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# 5270335321 : MAJOR NUCLEAR TECHNOLOGY

KEYWORDS : POSITION SENSITIVE DETECTOR / SCINTILLATION DETECTOR / FLEXIBLE

SCINTILLATION DETECTOR / LIQUID SCINTILLATOR / OPTICAL LIGHT GUIDE
THITI RUNGSEESUMRAN : DEVELOPMENT OF A FLEXIBLE POSITION SENSITIVE
DETECTOR USING LIQUID SCINTILLATOR. ADVISOR : ASST. PROF. SUVIT
PUNNACHAIYA, CO-ADVISOR : DECHO TONG-ARAM, 84 pp.

A flexible liquid organic scintillating filled position sensitive detector for gamma ray
detection was developed. The 5 mm diameter and 550 mm length liquid optical light guide
filled with OptiPhase Hisafe-2 cocktail was applied as a flexible liquid scintillator tube.
Each end of the scintillator tube was coupled with 2 inches diameter photocathode of the 2
equivalent characteristic Photomultiplier tubes (PMTs). The scintillated light from both ends
of scintillator tube were transmitted via the designed liquid light guide coupler for light
dispersion on coverage photosensitive area of the PMTs. Beside, the signal-division
system was also developed to analyze the position of incidence radiation along the
scintillation tube.

The performance test of the developed flexible liquid organic scintillating filled
position sensitive detector in operation with the signal-division system using Sr-90/Y-90
beta source (0.55 MeV/2.28 MeV) and Cs-137 gamma source (0.662 MeV) showed that the
detector could response both beta and gamma radiations. Cladding the outside wall of
scintillator tube with 48 um thickness aluminum foil could 31.03% increase the gamma
detection efficiency. The measured gamma counting efficiency was 5.98x10°%. The
testing of position detection using 5 mm diameter collimated beam of beta and 3 mm
diameter collimated beam of gamma sources incidented along the curve shape of
scintillation tube gave the position resolution of 13.50 cm and 26.60 cm (FWHM),

respectively. The results revealed that the beta position resolution was better than gamma.

Department : Nuclear Engineering Student’s Signature
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NN 2.7 WNUNINNS TS A%9AINAD AYIATULAILLILINGIALA A [7]

NIABNEIUNIIABLAUDIANNLNIARLIAY (Spectral response) TBINABATIIAN
waINaseun leandRareddnslsznaud M duninualng 1@wn Cs-Te, Cs-Sb, GaAsCs,
Bialkali WA Multialkali TeiUse@nTnmAeusin (Quantum efficiency) TugnuANNeNIARL

naesnaiulyl sadunsniansinunauauadnNaInAauLasas i inLa e lunni 2.8

NN 2.8 tiURaLANaIANNENIARLLAITa IN T LA TN ALARZITA [8]
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TaseaFenasdouriifsunudianasauaasaaaninmuas  Anseanuunlugiiuuy
FN97) 1 4 UL 1eun WU venetian blind, box & grid, focused linear WAz circular grid A4
Tasaaislunndt 2.9 AnuuAnsaeslassaisludunitBundidnnseuiinasanisan
NANITLNIUTIIEUNNLIAN  waziaanlunisusN i idnasauiaRaadasiungn
ey (Rise time) wesdtyaunns lunstlaeanasnnigaulasiuy focused linear T an

% a o =
aaNuULIHNAINITILIINBLANATAUANEN 2 — 3 ns

N7 2.9 Tr99a51920989UNAUTHNUBLAN ATRULLILIANG 2R9MABANIADILES [7]

ARINVYNEUDINAAANIADUASTUTLININIABIANATEN  NANTNAMNANANAUS
we331uulalun  usssuliinludauazlsz@ninmanilasaaine anaaznaalilumanen

fnT12e8BIaNMAT2U (Electron gain, G) [7] A4lUaNNIN 2.2

G =f(@On (2.2)

A o a
e G = aATIUUHDANATIU

v

f = 132ANENIMN1979U39 (Collection coefficient) IaeialdTANtiasndn 100%

g = dudsz@nanisanelandiannsauszuinglalualaesialuiaA ey 100%

a

0 = dutlsz@vansilaasfidnasauyFeni

n = anuiulalus

a a

Anvasduisz@nanisilsesdidnarawniand (0) whsuulaslimuafinaesiand

U 9

Mlalum Wy neeinlalunniann CsSb AuduRusuasnsanulniisesndnalalus (V) Aen

O=02v" = 0.025V
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nuulaluauardanfinresmwas AN AMUUAIALABAARBITLNIATFIUTBNTI VRSN

wazgunaenn i 1Hud avaentiln 12 21, 14 21 (Heuldunngn), waz 20 21, 219
2.2 N2 IUANTUATBILUAT

viaruastiaresmad uglnsaldeuuasuuunuman Aeauauesnuiduas

% Py prp o " = P Y
1ige nelusssadteaeanainigniants lunisdenuuash wasinisannaunnuiduuas
PHAMNENNARLENY UV Hoanin N1adeninuuatenAunannisasieundununaesiaann

AuNIegLanemng

2.2.1 NNIALTAUNALNNATAIUAY

c ’ Y a a dl dl 3
@Wﬂﬂ{]‘ﬂ‘ﬂ\‘]’&Lu@@ (Snell's  law) VL@@ﬁU’]EW]ﬂVI’Nﬂ’]?Lﬂ@@HVI?I‘ﬂQLL@ﬂsLuﬁ]"mﬂ'\\‘l’&ﬂ\‘l

TRANNAT TN AU MIMANTAAN  TraANANRUS NI NANNIENLLATHN

v 1

FnaLa iU RN IIaIfInaaiaastnalullnnuaun1 2.3 [9]

n,sin@, = n,sin®, (2.3)
dl o A o o dl
e n, = ATERNAT0IFAINANTILANANNIENL
n, = ATUINIBAIAINANNTALAIINIURY

HumNN?enU (Incident angle)

0,
0,= NN (Reflected angle)

/ Retractsc "
g, A TAY :—-». Bz =G0
i

: Totl intemal
raflection

n. NanmUES 2. YNINOFLAS A. NATTiRUNAUUNA
NN 2.10 LAAINNIFNIULAZNNIAST AUNALNNATBILES

Tun il 2.10 WauahunNaInsanawidadaiinmann (n,) hlgsanansndan
o a o v b b4 o o/ a o Y a o
prdvnmten (n,) fliuasnnnsenuinyuiudulnfasyinliifiayuinueeuasiuuann

andung (fagl n) wedudaulasuyuussannsznuawinliyuinmdAvinduys 90

a9fn azifiayuanga (Critical Angle, 0,.) (fegd) 1) uaz dyuannsznuinndIyNIngm Az

a v 4

= 1 = = ! 4 [ . .
Wansasiaunie luinesaenafen Fand1 N9dasiaunaunue (Total internal reflection)

o

(fagd A) TaenismAtysIngaainisnAanldaInannis 2.3 dsngnisiasvieunau
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wnatigninanldlunisdeinuuasluratiuasuazidulaaatlin (Optical fiber) Aswanslu

AW 2.1

AINT 2.11 ATLAUNIIBILES MTID LN LAY [1]

2.2.2 1n798519999M 810 L A9TRAT9LA7 [10]

vietuastiaresmaniuviotiuainisnigs  eanuuulineUaNeIANENIAAY

=

LLma’ﬂuﬂf’mm‘@ummmLLmﬁmﬁ‘ﬂq‘E@L@m (UV) @uﬁ\mmﬁmmuﬁu (VIS) CREY
Uszananmgdlumedauasiinifiaanaiafesisd  vierusaiasenasilnsaiescly
A 2,12 Usznausaadausge asielalid

1) wyKAaEan1 (Fused silica) FaviTitlntanete 2 duaeaeietleetislaly
gaawaaneluvies maeenun uasiuthfiinuaadnuazeanainviatiugs

2) i PVC 1999284 MAtULAY vt fidesinuuadaendnnisasiaunsanielu

3) TRAUNAFINANTIN LA TVt RN UL AN dumie T daan vl

1 a

4) vieagiitanuuLgaveu nuiiiuviaind latianaalss (PVC) dnuluivatlasiu

U

ANFINND AL AN LTI UDIVIB 1IN WA

AT 2.12 TAMNEF 19999 U LA TRAT DI LAAN



15

1 |
a 1

NOUAITLATAIUNAT  ANN1TDALAUAILAI DA WU UANNENIARLE UV

Fawst 250 WM (nm)  TUANDNENBANNENIARLLAINANNAIITN  AaLAANALLNATY

L o & = = o L = A oo

AAUALAILUAINUDALAI AT 213 BUUNILTUNNTA9HNLLAY FR9 N ANTTR959A
, = \ o X a % A = a

agslsfimuviatuasaamasiiazians linuilszanns 3 1 ilasarnnisgadinaandiauann

ussenAgn e lusianasaesnaianisannanaNdinuatudan lalawan

Nt 2.13 wefidusideinuasaemietiuasusazainlutiuanenonduse (1]
2.3 MIRLTAISFULUYIaaay [6]

a a oA v a a a A % dl 1 ¥ o o [« 9
Ansaunadiasfadsianaannvzaniannannlilude 2.1.2 a1urntiu i lugy
161709598 (Scintillation fiber) HANENLATRUUIAKA A N170deeulsznnewaaldidlng

FnANNNTRZTIaUNAUNNATadLasnfe luLnuNae  asAdsznauinldaaaduleFeaesed

] dl vdd‘

afatazilsynausanunany fadludounnidunsnaeniusadanannsenunalfifaungsas

d? ! A % o o dld o dl dl 1’/ ] ;IJ o
UL LL@&@QU%@QLﬂ@@ﬂHNLLﬂu NRINTAANNAMNLN ASIUAINA 2.14 TIedasa1iazni

q

1
oA

o o g A Ao A o & o A A
"\qﬂQ@@VITﬂ?\‘]LL’&ﬂ IWEV]LLﬂuﬂ@qQ'ﬂzN@Tuﬂ’]ﬁ‘ﬂﬂLVﬂ@\‘]LL@\‘]Q\‘]ﬂQ'}WLﬂ@@ﬂHN LLANLTRNN

a 3 a 4ﬂ| dl @ a v A ¢4 % all 1 a tﬂl
mmmummmmuﬂm\wm@@uwiﬂmmmulwnmLﬂ@fﬂﬂwumfmummamwmﬂqm bHB

3 3

o 9 p " e = P o @ o o o P
u']L@'lﬂﬂllﬁlL‘ﬁ@Nm@ﬂ‘]_lu@@ﬁV]rJ@MLL@\?qzﬂtﬁ?Q@?’]\‘]LﬂuuqqW?Q@LLUUW@@@LL

Radiation

Cladding —_ """

Scintillator \\;( \/

\

I~ o & A = Py °
DN 2.14 ATWARTINNUARINITARRRNTRLATas luviaLdulatnLas (6]
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2.3.1 Wule SR uULUNUNANARNLAZLN LI BLIAY
AulauuuununaananansGesiadetiananaintiu nsuanidugineesinge
& A @ v ) = o o ~ ~ o Ao
naaNseuanuaznNAman sy doauninaziununansininaindaninaales (Faiinm
WaY, n = 1.58) wWaNAUANIBWYIHEeINE  dduilaentuinaznanain  Polymethyl-
methyacrylate (n = 1.49) 179 Fluorinated polymetacrylate (n = 1.42)
Tnavioli&urnguanavasaduleGesfduuuununaiainaslawnsaus  1/10

Jaawpsldaudelinfanwns daviudulaFaefadnuunnunatgaAnAddunf Ausnana

a

WWALAN BFTINIINALAIFDIATANAIANEANIELEINIIEN TOUNATINYW TIHANUANIAN
=2 1 a o a a oA o a % = v a a
nstiannzsznsnaluianaresnaainiuluianaresansdursdteeed  ulaizesivaain
waraAnazliuaaizeaneg lugnuuasdin(u uaziAinsaanasaresuadzesaglutnm 2 -
4 w1 AU
A o al a tdl a ! a IS a a oA o a
EulaGealAuuuununaiafninananacunan 2 Tin aria1sauatisadig
nsvanadouuLmyisng Tugiaesuds warlunsaindesnislinald (Yield) nisiiauasizas

o

= a a a oA dd‘d Y v QI ¥ ! 13 = o a
geamazinisiinansauvrdFaeiantandnduganndily - douduloFeeed@uuuuny

i
=

a a ' a 2 = a o = ~ 2 =
WaraRNINARANdauNan 3 alatl aziinaEnasUiuANepduasFedll Geans
fuaruempduuaiiaziiluluanasesansdunsdisesid  NlAuanTRlUNIgANALLAY
= a v 1 =l a Qd‘d tﬂl dl 1 a dl
Felgund  wdiazantlaesuaazeRu)RntANeIAAULAIININNINANSENNT 39

[ dl da/ ] o :J/ A o 1 A o A
nsdiumnuenaadusaIiaraaantioyinisfuiuasFesudvesaesdulo Faeid

Eulaviauiaussaansizesisdatinassuvadivaniluunutiy  axindnnismineu
1 = v o 1 A o A a ! A o a = ! =
iuReaiuiudule FasAuuuuNUNaNaRn uasNanINIINALAIEeNgINd Hevezioa
TuN198a AN 289LAITeTY LasHANTTNLAINANAEMN BRI A TRaNd e WE
AuduleGesfduuunaiann anviedaldnsnisgadauasnisn (10° winsanisinm 1
o a qv 9 - P A & 9/ PR
AT uazaNsonanlnduinuaudnasteielsuadnadlite 20 lulaswens Tnand
AYTNENIDN 3 INAT
TuunafuduloFecisdniaasatn  famnsniandnglieldnanadnsnizive
Uszgndldluausine danini 2,15 uaznand 2.16 tnadulauuuviauioainnsnnaennii

Antulugdalednandn
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9

A 2.15 ansaezaeadule Feefdununen Niszneuiuuwuy double-layer ribbon [6]

capifanies
innar @ 20 um
outsr @ 23 um

TLLONXEL
LA
TOLTLLY

TXTIXXXL

YO0

~ 700 pm
single multi

A 2.16 Anmauzaaadula e daiarianiana kN U NI AN [6]

o al

2.3.2 iulainiEzeased

Y v A o a :J/ [~ =l o al v a 1 o aa o o a

@ leAnizeasiadiulunisnanansaaasadnFauiAnansnasunsiae iU aelu
X o o § v v - A Py =
wWaudn amnsovinREweaudnansidanasléans 10 lulaswes IagilsAainnisgeoyide-
sr@ninnlunisliugaBes wilaeauiudulaFaanasuuunanannuan 1EuwialeEeq
o a ~ a a ¥ P A o a = o D A Y .o
FaRazdiszAnin nlunisliuacdee way EmIINITNALANEANAINGN aniasatlsvaziogan
Tun12288781FR9LA9Ea9N 19151108 50 — 80 W T1AWNY Tudiuaaadulaniiriannnan
a13 “Li 1w azdesyndldlwanunmadneyniationsen daudnmnansnziovzenynasldly
N9 PSRN UTaLANN

WulaufaGaefi@iuaunmihunvaenlildneousduwls  videuduawalun)ld
wsag lipuaniFlunstiuasusnsnglyd  WeamauiunisindunialaGesie@auinan

wdpganuiuiEud i us e ndeed  Dauddiasiauadurugudnanass

WINAUARIN
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2.3.3 dnd11n193uUaY (Light capture fraction) [6]
WulaFaedadlaeinll  azlanwaicaasiuivindailunanan  anawin - 2.17
- o = = ~ ]y &
WReuaudneznnedaunranasizay Aneluduladasuuy Teswuunsnitlunig
4 A L Y A A a a4 X A a o
PAUNVBILALLL  “Meridional rays” Na19ABLNBLNALAERsIUALTN LNl

1
a

LASFRNAZLARDUTHNUANNAINTBILNY WEdNATNuNIaERiauN A EATILATiRNY

AN 2.17 ANHELENITLARDUNLRILAILLL “Meridional rays”kasuil “Skew rays” [6]

AINNPNITAREUTTRINAY  ATNIIDTUANNTAMTUINARAIUIBIUAINNILAN

waRANIaAEaiuiunsdsiaunie ludule (F) luiuy Meridional rays 1o [6]

1 n
F=—|1-—1| )
2( ”oj 24

Toeid n, uay n, Wussiinmuasesinunansuazilaaniuanuansu dmiuuuui

\ , a4 X N . " v
ABILLIL “Skew rays” wadFesauintuarldinaounuuAudnanusinaaulndreuva

a

o § v a o4 A @ = o« 1 o = v Yy
MM AAANTIARa LN TULLIN LI LR AN AL I U UL LN TRVIAUN AN sﬁﬂ'ﬂ%gﬂ@‘]_lvl,ﬁ

ij/ a ! o o :j/ A a a K a Y o tﬂl dl a
MNANNANINNINY ﬂ\‘quLL@ﬂLi"ﬂ\‘mLﬂﬂ‘ﬁuu@mmtﬂ@ﬂu‘ﬂ@uLLﬂuﬁlzLﬂZ‘]'ﬂuVIELugﬂLLT_IT_ILﬂZ‘]?;l']

o

panANenfreduleiiuas  mangeudtasiidndonuaieaignaulusananeganin

u

waziuu i Audnuasdeinuazgnasnauaslletiamin

%

2.3.4 ualAn1T N ARSI LATNNTN T AN LA
tladefiinasenalanisiiaugadas (Light vield) annduleFeefad@sianangasn
20amaq uazuintiulanannlludadnediu ansen 2.1 wansualdaesianuneaiinh iy
5 A oo = o o X o Ao , o | a
wnudulazessed Tanalduaizeasiliurasaynianddnsdan dE/dx 61 W Blanmsau

witiifluann1Auiin iy recoil nuclei ua liuadiTasazaAndnil dmFuansesiadnialuag
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'
= o

aAa X ! a oA A ) o
V]Lﬂﬂmu@zgﬂﬂ@ﬂﬂﬂﬂﬂﬂqiunﬂmPW]'NLL[?]"VJNLWﬂQUWQ@Qu%Qﬂ@UlﬂHMQﬂ@qﬂqqﬂﬂq?
4l

*a1nTe g le

A1379% 2.1 pa bsrediadizasannidulaFessa@naunu Nal(Tl) [6]

Core material Photon/keV Apeak (NM)
Glass scintillator 35 400
Plasstic scintillator 8-10 420
Liquid scintillator 11-13 420
For comparison:

Nal(TI) 38 415

Typical light yield for fiber scintillators (for low dE/dx particles, in all
directions, will be reduced by light capture fraction).

Aruduteuasdasiinszangldmuaniuenraaduls azgnanameuanuanszny
nanelsenng 1u

1) ﬂmuimumajﬂmmr;imwdw,muﬁuLﬂﬁﬂﬂﬁu%‘am@wmumsmﬁfaumﬂlu
leuaa

2) LLmﬁ@qmqmum@gﬂ@mﬂﬁwgq fasannnisfauiuiufienuenapiulases
LmULLmﬂamﬂ@'@ﬂLL@:Lmumi@mﬂﬁuummﬂmﬁmz’mh

3) aldasinanezesprumnuunnsluinuenainiAanianazidmecuasdes

HansEnUAINnIzUunnsaananiatlduladenans  neliiAndinisaaneuny
ML (Attenuation length, L) flanialunisaaneuugsmnuanuenaifusasdiuag |
Wupnauduresuaefiszoznie x anqannfiauasieslufngns  poraduredusssy

= o e o dl
ANNEND ATNANHTUTAAAIULLLANT LWLURTRaAIaNNIIN 2.5 (6]

x_ et (2.5)
]0

1 1
A v

dl A U dl = 1 o i

e 1, AEANNITNLAITIAAENFULAY L AR AMNNIAANEULANAINANENY TaevialilAn L
= | | a a =3

194U leTauaaz et IWTNALITURLN AT UINIA LIRS

auifindngAnssinisaaneueduassesn e ludulenss  aziinisanasludnene

o o

= I < A o - ~
Lﬂﬂ"ﬁw MULLTER  LBIRENALURRAN ﬁmﬂ?gﬂqﬁﬂuﬂwqgﬂ N@I‘Vm']?@ ANDUUDN LLAN LT LLI BN LU

q

| a A dl = 1 zj/ tdl = % A 901
A nANLTIUATe  AB N@?J@Qﬂ’)’mﬁﬂ@ﬂ@uu@ﬂLﬁ‘ﬂﬂﬁl’]u@uW@‘ZﬁJLLMQIMNIMT]’]?QT’]@W’]@WT]’]

| ~ o di o ~
NINNIAIFTAIAMNENARUENUAAULND ASUARSLUNINT 2.18
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B | F
S5¢m

ETL. 4
5
> 6 i
g
3 5r .
5
> 4t .
G
23 -
o
= 2t ]
(.
I
o ir 1
3 /

0 LAY 1 L

400 450 500 550

WAVELENGTH (nm)

dl [ A dl ! 1 9 = o dd‘ ] o
NN 2.18 aldnafuaesiasirasngednudul e f@anAuenasneiy (6]

AT 2.19 ¥dnEessaduuuriadat (n) alade lWiuesizesid [12]
(1) TRARNAFFDIFR a9 [13]

Tunni 2.19 uansglinaasindnGesiiduuuviasaunuan denimiad dauun
azldiusruLintio e tin WAILANNIZLAUNITNARNIAGAATUNTTN  NSdniTes
o a A o oA o al . . . . a a = o A
SadatiadnlWiuasizeeiag ( Scintillating fiber bundle detector) LAZTAUALBINATTLIAING
Wiaq (Scintillating fill liquid detector) G]’mi?ﬁm’]umdmﬂﬁmm\iﬁmam [13] Aa1NN199A
BuNusa@sneiindnizesiedrs 2 alla Wrauiiaudu wudnn1mevauessanisIaUTNN
o al o o A o al 1 1 a a =l o a al 1 v o o a a %3 oA
531099 n 39 NAuLLYedeuTiaRNa17Te9NAuaY AN nRAariala lWiuesizes

593 sangnsludunsniFaunayluning 2.20
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Detector Response vs Exposure Rate
100000

=m=Scintillating fill fluid flexible detactor.

=e=3cintillating fiber bundle flaxible detactor.

___---—.
10000

//
/

»*

Detector Count Rate (Hz)

0 0.1 0.2 0.3 0.4 0.5 08 07 0.8 0.9
Exposure Rate (mR/hr)

AR 2.20 &R NI LR UN AN AL NN N AUe9Tindn Fae A nuuyiaaats [13]

2.4 WIALEAISNA LAas LU ULYiaaa Y

1
o o

2 o a a 2 o al aa A % :J/ :J/ A % o ¥ dl
inEesidtindule Feeivduuuniilaeniuvateduiy  wWaenduazyiauii

tastunutasulunnutinRasiaunas waziaaiuisannuas i3 lguinndndulanuulaan

=

NFWREN DY 40 wWafidud Nlatemis 2 FureadulaBeiwasarnisnivaennianuann

e

dl 14 o o dla [ aa A ¥ dl o
@ummﬂmqmmtmmwm{wmmmn@ummmmnmmWi@TWM@ﬂﬂ [6] wazidaun

ERR-

b
o o o A o al zl/ 17 o o ¥ A A
mﬂgqmqﬁﬂﬂ@’]ﬂﬁqq@L?‘ﬂflﬁ‘fl’&‘l’]ﬂ@@ﬂL?IW?%UUQ@@@@QMV’]Q’]NL?JNLL’&\‘IL?@\‘] wrananlunng

NTTANEILAN G‘@QQZ@WNW?GE Lﬂﬁ"]ﬁﬁ&%’]LLﬁliﬂﬁﬁ‘/\iaﬁlﬂﬂizvmﬁﬂﬁJ waenraaldule G‘"ﬂ\ﬁ‘/\?aiﬁ

dgl v o o a ' o I o © 1o Al
241 Wugﬁwu@\‘mmmmiqmamLmu\‘umzizummmmuq@m

[

\NaNa1sunlAseaE9rerindniad lseAuniauuuviega ugin LA 7aeiia
< oA ¥ A 9 X o ! £ v o A . . . . .
wan  avkiiudnilasiaianadnaadaiudeuninresssuudnia@uuy  Liquid  Scintillation

Counter (LSC) lwidauFauiiey na19Ae seuudniaauLL LSC a19309598Inanazgnuse

o

ag/Tuam vial nienAuAuilinfEnfeIn1sdna et ssudnamaeanagniLas ALY

dlvvvdl'l,qn

A o ' P A oo 4 A oA
NN 2.21 slu?.lmgmﬂqqm?\‘]@ m‘ﬂm’]LLVu\‘]LLUUV]@@@NU??Q@’W‘L?@\‘]?\‘]@quuu AMTLTAITIA

wianazgnusqat luvedeuiuaanlaneieassduaesiaazgnisznudaanaeanapninag

U

a o

! ¥ o dd‘ o i’/ 1 o dl !
QAMURAUNIUATIAN G mmmmuu%@qmﬂuaﬂ AALHUAIWIUAWT 2.22  uazludounes

al

srULIRSAGuTLANANITY Ae doutesssuulssunadyninlussuudnieduuy LSC 1

Anyrynuannavasrenedry s nANuAa AN WAgNIINILANAWAE  summing  amplifier
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naw A nduasdedynelldds MCA  Wedimnsiailnaiuieduazianina  LARIMTL

'
a o

sruudnisATHalosiaf e Atyyiauannasastna Ay amanignuinunuaniugos

summing amplifier azgninllmsiudtyginainasasenadunansulagiumii

o o | o

A o o ' o o a o = o =
LW@‘MW@@ﬂqu@fyfy’]msluLLMZqzﬁqum‘ﬂﬂﬁqqﬁﬁ‘\‘]@ﬂ‘ﬂu LL@QQQ@%@Q@@@']MlﬂE\‘] MCA W8

AATZIANLNUTIR LA LRPNEA

A 2.21 LEUNINIELLS AT AUR9LATE9 LSC

v o a Aa

AN 2.22 BEUNINIE LU A TIRUR9 T A5 AT A I Aa AL

LUUVREaULII9941930959A11A0

o o a v o o ! o

2.4.2 wannsiaALUNTIAfAneaaTndadaudy o

o a o o 1% o

22 ULIATNAAUTUNNITAAUMNTE  @aunsnanuunldmiunssuaunisindynn

1 i v a v

AnFTA A ILUIeTA 2 sxu Ae sruLSRFAAReAT 1N (Rise time method) WaY

v a v adle o '

sULnTIAMeREIndndoutlszq (Charge division method) Tuszundnia@soadslsdind

o Y

tuilunisdnnainimnezaneuadizes  nisdngunaniBdnnselindasreudedudeunas

navauasanan lunAunIeesdyI sendnvdanaaesiadniadnduninszauunle

(% 1
o a v a % A

a = X A ] [ % N o o ] | 1 '
UM ANTIATEN mm:umm‘mmmﬁqm@mmuﬂ?mmﬂwqumﬂmwwﬂawﬂwqm
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aaa ]

wiHnzAuNTaaLaniaIAumd N seranstanaaaesindn SanH A uwansgle

o al

deauadoynynns 1 dyynulszqainiindnisdatiaussafinseunmlssq luindnied

=

Bindndauilszq avilseq (Q) Mnnawly

D)

1910 Tunnd 2.23 Wullunwszuudasoe)

o o o

g luindnied muannnsi 2.6 [6]

=Sb.

iniadaziulinialnensaiuAndasu ()
E
=— 0 (2.6)
0 7

1
a o !

ToaniAn W ha Aledswnasnunvnliiiailszg 1 ¢ sessanansusazaiin uaze g

= 1 a s | 1 dl o zl/ a a d? [ [ ] o o
A ANsrqueasaidnmsen (1HuAnAeh) Aedu deunnidssaninsauasidudndquiunasenu
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3.4 N15USENAUSTULIASIR bIADATLAUS
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ANALOG
DEVICES

Monolithic Peak Detector
with Reset-and-Hold Mode

PKDO1

FEATURES
Monolithic Design for Reliability and Low Cost
High Slew Rate: 0.5 V/ps
Low Droop Rate

Ta=25°C: 0.1 mV/ms

Ta = 125°C: 10 mV/ms
Low Zero-Scale Error: 4 mV
Digitally Selected Hold and Reset Modes
Reset to Positive or Negative Voltage Levels
Logic Signals TTL and CMOS Compatible
Uncommitted Comparator On-Chip
Available in Die Form

GENERAL DESCRIPTION

The PKDO1 tracks an analog input signal until a maximum
amplitude is reached. The maximum value is then retained as a
peak voltage on a hold capacitor. Being a menolithic circuit, the
PKDO01 offers significant performance and package density
advantages over hybrid modules and discrete designs without
sacrificing system versatility. The matching characteristics
attained in a monolithic circuit provide inherent advantages
when charge injection and droop rate error reduction are
primary goals.

Innovative design techniques maximize the advantages of mono-
lithic technology. Transconductance (g,,) amplifiers were chosen
over conventional voltage amplifier circuit building blocks. The
g, amplifiers simplify internal frequency compensation, minimize
acquisition time and maximize circuit accuracy. Their outputs
are easily switched by low glitch current steering circuits. The
steered outputs are clamped to reduce charge injection errors
upon entering the hold mode or exiting the reset mode. The inher-
ently low zero-scale error is further reduced by active Zener-Zap
trimming to optimize overall accuracy.

REV. A

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM

+N -IN
o o

$)—0 OUTPUT

RST_DET_OPERATIONAL MODE
PEAK DETECT Cu
PEAK HOLD
RESET SWITCHES SHOWN FOR:
INDETERMINATE RST = “0,” BET = “0"

The output buffer amplifier features an FET input stage to
reduce droop rate error during lengthy peak hold periods. A bias
current cancellation circuit minimizes droop error at high ambi-
ent temperatures,

Through the DET control pin, new peaks may either be detected
or ignored. Detected peaks are presented as positive output
levels. Positive or negative peaks may be detected without
additional active circuits, since Amplifier A can operate as an
inverting or noninverting gain stage.

An uncommitted comparator provides many application opdons.
Status indication and logic shaping/shifting are typical examples.

One Technology Way, P.O. Box 9106, Nerwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 2001
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PKDO1

ABSOLUTE MAXIMUM RATINGS'?
SupplyVoltage . ......ovivi i +18V

Input Voltage Equal to Supply Voltage
Logic and Logic Ground

Voltage .....covvieiiinnnnnnn, Equal to Supply Voltage
Output Short-Circuit Duration .......... ... Indefinite
Amplifier A or B Differential Input Voltage . L., 224V

Comparator Differential Input Voltage ............. 124V
Comparator Output Voltage

..................... Equal to Positive Supply Voltage
Hold Capacitor ShOl’t-Cll‘Cult Duration .. ........ Indefinite
Lead Temperature (Scldering, 60sec) ............. 300°C
Storage Temperature Range

PKDO1AY, PKDO1EY, PKDOIFY ..... -65°C to +150°C

PKDO1EP, PKDOIFP ............... —65°C to +125°C
Operating Temperature Range

PKDOIAY ...oiiiiiiiiiiiiinnnnns —55°C to +125°C

PKDOLEY, PKDOIFY ........coooints -25°C to +85°C

PKDOQ1EP, PKDOIFP .. 0°C 10 70°C
Junction Temperature ................. —65°C 10 +150°C

NOTES

'Absolute maximum ratings apply to both DICE and packaged parts, unless
otherwise noted.

2Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those listed in the operational
sections of this ification is not implied. E: to absolute maximum rating
conditions for extended periods may affect device reliability.

THERMAL CHARACTERISTICS

Package Type O * B¢ Unit
14-Lead Hermetic DIP (Y) 99 12 °CIW
14-Lead Plastic DIP (P) 76 33 °CIwW

*@ya is specified for worst-case mounting conditions, i.¢., €pa is specified for device
in socket for cerdip and PDIP packages.

CAUTION,

ORDERING GUIDE!
Temperature Package Package

Model Range Description Option
PRDO1AY | -55°C to +85°C Cerdip Q-14
PKDOIEY | —25°C 1o +85°C Cerdip Q-14
PKDOIFY | -25°C to +85°C Cerdip Q-14
PKDO1EP | 0°C to 70°C Plastic DIP N-14
PKDOIFP | 0°Cto 70°C Plastic DIP N-14
NOTES

YBurn-in is available on commercial and industrial temperature range parts in
cerdip, plastic DIP, and TO-can packages.

2For devices processed in total compliance to MIL-STD-883, add /883 after
part number. Consult factory for 883 data sheet.

PIN CONFIGURATION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection. Although
the PKDO 1 features proprietary ESD protection circuitry, permanent damage may occur on devices

subjected to high-energy electrostatic discharges. Therefore,

recommended to avoid performance degradation or loss of functionality.

WARNING!

proper ESD precautions are

i ESD SENSITIVE DEVICE

DICE CHARACTERISTICS
1, RST (RESET CONTROL) 5. INVERTING INPUT (B}
2. Vs 10. COMPARATOR NONINVERTING INPUT
3, QUTPUT 11. COMPARATOR INVERTING INPUT
4. CH (HOLD GAPAGITOR) 12, COMPARATOR OUTPUT
5. INVERTING INPUT (A) 13. LOGIC GROUND
6. NONINVERTING INPUT (4)  14. DET (PEAK DETECT CONTROL)
7. V- A, B (A) NULL
8, NONINVERTING INPUT (B) €,D (8) NULL

DIE

SIZE 0.090 ¢ 0.100 INCH, 9000 SQ, MILS

(2.286 X2.54mm, 5.8 SQ. mm})

FOR ADDITIONAL DICE INFORMATION REFER TO
1986 DATA BOOK, SECTION 2.

4 REV. A
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Figure 12. Burn-In Circuit

Typical Circuit Configurations

INPUT & 0 OUTPUT
INPUT
RESET AGAIN=+1
OUTPUT VOLTAGE B GAIN=+T
L

TIME — 50ps/DIV

T 1000pF

Figure 13. Unity Gain Positive Peak Detector
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10260 L 10k
ATLLS PKDO1
100
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VOLTAGE = +1V B BGAIN=—4 (3
(RESETSTO —4V) Dak’
= 8.2k
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Figure 14. Positive Peak Detector with Gain
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ANALOG
DEVICES

Low Gost
Analog Multiplier

FEATURES

Four-Quadrant Multiplication

Low Cost 8-Lead Package

Complete—No External Components Required
Laser-Trimmed Accuracy and Stability

Total Error Within 2% of FS

Differential High Impedance X and Y Inputs
High Impedance Unity-Gain Summing Input
Laser-Trimmed 10 V Scaling Reference

APPLICATIONS

Multiplication, Division, Squaring
Modulation/Demodulation, Phase Detection
Voltage-Controlled Amplifiers/Attenuators/Filters

PRODUCT DESCRIPTION

The AD633 is a functionally complete, four-quadrant, analog
multiplier. It includes high impedance, differential X and Y
inputs and a high impedance summing input (Z). The low im-
pedance output voltage is a nominal 10 V full scale provided by
a buried Zener. The AD633 is the first product to offer these
features in modestly priced 8-lead plastic DIP and SOIC packages.

The AD633 is laser calibrated to a guaranteed total accuracy of
2% of full scale. Nonlinearity for the ¥-input is typically less
than 0.1% and noise referred to the output is typically less than
100 LUV rms in a 10 Hz to 10 kHz bandwidth. A 1 MHz band-
width, 20 V/us slew rate, and the ability to drive capacitive loads
make the AD633 useful in a wide variety of applications where
simplicity and cost are key concerns.

The AD633’s versatility is not compromised by its simplicity.
The Z-input provides access to the output buffer amplifier,
enabling the user to sum the outputs of two or more multipliers,
increase the multiplier gain, convert the output voltage to a
current, and configure a variety of applications.

The AD633 is available in an 8-lead plastic DIP package (N)
and 8-lead SOIC (R). It is specified to operate over the 0°C to
+70°C commercial temperature range (J Grade) or the 40°Cto
+85°C industrial temperature range (A Grade).

REV.B

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or ather rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

AD633
CONNECTION DIAGRAMS

8-Lead Plastic DIP (N) Package

-/

=

T ®

[T}
®[7]
w[]
w[7]

[+
7w
o
5]

AD633JN/ADE33AN

8-Lead Plastic SOIC (SO-8) Package

"I

YzET:v
wE P>

z[4 .
|: AD633JR/AD633AR
we Ki=Xl(¥a-Ya)
10V
PRODUCT HIGHLIGHTS
1. The AD633 is a complete four-quadrant multiplier offered in
low cost 8-lead plastic packages. The result is a product that
is cost effective and easy to apply.
. No external components or expensive user calibration are
required to apply the AD633,
. Monolithic construction and laser calibration make the de-
vice stable and reliable.
4. High (10 MQ) input resistances make signal source loading
negligible.
5. Power supply voltages can range from £8 Vo £18 V. The

internal scaling voltage is generated by a stable Zener diode;
multiplier accuracy is essentially supply insensitive.

5]
7 x
(6] s
ak

[

[

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/328-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999
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Figure 5. "Bounceless” Frequency Doubler

At @, = 1/CR, the X input leads the input signal by 45° (and is
attenuated by ¥2), and the Y input lags the X input by 45° (and
is also attenuated by V2). Since the X and Y inputs are 90° out of
phase, the response of the circuit will be (satisfying Equation 3):

W = (101—1/)%(5m @+ 450)—%(sinm,,: - 459
_ @IS_ZV) (sinz a),,t) (Equation 4)

which has no dc component. Resistors R1 and R2 are included to
restore the output amplitude to 10 V for an input amplitude of 10 V.

The amplitude of the output is only a weak function of fre-
quency: the output amplitude will be 0.5% too low at @ =
0.9 0,, and ®, = 1.1 @,.

Generating Inverse Functions

Inverse functions of multiplication, such as division and square
rooting, can be implemented by placing a multiplier in the feed-
back loop of an op amp. Figure 6 shows how to implement a
square rooter with the transfer function

W = [<10V)E (Equation 5)

for the condition E<0.

R
10k
E O—WA—d

We o /=10vE

Figure 6. Connections for Square Rooting

+sV
o

o w= —tov-E-
We -tV

Figure 7. Connsctions for Division
Likewise, Figure 7 shows how to implement a divider using a

multiplier in a feedback loop. The transfer function for the
divider is

w = -(10¥) ih

X

(Equation 6)

+15V
0

(X1 ~Xa) (¥4 =Y2) ((m +R2))

OoW= - __* = |[—

L 10v R1 L
1kQ = R1, R2 = 100k

R2

[,

Figure 8. Connections for Variable Scale Factor

Variable Scale Factor

In some instances, it may be desirable to use a scaling voltage
other than 10 V. The connections shown in Figure 8 increase
the gain of the system by the ratio (R1 + R2)/R1. This ratio is
limited to 100 in practical applications. The summing input, S,
may be used to add an additional signal to the output or it may
be grounded.

Current Output

The AD633’s voltage output can be converted to a current
output by the addition of a resistor R between the AD633’s W
and Z pins as shown in Figure 9 below. This arrangement forms

_ 1| X—X2) (ry - ¥a)
°'°'T[ oV ]

1k =R = 100k

Figure 9. Current Output Connections

—4- REV. B
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