & & )
) ) /Pasecon resolution)
non browning) | Non-browning)
Zinc Selenide Cadmium
) Zinc & Antimony Selenides & Cadmium
Target material . ) ) . .
Cadumium Trisulphide |multilayers of| Selenide
tellurides Calcogenide
Light level req’'d 8 lux(ER)
. 130 lux 16 lux 20 lux
Good pictures 11 lux(B)
Usable pictures 3 lux 45 lux 6 lux 7 lux
Minimum horizontal
i ) 620 600 600 800
resolution tv lines
Radiation tolerance
Total dose 2x10° rads 2x10° rads 2x10° rads | 2x10° rads
(Si)[Co-60]
Dose rate - -
1x10° rad/hr | >3x10° rad/hr | 1x10° rad/hr | 1x10° rad/hr
(SD[Co-60] ’
Max camera
operating 55, C 55, C 70, C 55, C
temperature
Maximum faceplate
) o 10000 5000 10000 10000
illumination
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,44,



9% MOS EdA2E7l el RgFoR wjds i FAS 27

]
of HAH Utk FAZ E= AZE YA Y

of ola) 3 WM AdlE FARAES S, MOS EdAAEES ~9 28}
A

-z
a
10
>,
1.01,
il
o
ol
10
I
[
o
-3
o
2
)
rlr
P
-
O
-

2ol o)l H e AEZZAAF HES MOS IC ¢ 2%35 1, Ads7t /b5
Aolt}, AHL 29 x MOS EdAAEH AoE-=gole] &2 Adto]r +4
W= 2vtola wmoj=oh wEe] W gkl AsE glojdd o3 Azm<l
Aotk

| 4“8 A|ZE 8|x &5 |
Hlole ¢ =
1 T ? +>——o ==
% LE *':T 4':T *':T iulus Bhol o &
. = = A Vv
Al f_L f_L f—u f—u T
E
Ad s 2 ? 8 A9
il{ = p = 1 = \ = ! MOS FET
Bl
=2 29/ %x MOS FET
a7 24. MOSE G3AA e ++x
2) PCD3 94414

FALE] Rl Fetavwl A3; tlulo] 25 ARES X-Y oE=dls WA olnX
Aoty 1 sk &b o] hekstar ujddgo] shao) Fol oEehA] &
= A2 olfe] Stk TAMYE 5V AFR va &% AT wmol=rh 22 A
T olAde] shjolt), @i YETIo| =9 A9 HEHY EWXAHZ Ho
AL, AsE A7l FHske ool Ark 2y e #dAo] ot FA4 ¥

,45,



5] 'gRL |
BT iRe Video Out

SRS

n-Sub

19 25 PCDY <d7AaA el +x

3) CIDE F&AA

X-Y d=dlass A $24 MOS A o8 pFAHm 7 gars
271e] MOS AFAAEZ =ofgleh. o] 2719 AHAE Atole M HAE s
WEZ AFo] sy, o] £ Moy T st 51 gl A A
& s vk X-Ye d=el 17kse] gl dshrh s Aol OFF dej= =4
I WA SHE derh vldew frEska ale o W AFE HEshs

AoR ANF AEE st dv) 7+x s, s AA ZA EM AT},

R e
\:“JY1L“JY2L“JY3:||JY4 I’:{I—OEMIE
X1 Y= Lt = Tt L, ° VREF
_ = 1| e
x2 = e e e L
x3 = Lt e e L
=R EERRIE =D
x4 = e e e L
i e
S1 S2 S3 S4
i dn Ay dn sl
¢ ° Vs
19 26. CIDE AAA 9 Fx

,46,



of 7x+= A wol=, W tholu

CE S HREgeR

=]
v|E2fel  fl=2fel ofol&old sio,
ofo|&zojd

nt

si=zafel

SITTTVTTITTTNNTRNRNTNNNNNNNTNNRNNNNNENNNNNNGRN

™

(i}

A

a9 27. SITE G e 2

F% ehelvieh e A

g Al Fojwa 1 v

,47,



[ EEY) N BBCD - Foa

TG, ©

TC ©

CPT

TG, © ol 2l of

I+

{5'-; {I—L‘L

rwljr

A d

L -

{C
)
W

I_

19 28. CPDY 93AA ] %

6) CCDE 37Al1A

CCD¥E 9 A< N-ch MOS +=7F +
of CCDZ A3t g& g ofer uas _
°] MOS tol %=l P/N 3 £E toles=z i
Ho 36483t &7kA 0] a1 H AT A= 8um °|th 2K
& o] "raFo]l of 28mmA L] Alo]zE HEE
AAE F53] 27} ‘ﬂ%ﬁﬂoﬂ A7) ol AAle

1 HEQl HellA oz

al
3t=5l 9lE CCD 94 AlA

)
CCDE A= Zelql Edlzs WA FT), onzaau A2 A IT)
of it} xelql Edaw WAL BAAE ool FAE oldol7t Hel

K
o
=
>
fos
2

_O|_,

N

&

o

e

B

ofo

b

N
[>

o
utl

fz

5.:

1_.

N

&

ull

%0

2

=

2

o

3

Y

,48,



7]
H,

1
T

A B b ol

N

g u

o} | o]

H

<
o

Py

A Tol Atk

1
T

o] 7AA]

S|
&

e

RS
o}

[e]
=

o 2| o] of] A

g A ~E ol A 12k

g

3L

o~
T

o] Ate]e]

gl A =~ E ol A

ool W wuleh, 194 AE7h wuE

Kol
=

-
R

SRR

b1 4

S

o 27t 4

]

ox

-
bl

M
ﬂﬂ
)

)
™

B

)

—
fIfe)

NI
o
I
B

o
NH

B

Aol th,

o}l A=

Z}
2}

7}) Frame Transferd CCD

)

—~
file)

el

CDCel

o8 7

AA-E o gl o] ol A

-
o

dolz dEdn. 19,

TLALe] o

]
S|

A3 Adm ool 48 ofdole] mE elelo] gjojjo}d

e

ool = =

4§

=
=

b ohal @ A g ofelo] o A

oV

o] glomw QA w=7}

7]
H,

7 oA E

PN
Eagi

A sl stk

bl

S

Hl&o] A

1} Interline & CCD

Y A 2=

2

3

AZE A EH WelM =

,49,



5171

°©

o T2k 4

L=2

b mR. o] Abole

e

B o} FAlA oz el

O~

webeh 1604 2]

H A

2]
E tolergt=rh FW A5 MOS Hele=

3L
s

ofgleofel M= o

P/N A<

i
TR

)
o
M)
K

)

oV

| —en

[e;

sio,

L

M ofgfo] A|ZE g|X|AF

a9 30. ITY CCD

i gv2

SH1
oH2

n-Sub

(¢}

,50,

7
ZECOIRE

[¢]

[o
o1
62

1% 31. BBD

| I
! v
i

?

5

°
3

%

|

?

¢2

[o]
Y ERESE
glde] 4

a9 29 FTE CCD

T

v

?

7) BBD

E=xA

-

1

4C2

LIS
L1 o

BBD

pA1
942
¢B2



)

»AO
a0

AAQ WAL Fhdelo] AlEE =

Aol .
o] @ol AgH1 At

E

AEis

AR Aol

o
== W

A

IH

=
i ©°

NEERE

i)
il

;o.._

NE ueFs] 9

|

A57F @A A Ao

1
T

AYA HHl 52

Chalnicon

N\

Vidicos
N
\.

Humpn eye

saT]"

120

100

o

o o
5] =) ¥

9% ‘Aunnisuss [enoads aAneiey

o
S

o

600 700 800 900
Wavelength, nm

500

400

(Red)

(Blue)

219 33, Fule e

,51,



0

il
)
,Ao
o
Mo

B

MR
o g e T 2
<. |¥B|EEER | % .
J_M J Mmqgo H_E ﬂlﬁmﬂo 7 =
: < T & i N ﬂ T — ) S o Lo [
= go it N ! W S = S S| B m N T
— B ;
5 oV N T ool er | or HoOA ma
., ¢ 3 £ — al o
. i = 5
T e | TR ;% Tl
= | 8| X X e E Rl ,
KA a
R x TR R - 2] 2 |8 4
; w ST s | ° S| = 4
% o B S wr | er | -5
g o R ° o | ﬁw. "
TH . :
= 4r e N 45 mO
N ~o B i
TR — | %~ m Mr,_ 5 M :
el ; ik
3 e Sl o) 50)
X X m N 3 — S S vaﬂ
E o e : |8 :.
s S S [ e ;
kg il = o e A ~ \m_vl
o O er | or | oh L
Iy . i_.y T80 o
2l |22 ¢ y o B -
| Mﬂ S ﬂu;omﬁzﬂ g
Ko X = 4 e S v S 3|2 %
T S e S S | = N
, =y E ° @
WOl | e & = S :
= | | FFE o TR o iy :
B —_ U.l o = % E 1Zr._
= e T 2 Qn.u m = w p 0 me 0
i 7 |
o | N% TP N e s [2] S |32 i
= = N HM ol o B I~ 5] o
M W 4w T N | i | z
EHE e = SCCHL :
i = o ol ® 1H e N ™
W N X 5 % w N o
= - o N N 3 n S :
Al N I mn 3 — . S| = B
¥ o o %O &~ e W S| - m._ o oV oo
wm 4 B < sl w5 |v| Ben e
| = : | T )
Tl-x% 3 R ME RO i
% ® =z * 5 s £
Zn & © - B .
: — — [ u_l
E#ﬂ A‘.ﬂ7 %Arﬁl - HT_ _ﬂ_l
— r m o m
K|S s b M =
w | B —_ L, RO - 1A A e
) o N Gt X N i3 5% =
B  Wr I o il I %
- e = | %o = X N T
S A «
<0 @ -
ﬂArO 1.-0 —
X ~ O

1) vlg &

M

ool A #

,52,



o HlYE FERo FA4L& 17 359k Zu HfgEE HE& welsolr] 9fg
faceplate’} 3L, 7L F Z:ol target plate 211 3} 2|
plate & F & 7H+<d 435S €S 55t A7 Xdl-:_"é% 7H3 gk FH
o2 Ho] gt} o] FL& tin oxide(SnO) & WA <

A= w545 Bl o) dA7]AQl H ol O]—Eroizd")r.
ot BA HF#HoES FWL HATES wiFEI a Fo] Wzd &2
antimony trisulfide & I B o] Ut} o] T JHAEAZS 7M. Ho] F71E

5 Age gastmz e ¥l wWsldl ueh A7 Al wWaE wE
1=}
0

rir
o
=2
r d
o3
_?L
d

by
s
30
o
s

o 7bE Ase BA"ezRE dojxity. ARk o My &L faceplate?]
Aol wel 3F5e] ArVl2 EREnh 19 3= WY hHet R dAR
To el e A4 12 2/377F doem Hel= 57lA 8" F
otk

GA(mesh), +400V
Gl(bearr), -30V
Cathode

Hester, 6.3V
Index position

\ Q2(accelerator), 300V
o—\VWe——>—> G3(focus), +260V
Target bias Video outtput Bedtron beam

a9 35, vlE e e Fre) R

_53_



HolFal glrt. dle) ghrjo] uet

o
=

EEE

=
1B

154

A
i

DR

KeR
T

12 36

/=0.004 - 0.3pA

3
7

+50V

Cathode of
electron gun

Targetring
I R
1
1
]

1
]
1
!
]
]
]
]
1
1

Scanning

=]
£

Axpe] =

3.

]

~L
O

A4 #H=

REE

o] x|l

}

»AO

H o
BeEs 7HAA Ao AA R

2]
o)
o
AO
i
o
o
]

2

(35}

)

ruze]

Tor
_rO

NH

]
[mt

W
i

ok

¢

o

vze)

il

—~
fite)

0
]
7K
Hr
Ko

el
il

o

)
gl

;O.ﬁ
ed

&
!

vze)
il
]

0
~

ol
ﬂo

F= A 2R A4S e

,54,



Vidicon camera tube

1Vpp

Sync pulses

19 37. 74 Eke] composite ] T

PN
T

[eig
=

2 Ay

NS

Al

g <)

19 H9 AR vy

~L
[

= Yehy

== e}
= =

N
o4

=

X
;O.#
<
7K
i
Njo

™

—_
file)

il

—

HU.

W
H

R

el —— Video £

=)

> Al

o
B
Bd
0

A

= RSN

S

20
B0
0

19 38 HlYH

7] A 3

of o=

el

B

)|
(@)

TH

Nro
ol

o

SotA =

]

i
—_

el

» Photoelectric image plate

glass

»

Iris

2llx

,55,



.

» Clamping

Composite Video Signal

(signal + blanking pulse + sync)

» Sync adder

»(shading & &

A2l I

202 H)
K
7w 2}
— 56 —

=

=i

13 41.

7173

-
X

’

=
7

7T

» Preamplifier

%
fa

=]
™

A

S

Fol o]

JtHetRE

RO R T T A oMW
T TOo T 1T
B o B m T
JJ) M oy = o 03 ) fﬂ <
2 T o~ W N
"Prve [® CER A
) NI 3 20 oy = W =e
oo oy o1y 3 O W N o
= I ML wm i 4 OB e -
oW o of ™oy < s
_.E ‘_uxwo - JﬁmL o <l e %0 ﬂ is
Mo o Nk ; o o KW o
< dp < AR "
— o 2o B o ) :
o Ir X o) X EE EE ,UI )
" xﬂ W e _ | & n= mm ~ w ,H w
N owow o "o ™ oW L)
& T W o ! I,MM o] it No ™ ™ N
o =3 M W 7o 4 _ﬂv w N = i
0 5 . : iy _
Bo LMO %0 o B @ 0 7 M Lw N mw @
o ~o W™ =5 =0 o~ RK oF
5 X —_ HT._ E._ A X
ol "B o 5| ™ = o9 o ol pp X
) e | T wE D
= 2o m 5 R T
T o= 2 = R0 oMb
/O Mﬁ +~ ® W = o oE ok X
~r = T — ©° S
Q0 E o = WEoRe S
CUINONII S o 0 = %o 2 W of 1uf
- o 80 o o] <T N <R
%@rﬂﬁw 0 AR A -
< N |2 B ~ LSRN
TR o o s W ok
[ R S TN %o Y
M 3 o} | i O N
oy N T W OB
woop T W WoT N T

o] &



1

T

7}

, 3= 2.07x10° sh,

[
PR

< e dodd 100 Ix o]

=
5

17} 9

A

e ARAT P ko) 2EF A

1 A}

1
T
1

T

ql

A

u bl eho] A=

54}

5

=

=

o

Sttt 1

°©

dvk CCTV

[e]

a

=
=<

uete] wAAE AzHel
]_

7

T 23tk
=

=

2 B 315x107 cd

B2 305%10% Im, £ 10" Im/W, A €% 6200K, ZX7)9 =7] 1.39x10" m

g}

~L
™

o

Ay

S AFA7E S el

-

T

}_

S

ZAolth, CCTV Al Z=elo A

i

k)
R4

). e BHow

5

Al
o

Eds

1
o

XOP

O
N
Mo
0

1|

~
file)
0

e

)A

el
o
_rO

K

el
i

ol
o

™

K

o

dol webA sle] =4 FolA ]

;é}

l

o

o
o
1m0
N

Tl
il
~

el
G

1l

oA

3} 2,

Ko
=

%39 542 Ann o

o

N~

ok

B
ajo

M
o

)

,57,



il

ay
Nﬂu
~
N
B0 3
M m ~7 m "
< Z ME o
= <
I S o B F
~ & “ 4 _

do | < ol 8 = 2
\_Ir.MO ﬁo — EIL
G o = W =

- 0 5 J—

il N . oo oo .._r/ :
T X wE E
o Y m N N Owc N

S _ A —
P =g KN ) 0
i dle LE e Pk
i S o G,
gy 2T
%Wﬁi& Iy
2 —
PlE gl o |w T e M
T | TR T ol my ®
<] L S = = I AroF
™| SR [ A L S
™| o
= |

ﬂo
-
o
|

p—

i~

o

22

—~ —_—
o T o)
i qr
7= -
CIEGS N
—_ ~
w3 X
~ X o
O G
= oy HO
o T A=
2 T
- X T )
= M.w N ~ ~
o X ay T3
X0 N o <O §
Hwﬂ M.o ™ N
O = | MM
oo, N T
@ W omlo | F e E oa ¢
RIS M — B o
T ®EgLE==
© =N
62 Mm o = Tl®® = wN
R TS| W T o
oM KRR |F|F Ok T
‘ﬂDI OE C..W
i oF o oh Ho I~
= o | < -
G ORI

,58,



B

IR bl
M = 2
) »
Cx SE 3
ul
e Slw R o =
e B[ o |4 +~ T =
o ol T W i
Oty o vM o | 1:..//1 o N
G EEowe i el
a0 o = ~ W i
mi_ ~ ol 7 U = ﬂ W E
BT R M
Gl ) Izl X wm Z
T LEdlr ZEm T
e % s I B %%ﬂm%
LT - 8 2 o o -
K-zl o | o ~ o Ho
Pl — 1L | 2 WowR No =
b R S R I
R e I R
o o T E | B W g N o H]
D = TS| T T - or
mmma ﬂm_n,um_. | S e m A oo T+ do
X Ho El_ Ye) Wﬂrﬁ ZT m ,_Qv ‘WH ﬂ:._ o ﬂA_I ﬂ ﬂA_l
0y ojy
e Mﬁ o mﬂ_ o X0
e mm WH = | AF e

—

il

Hlo
o]
I8

2]

)
) FE
R T wm
il
oo AT
o o CH=
ﬁx_ _ — Jo =) W l_ﬁl
7o <~ X Y
o o S we o o B
MNE 3o m qu E._O ‘OI
UTM e Pjo M ™ T T oﬁw
olo s 0 o]/ X° =R
o ! =3 ,ﬂo
To A+ J] e 9
. o lo ° oo
do W~ % To9 R g
= o ~ =~ ,ma X —_—
_Z_.# jm 1L_.M ‘Aluﬂ jant
oy W N ~ FETE
o F — S X 4T
2o — = B
= T = T
=~ S|~ -
o MBI E® e w
i Mm o | g5 LU ®m®
0 . X )
AT X | = Ot % .HL T ‘.@V A,.ﬁ o
CAR=R T Ul o mo °7 T wo
%1& LS| o o ®
™ w5 P HISFEF HT N T
™ | o
HI ) _E W_m_ HO X0
e | W | e < wjr
o = T

,59,



—

wjr

o)
H

—_
N
N .
- )
™ = o) @@
~ W O
K = = L=
—~ ~, ~ 0
o m° <° g2
o il i
o oy T W
° um_ =u Wy
ol X g
% o) 5 g
do | T £ F 7
10}
- & G
;O\_ 3 Of OLO .O#
\mﬂ o0 1)_A|O J._IL _0 .
= | = ik = = % B
= % B = 2 W
o - T T T ﬂ
T = o 5 N h
T & T
S = H B S
= A R w= S |
Nlg|® [ ™ N - K ®
o | 2 | o T|F o o8 W - A
B BT | S| T XOFE OB O
| T we | S fdwowe of W e H
TN o e N T me om B
™ | o
e | | 5w R0
ll ﬂo ﬂo =r AT E:v
I I

my
_n: K %
nt
= T
%/ ~
30 N
W e
- = o Hp
OLO HLO ﬁl OT
o ~ o
o O = K
= | ™ 5 5
=o iy N oo
el w4 R
3o N W =
e Lo oo
N o}J "
T = | o o
g2 =T U
~ Um _ m = W F -
= X P g o
TIPS 8 |7 o B =
M8 |8 &8 & & ®
™| o
HI o) _E W_m_ BO O
| e | - L+ -

S

7HX

=
=

23]

A BolAY o= 7HA]

—
w\

2 S of

al

K

o2 HolE

,60,



A Aol 4

o

PN

o~

Tk Aol v

¢

Y

50% e}
24 AZs} wol AgHIL et

WA b ko)

1

kel
=

19. o9& 71A] &4 9

[e)
R

S N S 0 =) o o
syt TRl lgalege 1T
o 0 R N = 0 9
L o
iR N
O_.\E m m
=y
ok = =
o 0 P < i
S > < o | o
o 0 S
S o o
T T >~ © o 0w o
o & o X &5 © —~ A
— Lo F
oy
=
= % oo ©
N O~N w e} 0~ o0 <
oo L Lo o
o B ®
5
Yy
al o
‘B -
o) - o
D hy u
~ B e
Fo B oy &
A o
o AR =r T ”
s oF X o T o it
X i = =R ol
i i
" =

A&
&

,61,




|
o

=3

FAog Aldual siwE ZFxu

A g =

bo] WEALA o

Aol

ALl

& °ol%

A48 FAE

G

o

s

s

P ok Uk sheleke] A9 we

)

e 3

_z_ﬁ!

IR E S LR

9]

s Bl 9

ox

r
-

ofy
Jjo

)|

ox

,62,



4uy

Al 3 A FhHleke] AR 4 B W ARSE W

Aot FASE FHATFG AARES] WAAY WED u o] L3
ARG S g WA B4 gste] 1 FAolt Sage] watshs A
de @ e vk WA 9% 2ol dge de P4 ARely g
o8 gerAEy st FES

5
b sbdlEE PR T Qe AARE
g B

¥0,

o WARe] % AU IC RS FEAGE WARAY A% Ao LA 9
ohoobel TYe AATES WAM WY FEE s dok WA g
Wk sbvlet FAREFES WAAH FAE 2A4ES AFFORA YAAD

(o

AAA AFAN BAL AT 5 QRS HZE THselo} Wt

Edoly AARF Jakg WARA S 1 FHY oluA B Sl mE o
2 PJHe FEAES dogAl Ha dd A uE AR 9%
displacement effect$} FA AL 2] Hdx}dol] o gk o] 23} g o gk WA}
A &) g3l yEtuAl "k ARl o3 o] 23t avte FE AAE B
Abdoll olste] A E = ARt FE AEC oste] dA FFolu AlxFle A
717 2459 gs WAzt F9 ®StE = charge carrierd] $7HE <
7] Axre] F7h AAAWe xdE HdAe] YHow Qg A ¥

spebziQl Wsh So] Ut

o] &} =]

RS A

o,
ba)

7b. WAL o] g el m A= g
19603t Admiral Corporation®l] 2]3] A &o|A X Fo] WAL w=35
e A te 37HA A= J& g w7t Fo] TS
- FdAe] gEoz ol B el A 3
- WAL T EA = g T 7%

J‘
- A BARA HAL Be Aol sdd AAH 4

K
o%
S
-
2

,63,



wol w0
&2}

A
E(Curr
ent 1
ea

kage)el &
’57]_01111
’ ;q 2
A5

Oﬂ/ﬂ
=
)

CERs
)
. o
w S o 4o
mw ) 4 7 5
OT = — ﬂ xr H_.C
of- e - T 0 N G
o o M NI _rn M o o i 1_I
O = o P 5 = ® o o o
ﬂlm Houogwowmluamoﬂu
ﬂurl mﬂéurhlu%rédxﬂk
k! S Tor 5o 4~ m° o ol ) i 9
I o G i o= < w = L B
(o ‘A N — N Z.o XH — Of ~o Jo ~ \UF 9
iy z Q ol <P ca o o~ <0 N X _w n| %
2 o = - e o il o o %g T oo
S - T o i cY Jo = o] o] = < <
A, m o _ ) = v ~ N do & J@a i
A qm%ﬂam@mqag@a
2 blo < = *oqﬂé%} 0=
Mo Moo < ofy ok - T T o N il
M S Y = ~ I o) X ) o o ™
™R B OE N S 5 o e - T g
T 7U A N JA.U‘.O I \T.._ 1:| 7AL T I 0 ‘Nﬂ
o - = A Sl ca o S T
A% > Hox G iol ) N S S
o o o K P ™ J T T 2 D Mo oz o
oHTucu1m|@.mﬂEm@urL407_o@a
T . ™ ) @qu%q}E
w2 il F o | X ® AB e W _ BN F
~ ol 3
5 o B % I i olxolm b I
—~ Bo %! = n G e T o o we ot - =
9% s maﬂﬁggaiﬂ}bﬂ
o s T I X %0 = = 7 7o
X =i X < o} - ™
M- ) o ol ~ X o ™ = g S Nﬁ N T oF
) e m.?_ . 0 s W 2 S = X 1o - .
:'L +u _ 1o° Of #E v X \_,IAH _ Jﬁw %
Moy ® o p B o B _ T 5=
w ‘m_vl N ° W_ @] o) N~ = Lf o o N~
wjr — e 100 o o) < <0 ~H
{ =3 N - o 0 — X 3
— \ EO o = NE o w:‘._ ,M mo = =0 o =
< T % ﬂoroay DﬁSﬂ D%
o 0 ) T o X <0 = ® 3 T o
N o o 1H 0N _ fo - = X 9% O
W T £ _nmu G < @) I ol o © ,Mo X <0 O N
= -~ =) = o o ° o~ go =0 = CL
Gl = O N~ S = A = s T
oaumﬂ/,aoquCHEw%
qaqumck@@g
- ~
B Wo Wr 1X_ﬁ| Al <o RO
o H_ ct e o ﬂ&r
ij= oy
= i T
T -
1 = X
A
jany
)
et

- 64 -



Threshold Voltage (V)

Resistance

10"
ijacitor
10° e Inductor &
diode _ Photodiode Transformer
108 ‘_ZenerDlode (g | Relays
erE" _ OR Amp
- ASFET. o Swi
10 ‘ LED Cafiparator Grout Beard
Broagl ; Vdltage Regulator
106 H—Gyeta Photc.JtranS|stor <«—Connectors
Optoisolator A
. v
108 Th\]md‘nr ‘[
CCD AD|D/A
100 le reT M A V.Y ¢ M
oS Laserdiode  rotcel | 1
- Moy iS - emos
T < NMOS
i i BiICMOS
102 Y[ [eevive=SSeTg
10" q
. . Electromechanical
o Discrete Component Optoelectronics IC Component
B 3 =
a9 42, AARF] HAN 54
1.05 —H— FoZEAM
—o— AMectd=2d A
1 -i- zsadx
- —— gret@UA
10071 % -4~ 2Led
™ = N
EA
0.95 | §
©
Carbon S
—*— Metal g
—A- Cement 8 T
O'QO—WW—H""'I—""mnv—I—rrmn—rrmm—rrmvr 0.1 I
100 108 108
Exposure (rad) 104 105 108
- Exposure(rad)
pSh=l HIHAIH
1.05 _ s
ﬁjﬂﬁﬂﬁf&l .
| L) = s 5]
1.00 o
I 4
G
0.9 i °]
.95 ©
2 2
3
£
0.90 . : 0 T
108 108 100 10" 102 10°  10* 105 108
Exposure (rad) Exposure (rad)
TTL(7400) CMOS(MC4001)
H it
a9 430 AARES AN 2ARA 3}
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a9 4. ZE G3AA
T 20, GEaAe WA 5437}
SOLID STATE DEVICE TUBE TYPE
Effect
CPD MOS QD VIDICON | NEWVICON | CHALNICON
Exposure Rate
Effects
1.9x10 15%10 10-1000 3x1(f :
(1) Out of order 1x10° Rhr | 1x10° Rhhr
Rhr R/hr R/hr R/hr
o SNOW
(2) Phenomenon | breakdown | whitening ,
noise
1.9x10" 1.6x10" 34x10" 3x1( . ]
(3) Breakdown 1x10° Rhr | 1x10° R/
Rhr Rhr Rhr R/hr
Exposure Effect
(1) Out of order |  45<10°R | 60x10°R | 60x10'R| 2<10°R 10° R 10° R
(2) Breakdown LIXI0R | 15<10'R | 23<10'R| 2xI0°R 10° R 10° R
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E 21 AAES WAA 54
_ HFAL A 2 B
S E °(rad) ° g2t g
Resistor 10° resistance
. 4 10| capacitance, breakdown voltage, dielectric loss, leakage
Capacitor 10°~10
current
Inductor 10~10% inductance
Diode 10 breakdown voltage, leakage current, forward voltage drop
Zener diode 10 zener voltage, leakage current, forward voltage drop
Discrete Bivolar TR 10°~10° gain, leakage current, breakdown voltage, saturation
Component b voltage
MOSFET 10° threshold voltage, breakdown voltage, gain, leakage
current
JFET 10° leakage current, gain
GaAsFET 10 pinch-off voltage, leakage current
Thyristor 10° trigger voltage, holding current, leakage current
Crystal 10° oscillation frequency
LED 10°~10° brightness
Photodiode 10° responsivity, dark current
Opto- Phototransistor | 10°~10° responsivity, gain, leakage current
electronics Optoisolator 10°~10° responsivity, gain/output signal level, leakage current
Photocell 10° efficiency
CCD 10"~10° charge transfer efficiency, dark current, flatband voltage
Laser diode 107~10° output power
OP AMP 10°~10° open loop gain, input offset voltage, input currents,
supply current
Comparator 10°~10° input offset voltage, input currents, supply current
Voltage 5 8 . .
~ output voltage, current capability, quiescent curren
ot 10°~10 tput volt t bilit, t t
regulator
, ~ reshold voltage, calibration dri
c D/A, A/D 10'~10° threshold volt. libration drift
Bipolar IC gain, input currents, various others
Microprocessor 4X10° all operating parameters
Memory IC 10°~10" integrity of stored data, X & % z}uleln] g
CMOS 10° threshold voltage, X & % z}u}e}n] g
NMOS 10° threshold voltage, 2= % %3} 2}v] g
BiCMOS 10° 2E 54 vy
Connectors 10° contact resistance, insulation between terminals
Transformer 10° transforming ratio, isolation
Electro- Relays 10° insulation between terminals, solenoid operation
mechanical Switches 107 insulation between terminals, mechanical integrity,
components ) constant resistance
Circuit board 10 mechanical integrity, insulating properties

Optical fibres

optical transmission characteristics, mechanical integrity

2. CCD 7hvleke] WAAS

]

d 44

He x| 7)< Wd I g Eo] CCTV 7hvlgr Al2~=d CCD7F @o] Ag%
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o CCD WA el AAvebs 29, A%, A7 FH g HA AFH P9
AdetE B A Atk dw Adeo wol AHgEE CCD A
of e 19 459 2.

< . Sync Signal
<+<—1 V Driver Timing Generator Generator
CCD
Image Modulation
Sensor CBrTmaL'! H ch Chroma 1HCCD
clay Line x Delay Line x3
‘ {1
y
Sample and Hold Matrix Process Encoder
Y
A
Y 1H CCD
Delay Line
Video
Output

238 45. CCD Zhvghe] A%

CCD 7hHlet 3=& F4ste T3S A, 7PAAY, 24, gdd 2~ o
o] 2=, CCD, Driver, CDS/AGC IC, 7%, EAX~H Go|t} W &2 W
AP B S B4 skal o5 EW®E CCD 7hHeke |t AbE 7
Ae AR B2 S

1%
‘E
=2
x
Lo
>

7F. CCD 7hellehe] WA AR 9

AR A A 35000 Cie] Co—60 DA AJEE o] &3] Mg
2x10" rad/hr (A Qo2 HE ] AgE 128cm= )& AASI] 2487 ZAAIA
F FAAF] 4x10" rad A A 7F 2 wi7hA shvlEd Gk wEE @
skl 1 46 CCD 7hllete] WA Z2=AF A9 WS HoleEn, A3
He Ao 2R 128 cm®] ZElol JHHlEE i WAl AHE 94
oA Fhulel 2lze] 3 2 AEHS st Aol ASE ghvEe A

o]
= i

ot
=

BW-2301ED &% CCD 74 && AFE3t). Agel] A8H 719
223} 2},
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oo o HEET

19 46. CCD 7hvllete] WAapd A A3

AR A Aol ARSE ThH ke 54

T i)
AL DC 12V £10%
L R 3.5W
EIREAV 1/3% Interline Transfer CCD, 277 3}4
AW A % 49 mm x 724 3.7 mm
5718 R
Tasta 9 512, T2 492
TFAL2 2:1 Interlace
TFA I T 15734 KHz, <% 59.94 Hz
SR N == 1 Vpp (EIA ¥+44)
=9 dydx 7o =3
AN = 43 380 TV
X A EE 15 LUX (F1.2 &= ALg-3sk u))
H A T ARA 0.08 LUX (F1.2 sl= Alg3g o)
Rt R w7
S/N 50dB (AGC offA]) o]4+
Electronic shutter 1/60 - 1/100,000
Lens Mount C/CS-Mount
A RS -10 . C - 50, C

= >~
4 THEE

30% - 90%

2l size

50(W) X 50(H) X 125(L)

o

0.2 kg (Lens #9])
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22 240 UEVF =555 AT Fopdth

Xy, = ik @)
gebd, 257t 5 gade AR Asgend A FAE 2L 5 9
svlet AAe 208 29 5 A ek E 4% 4D AVe RHE 9

BaEl a2 FAE AUAER AL Aafolrt b2 oA o] Zupidel] sl
M=z A e FAE ghelAI M, 2 oy A o] Zubdel disiA = Apu Al ]
A7 FAAXT. AMeV el ZvpdolA A& A7 7HE Aol A FA= 7t
g FAGAY, ARk oz 1~15MeV olux e WAMAS aEste AHTFAE
Artsk= Aol Fot

324 AR A7) A S S Bawl A A
. 25 F7 (cm)
1MeV 1.5MeV 4MeV
1/2 0.55 0.72 0.90
1/4 1.10 1.45 1.80
1/8 1.65 2.17 2.69
1/10 1.82 2.40 2.98
1/16 2.20 2.89 3.59
1/20 2.37 3.12 3.88
1/32 2.75 3.61 4.49
1/64 3.29 4.34 5.39
1/100 3.65 4.80 5.97

Aete] AsE WA FHE AAG B ohid 9Y YHEZA P
A2E delres 4ue s Bk gAY R 445D B 7

57 YslAE 19 549 o] Fhulel A=) ulgE ko] FhdlEl A =

NET OE HE WFoz Fol TN &£ Yt FNe wEC ek agn
155 WA 2N E Agstel #% ARE AZom F o Aols wEel sve
o AuelA o B WolEY F QA WELL He WAPS B B Az}
el A=E Ba A GAAMe] EdekA B, AN wAES Tl
Foma A Wiel Qi Al 9 M4 g Aok

,’74,



window prism

0----4---f CCD camera

Pb

a7 54, ool o)@ Fulerel upgALsl A

woQAol A AR Awsh Wl Al UeE o] g3t WAL Bl
AR 5 Ak AAsar A 2 e $59 942 488
SRR sgon, 9helA shiete] 2ol AsAEE Stk $53 AAE
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radiation safety

area area
ccD Monitor
camera
Motorized Lens
lens controller
Shigld & Power
Mirror
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NTSC (Zg})

AR12V), A= Ao A

= Ra ot
=H H] t] 2 (75%)
715 = A Ao 7t

¥ 26, AHEE Fhulete) 2

Scanning area

SR &
Signal system NTSC
CCD pickup element IT 1/3” CCD
Effective pixels 768X494

6.0X4.96 mm

Scanning frequency

H : 15743kHz, V : 59.94Hz

Sync system

Internal

Video output

Composite video signal

Video S/N ratio 50 dB
Hor. resolution 470 TV lines
0.8 lux

Minimum illumination

White balance

ATW/AWC selectable

Auto electronic shutter

ON/OFF selectable

AGC

ON/OFF selectable

,’7’77
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T B VI
focal length 6-60 mm
Maximum aperture F=1:16.(wide) — 1:2.6(tele)
Image size 4.8X3.6
Iris range F1.6-F22, close
Mount CS Moung

Filter size

135.5mm P=0.5mm

Angular field of view

Tele 4.6X3.5,Wide 43.7X33

Minimum object distance 1.2 m
Weight 210 g
dimension 71X52X66 mm

focus control

H+

6~12V DC typ. 195mA, approx. 5 sec

zoom control

H+

6~12V DC typ. 195mA, approx. 5 sec

ambient operating temperature

-10 ~50C
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1. CCD Technology (R.].Electrionics)
« QI =4 ! http//www.rj—electronics.com/radiatio.htm
* 10656 Oak Drive SE Salem, OR 97306
* Tel : 503-362-4733
« Fax @ 503-362-4754

2. CID Technology

« QIEYl 4 : http://www.cidtec.com/
2> 1 101 Commerce Blvd. Liverpool, N.Y.13088
el : (315)451-9410
x @ (315)-451-9421

3. MegaRad Cam

QlE|Yl F4 : http://www.emco.net/hazard.html
34~ : EMCO InterTest Inc. 27-1 Ironia Road Flanders, NJ 07836
Tel @ (973)927-2900
x 1 (973)927-8004

» S HE A
« AAY  FEdA Yol
tel : 02-3401-7302/3
. fax 1 02-3401-4998

* e-mail : heo0Ol@users.unital.co.kr

4. IST-REES
o SlHYl 4 : http//www.istcorp.com/visuali.htm
» =l FA  (FHIAED
« tel : (02)518-4561, 544-6427
« fax @ (02)518-4560, 549-0139

 e-mail . setra@unitel.co.kr
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5. AEA Technology
« QE Ul F24 ! http//www.aeat.co.uk/corporate/products/prodcat
/ts3.htm
* e-mail : john.asquith@aeat.co.uk
» =] #H A : AEA Technology plc
* tel : 02-3453-3144
« fax @ 02-3453-9772

* e-mail: aeaseoul@bora.dacom.co.kr, jeeyoung.kim@aeat.co.uk

6. Industrial Video Systems, Inc.

B4l F2 ¢ httpr//www.industrialvideo.com/nuclear.htm

4~ P.O.Box 6083, 11182 Hopson Road, Ashland, Virginia 23005
« Tel : (804)798-0557

« Fax : (804)798-6427

e

=4

7. Bowtech
o QJAEUl T4 ! http://www.bowtech.co.uk
* e-mail : bowtech@bowtech.co.uk
« F2 : Rovtech Systems Ltd
98 Church Street Barrow-in-Furness Cumbria LA14 2H]
o Tel @ +44 1224-772345
« Fax @ +44 1224-772900

e mobile tel : Fxxrskarx

8. RSL(Rovtech Systems Ltd.)
« 2y
« F4 : Rovtech Systems Ltd
98 Church Street Barrow—-in-Furness Cumbria LA14 2HJ
« Tel : +44 (0)1229-822121
« Fax : +44 (0)1229-870208

d =4 hitp//www.furness.co.uk/rs/tubecam.htm
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9. Scarab II

4 ¢ http://www.rovtech.com/robot1.html

. QEHY F
e 4 : R.O.V. Technologies, Inc., Franklin Road, Vernon VT 05354

* Tel : 802-254-9353
» Fax @ 802-254-9354

10. QI Nuclear TV camera

o ClEJYl F4& : http//www.gi-inc.com/nuclear.htm
» WA : Dooin International Corporation

* Tel : 02-474-0964
» Fax : 02-474-0965
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