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quality Assurance of High-Energy
Linear Accelerator
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UMMARY
R

S
(8 = 2 o 2)

The dosimetirc system for daily and monthly quality assurance (QA) for
Megavoltage Medical Linear accelerators has been devoloped. It consists of an
jonization chamber and an electrometer. The ionization chamber is implemented
by utilizing local-manufactured acrylic plate and home—-made parallel-plate
chambers. It is mounted onto the chamber assembly so that it can be inserted
into the blocking tray holder of the linear accelerator. Therefore, it can
eliminate the time—consuming setup procedure during daily and monthly QA, also
more relaibale data can be achieved. High-voltage for the ionization chamber is
provided by a 6V rechargeable battery, therefore it is possible to connect it to
the electrometer via standard bi-axial cable. The electrometer employs the
advaced technology of the analog-to-digital converters (ADC) and low—-noise
amplifier. The electrometer has RS-232 interface through which all
measurements data are input to computer. The computer control the
electrometer through RS232 port to get data from the ionization chamber. The
data are saved into the computer, so later analyze the data as a part of Quality
Assurance proceudre. This dosimetric system can be called "computerized
dosimetric system”
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1.

7}

Ak A&7 A3

@ ionization chamber?] A}e} ZXE/FA

@ YdFA A& Ao u43

@ ionization chamber®] parallel-plate typed] A7|/7| /At BA
@ chamber assemblydml Z|A2 F&: A¥ 7145712 blocking trayo) Ak}
® high-voltage generator 34 (3 £%)

® phantom material®] 413 /chamber assembly AdA]/A]Z}

@ lab/engineering prototype®] AAl/Z#l /A Z/testing/ B

L AR S8 A

@D =FA4+2] electrometer?] A& 43

@ A & HulY 2Ee

@ low-noise amplifier®] F-Ad (OPA128, ACF2101 ©]-&)
@ 2FAE ADC (D20 bit)e] 3

® LCD (liquid crystal display)®] A A/interface F =2
® RS232 (serial communication)?] interface

@ comuter interface/GIU A

. ABFA system?] A

D 71&8 du/¥E A=Y protocol HE

@ dxe] Ayl Al HE

@ A3 protocol?d] 2}Ad

@ T8 AuldE =¥ wlE system 7+
@D System A A (ion chamber + RF cable + analog lectrometer)
b System B 74 (ion chamber + RF cable + digital electrometer)
€ System C A (ion chamber + electrometer + RS232 + PC)
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H},

MEFA system®] F3A protocol 7
@ X-ray beam®] &3 protocol
@ Electron beam?® &3 protocol

A28
(D SSD=100cm Setup?] &3 protocold] Az}
@ SSD=67. 5cm Setup?] A protocold] A3}

@ Air-ventilated type} Air-tight type ionization chamber®] W]l

@ Analog?} digital type?] electrometer F-4 (2, 8 channel)
® PCE GUIS] AHFME ZHE

LR,
@ 7174 539 A
@ 0.5mm ©]3}e] Z|AY AHHAY 7|

D SSD=100/150cm X! SSD=67.5cm -2l setup®] 7}s3F L2

@ ANY 549 A
@D stability 7R ( <0.2% )
D zero-drift 7§41 ( <20fA )
@ leakage current 741 ( <20fA )
@ Hehy F%7]
@ Az FF7]
@) computerized dosimetric system®] H. /7|4
@b RS232 Communication Protocol
@ User Interface

€ QA-f Database 1=
@ Statistics Tool W Display Function

. EIE 9% pilot type?] system T4

@ hand carry7} £o°]%F A8 inonization chamber assembly
@ 2/8 channel electrometer?] 33

@) Visual c++2] computer languageS ©]-€3} computer interface



24 A77ue] Bo
1. oFs=te] 7t
2. fE=ate] AR R F7t

(7F) =u ol d 20,000 h3=te] Wabd 2 &
(L} == A9, 3000708] cancer center
(Z+z}+e] cancer center+= - 3tvf MAI7I&L7] BH)
(th) YrAHdxE71e] A=dele] ey St
O ZeflA &= 1999 8 B H oA WaAbd of 3 EO0F 2001 2
AP (KBS 84 7 9A] /& EE)
@ oAM= d=1 b FolA AP rEr A=A E
WAz 22l
@ 1998 % n|ZofA THXE7|S LATLOE HAXL ALY
@ = FolAE Xyt 30d ¢ FEHEE PYHLE AT
(e}) WAXRZ17]18] 571
O 2002\dofl= Zufolgt 85712 X Z WAL center o
®@ 1999 = Wofgt 1500702 X Z WA center 3
@ 31712 dosimetric system (20,000 - 40, 000US$)
@ Zu Rridtee] X EART AlZL

3. MBI47)8 AEHE] Dosimetric System (& E& WAIM AF system)

(71) A=Azt et WA dx5717]
@ 4 - 3oMVe] ojm-& MY 7T
@ 4 - 30MVE] YRR Ho|EEEE
® 2 %8 neutron WA AZH|
@ . A2FE 2] High-dose rate (HDR) unit
® =} Marge] 238 2] ®7] (Brachytherapy unit)

(Lh) 1ehe] dE 747 dd B=del (daily 04) Al L] %717

(D Farmer Chamber (100% =<¢1: 3,000US$)
@ Tri-axial Cable & Connector (100% %=.¢: 2,000US$)
3 Electrometer (100% =4): 20, 000-40, 000US$)

(th €d/d Fxdel A] Hagh SX¥7(7]
D Water Phantom (100% =41: 6,000 - 12, 000US$)
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@ Water Scanner (100% =<¢1: 50,000 - 100, 000US$)
@ Film Scanner (100% x<&l: 10,000 - 40, 000US$)
@ Flatness/Symmetry &3 7]7] (100% =¢: 5,000 - 10, 000US$)
® Array detector (100% =<4]: 5,000 - 10, 000US$)
® diode detector (100 =¢1: 2,000 - 3000 US$)

4, {2l Radiation Monitoring System

(7)) WA XBAE FE o5 YA 3L (1005 =¢)
@D GM Counter (2,000US$)
® Survey Meter (2,000US$)
® A olYA] neutron detector (60, 000US$)
@ vlAbA x| F®A FH 2] Radiation Monitoring System (2, 000US$)
® WAFA 2 A A4l 8] Radiation Monitoring System (3, 000US$)

(1h)
(th)

X of

Alol x| F =A}e] Radiation Monitoring System (100% %¢1)
CHAbA 2} 9l 3 2] 31 2}2] Radiation Monitoring System (100% =¢))

38 AR 8

1. WA X828 2oUzA] XAy rt&7]e] A= protocol 7R
(7hH ddA=AE ¢I3 protocol 7
() ¥EA3=TeE 1% protocol Zh

2. WA X8 oux] A¥sLrle] A= E 91T Dosimetric System®] i
(7}) Ionization Chamber 7Nt
(1}) Electrometer?] 7j'i
(t}) Computerized Dosimetric System
(2}) &3 protocol 7

A3 (Varian Linear Accelerator ©]-&)

}) X-ray beam test (4-10MV X-ray &%)
) Electron beam test (6 - 20MeV electron &%)

C2
7}) engineering prototype?] A|2}S 93t ZAIA/ A7 A K
W) gAY A8l userd] QAR 71
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5. Pilot type?] Dosimetric System?| 7j=t
(7}) 2/8 electrometer?] AdA/A 2t
(1}) ionization chamber?} electrometerdml QA3 A Al/A 2
() A systen®] 24 2] A71H BA/uAd B4 &

6. &3}
b B/e wER) =5 uE
W) 2 oa HE 33]¢] 3] demo
)

(
(
(th) sielety] Aw] demo

u
A
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(1) Y=t H Y (KISTEPR] AF- project)

Gh M IIL5712 AU E 25t diodet electrometerS o] -8-31
A x| system?] lab prototype 74 %

@ &3t nF

(2) AHchsta o3zt ARARsH (KISTEP 7 project)
b multichannel?] electrometer Z§¥t
) 8bit ADC2YEY
@ lab prototype U4 &
€ &&3ol= ulF

(3) MEuista AT gAAz 3% oy AFH (674 A project)
b multichannel (5, and 9) electrometer 7|WHE
& multichannel (5, and 9) electrometer 7R
®& upgrade TH|F

L =2 g3t

(1) MEguista HF3a X3F 2+

Van der Graph& ©]-83l Spectrosopic HIT1-5 9|3
(2) N&uidta gzt e 24

health physics®] dzF AU

(3) gtofrfdtal o]z 4R

health physics?] Radon gas%&] Ask&%
(4) KAISTS] BMRC 1%l

A HE5S 98 detector 7Y

rol
[ >
oL
Ay
oX,
=
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) Aguiata 28zt Al 24 AFE (KISTEPY] A+ project)
G ME 4718 A=He]E 28 water phantom?] Zﬂ_}
€ block diagram FE2] 7y X

@& 3 2% electrometer= ¢ F2F

) ofatcisl A BAA I o] E-E T4 ATH
) dF x}HoA diode R ZtEtdl electrometer T (MA} =&F)
@ film scanner 4=

@ Wi ARG 882 b A7
Gh B A Ao]A Jfutgt chamber assembly test $&
© %?': system A2 whEoisti o 3pEe|AL Ao do sl dA]
& £ systemS THETIIH UM ML AN AHAE H8

2 gASY
7t Ak AG7) Ak Al

(1) () LISTEM (- Zo} X-ray)
ob gt WAL 2] energy (X th 140KVp)& radiation detector 7|dE
© CT dectector Zj=

(2) () ¥ X-ray
D) health physics-& survey meter

(GM counter, Proportional counter)

@ detector:= E913}3 electrical system AR

U X g de =AddA (offer )
(1) AREX (FU 2oy x| Zrbd 2] offerdd)
6D n]=e] CNMC, Keithley, NEA}2] #Hd] offer
@ WA AZ7] system?] b3t 23 AYLS Qe
) 71l 47] AT} offer GF FRstL oL} F4ts} FIAYL Qs



2 A =2 ¥
7b FofyA] whaba &3 A

(1) v]=} Keithley, CNMC, NE Technology, Nuclear Associates, Victoreen,
PTW, EG&G, Sun Nuclear Corporation (& #X)
@) Model 35614, 35616 Au| 7WU$sE (FEE3H])
@ 2087t SR A A R (n]|2Lu] 3,000708] cancer center)
@ 7he] ToUx]& A X8| (8,000 - 20,000US$)
(2) Varian, Siemens, PhilipsA} 5-2] A8rl&7] Az AEAA
@b oluR] G 5SS 918 detector 7N
) detector= £4913}3 electrical system FTAHE
(3) Semiconductord-& ©]-&%F FAF A (Rt WAPAZ} 717])
@D detectori= Kodak, FujiA} 5] 3-43to At =z}
O detector £¢] F- system FAA-L 100{7] A} 3 £

U A ofluA] AR &SR] (Aebdabd e}, et

(1) CT, Rlgt X-ray detector®
@b A oluYlx] (30-140KVp) large volume (0.2- lliter) ionization chamber
) high-sensitivity electrometer (0,02 pC resolution and 20-bit ADC)
(2) health physics& survey meter
@ AR/ A A& survey meter
& Ao R /A4 8-&2] neutron survey meter



@b AAPM, Red/Green Journal, Rad. Physics and Biology &% x}&4=3
@ chFbdaba ol ata]/ghto 3t Bl 8E] 2pE ¢
@ =2 83 A manual Yg/EN  (BE HZR)
@ =48 A 718 sample ] 79 (5 Hx)
- Farmer chamber, diode deetctor, inverse eng
- inverse engineering& 913t £ Keithley electrometer
=7t ¥4
eb nEciEta A age 7Y
O FHEE it o|¥ T np ATH
@ =it FFH /ALY A
€ KFDAS] B ¥
@ AMErheta 2| Zxtabadzp habd AL |

LU g2 ] Atk HR/AE (FE HXR)
) AH] M A (KeithleyA}le] electrometer)
(2) Av]8 FR parts el (IC, capacitor, ADC converter)

(3) ] A& fA F-Fal/ohA

T A@7E718] dd A=deld At 33
1) = F82 tiehgde] dd F=H#e protocol Thet
AETE Y AEYAA Y, AsteiE Y A2 Abd 2
e A 2yabdzt, SHhEd A g,
At Al Eapd A,
(2) I F8 tiehgde] dd F=delE T A 7 uho}

~Q -



MEriE Y AEAbd, dstiEd AEapdat
i A, SETiEY A&
R Al Egabd s,

(3) =& a8 ey dd A =He| protocol u}e}
@b University of Florida (Gainesville, Florida, USA)
© Robert Boissoneault Oncology Institute (Ocala, Florida, USA)
@ Halifax Medical Center (Daytona, Florida, USA)

(4) =2 F8 iy dd F=He|E AT Fu| #@FF vt
b vjepd: ZIA) R 34, University of Florida (Florida, USA)
& B Mr. Kevin Kalbaugh®} Miss Linda Ewald (medical physicist)
Robert Boissoneault Oncology Institute (Ocala, Florida, USA)

n} ionization chamber?] =z}
(1) cylindrical chamber?] HZ|Z/ A A/ WA BA
@b Farmer Chamber
© 0.125¢cc small chamber
(2) parallel plate chamber A|2}S 9|3t ¥F chamber ¢
@D Marcus chamber
& Holt Chamber

u} electrometer?] A2}

(1) ZF HEY HAA/A /ALY
&b low-noise circuit (OPA128, ACF2101 amplifier)
& low drift®] capacitor 413& (&= ceramic capacitor)
© low-noise amplifier A3

(2) th=3-& ADC ¥ = i
eh | th 23 bit (effective resolution) ADC ¥ & &
@ chamber A28 3} ¥H x| electrometer®2H& £t clE3 & ¥
@ <A voltage ZF=2 ¢I¥F 2.5V reference voltage generator 28

(3) RS2322] communication protocol 8

_10_



LRLEE R RRE & o

@D computer interfaced 9|3t F &
@ paperless computerized dosimetric system®] d7A/A] 3}
@ internet-based system ¥ S 9|3t JNlV|&
(4) multi-channel 2] A4
- Ztf 64 channel?] YA 7l<
(5) B2 /Internet& o]-&3t 7 WAl monitering system 7| 7}&
- RF (radio frequency)& ©]-83%F vlAlM datal] A4
- remote A|oJ7} 7%t WAL Al system 7

A} Cabled] A
(1) 100% £412] triaxial cable/connector ¢ thx] (3, 0009 /connector)
(2) 100% == A 2te] cable thx] ¢3¢ (12,0008 /30 meter)
(3) 30meter RS232 cable interface 1

o} phantom material®] 3
(1) Ionization chamber #|2}& & =94 material ¢
- Solid Water™ White Water™ Polystyrene™, Bakelite™ (3-8 %=%)
(2) lonization chamber | ZFE 8 =94 material ¢
- A 2] acrylic phanton (4%) ZE

N K
2} TtAY Dosimetric System -4 (1/2%} prototype 7id %)

(1) System A
GD ionization chamber (250V Tt battery ©]-&, air-ventilated type)
& £¢ tri-axial cable o]&
@ electrometer (OPA 1288 ©]-&3}t amplifier, 10 bit ADC ©o]-£&)

(2) System B
&b ionization chamber
- 9V battery ©]-&3}F 300 +/- 5V®] high voltage generator -8

- air-tight type?| ionization chamber

_11_



© cable X413}
& electrometer (OPA 128S o] &3} Amplifier, 10 bit ADC ©]-&)

(3) System C
@b ionization chamber
(BV rechargeable batteryo]] 28t 170V high-voltage generator o]-&

@ electrometer (23 bit ADC)

- Low-noise amplifier: ACF2101

- ADC: ADS1210

- RS232 communication interface
€ PC interface: Computerized Dosimetric System

@ Data Processing Tool

b AY/HE/ R

(1) dosimetric system?] A3 protocol 24
(2) X-ray beam
Gh Varian M3 7}<&7] (A 2t)f: CL2100C, 4/100. 6/100, wh=t:1800C 4&)
© X-ray Energy: 4 - 15MV
@ SSD setup: 65 - 100cm (option: 150cm)
@ Dose Range: 20 - 320 cGy (5 decades)
(3) Electron beam
OD Varian M3 7} 7o) (A&l CL2100C, wh=t) CL1800C 2&)
€ Electron Energy: 6 - 20MeV
€ SSD setup: 100cm
€ Dose Range: 20 - 320 cGy
(4) AgAdz #HA/Mas At A=A | 4%
@D water phantom (5 Wellhopper #AH])
© 0.6cc Farmer Chamber (H-& 2 R)
@ NE Dosimeter Type 2620 (& #=X)

_12..



b FuU/8] =2 UE
g WA A 27led] (METIYaR A8 *}*Lq‘ A4)
(2) B=/d 2 qYEoy (AT|4£ZE 3¢9

&} )g zz} /2% (A BAol BT HAAT 27H)
E3} (engineering prototype) 3| A}eF (ol & FX)
) *}%Jﬂgiﬂ‘ﬂl@l A (F-52] catalog®] AHz Hzx)
(3) Indonesia "Connectivity 2000” A A] (552 catalog?] A} %)
(4) A8] HA]/demoF user?] feedback F=7}
~ AT 27 10bit ADCollA 20bit ADCE 4%
- LCDof 8] &t user interface
- multichannel electrometer®] F&# (8 channel)
No| oAb} | wE Aped e
I¥“ - éen31t1ve volﬁééw“ I.0cc
5“"— chamber type parallel plate with air-tight
3 electrgéér Cu/Pb/Ag coating
4 fonizatfon | - ﬁlgh voltageimr "“517 +;; 1V (oscillator type)
— chamber S s
5 bulldup plate acrylic plate
6 ﬁax1mum field size 30cm#30cm
7 weléht ~4Kg (including buildup plate)
8 » i ichannel numﬁér 1 - 8 channels
9 ” cagié with RG-59 and BNC connector
10 Vranéégw“vﬁ”7i 3 (200pc - 20nC)
Iih’electrometer AD&WW?WW o 16 bit (20 bit opt1on) V
Iém compuﬁér igierface R LCD or RS-232 interface
157 @éinrggﬁer a free vol tage (85 - 220Vqc)
14 weight | 2.5k |

_13_




2 3 Ae H2

7h, ¥t 71e dd AEdelY wRgve
1) A& Y2} A5 chPeig e 3¢ (oF 10714:)
o dd BEHY H&
(D X-ray/Electron®] Output check
(stability, repeatability, reproducibility)
® X-ray/Electron®] Energy check
@ Safety ZFA}
(emergency, audio/visual-laser check/SSD meter®] ¥X]Ad)
O ¥ el &
(D X-ray/Electron®] wedge field2} open field®] Output/Energy &3
@ Radiation Measurements: profile, TMR ¥ PDD
3@ Wedge Factor, Tray Factor, Field Size Dependency (FSD),
@ Dose Rate Effect, Linearity, Stability (Repeatability),
® Elongated Field Effect, Radiation/Light Field Matching,
® Mechanical Parameters
(Gantry/Table/Collimator rotational accuracy
Safety, Interlock, Audio/Visual Warning, Key Borad, Pendent
Emergency Switch)
@ dd Fx=wel &
O ¥4 Fx=Hely ¥yEEY
@ Beam Data &A
Profile, PDD, FSD, Output Factor,
one Factor, Wedge Factor, SSD Factor, Virtual SSD,
Tray Factor
3 Dosimetric System®] & E3Hg|
(Stability, Linearity, Timer Error, Elongated Field Effect,

Zero-drift current, Leakage Current, Cable Damage, 5% )
) 71l A3 ciEhE el A (457140 =l 80% o4 HH)

_14_



O dd BxHeld A5

O ¢d/dd AU 2 dx] == dY =Y protocolo] &
@ 4 F=FelY A7t sl 2R FujET}
@ ¢ FxHeY ¥&

- thE e Y= protocold] YF-ETt AH

- o Azl Zust st

- 30%2] vjEhH e full-timed] physiciustZ} Qs
@ d AxHe|Y =

‘ol Feeld R &3} TS

@ A¥IirlY dU/gE/ A e g WA A5 3%

th2e] W 104 d Ao o]& BHE Fuliste] tFE =F3tglon,
IMF, 2lebi¢lo] utl ofatate] A2 Fujzt 8718t FulA] vhed
of 2to] o 4= T,

O Me&x oz 4 cigeishEde] A9 (S 557028 HUF of 10744)
- water scanner { 200,000 US$ )
- water phantom ( 20,000US$ )
- Farmer Chamber ( 4,000 US$ )
- Digital Electrometer ( 8,000 - 20,000 US$ )
@ 71El &3 oishgde] Z¢ (45704)
- water scanner ( 200,000 US$ )
- Farmer Chamber ( 4,000 US$ )
- Digital Electrometer ( 8,000 - 20,000 US$ )

@ ol2igt Aol A Atz st FEAe systend] AHF/2Z

D &As}3X}5}= radiation type

- X-ray Beam 4, 6, 10, 15, 20MV
- Electron Beam © 6, 8, 9, 12, 15, 20, 25MeV
i ]

@ &FA3AF3H= Setup W 24

_15_



stability

linearity

Dose
Rate
Effect

Leakage
Current
Zero-
drift

Timer
Error

3 21

current

i

Linearity :

Wedge Factor:

SSD = 67.5cm=} 100cm SSD Setup
Dose Rate: 40 - 400 cGy/min

20 - 320 cGy

15, 30, 45, 60, Dynamic Wedge

_16_

&3
setting ; N parameter gl 2
100MU (EE= 200MU) 204
240cGy/min Dose rate (E;_ average stability index (in %)
10cm+10cm Field Size 13;7) standard deviation | =(standard deviation)/avg
2
SSD = 67.5 HE+= 100cm
20, 40, 80, 160, 320MU
240cGy/min Dose rate 2133 5 point data& £ data?t LMS fit st
2+33] ) -
10cm+*10cm Field Size ol &8t LMS fit dataZtel percentage O]
SSD = 675 E= 1OOCm
1OOMU (”:'” 2OOMU)
80 ~ 400 cGy/min , .
, _ 15 point data2l 5 point data2| average2t
(80,160,240,320,400cGY/min) 2+33%] B
. . H| = /42 Ztel percentage @t
10cm+*10cm Field Size
SSD = 675 =+ 100cm
EEETaSY CE‘—
100U /( 200MU) SAM EALE |SARMEARE readingZ}
240cGy/min Dose rate i
4 , , Z+33| {imin (&= 3 min) {1 min (£ 3min) 4 2tF 2|
10cm+10cm Field Size n _ )
ZA2E reading &t |reading®l percentage @t
SSD = 67.5 & 100cm |
) reset¥ lmin ((£= , _ N
ElectrometerZ resetshs ) , N reading/average in stability
2+3%| 3min) dot&E
o] reading , (% value)
reading
- 5OMUE A5 M
200MU = AtetE 2| reading 2t AHZAlSt=E EF
270 2| reading®l percentage
SOMUS ASalMl 4w ZAEH298l ole mapalel 7 P 0
Z9| reading AlZE Xole Ha
i |&tetot (15-20%)
ZH™st=9 protocol




@ =] oj o system®] YUnrkateF
- 744 3009 of
- Setup A|Zk: 1 - 28
- Warmup time: 15%-o]uf
- GUI: AFR-3}7]7} 4]-& user interface
- FFY A i BELRE A ol EF fuirt £o]
- A HUE, B W SRR o] Bo3t X

@ HatAA st system®] ofl4; AtoF
- SSD=67.5cm setupo] o8t M¥ 7}<47] blocking tray?3H2Ha
- SSD=100cm setup® 7}=
- X-ray/Electron Beam?] output factor, stability &% 7}
- Setup time: “1Zo]3}” (7]1&€2] ] oA ~1A]2t 4£9)
- Temperature/Pressure?] H.Ato] ¢le air-tight 3Eef2] chamber
- Z7}/damage’t 80|38t triaxial cable thX]
- 8SD=100cm setupe] 7}&
- X-ray/Electron Beam?] output factor, stability &% 7%
- Setup time: 10%&-0]3}
- Temperature/Pressure?] HAto] ¢l= air-tight 3 Eefe] chamber
- 3.7}2] water phantom thZ]
~ &% data®] HAtd}

€. e system®] WA A7 B ALY
@© WA 54
- AR &3 e 4R
- ZA3FE.Q] protocol (£ 3. 2. 1 #XR)
- £ 352] protocol (7] setting (7}) HX)

0.

J

@ T8 A7NH EA
- ionization chamber
sensitive volume, leakage current, RF shielding: minimal

air-tight?} air-ventilated type, collection efficiency
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pertubation factor, replacement factor: < 1.02
high-voltage

- electrometer
leakage current, drift current, ADC resolution
input impedance: »1G$£2, LCD display, 100/200Volts
ADC®] dynamic range (-10 to +10V)

- dosimetric system
charge range, precision, cable type, RS-232 Interface

connector (BNC type), leakage current, zero drift current

@ F8 4y 54
- jonization chamber assembly
% type: portable (built-in -+2&) with handle
% size! 30cm*30cm*(10cm ©]3})
weight: < 4Kg

backscattering material: >b5cm

* %

2%

buildup plate: 3cm, 5cm
locking mechanism: wedge®} pin & (7]AA A=< 0. 5mm)

3%

- electrometer assembly

Y

¥ housing material: Aluminum

%

structure: modular structure

%

power: free-voltage generator (110/220 AC Volts)
« display: 3 1/2 digit®] LCD ( > 3 digits)
computer interface: RS-232

channel <=: Z|t] 64 channels (1,2, 8 channels)

# 3

3%

- Computer Interface (System CQ! 73-%)
% Environments: Windows NT
* Programming Language: Visual C++ (version 6.0)
% Database: 7|7]/dA}H database 7=

% Statistics Tool AHE
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% “Paperless” dosimetric system 73

* Internet-based data analysis tool (3k%)

—19_



(F) AYAZE RAAF A

ionization chamber d #]

system A, &E3, =E

A3
s gta A g gAY 3

THHE, A A

R

(F) A LZE PHATE

m ol

A 4

electrometer®] A% Al
Lﬁrmware T4, LCD display

|
A 4

olF=
() HHn=

low—noise amplifier A&
OPA128, ACF1201 3=+49

HEd A3 s

System Integration
%4 protocol 2HA

System Interface/s=3 /X &

*

A 5L

e LI LT AR

9]+ ¥, protocol T3

|
\ 4

S 2
TE B

(%) 24 AATa

GUI, RS232, Data H&g +4

A4

AEoigtal A 2 AR I

ol 4a¥ feedback, =83

Engineering Prototype A=t
FA/ Y/ =R/
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ALFeA
* EHHE
* 388k AuALYF g
* o] AxHe
* userd & TFAF}

]
Ay AFes
* jonization chamber
* electrometer
* phantom material &t

—

phantom materials
* £9] material HE
* A} material AE
¢ AN ER AT

ionization chamber
* cylindrical chamber

* parallel plate chamber
« FAAERAT

elecrtometer?] A}
* low-noise amplifier
* ADC
* RS232 +&

I

I

phantom 7}&
* ZIAAJRE AT
* Z}FA A

* electron density 273

chamber A&t
* 1.0cc senstive volume
* 2mm thickness
* PCB A2 Al/A| =}

I

I

chamber assembly Al 2+
* high-voltage generator
* Bi-axial cable

* Housing Assembly

electrometer A%t
10, 16, 18 ADC &
OPA128, ACF1201 ©]-&
* RS232, GUI

[

*

*

elecrtometer assembly Al] 2}
* power supplier

* housing assembly

* LCD interface

I

* cable interface

System Integration

* electrical measurements

]

« AYAE7] A

* stability &3

gAML A test

* 24 protocol A

Prototype A%
* Lab/Engneering prototype A2}
* user feedback X &
* W9 =F/demo/ A
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System AFF3HA

* v
chamber A}%¥27 J Electrometer AH¥ &3 | [ H487147)9 A= A% protocol B3
L 4 o v I )
Dhantoig .rqnatenal Analog 3] ZA}% Digital 312 A% AgGrt&7] 9
v ¥ ¥ JAdg @ [
4/6/10MV x-ray IC "‘i;ﬂ ADC convereter protocol A&
LA B4 v .
- ¥ : Capacitor 74 LCD display Ag7t47] 9
l i, te 573 [_ " v Al A 7

#  housing A=}
Y
chamber A2}
* PCB A 71/A1%
\ J
chamber medium

¢ Y

Reset 32 44

RS232 Interface

protocol ZE

v v

EEE e
analog 3 & digital 3|2 PR -
testing testing protocol AE

[ I

Y

electrometer integration

AG714719 A=

chamber assembly A} 2t

; T

Y

protocol #Ad

testing

chamber test

v

> 1A Ads J

» shielding test [—

300/170 V

Ll zero drift &A —

test A3 1<
e

e

[
P

prototype®] dosimeter

y

A71H EA testing

v

WAL EA testing

y

protocolel W& testing

v
u gt
|

v

engineering prototype?l dosimeter

v

CR S
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44 |+ &
Zh, ¥ 7145719 dd/dy A= ALY
1. 2|58 AMBIG72] Jdd/dd A=He] (AAPM W28 FM Khan, Ph.D.)

(71 €4 B=wel CYabddeigr 23
(1) &% 5 X-ray®] output, energy &3
2) &A 7]7]: Framer chamber, electrometer,
water-equivalent phantom

(W o8 F=de] (YA EEY 23
(1) X-ray beam®] &# 3}1&E: output, energy,
Field Size Dependency (FSD), Wedge Factor, Tray Factor,
Source-to-Surface (SSD) Factor,
Dosimetric System (ionization chambver®} electrometer)
) &A 7]7]: Farmer chamber, electrometer,
water-equivalent phantom, Water Phantom/Scanner

2. SUichet o] /e Fede] (PAddEnt 23

(7}) 4 A=l (Wl HAHY 10% =t A 8E)
) &3 3&: X-ray?] output
) &3& 7]7]: Framer chamber, electrometer,
water-equivalent phantom

(W) o Jede] (2o Ble] 30% Fent Waxste] 80%7t A 3)
(1) X-ray beam®] Z4#: output, energy, Field Size Dependency (FSD)
Wedge Factor, Tray Factor, Source-to-Surface (SSD) Factor
(2) Electron beam beam?| &3A 3}%: output, Rsy, Rsz, Cone Factor,
Virtual Source-to-Surface (VSSD) Factor
3) &A 7|7]: Framer chamber, electrometer,
water-equivalent phantom, Water Phantom
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. Dosimetric System®] A}eF

1. Calibration #rd]®] system®] ¥t @ A}k

(7}) Ionization Chamber?] setup (1% X X)
- 0.6¢cc Farmer with Buildup Cap (=#] -9 2,000 US$)
- PMMA, Solid Water phantom (&= 7Z-$ 8,000-12,000 US$)

(L}) Electrometer (Keithley 35614, NE type 2620)
-31/2 &= 4 1/2 Display
Resolution: < 0.1pC (6, 10MV X-ray®} 100cGy Z1&tiyd]: < 0.2%)
high-voltage generator: 170/330 +/- 5 Volts
computer interface: RS-232 (serial communication)
linearity, precision, accuracy, stability: < 0.2%

t

!

1

2. ARt Fxge] Y system?| T4

(7}) Ionization Chamber®| setup
- 0.6¢cc Farmer = diode detector 7|&
- PMMA, water-equivalent phantom 7}&
- water scanner Y+ small water phantom
- tri-/bi-axial cable (RG-38)

(L}) Electrometer ¥+ Digital Electrometer
- 3-Digit Display
- Accuracy/Precison: < 1%
- Stability: < 1%
- linearity: < 1%
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t}. ionization chamber?] A
1. d3tAQl ionization chamber®] A}oX

(7h) A714 Al (F 3. 2. 2 #x)

(Lh) FAkd 54 (£ 3. 2. 3 #=x)

(ch) €xd 54 (& 3. 2. 4 =)

(2}) AxHe] R’ Semi-conductor detectord] |3
(1) radiation damage: 10,000Gy ¥]ZA] 10% sensitivity =3}
(2) 37}8] diode detector: 1,500 US$ (setwd 5~-87) = Q)
(3) 50uV o]3}t2] offset voltageE Zt:= electrometer?] 3

D A&2 A=HUe|-& digital electrometer: 2,000 US$

®@ muti-channel 2¢] #AFA] electrometer: 8,000 US$
® dark currento]] T2 A AT (+/- 1 %8 accuracy)
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No litem specification condition remark

X-ray: 1010 - 30*30cm”

1 radiati t X-re lectr

radiation tybe ray/Electron Electron: 1010 - 30+#30 cones
2 |dose rate 80 - 400cGy/min 240cGy/min: 715
3 |dose 20 - 320 cGy SSD=100cm 71&

X-ray: 60 - 120cm

4 |SSD
Electron: 100 - 120cm

5 |Charge Response  |20nC/Gy

6 |Leakage Current < 20fA

high-voltage
o AF

7  llon Collection Time |< 0.3msec

BNC: 29+ 9 electrometer

8 sctor BNC, TNC
connector TNC: 71€&9] electrometer

¥ 3. 2. 2. lonization chamber2| HIAIM 54

(3= 1) SSD: source-to-surface distance
(3= 2) cGy: 1 cGy = 1 Rad
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e
, specification _.
No item S - condition remark
2| = A EATFTHE
1= cylindrical, parallel-plate |parallel-plate X =to| &ol
2 1™ &l graphite, PMMA acrylic =4 acrylic plate
3 |gas air air &% Jiquio
Cu/Gold Printed Circuit Board
4 M= graphite, ™ =4 plastic
(100um &) |(PCB) 0| &
5 |Stem Aluminum Cu strip stem effect: <0.5% =FSPN
High—-voltage {300-500V 170, 300V (collection eff. > 0.995) |HAIts
7 |Air type 7 ventilate ) ventilate, tight [No TP compensation
sensitive
8 0.01 - 0.6cc 0.6cc electrometer?t = HAIs
volume;_ )
9 |cable tri-axial cable bi-axial cable |=4t cable
. BNC
10 |connector tri-axial connector =4t connector
e connector
¥ 3. 2. 3. lonization chamber2l X2|% &M
S|
No AL Remark
AG X-ray & Survey meter& ArHAY &5
1 |X-ray Energy < 140KVp a4 KVp - MV [1.25 - 30MV
2 |Radiation Unit Exposure Exposure Dose
3 |[Radiation Type X, E X,E n a X, E n
4 |Accuracy +/~ 10% +/- 50% < 0.5%
5 |Sensitive Volume |{lcc - 30cc 200cc - 1000cc 0.1 - 06cc
o hite, PMMA, li
6 |material graphite, PMMA |5 200e actylie
B thin Cu polystyrene

H 3.2 4 EXY ALY
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2. M37tGo1e AxHelE 28t jonization chamber®] A}k
(7}) A+-82] parallel plate chamber2}2] Alokz} B FA}oF
) A1y B (X 3. 2. 5 #Fx)
) WA/ RA vl A} (X 3. 2. 6 FHX)

(L}) #¢1328] chamber?] 72 (%)

(1) gtA % (2% 3. 2.1 #=x)
(2) signal electrode (g 3. 2. 2 &x)
(3) high-voltage electrode (gl 3, 2. 2 #Ax)
(4) medium®] = (o 3, 2. 1 #XR)
(5) electrode$} medium?] XY= (A3 AxE H=2=xR)

(t}) high-voltage generator®] 7%
high-voltage+= chamber?] sensitive volume LjojjA] A3 A=}E
signal electrode® 3l A7|3 X3 E U3t o]lg 3l
high-voltage+ sensitive volumelfoll electric fieldE YdAA3ic},
tf -2 2] electrometeri= ©] 2] &}t high-voltageE battery (-2},
317F 1509Hd) = H=8] power supplierE& o]-&-3to] AT
(1) battery &% high-voltage generator (¥ 3. 2. 7 %x%)
(2) 250V %t battery
(3) 9VE o] &3t 300V generator FZ
(4) 6\/ Charger 3l rechargeable battery& o]£-3F 170V Generator
(2}) chamber assembly?] %=1H
(1) Holt/Marcus chamber?] H|ZL ({8 2 XR)
(2) housing assembly
) 2 =™ (PCB ©='H, medium, cable, air-tight connection)
(4) ¥ 7F57] (Varian 2100C)2%] blocking trayoll &H2b
T AAE H=x)
(5) A3y 7}<&7] (Varian 4/100)8] beam stopperel] A}
(A7 A48 Bz2)

(u}) air-tight type?] ionization chamber
2719 POBE mediwniel WA 2719 B A AN 22l
Ao 2om0, Imn®] F-& A2l &7 FHAF o] &3l
JABICE, o] chamber?] air-tightE ZHs}7] ¢lafjAs 2-3714 2]
A 7late] &9t olf+ A IMEG719 radiation outputo]
F 0.2 - 0.3%2] uncertainty& Zt51Ql7] wfFojrt &=
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A3 datax F3 data?] 0.1%2] uncertainty (air-tight7} oyl
Z%2] uncertainty (= stability):= ¢ 0.3% ojth) 2t
UE AoR AR, system FAFF (2000 39 25U H=)
95% ) e ARHEYY IUE YA S o] 83y

2l o Folc},

No | tem | argmulel atet | Eprojecte] BEALer remark
‘1 sensmve volume 0.2 - 1.0cc 0.6cc
2 | high-votage | 300V 170, 330V
3 medii;ﬁ- material acrylic, PMMA acrylic
4 1 gas - o air air
5 electorde o graphite Cu, Pb, Ag =3
w6 ‘Leakage Curren{ N -:~10—20fA < 20fA fAmp = 10 “Amp

¥ 3.2 5. AFE9 parallel plate chamber2te] Aletnt =2 g Al

No item ALE Ao AL Eprojectel = EA remark
1 housing material PMMA, Solid Water Acrylic

2 connector Tri-axial BNC

I 30cm+30cm+10cm

(backscattering medium)
(1) from 250V battery,
(2) 9V, 6V battery

3 |chamber assembly size 30cm+*30cm*1cm

4 high-voltage source from electrometer

5 seal type ventilated air-tight, ventilated

3 2 6 HAM/MZAN vluAtg
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high voltage electrode

lmm PCB
Imm M \:*

| IR pugm— i

lem dia*Zmm cavity

inl

2mm acrylic medium \ signal electrode

a7 3.2 1 &= jonization chambere| ¢tz

e

No item mm remark

1 signal electrode®| A 10mm sensitive volume: 0.7cc
2 high-voltage electrode2| 8+ 12mm

3 electrodeZtH 2| 2mm

4 ~ electrode type Cu/Pb/Ag 100um thickness

21 18 signal, guard electrode
2™ 8 high-voltage electrode

a8 3.2 2 signal electrode2t high-voltage electrode
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items APk condition remark
R S (1) =38R/ |max voltage= cable®l max
high-voltage 150 - 500V
~ nohwotage: (2) 32+ A2l |rating voltageoll o/ 3l 2 &
recombination factor
recombination ratio > 0.995 A high-voltage2t dose rate2l
high-voltage 2| short-circuit  [100K
o .g . , Zd| SXHA| user B35
__protection HS safety resistor
. (1) batte
high-voltage 2 & | ripple: < 1% i 75, 150, 3002 THAE <Ay
I - (2) transformer

# 3. 2.7 High-voltageel Atgf
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3. parallel-plate ionization chamber?] ¥aA (%% AHY)

(7h) Ajgkd Iz
(1) stack type®] =&
(2) prototype?] stacked ionization chamber
(Wh) Al 2 Wa
(1) Electron Beam (4-25MeV) &] percentage depth dose &£ setup
(2) charged particle (proton & alpha particles)®] bragg peak &7
(t}h) small cavity?] liquid detector?] 7| 7}s7d
(1) sensitive volume& Amm’Z 3} resolution Z7}
(2) air bubbleg X 4AI}s17] 3 X
(8}) radiation survey meterZ.2] #HAA
(1) sensitive volumeg 1,000cc®E 3}o] survey meter 7]%28] ¥
(2) signalo] 3B R electrometer?d] AA7} Lol
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2}, electrometer?] /3

1. A3l electrometer (dosemeter = dosimetric system)®] X}oF
(71) system -7

(o}ef 18 3. 2. 3 X=x)

Dose Rate D TED
Tri-Axial N ] o
Displav
Connector 0
@ > Dose Analog| RS 232 |
Level—ito [ ESen'al |
my Shift Digital . Communicatio |

high-voltage battery
or power supplier

agl 3.2 3 X8 dHAMMZ|I7) Al E $ 8t electrometere Block Diagram
MM el sub-system2 option AlFe

(L) electrometer?l =X parameter

No ltem ALt S8EF0t
1 | Radiation Type x-ray, electron | health physics, &2 g2rAbM I}
o (1) R, R/ health physics
2 | Radiation Range | — | " -
(2) cGy, cGy/min Bl o] "hAbM T}
(1) - 10% ~_health physics
S| Acouracy o) < w- 05% w2l o] WAL 3t
1) batte health physics
4 Power : () atey | Py
| @ACpower |  W¥el ZAdy
6 Display 7|4 LCD, meter gl lo| "rAbM I}
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2. A% WA 7] A= E 93t electrometer AFOF

(7h) A718 Ae

(¥ 3. 2, 8 ¥=x)

No item Al H| 1
(1) charge: 19.999nc - 199.99nc

1 Measurement range
(2) current: 199.0pA - 1999.99pA

2 Resolution 0.005% of full scale

Calibration accuracy
3 +/“ 0.5%
(charge, current)

4 leakage current < 30fA

5 Time Constant 0.05 - 0.15sec

6 High-voltage 360, 180, 90, 45, 22.5

7 High-voltage accuracy v

8 High-voltage impedance > 1M

9 Input Power 100/200V

¥ 3.2 8 &=

(1}) System Block Diagram

(ole 3% 3. 2. 4 HX)

LCD

TNC connector

[gain switching

display

|

21X Al (FR2 NE Type 2620 dose/dose-rate meter 7| &)

12/16 bit| |RS232
ADC communication

lr_lgut_“ low-noise level
- protection amplifier shifter
l [;eset_ J dose/dose-rate ——E‘%ﬂej
’ switching
high-voltage
generator
a7 3.2 .4 System Block Diagram
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(ch) A% g

(1) a single gain pre-amplifier (g 3. 2. 5 %
(2) three step gain pre-amplifier (1% 3. 2. 6 %
(3) Analog-to-digital converter (g 3, 2. 7 %
(4) RS232 serial communication (2%l 3. 2. 8 %
(5) Computer Interface (2% 3. 2. 9 %

B BN BN

(2}) detailed schematic diagram
(1) electrometer A (10bit ADC)
(2) two channel electrometer B (D>16bit ADC)
(3) two channel electrometer C

3. AHoUYA] Ex radiation survey meter?] electrometer (35 AF)

(71) "7

reset
charge storage [
capacitor I
—
O —
PA128 . —
from 0 _E
-+ | ——0
chamber i
i +
. L N ' level shifter
N d
offsot — M /
control

/ / , 2.5V reference voltage

N/

72l 3.2. 5 one-step2l OPA1282 o[ &%t preamplifierel & 2L
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charge storage

capacitor

O

ACF2101
from

chamber
N/
offset

control 1
) -15V

2% 3. 2. 6 Three-step gain preamplifier

1st gain: 20bit resolution

2nd gain: gain switch off and 16-bit reolustion
3rd gain: gain switch off and 16-bit resolution

_36_
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8—channel pre-amplifier
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¢

o

3 P o o

u-:{/w 5
| et 1
i
| = . .
1 =3 3.2.8 one-channel pre-amplifier2t ADS1210 (ADC converter) o 3|2 &
! 1
: T

| ‘ 1 , il il I
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a8 3.2 9
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n}, Dosimetric system (ionization chamber@} electrometer) 2] A4 (dul Ajek)

1. Calibration &%
Calibration &%2] dosimetric system® 714718 YAl 29&
AutA & 2 HF setup (100cm SSD, 10cm*10cm, 240MU/min, water phantom,
water phantom W5-2] 5& Zlo] (5, 7, 10cm)ollA IMU = 1cGy® RA 317
2|38t Hx}E chamber, electrometer, cable%o] EE7|HoA certify E o]
ofgtrt.  o|&F HlsiME HEE WAMIYUH EE capacitorZt "asic},
o] 3 8}t calibration® %2 dosimetric system IL7}ol3L (20,000 -
40,000US$), 358 REI7|go] WASIRE, o83 1xY &S
& project FTEF AEGH FIAY oA ot}

ole] A=A AarL THe Eo} ZTh

No Qé - ALQF remark
1“ Arégc»rii;tionﬁtypr; R X-ray, electron beam MeV, MV range
2| radaton mnge | 1 - 0V Xay

3 |recombination facior| 099

4| somofet | <0s%

5| sy | 02%

6| honvowge | 150, a0V

7| radaton amoumt | 10 - 100006y at SSD=1000m
9| dsaydot | siRlEEa i@
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2. AR

L.

.

Calibration®%2] dosimetric systemol] #]3jA] A =] dosimetric
system2 X ¥ 7145718 repeatibility (E+= stability =
reproducibility)& FAZ Tl ol F2 A¥IEG72] dd = oy
Fre|d dBoE AT dd AX FR A EYAA A A
EWAPAALL BHE setup 3taL &A%t wheld, dY AT A=
EtE M E FHstojoltitt, F2 Yojiub= setupitd] FAIE-L SSD
setup?] F-BHY (1me] EFHPL +/- 0.2 2315 f), AP
718] repeatibility (Varian, Siemens?] A3 7}<&718] H9 ~0. 2%,

Philips & M¥71&718] A9 ~0.4%0|tt. i}, SdolAH My rigr=
+/- 1% o]0l B3 X3 gtk AXE EHYL] Varian 6/100 437157
“+/- 2% O] A" 8] repeatibilityE X .23} Qit)).

A=A Frde|d A2 e grh

No s Apk remark

1 radiation type X-ray, electron beam MeV, MV range
2 radiation amount 100, 200cGy FZE setup

3 5% At output factor (wedge factor, FSD)

4 8 3 - 5% U T |

5 stability < 0.5%

6 display digit 2 - 3 digit

7 uncertainty < 0.5% at SSD=100cm
E: . Iir;earity T 1%
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(7} dxryl H=ne|g Iy
- phantom : Solid water™, White Water™ (8,000 - 10,000 US$)
- ionization chamber: Farmer chamber (3,000 US$)
- electrometer: Kethley or NA electrometer (10,000 - 40, 000US$)
- setup A|Zt: 20% - 30%
(electrometer?] A warmup time2 15min)

(L}) 7l=3<{l parameter

=)&) phantom material2 0,55 T£U ] materialz}t A&7
- ionization chamber assembly:= reliable 37}?

- electrometers < 0.5%8] AHE?

- setup A|ZH= 16501712

- A 7EG7] A EA UL noiseEHE] H3FL272

- RS-232 communicationS Ftf 40meteroiA] 7537}

t
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v}, AEHe|8] Dosimetric system®] F7d

Dosimetric systemS ZJub3t7] f18iA #xaje] x| Eabdzte] A =e] protocol S HE

8t A2} lionization chamber?} electrometers THS8 ZFlto] A it}
3he ¢lsiA 3 2FHY dosimetric systemE ZfstA = it

ol #zte] =

Al 82 Tl X8}

it
Hol ol M I st DX St system
o sted o BEx{Ql
No M E e systemel
&
System A System B System C
ionization Farmer chamber
. Parallel Plate Parallel Plate |Paraliel Plate
chamber diode detector
Keithley or NE 10 bit ADC 10 bit ADC 18 bit ADC
electrometer
electrometer electrometer electrometer electrometer
, electrometer L & 250V ©He! 6V rechargeable
high-voltage . 9V battery
(Al 1502H) battery battery
Tr-axial cable o o o
cable bi-axial cable |bi-axial cable |bi-axial cable
(1502+9d) |
computer interface | |
(serial option No No RS232 Interface |
L (Mz2e ddle 527) |
communication) J
Solid Water Phantom ‘
phantom material |White Water Phantom |acrylic plate acrylic plate acrylic plate ;
Polystyrene Phantom 1
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(X}) "System A” F-Z2] Dosimetric System®] 442 th2} gt}

(1) ionization chamber (air-ventilated type)
(7}) parallel plate chamber
(D sensitive volume: 0, Bcc
@ signal, gurad, high-voltage electrode®] F&
@ medium?] FX
&b acrylic plate : 20cm*20cm*2mm
P cable-inserted type
(L}) electrometer
@D preamplifier
@ 10 bit ADC
@ LCD display
(t}) 250V high-voltage generator
(2}) bi-axial cableX} BNC connector

(2) 10-bit ADC electrometer
(7}) preamplifier
(L}) 4bit LCD display
(t}) 2-channel electrometer

(3) 8. parameter®] SA A2}
(7}) staibility: ~0.3%
(1}) mechanical accuracy: <0.5mm
(t}) Setup Time: < 10 min

(©}). Dosimetric system B (air-tight chamber + 300V batt + 10bit electrometer)

(1) ionization chamber (air-tight type)
(7}) parallel plate chamber (air-tightRt ] £]8}5L System A} S )
(L}) 9ve] batteryd o|-83%F 303 high-voltage generator

(2) electrometer (System A%} Z%)
(3) 8 parameter®] FZAz}

(7}) staibility: 0.15% (air-tight®] Z3Z)
(L}) AMR-2] 9V battery o]&2] old
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(A}) Dosimetric system C (air-tight chamber + 8V batt + 18bit electrometer + PC)

(1) icnization chamber (air-tight type)
(7}) parallel-plate chamber (air-tight%t A]$]3}2 System A%} &)
(L}) 6Ve] battery& o]&3F 170V high-voltage generator

(2) electrometer
(7}) ACF2101 low-noise amplifier (1-2 channel, 8 channel)
(L}) ADS1210 (23-bit resolution)®] ADC 8
(t}) RS-232 interface
(2}) Paperless dosimetric system®] 8

(3) F8 parameter?] ZAAz}
(7}) staibility: < 0.1%
(Y}) resultion: 0,1nC
(T} leakage current: <20fA
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53 A7 23 d FE
ARG dd/Hd Frde] AASE (YA ALY
7t dd¥=de] A (CFAR] FdA 23

(1) X-ray beam (Varian 2100C2] X3 7}&5 7)ol 3 -Lof)
D YddA EHe|setup protocol (E 3.5.1 2=R)
O ddAE=Hg]setup protocole] 2]3F &3 A} (R 3.5.2 X}=XR)

(2) Electron Beam
Electron®] setup protocol-& X-ray beam?] UdUAE 8] setup protocol 2}
= A& AQslae 2l
@ Cone setup
@ SSD=100cm

(2) Electron Beam
Electron?] ¥WH AT U] setup protocolE X-ray beam?] setup protocolz}
Th AP3E A Y 3taie Al
@D Cone setup (10cm*10cm, 30cm30cm)
@ SSD=100cm
@ ESSD tf4l vSD A4t
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No

22 procedure

comments

remark

jonization chamber®} electrometer® @74
o}, electrometers reset ).

electrometer
warmup procedure

AY7)1471%  warmupdtal 500MU9  low
energy 2l electron beam (W2 ol x]oj A
& Xz FUEIHA) ZALELE,

X-ray beam& 100MU (33]) =AY,

A 74471 7Y warmup
Hojlow o|dAl= skip

A 71479 warmup

electroemter®] zero drift A}

1739
=

reset®  off %
redaing & 71

P
T

0.004V ol&} (5°) 1

103819 AR ZAL
(10cm*10cm, SSD=67.5cm, 100 or 200MU)

data 7|23 average$}
standard deviation&

A2/7) % gk

warmupe] FEIA| o,
Z719) 2-33] readinge A
Ak A A &g}

electrometerg resetgksgn 100MU®] HHA}
A z=A

WAL 2 AL [ B3

reading#t-& 7] & ¢k}

i

=
T

0.004V ol& (F 1)

(7) feedback capacitor®] kol 0.027uF (27nF)olEE 1VE 27nCe Ao siddn). zagma,

0,004V = 0.11pC °jt}

¥ 3.5 1 X-ray EHE 2lst dd™ 2| Setup protocol
Measurements std

No| Date _ TPC R k

o) A (10 3 &4) ave (std/avg)*100 emar
10/23 10618, 0.61 618, 0.613, 0.613,

| | 10/23 10618, 0618, 0.618, 0.613, 0613, o <0.29% 1.002 0.619
2000 10.613, 0.618, 0.618, 0.618, 0.618,
616, 0, 616, 0613, 0.613,

2 10724 | 0.616, 061, 0616, 0613, 0613 0.617 <0.2% 1.002 0.619
2000 10.613, 0.619, 0.618, 0.618, 0.618,
10/2 619, 0614, 0.618, 0.616, 0.614,

3 0/28 106 6 618 6,06 0.619 <0.2% 1.002 0.619
2000 10.614, 0.618, 0.617, 0.618, 0.619,

¥ 3.5 2 YAX T 22| Setup protocololl 2|t £X ZHnleol of
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¥ 3.5 3 X-ray E8 98 ¥4™caa| Setup protocol

No

&4 procedure

comments

remark

1

ionization chamber®} electrometer® 2
3t} electrometers reset 3T}

electrometer
warmup procedure

A7 4718 warmupdlsl 500MUS low
energy®] electron beam (& ol x| o)A
B2 AUAR FITEHA) TASHE,
X-~ray beam% 100MU (33]) ZA}gtc},

A8 744717 warmup
Holgled ol gt Al &=
skip

A8 714719 warmup

electroemter® zero drift A}

reset® off$ 1839
reading #2 7|& 3}

0.004V ©}3}

108] 8] WA &A}
(10cm*10cm, SSD=67.5cm, 100/200MU)

data 7]2%F average$}
standard deviation-S
AL/ 7158t

warmup®] FEFA|god,
%714 2-33] readinge A
Aboll A A 2] g}

electrometer® resetgksgn 100MU$9] =HA}
2 Z A}

WA ZALE 159
reading 3-8 71E 3%}

0.004V o] 3t

FSD (bem#*Hem, 10cm*10cm, 20cm*20cm,

10cm*10cme) data®

6 hysics b data®} vl
30cm*30cm) & &4 normalization physics beam datat ®]at
. 10cm*10cm® data®
7 \Tray Factor &7 m i n.p] a physics beam data$} ¥]iL
normalization
. 10cm*10cm®] data®
8 |Wedge Factor &4 (15, 30, 45, 60x) o i ,4 4 physics beam data®} ¥
normaliZzation

Elongated Field Effect
(Bem*20cm, 20cm*Hem)

278¢] data®] u] Ak

10

Dose Rate Effect
(80, 160, 240, 320, 400cGy.min)

240cGy/min®] data®
normalization

physics beam data$} ¥

11

Timer Effect (200MU%} 4+x50MU¢9] x}o])

2 data®] ®] A

E:

T T
gw:wz

Ulf;.x;

3<;>;oo;\1 oy

|Dose Rate Effect

7 hay K actox

Wedge Fach ;
blongdLed ILffe(,L

1 immer pffegt B

1< 03%
< 02%

354 X ray ’—."8% oF ¥ ;2| Setup protocol?l £ sheet
No_ - Item i A procedure comments
QA 0.618, 0.618, 0.618, 0.613, 0.613, avg = 0.618
A we ~|0618, 0618, 0618, 0.618, 0.618, std < 0.2%
lzero drift in V. [0.004V (cuurent E¥ H3Z WFA ¥ 351FX)
|leakage currenL 1n V 0.004v
FSD ~10.883, 1.000, 1.169, 1.333 Se & Sy 2%

0.996

0,822, 0695, 0537, 0455

1.016 (4ecm*10cm, 10cm*4cm)
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2. ionization chamber?] dA|/A] 2}
(7}) air-ventilated icnization chamber

(D PCBE ©|-&%} electrode &

(2% 3.5.1 ¥=X
@ PCB &} acrylic plate®}d] %3] =dH (29l 3.5.2 #}X)
® Chamber?] assembly (2" 3.5.3 #X)
@ Backscattering medium®] 73 (2% 3.5.4 =)
® Buildup Plate (2% 3.5.5 ¥x)
® Z% ¥ chamber assembly (2% 3.5.5 #=x)
(\}) high-volatge generator
(D =Y batteryd ©o|-£3l high-voltage generator (%! 3.5.3 %=XR)

b A
- high-volatge circuit7} Ztgt
- reliability &7}
- battery =% 67§

@ w3
- battery ZAA] AE7} W
€ K
- TS AFR2] 9V battery E+= rechargeable battery o|-£-
@ 9V batteryd ©]-£3%! high-voltage generator (%! 3.5.6 =)
e A

- high-volatge circuit7} 7t%l
- reliability &7}

- battery life: 6 hours

- 330ve &Y

ct

&
high-volatge generator®] circuit?} &3}
& X

Irﬁlﬂ?&

th3-2] 6V rechargeable battery o] &

® 6V rechargeabled ©]&%l high-voltage generator (1§ 3.5.7 IXR)
e A
- high-volatge circuit”7} ZFgt (LCD back-light &)
- reliability =7}
- ¥hH AT battery life: 20 hours (30mA H{F 4AR)
- 170Ve] 2&9 (2tFo] 2mm ©]EE recombination factor: > 0.995)
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1

P =3
- high-volatge generator® circuit?} &%t

(t}) Connection cable/Connector (0% 3.5.8 =)

3. electrometer A/ 2}

(7}) System A 8 Electrometer (%) 3.5.9 &%)

(@D channel 4: 2

® preamplifier: OPA1280]-82] low-nocise charge-to-voltage converter (CVC)
@ ADC resolution: 10 bit (# 4 reading: 0.004V ==> 0.11pC)

@ Display: 3 1/2 digit display

® power supplier: 100/200V

® leakage current: 200fAmp

(L}) System B & Electrometer (23! 3.5.10 #x)
(D channel 4= 5
@ preamplifier: OPA1280]-8-2] low-noise charge-to-voltage converter (CVC)
3 ADC resolution: 10 bit (&4 reading: 0.004V ==> 0.11pC)
@ Display: 3 1/2 digit display
® power supplier: 100/200V
® leakage current: 100fAmp

(t}) System C -8 Electrometer
(D channel 4= 2 (&t} 12)

®@ preamplifier: ACF21010]-82] CVC (2% 3.5.12 2x%)
@ Gain Switching: 2

@ ADC resolution: 18 bit (18] 3.5.12 &%)
® Display: 3 1/2 digit display (%) 3.5.13 #x)

® power supplier: 100/200V
@ leakage current: 20fAmp
RS232 Serial Data Communication (
© User Interface (g 3,
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a

- high—voltage electrode

high~voltage generator&
circuit & #@ o)

/__; high-voltage electrode board
signal electrode board

2% 3.5.1 PCBE o]-£3t electroded] 33
23 2] ¥kA 1cm®] high-voltage electroded printed circuit board (PCB)E
o831 ¥
a7 off: medium, high-volateg electrode, sighal electrode?®] PCB7}
ZHUH I
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signal electrde board

high-volatge electrde board

a8 352 PCBet acrylic plateetel =2

ZHY ¥ chamber assembly

250V battery

L

LA

C conn

a3 353 Chamber Assembly
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13 3.5.4 Backscattering Medium

a7 355 =@lE chamber assembly
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¥ T

ok e

N IO

42 9V battery 330V 'generator

g 3.5.6
A+&2| 9V battery® 0l-& 8l high-voltage generator

s

recharge

a8 357  AHE9| 6V rechargeable batteryE& Ol-&8t high-voltage generator
(&3: 170V, life: 20 hours)
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\BNC connector

a2 3.5.8 =42l Coaxial RF cable

T

T

.

228 359 System A & Electrometer
10-bit ADC, LCD Display, 2 channel (/i 5 channels)
100/200 free voltage regulator
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<

18 3510  System B & Electrometer

P Ao

power supplier -
. : e
ADC board ' , High-voltage generator i

low-noise amplifier

3

5 B 3 TR 200
& sy WO, TR TR TN
AL Rp o i N

11 channel multi-channel electrometer

a8 3511  System C & Electrometerel +M %
ACF2101 low-noise CVC, ADS1210 ADC, a single power
max 16 channels, RS 232 serial board (% PCB)
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EEERI TR

el Sfift Circuit

i
;

18 3.5 12  preamplifierel Z=g8lz™ (ACF21010( 82| CVC)
O Ao & 1 channel2t RF cableO] o4& & Atef g

L2 TN

212 35.12  ADC board (ADs1210 23-bit resolution)
RS232 serial communication, 16-channel analog multiplexer single power supplier
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cammurmbeBARNEN

AN R EE N

RS232 Communication Port

Reading 1 characters
RxChar signal detected...
Reading B8 characters
RxChar signal detected...
Reading 1 characters

;] Batadkotac

Databitx.
Stophix:

o ey

: AD ch
[]

: Relay ALL OFF
: Relay 1 oM
s Relay 2

: Relay 1,2 DH

€
Relay ALL OFF
Rel

ay ALL OFF
Relay ALL OFF
Relay 1,2 OH
Relay ALL

OFF

Relay 2 OH
Relay ALL OFF
Relay RLL OFF

: ADC Value Display Disabl

: ADC Value Display Enatle

B ASHNREH | Qe s8R0 AHgTwie  fpAses-der |

a3 3.5 14

RS232 Serial Data Communicationg %

al

|cbrosmn

I<II1 n vl
|paNune vI

st

Visual C++ version 6.02 & progarmming

- 58 -

AL AGAES 2R e

user interface



T8 3.5 16a

Version 1.0

Measurements

User Interface2l Main Menu (80% 2tAd)

Quality Assurance

11/24/00 17.00 14

Nunber of Msmis [1]
Average | [i]

Stendard Deviation ‘ 0 |
i

Electrometer2| data 5%, processing tool, database

_59_

Toaw, Fi Na of moasaroments  [~5

Press |0 Avmar:qctin:n o i

TZCYGS C RO Stenderd 0 ( !
T Ro-Normlizs [ sow II | me “

% 3.5, 16b  User Interface (80% 2t4)




4, AT He]R dosimetric system®] ApoFEA
(7}) WA B2

No [item ApoF remark

wimm;tability < 0.2% EF setupe] reading 7| F

"»2 iineari£y < 0.5% 20 - 320MU (100MUZ]=%)
3 Dose»ﬁate Effect < 0,5% 80 - 300MU/min (240MU/min 7]&)
4 |Stem Effect < 0.2% S5cm%20cm, 20cm*5cm

-g Resolution < 0.1pC

6 |Gain Switching 3 steps

7 |[Communication RS232
8 |leakage current [ 20fAmp
9 |zero drift < 20fAmp

(Lh) 714 54

Mo liten Ao remark
mi“uégéﬁgéféﬁw;échanical clearance KK 0, 5mm

"2 [chanber?] weight < Kg

'3 |chamber disnension 30cm#30cn#12cn

4 |buildup plate > Sc

5 |backscattering mediun > S

"6 |chanber noninal volune “1. 0cc

7 [chamnel 4 e 1270
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5. Dosimetric system A%] AME

(7}) Setup diagram
a9 3,517 #x

(L}) 9 Axda A3} (Varian 2100C: 6/10MV X-ray)

No litem results remark

1 stablllty - < 0,2% 20 & A 2] standard deviation
2 |linearity  ["1.0%

3 |Dose Rate Effect [ 0.5%

4 |zero Drift 100fAmp

5 Leakage current 100fAmp

varain A8 714:7] 8]

blocking tray

7% 3.5.17 Varian 413 7}%7] CL2100Ce] A2H ionization chamber2l Z7d el
9] %8t electrometer (A 7}&7]2] dd F=He)
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6. “Dosimetric system B“ & A&

(7}) ionization chamber
@ air-tight ionization chamber
® 9V battery& ©]-83%} 330V generator?] high-voltage o]&

[@b_ item Abes remark
1 Main battery 9v
2 Current Consumption 200mA
3 Battery Life 2 hours
4 Output (Ripple) 306V (+/-1%)

¥ high-voltage generatore| && & 2}

(W}) electrometer®] &3 Az}
- stability (203 AlA]): < 0.18% (air-tight chamber?] {84 &)
leakage current: 100fA
zero drift current: 100fA
feedback capacitor (MK capacitor): 0,027uF
- battery life: 2.5 hours
(th) A3 batteryd] life} UF AL (th24 rechargeable battery o]-&)

1

tester S X: 306V

4/100 beam stopper ol 42X
ionization chamber

ol
high-voltage §

generator

a2l 3. 5. 18 Varian MEIEE7| 4/10000 EEHEL air-tight ionization chamber®t  high-voltage
generator?t =M Aol 2| X8t electrometer (MEIIE7|2 e YT aa|)
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7. Dosimetric system C2] A&

(7}) ionization chamber
@D air-tight ionization chamber
@ 6V batteryE o]-83%F 317V generator?] high-voltage ©]&

No item A}OF remark
1 Main battery 6V, rechargeable
2 Current Consumption 30mA
3 Battery Life 30 hours
_44 Output (Ripple) 174V (3V)

¥ high-voltage generator?] &3 A3}

(L)) electrometer?] ZAUR

stability : <0.2%

leakage current: 20fA

zero drift current: 20fA

feedback capacitor (MK capacitor): 0,027uF
battery life: 30 hours (30 hour¥ 165 Volts)

{

{

t

N
23-bit ADC

h

tery |

a7 170V high-voltage generator2}t electrometere| =gl T
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2 3.5 1 Ouput &3 (CL2100C 10MV)
£d 3 5¥=A *
T
o 1OMV, 10cm8+0cm, DR=400 emp
date Machine | item Press avg remark
SSD=100cm, 100MU
_ TPC
15min warmup
0.720 ,0.652, 0.623, 0.618, 0.618, 20°C
10/13/2000 cL2100C loutout 0.618, 0.618, 0618, 0.618, 0.618 768mmHa 10.618 0.620
18:00 P 0.618, 0.618, 0613, 0.613, 0.613, g )
TRPC=1.003
0.618, 0.618, 0610, 0.618, 0.618
0.705, 0.647, 0623, 0.613, 0.613, 04°C
10/24/2000 0.613, 0.608, 0.618, 0.608, 0.613,
10:45 CL2100C |Output 0613 0,618 0618 0618, 0613 762mmHg  0.615 0.618
' o o  [TPC=1.003
B 0613, 0613, 0613, 0613, 0618
0.642, 0.623, 0.618, 0.613, 0.613, 03.6°C
10/26/2000 0.613, 0.608, 0.613, 0.613, 0.613, )
CL2100C |Cuptut 760mmHg {0.613 0.617
17:50 0.613, 0.618, 0.618, 0.613, 0.613,
TPC=1.006
0.613, 0618, 0.613, 0.613, 0.613
0.691, 0.632, 0.613, 0.608, 0.608, 24 5°C
10/27/2000 0.608, 0.613, 0.613, 0.613, 0.603, )
17:45 CL2100C |Qutput 0618, 0618, 0618, 0613, 0613 768mmHg |0.616 0.615
' o T e T T TPC=0.998
0.618, 0.613, 0.613, 0.613, 0.613
0.691, 0.621, 0.613, 0.608, 0.608, 093.0°C
10/29/2000 0.608, 0.603, 0.603, 0.603, 0.608, ’ |
CL2100C |Cutput 761mmHg  |0.610 0612
15:30 0.608, 0.608, 0.613, 0.608, 0.613,
TPC=1.003
o L 0.613, 0.613, 0.613, 0.613, 0.613
0.686, 0.642, 0.623, 0.618, 0.618 09 00
10/30/2000 0.618, 0.608, 0.613, 0.613, 0.608, ] !
CL2100C {Output 765.5mmHg 10.613 0.608 ‘
17:00 0.613, 0.613, 0.608, 0.618. 0.613, ,
TPC=0.993 ‘

M&oistm xZeAM oM Dosimetric Systemel 2
2T UL ZH T datas YR Q.

0.613, 0.613, 0.613, 0.613, 0.613

_64_

HHEA ZHH

[om}

=2

S Htefstr|efsh M



8. lab prototype?] ¥WAld BA ZA}

) electrometer test-§ ionization chamber (o}g] 2@ 2x)
) lab prototype®] electrometer®] A|Z}

)

b
(1
(2
(3) 7IAA B¥=E 53

(D Mechanical Accuracy: < mm

0.5
® Radiation Accuracy: < 0,2%

ionization chamber

~

2] lab prototype®] ionization chamber®} electrometer®] 74
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8. engineering (¥ pilot) prototype?] ¥A}A

channel electrometer with LCD)

8.1
8.1.1 A&HA electromet

A

v

er

LCD display

8.1.2 AloF W A data

No| A

1 chdnnel number

8 Ze1ro dnft/leakage cunent
9

electrometer housing

2 display valuejw o
3 o ”dlsplay dlglt o
4 - power -
6 o 7an;phf1e1ﬂ -
7| feodback capacitor |

gain switch

2

54 2}

%3 %k | H] 3L |

2 |

voltage coulomb=value/0.027pF '

e R — O ;

31/2 1

B — R, — 4

110/220 free Voltage |

—— e . — UU— i

16 blts ;
ACFOIOI

27()0nF polyester capacxtor
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8.2 Diode® electrometer

8.2.1 A &H electrometer

8.2.2.

s |

[l

NolEENe ¢

No

N @)

&% A

Aoy

channel number

display value
computer interface
power
ADC
amplifier

feedback capacitor

zero drift/leakage current

gain switch

_67..

=33k H] 3L
MWWMZ,,NAA —
- vo;tag;e— ] coulomb=value/0.027pF
om0
10220 free voltage |
o aebis | o
o semo |
21000k polyester capacitor -
30tAmp
e ;ﬁ I I



8.3 Multi-channel (8-channel) electrometer

8.3.1 AA¥ multi-channel electrometer

&

8.3.2 At} gl &A data

I
""1 channel number
7742N o disblay value
‘3‘77 - computer interface
‘ 4 1 ‘power
'57 7 ADC
6 a’mpliﬁer
1/7&» o fecdbdgk capacitor
8 | /uo (it"ift/l@;lkzigc cun*eﬁt
E; | gain switch

6 O

53% H] 3L
- 8
» »V—oltage coulomb=value/0.027pF
i 717{5 -232

110/220 free voltage

16 bits

ACF2101

2700nF polyester capacitor

30fAmp

3
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8.4 Computer-based dosimetric system
8.4.1 M 2H dosimetric system (Z§3 ionization chamber$} electrometer)

high-voltage generator

' electrometer

8.4.2 A2H dosimetric system (Z3 ionization chamber?} electrometer)

No - U‘}‘%} R A% H] 3L
1 [ Hchanrielrnumber I 1 | N
* 247 - d»isprlay varlu(rerr D voltage coulomb=value/0.027de
3 N compuLel; interfa(;e 7 “ M%S—ZSZ
4; - power - 77”71710/22&)wfree voltage
5| DG | 16 bits - )
6 o amplifier | ACF2101 - N
7 | eredbélick éabacitor | 2700anolyés_ter capacitor
8| scro drift/leskage cwrent | 30fAmp |
97 | gam éwitch | - 37 R
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9. & system®] A (£ project AT FAHE)

(1) stacked ionization chamber

1% stacked channel ionization chamber®] %

(2) electrometer
- 8 channel electrometer®] ¥

i '
? .
¢ multi-channel

- preamplifier S T \
' g high-voltage

generator
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H o4& Ay =5 245z 8 o 7/

1 2 5% d8=

7}. ionization chamber #&

Nolwz  |smaw e .

L lion chamber type parallel plate parallel plate

2 |sensitive \;;)Iun;e l.Oc;* 1.0cc, 0.1cc

3 mediun;' A'ac;yllc plat;ﬁ acrylic plate pe = 1.014 +/- 0.001

4 {buidlup bem acrylic plate 5cm buildup max 20MV X-ray
;M l;(_:‘k_scatzeﬁn;xgr 75;;;17$crylic plate 5cm acrylic plate

6 |clectrode material  carbon Ag/Cu/Pb A4749] chamber

7 lgas? B9 | ventilsted type | ventiated/tight type [dry air °1

9 |leakage current < 10fAmp 1 - 5fAmp

10 [RF interference hestigible nesfsibie 2 AR B
I [Shilding  |negligivle  |neglgible T
Ewh/iéchanlcal ;;ccuracy < l111m - < 0.2mm

1'% cable RG-39 cable RG~-39 cable
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L}, electrometer

;17)‘ ';_;%W““WM' - -—‘;’rfﬁ*}%} System A System B System C
U olchamme = | 2 g

2 com;)uter ;;Lélface 31% - ‘ﬁi% RS-232 RS-232
;“;;;; - ;66/200 \ >1W(_)70/200 \ 1007200 V 6V battery
4 amplifieréwigwmw OPA128 OPA128 ACF2101 ACF2101

5 lnswich  RuA (9e 2w 3w

6 |ADC “' 16 ];lLS o 12 bits 16 bits 18 bits

7 |Zero d1;1t Cunent | <100fAmp ;EOOfAmp < 100fAmp < 20fAmp
8 Leaka:ge Curr;r;;m . <ﬁ10;)f;mp ; 200fAmp < 100fAmp < 40fAmp
o Moroprocessor  |916 8-bit processor  [FPROM[FPROM

10 |Display " | LCD LCD LCD computer interface
S e I e
12 |housing Al housing Al housing Al housing AL housing
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ionization chamber®)
A54

cable
interface

ionization chamber)
high voltage generator

storage/carry
muti-channel & ¢}
#3A

liquid detector® ¢
844

RIF-based dosimetric

system A1 A}

20,000-30,00 US$

|battery ©]-&-

, %1%94 A F

Matd A E

H] 5L

4,000US$

100%
L)

fragile (carbon)

PCBol &% ddd =

317}2] tri-axial cable

(2-3d ] HHY WA

A1 7F€] bi-axial cable
°o]-&

LCD

(1) LCD
(2) RS-232 interface

N }'ii\éﬁ"—m\}gltage generator

(300V) =& 300V9

(1) rechargeable battery ©o]-&
(2) high voltage generator#|2t

special harness ¥ 8

no special harness

|

64 channel 7}x] &34

liquid detector A Zro] &o]

RF-based dosimetric system]
a4 7l 3
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_{(24 bit)

low-noise amplifier

A%

3 YA EAL: PA

ADC

1) 2435 &
(2) chromatography

RS232 communication

(1) biomedical system
(2) control system

Serg AN 7 B A

(1) AEEA
AR

(3) Gamma Knife center
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M 5 & AFMLAEze EEH E

1 3 efdFoe &
1. Radiation Survey Meterol?] 7|& 3 &

7}. GM counter (GMC) /Proportional Counter (PC)

(1) GM tube?] 213 A 2] HY
(2) Proportional Counter®] Al¥ el 49

L}, Liquid Detector (high resolution: <{lmm)7j
1) A Z2AE
(D Dynamic Wedge?| radiation field scanning
® Multi-Leaf Collimiator (MLC)%] radiation field scanning
@ AB &7 dEy AEHHeE 93 Water Scanner?] detector
@ MYIEr)e e F=HeE 2T flatness/symmetry

Z A2 detector
) A E /2718 WA Monitoring System

t}. ¥ HY 52 WAlA monitoring system
(1 ) kAl (BR2PEEF2) WA monitoring system
) 2lgtzte] WIALA monitoring system
(D high-energy (2MeV 7}A]) &] electron beam &3 &

@ high-energy (2MV 7}2]) 2] photon beam &% &
2. Radiation Monitoring Systemo]2] -2-&

7}. %73 ukAl= 0] monitoring system
(1) 287] 33 (8 &, A=) AHE
) {xHY Apaiell oiu] gt WA 53-8
@ A i Y
® o] YAy whEd o] WA G ¥
@ AL o] HIE 93 Hi"é’ > Bt
@ AIA] 2713 BAA system —?*?‘%

ﬁ
of
>
9 >
)
oX,
ofo
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L, B2 %-2] monitoring system®] A3
(Internet-based RF radiation monitoring system)
(A et system?] block diagram: Tl 18 3=x)
(1) photon detector, electron detector, neutron detector
(2) multichannel electrometer
(D dosemeter (3 step gain selection)
® doserate meter (3 step gain selection)
® high-voltage generator (300, 1000 Volts)
(3) Radio Frequency (RF) system
(D Frequency Synthesizerol2]dt Ful4= WA A
@ 7P 2] RF power?] automatic control (power saving)
(4) Receiver W PC interface
M 1287%2] RF system control
@ internet interface
(5) Central Monitoring System
(D Internet-based data processing
@ realtime data processing, automatic warning system
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| Internet/RF-based Radiation Monitoring System




3. X BHIAIA Y 2B R WA ] A =] dosemeter
(chamber &} electrometer)

7k Well type®] ¢}¥ (20 psi) ionization chamber 7§ (olzf I3 HX)
(1) Ir-192 WA Y (High-dose rateZ]7] W v 3] HALR-&] AL Y)
(2) Cs-127 AR (A2 A Boll o] ¥ & WAMIY)

L}, Well type ionization chamber®] electrometer

e

Eﬁiﬁi‘l “‘i“’/a

source holder

argon gas (20psi)

e mechanical parameters:
inner diameter: &m
outer diameter:10cm
height: 15cm

j tri-axial connector

A Well type (47 geometry) ionization chamber
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AE&ieta A F YA el AAAE BFR

cHE o3t X EAMd ol YA SR

(F) Iv|AZENAM AEE slglom, Eatox Az, FAAH

- 239] Nu AlpineA}l (Linac, CT, MRI A2} venture 71¢g])2} 7]& o|A oS
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12.

J. G, Holt, A, Buffa, D.Perry, I. Ma, and J. McDonald

“Absorbed Dose Measurements Using Parallel Plate Polystyrene

Ionization Chambers in Polystyreen Phantom”
Int. J. Radiation Oncology Biol. Phys. Vol. 5 pp.2031 - 2038

Ionization
Ionization
Ionization
ITonization
Ionization
Ionization
ITonization
Ionization
Jonization
Ionization
PTW/Marcus

Chamber
Chamber
Chamber
Chamber
Chamber
Chamber
Chamber
Chamber
Chamber
Chamber

. Technical mannual of PTW

Type 23342
Type 23322
Type 23323
Type 31003
Type 30001
Type 30004
Type 23343
Type 77334

Type 233612

Type 32002

Electron Beam Chamber
Holt/Parallel Plate Chamber
BurrBrown’'s IC Manual

- pp. 2.53 - pp. 2.61
- pp. 7.5 - pp. 7.16 ACF 2101 Low Noise, Dual Switched Integrator

- pp.1 - pp.3b

OPA 128 Low Noise Amplifier

ADS1210/ADS1211 24-bit ADC
Analog Device IC Manual

- Rev, A. AD780 High Precision Reference

Operation and Instruction Mannual, Victoreen,

Ion Chamber Survey Meter Model 450

Operation and Instruction Mannual, Keithley Electrometer Model 35614
Operation and Instruction Mannual, Keithley Electrometer Model 35616
Instruction Manual for Dose-doserate Meter Type 2620,

NE Technology, Limited
Operation and Instruction Mannual, Nuclear Associates, Model 415
Instruction Mannual, Xetrex, Digital Dosemeter, Model 415A/B

FM Khan, The Physics of Radiology

Johns and Cunningham, Therapeutical Physics

Operation and Instruction Mannual, Varian Linear Accelerator, CL2100C
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13.
14,
15.

16.

Operation and Instruction Mannual, Varian Linear Accelerator, 4/100
Operation and Instruction Mannual, Varian Linear Accelerator, 6/100
The Essential Physics of Medical Imaging

by J.T. Bushberg, J.A. Seibert, and E .M., Leidholdt

Radaition Therapy Planning, G.C. Bentel
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An Example of the Quality Assurance Program for Ionization Chambers
An Example of the Quality Assurance Program for Electrometers
Instruction Manual for 0.6cc lonization Chamber
Ionization Chamber Type 233612
Ionization Chamber Type 77334
Ionization Chamber Type 34001
Ionization Chamber Type 23343
Ionization Chamber Type 30001
Ionization Chamber Type 31003
Ionization Chamber Type 31002

. lonization Chamber Type 23323

Ionization Chamber Type 23322
Ionization Chamber Type 23344
Ionization Chamber Type 23342

. Operational Manual Patient Dose Verification System (Model TN-RD-50)
. Instruction Maunal Solid Water Phantom Type 29672

. Precision Dosimetry System Electrometer

. Re-entrant Chamber for HSR & LDR

Isorad Detector

. Rainbow System
. Therapy Beam Monitor

. Instruction Manual for Dose/Dose-rate Meter Type 2620



Evaluation of the

Performance of lonization
Chambers

Chang-Seon Kim, Ph.D.

Department of Radiation Oncology
College of Medicine

Korea University
Seoul, KOREA
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Specific Aims

@ An ionization chamber is major
equipment for the measurement of
radiation and its performance strongly
effect on accuracy and precision of
output calibration and/or radiation
dosimetry.

@ In this study, many factors which
affect the performance of ionization
chambers are listed and performance
tests are done.

@ This approach may assist users in
maintaining their ionization chambers
and in making accurate dosimetric
measurements.
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Materials & Methods

@ List of tests for lon chambers
m Leakage
m Stem effect

m Radiation equilibration time

m Repeatability

m Linearity

m Atmospheric communication

m Orientation dependency

@® X- & gamma-ray sources
m 0.9 mCi Sr-60 check device
(type 23261 )
m Clinac (600C, Varian)

@ Electrometer & lon chambers
m Q-4 (PTW)
m Rigid stem chamber (M23332)
m Cylindrical chamber (M233641)

CSK



Materials & Methods

@ Leakage

m Change of reading within a couple
of minutes after irradiation

m cylindrical chamber with 300 volt
polarizing voltage

m 500 cGy, 250 MU/min

@ Radiation equilibration time

m Time required for reaching
threshold of charged state after
power-on

m Related to the warm-up time of the
electrometer used in the
measurement

CSK



Materials & Methods

@® Stem effect

m Effect of the amount of guarding
and the quality of the insulators

m |rradiation of the chamber with
elongated field with the length of
the stem kept constant

m 300 MU
m 5 cmx (5 - 30) cm elongated field

@ Orientation dependency

m Check of the deviation of the
central electrode and the high Z
Impurities in the dag coating in a
particular direction of the chamber

m Same amount of radiation with
different chamber orientation alon
with the chamber axis

Cemy, W 500 MU, 300 volt bias voltage

CSK



Materials & Methods

@ Repeatability

m Repeatability of the chamber
response

m Checker device

m 300 volt bias voltage, 5 minute 10
exposure

@ Linearity

m Multiple exposures of an ion
chamber, where n exposures
should yield n times the initial
signal

m Checker device & LINAC

m Rigid step chamber & cylindrical
chamber

m Up to 500 MU and 10 minutes
exposure

CSK



Materials & Methods

@® Atmospheric communication

m By artificially altering the
temperature or pressure, or by
simply making accurate
measurements on two
different days when the
femperature pressure
correction has changed by 1%
or more

m Change of the measuring
temperature from 24 to 30 °C
(constant pressure)

CSK




Results
( Leakage )

0.30

Leakage (%)

© o o °
k. N N
(&) o] ($)}

° -
o —h
o o

0.00

0 2 4 6

Time lapse after irradiation (min)

@ [onization chamber leakage after
radiation was 0.2 and 0.5% at 2 and
5 minutes, respectively.

@ Chamber leakage was increased
with the elapse time after radiation.
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Results
( Radiation equilibration time )

0.15

o
—
N

o
(o
(T

o
(o]
D

Net Accumulation (a.u.)

o
[
W

o
(o
o

1 L 1 l 1 | L
0 3 6 9 12 15 18 21 24 27
Time (minutes)

@ After the polarization voltage was
applied to the ionization chamber
through the electrometer, the lamp
was alight for about 11 minutes at
22.90C

@ After 15 minutes, the ionization
chamber was performed well with its
repeatability greater than 99.7%.
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Results
(Stem effect)

N
8

»
&

)
&

Readings (a.u.)
nN
8

—s— parallel
—=— perpendicular

5
T~

2.78 /

2.75 4 . — 1 o S
0 1 2 3 4 5 6 7

Elongated field (cmx cm)

@ Measurement was performed for two
different field orientations, parallel and
perpendicular to the chamber axis.

@ For the clinically-interested field ranges,
the difference was minimal, less than
0.2%.
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Results
(Orientation dependency)

0.08

100 150 200 250 300
Rotation angle (degree)

(=]
(=)
=

Difference in reading (%)
4

@ Chamber response varies within
0.15% for different chamber orientation

@ Indirect evidence of the central
electrode at the right position and no
high Z impurities in the dag coating
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Results
(Repeatability)

Number of Trial

@ The chamber reading was same within
0.08 % for ten trials.
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Results
(Linearity)

o
o

—e— Continuous Reading
— (1 min exposure ) X n

e
(3]
T

o
E~N
T

Chamber reading (a.u.)
o
[#%)

0.2
0.1
0 ] ! L l !
0 2 4 6 8 10 12
Exposure time (min)
5.00
400 |-
:‘-jT 3.00 |
8
£
e
§ 200 Vo
100 |— - —Readn.wg B
~ ——(Reading at50 MU) Xn
0.00 L L ) { |
0 100 200 300 400 500 600
MU

CSK




Results
(Atmospheric communication)

Conditions
1 2
Temperature (°C) 24.0 30.2
Pressure (mmHg) 766.0 766.0
Crp 1.006 0.993
Reading 0.960 0.955
Corrected Reading 0.966 0.948

@ The effect of the ambient conditions,
specially temperature change, can
affect the sensitivity of an ion chamber.

@ With the consideration of the variation
of the temperature, temperature-
pressure correction > 1%, the
corrected reading was followed the
temperature change.
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Conclusions

@ Many factors which affect the
performance of ionization chambers
are listed.

@ Test methods are shown and
performance tests of ionization
chambers were performed.

@ This approach may assist users in
maintaining their ionization chambers
and in making accurate dosimetric
measurements.
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An Example of the Quality

Assurance Program for
Electrometers

Chang-Seon Kim, Ph.D.

Department of Radiation Oncology
College of Medicine
Korea University
Seoul, KOREA
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Specific Aims

@ An electrometer along with an
jonization chamber is major
equipment for the measurement of
radiation and its performance strongly
effect on accuracy and precision of
output calibration and radiation
dosimetry.

@® To show a list of quality assurance
tests to keep the performance of an
electrometer

@® To do performance tests of an
electrometer

@ To assist users in maintaining their
instrumentation and in making

, ACCUrate dosimetric measurements
; CSK



Materials & Methods

@ List of Tests for Electrometer

m Recommendation of the
manufacturer

m Proper voltage levels

m Warm-up time and equalization
time after high voltage

m L eakage

m Zero drift from the background
current

m Long-term stability
m Linearity
m Effect of ambient conditions

@® Gamma-ray source
m Sr-60
m Check device ( Type 23261 )
@® Electrometer & lon chamber
m Q-4 (PTW)
m Rigid stem chamber
(M23332, PTW)

CSK



Materials & Methods

@ Proper voltage levels

m Critical for the battery-operated
electrometer

m Bias voltage level affects on the
collection efficiency.

m Voltage levels for all bias

m Comparison of the measured to
the nominal voltages

@® Warm-up time and equalization
time after high voltage

m Time required for reaching
threshold of charged state after
power-on

m The time required for leakage
equilibrium after switching polarity

CSK




Materials & Methods

@ Pre-signal Leakage

m Accumulation of signal from a zero
condition

m Sixty minutes after the power
switch is on, thermal equilibrium,
zero drift of the electrometer at the
stable condition without any
radiation was checked with a
capacitor of 1 nF.

@ Post-signal Leakage

m The ability of the feedback
capacitor to hold charge

m Zero drift of the electrometer at
the stable condition with 10 min
exposure to check device

CSK




Materials & Methods

@ Long-term stability
m Over three month periods

m Conditions of various
temperature and pressure

m Comparison of the temperature-
pressure corrected reading after
two minutes exposure in check
device

@ Effect of ambient conditions

m Zero drift of the electrometer
over the temperature range,
17 - 340

m [he measurement was

performed at the same day to
keep the pressure constant.

CSK




Materials & Methods

@ Linearity

m Multiple exposures of an ion
chamber, where n exposures
should yield n times the initial
signal

m Checked for full scale range of

the electrometer reading
(0.000 - 9.999)

CSK



Results
(Proper voltage levels)

Polarizing Voltage =~ Measured  Difference

(Nominal, volt) Value (volt) (%)
500 471 -5.8
300 292.3 2.6
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Results

(Warm-up time and equalization
time after high voltage)

0.15

©
=Y
N

0.09 4

0.06 4-

Net Accumuiation (a.u.)

0-00 | | | | ] I | | | i 1

0 3 6 9 12 15 18 21 24 27
Time (minutes)

@ After the I1Q 4 is switched on, the lamp

was alight for about 11 minutes at
22.9°C.

@ Measured equalization time after the
polarizing voltage change from 500 to
300 volt and vice versa was less than

CSK



Results
(Pre-signal leakage)

@ Before the adjustment

(&m‘:e) 2 3 4 5 6 7 10
Reading
(scale  0.000 0.001 0.002 0.003 0005 0.006 0.006 0.009
unit)

@ Atter the adjustment of the offset current

Time ‘

(minute) 1 . 5 . 10 .. 15
Reading 400 . 0000 .. 0.001 .. 0.002
(scale unit)

@ The scale unit 0.001 per minute
corresponds to a leakage current of
about 2 x 1014 A for a capacitor of 1 nF.

@ The display should be between - 0.002
and + 0.002 and should not changed by
more than 0.001 per minute.

CSK




Results
(Post-signal leakage)

Time

(minute) O 1 2 3 .. 5
Reading
(scale unit) 0.000 0.000 0.000 0.000 ... 0.000

@ No drift of the reading was found within
0.001 after 5 minutes with the exposure
of 10 min exposure to check device.
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Results
(Long-term stability)

Date of Measurement
5/127/99 6/30/99 8/28/99

Temperature (°C) 25.0 23.5 26.0
Pressure (mmHg) 766.0 756.5 759.5
Crp 1.009 1.017 1.021
Reading 0.951 0.939 0.943
Corrected Reading  0.960 0.955 0.963

@ Less than 0.7% variation in reading
was found over three month periods.

@ With the consideration of the variation
of the temperature and pressure, the
reading was measured within 0.5% in
the same measurement conditions.
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Results
(Effect of ambient conditions)

Temperature
Drift in 10
minutes 0.009 0.008 0.008

@ The effect of the ambient conditions,
specially temperature change, can
affect the zero drift of the electrometer.

@® In the measurement, the effect of the
measuring temperature on the zero
drift can be ignored in the range of 17 -
34 °C.
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Results
(Linearity)

f e
pd

Readings (a.u.)
[~2]
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/ —e— (1 min reading) X n
0 . g [ 1
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02 | /-/\

0.0 |- - 1 , ,

02 § 5 20 *
0.4 Exposure time (min)
-0.6
-0.8
-1.0
-1.2

Difference (%)
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Conclusions

@® Quality assurance tests for an
electrometer are listed.

@® Test methods are shown and
performance tests of an electrometer
were done.

@® Periodic maintenance check of the
electrometer is required for making
accurate dosimetric measurements.
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3.1

3.1.1
3.1.2
3.1.3
3.1.4
3.1.5
3.1.6
3.1.7

SPECIFICATION

PHYSICAL CHARACTERISTICS

Configuration.

Outer Electrode:
Inner Electrode:

Active Dimensions

Sensitive Volume:

Length of Volume:

Ovuter Electrode, inner diameter:
Inner Electrode, outer diameter:
Length of Inner Electrode
Thimble Wall Thickness:

Protective/build-up cap wall thickness:

Exterior Dimensions

Thimble QOutside Diameter:
Stem Qutside Diameter
Protective /build-up cap outside diameter

Materials

Quter Electrode:
Inner Electrode:

Reference Point

Protective /build-up cap off:

Protective /build-up cap on:

Reference Line

Cylindrical thimble
Cylindrical rod concentric with thimble

(),«f)‘?cm3
24 1 mm
6,3 mm
1.0mm
20 .6mm
0,3¢mm
3.87 mm

0.,04mm
0.04mm

Graphite 99.99% pure
Aluminium 99 .99% pure

This should be taken as on the chamber
axis at 13mm from the top of the
graphite cap,

This should be taken as the istersection
of the plane through the line engraved
on the cap and the axis (marked with

a dot),

For greater possible consistency always align the reference mark on tha stem towards

the source of radiation,

Connecting Cable Length

10m



3.1.8

3.1.9

3.1.10

Connector Type

TNC Triaxial free Plug

Accessories Supplied

Protective /build-up cap 0,3MV to 2ZMV

Associated Electrometers

Tonex Dose/Doserate Meter 2500/3 ) _ do not mate directly with

Farmer Dosemeter 2502/3

Ionex Dosemaster 2590
Farmer Dosemeter 2570 & 2570/1

)

) _

)

25717 chamber (needs 2579 Adaptor)

mate directly with
2571A chamber



3.1, 1

3.112

3.2

3.2.1

3.2,2

3.2.3

3.2.4

Calibration Supplied

Roentgen/Coulomb at NE Qualities 4,6,9 and 11 (See 3.2.7) by direct
comparison against an NPL calibrated Secondary Standard NPL Therapy
Level System,

Additional Calibration

Roentgen/Coulomb at Co%0 by substitution with an NPL calibrated Secondary
Standard NPL Therapy Leve! System,

OPERATIONAL SPECIFICATION

Maximum Polarising Voltage

1400 V dc,

Conditions for the following specifications (unless otherwise stated)

Atmospheric Pressure: 1013 mbar (760 mm Hg)
Chamber Temperature: +20°C
Polarising Voltage: -250V

Leakage Current

Typical: +5.0 x 107154 Assumes chamber

Maximum: +1.5x 10-14A in a background
radiation field
of 10 mRh-!

Maximum Exposure Rate*

For 99% collection efficiency

Polarising Potential = 250 Volts { approx 4,000 R Min=1 continuous.
approx 0.025 R/pulse, pulses,

Polarising Potential = 400 Volts ( approx 10,000 R Min=1 continuvous.,
approx 0,040 R/pulse, pulsed,

* These values are calculated according to Boag's saturation theory, but with
an effective electrode spacing determined by experiment, Saturation doserates
calculated on the basis of the geometric parameters of the chamber alone can
be misleadingly optimistic,



Sensiﬁvity

For X-rays of 1 mm Cu HVL: 4.6 RnC-1

275 Rmin=1 nA-]

3.2,6 Energy Range
It is assumed that the chamber has been subjected to the appropriate
calibrations (See sub-section 1. 4).
3.2,6.1 X AND GAMMA RAYS
50kV to 300kV - without protective /build ~up-cap, measures exposure,
6, MV to 2MV | with protective/build-up cap fitted, measures
Cs 37, Co 60 exposure,,
2MV to 35MV = in suitable phantom measures absorbed dose in water
3.2.6.2 Electrons
S5MV to 35MV - in suitable phantom, measures absorbed dose in water,
3.2, 7,1 ENERGY RESPONSE, X AND GAMMA RAYS
This is given in terms of Exposure in Free Air,
NE KVp ADDED FILTRATION | a1 [ 1ypical
_QUALITY_NO, |_NOMINAL|mm Sn| mm Cu| mm_Al| VALUE | CORRECTION
NUCLIDE MeV NOT APPLICABLE LAYER | FACTOR
mm Cu | RELATIVE
TO Q.9
4 60 - - 0.17 0.046 | 1,035
6 100 - - 2.0 0,15 1,015
9 180 - 0.5 1.0 1.0 1.000
v _ |20 _ 0.6 |02 | 1.0 3.0 |1.00 _
Co®0 1.17,1.33 | - - - 12.0 1.020




3.2,7 .2 Build-Up Cap Characteristics

The Delrin protective/build-up cap has the same wall surface
density (551 mg em™2) as the old perspex build-up cap 2507/3A,

For C5]37 and Co®0 Gamma-rays the difference in ionisation produced in
a given 2571 by the two types of build-up cap is insignificant,

[¢%)
N>
o

Warm Up Time

For maximum precision, 15 minutes should be allowed after connecting
the polerising voltage,

Thermal equilibrium must also be attained so that air density corrections
will be accurate,

3.2.9 Pre ~lrradiation Requirements

A pre ~exposure of 200R is recommended,

3.2.10 Tilt Response (measured in free air)

X-rays, 1 .5mm Al HVL, field dia, 4.0cm centred on reference point,
For a tilt of the 2571 axis about the reference point +5° from a position
with the axis perpendicular to the beam axis, the variation of response

in air is less than +1 0%

3.2.10.1 Anguler Response (measured in free air)

X-rays, 1.5mm Al HVL and 3,0mmCu HVL, field dia,
4.0 cm centred on reference point, See Figure 1,

w
N

A Rotational Response (measured in free air)

X-rays, 1,5mm Al HVL, field dia, 4 0cm centred on reference point,
For a complete rotation of the 2571 about its axis the variation in
response is less than 0 5%,

3.2.12,1 Stem Scatter (measured in free air)

The chamber is calibrated in a field which irradiates all the thimble and
approximately 12mm of the stem, Irradiation of the stem down

to the threaded portion may introduce a further 1% uncertainty, de-
pending upon energy, because of stem scatter conditions,



3.2.12,2 Stem Leakage

3,213

3.2,14

Should it be necessary to irradiate the whole chamber including some of
the cable, corrections should be made to allow for leakage induced
during irradiation, This correction will be less than +0 5% depending
on energy and doserate

The post-irradiation induced leakage effect is negligible,

Operating Temperature and Pressure

The chamber is wented and air density corrections need to be made.

Storage Conditions

A low humidity environment in the temperature range +10°C to
+ 30°C is recommended.,



IONIZATION CHAMBER TYPE 233612 tcscion therop

Flat chamber 30 cnt’

Description

Diagnostic Radiology

Nuclear Medicine
Radiation Protectior

.

The flat ionization chamber type 233612 has been desigred for measurements at diagnostic X ray qualities in air.
The chamber has a separate holding stem for mounting in the radiation field.
Nominal useful range 35 keV ~ 75 keV.

~

Technical data

Volume:

Response:
Leakage:
Polarizing vollage:
Cable leakage:
Wall material:
Wall density:
Window thickness:
Area density:

Electrode:

Range of relative

humidity:

lon collection time:

Saturation behaviour

Maox. dose rate at
continuous
irradiation

Max. dose per
irradiation pulse

o

Range of temperature:

30 c¢cm? \

1-10*C/Gy
110 A
max. 500 V

1102 C/(Gy-cm)
PMMA (CsHsOz)n
1.19 g/cm?

0.75 mm

89 mg/cm?

Pl foil, graphite coated;
47 mm &; 0.05 mm thick

+ 10°C ...+ 40° C

10 % ... 80 % (< 20 g/m’)
300 V: 0.8 ms

400 V: 0.6 ms
500 V: 0.5 ms

| . et e v e = e

Polarizing voltage

300 vV
400 V
500 V.

300V
400 Vv

o 500V

D

k on requesi)

(e Guard nng up to measuring volume
* Suitable “or measurements in diagnostic radiology

e Guard g of potential of the collecting electrode.
Touchable parts free of high voltage

¢ High vo''cge to be connected only with active
currenti-—ing device (Ima, < 3 5 mA)

* Open meosuring volume, without check device air
density correction is necessary

¢ lengthen.rg cable up to 100 m available
¢ Connectcr PTW type M, TNC or BNT (BNC + banana

~

/

@9 O °% saturation

290 mGy/s
520 mGy/s
B10 mGy/s

160 Gy
210 uGy
260 uGy

QQ.5 % saturation -

145 mGy/s |
260 mGy/s
400 mGy/s

78 uGy
100 uGy
130 uGy

/

PTVV



IONIZATION CHAMBER TYPE 77334 soto:
3 77~?‘?7M Nuclear N\edici)e’
Flat Chamber 1 cm

Radiation Protection
Description

Radiation Theropy

The flat chamber type 77334* (77337** resp.) is used with diagnostic dosemeters for radiography and fluoroscopy
measurements during installation and maintenance of diagnostic X ray installations {especially mammagraphy equip-
ments). Its usual calibration extends from 25 kV to 35 kV and from 50 kV to 150 kV with filtering corresponding to

a position before or behind the patient. This chamber has been type tested by the PTB Braunschweig.
Nominal useful range 14 keV - 75 keV (see reverse).

*

\ with connector PTW type M {or BNC + banana on request)

** with connector TNC or BNTJ

Technical data

N ~ R
Volume: 1.0 cm?®

Response: 4.10°C/Gy

leckage: £1.10MA

Polarizing voltage: max. 100 V

Cable leakage: 11077 C/(Gy - cm)

Window material: Pl, graphite coated

Window thickness: 50 um . 7
Density: 1.42 g/cm® - /
e 2
Area density: 7.1 mg/em (e Guard ring up to measuring volume
Electrode: Pl foil, graphite coated; * Suitable for measurements in diagnostic radiology
34 mm D; 0.05 mm thick » Guord ring ot potential of the collecting electrode.
Touchable parts free of high voltage
Range of temperature:  + 10° C ... + 40° C * High voltage to be connected only with active
currentlimiting device {lmax < 0.5 mA)
Range of rel. humidity: 10 % ... 80 % (< 20 g/m? » Open measuring volume, without check device air
density correction is necessary
lon collection time: Q0 V: 0.12 ms ¢ Llengthening cable up to 20 m available
100 V: 0.10 ms + Approved for official calibration, 0.
K German sign of certification: v

-

o

Saturation behaviour

Max. dose rate at

\ Polarizing voltage :

99.0 % saturation

| 90 V 14 Gy/s 7.0 Gy/s
continvous irradiation | 100 V 17 Gy/s 8.6 Gy/s
Max. dose per [ 0V 1.1 mGy 0.5 mGy
irradiation pulse i 100 Vv 1.2 mGy 0.6 mGy

Q9.5 % saturation

PTW



IONIZATION CHAMBER TYPE 34001

Roos chamber 0.35 cm’

Description

Radiation Therapy
Diagnostic Radiology
Nuclear Medicine
Radiation Protection

The Roos chamber, o development of Dr. Roos, PTB-Braunschweig, is used os a reference chamber for electron
dosimetry. The Roos chamber has a wide guard ring to exclude any pertubation effect even at low electron energies.
The polarity effect also is neglectable {< 0.5 % at 10 MeV). The energy dependence of the Roos chamber is only
influenced by the stopping power correction; a type dependent correction is not necessary. The chamber is wotertight

for use in a beam analyser. The measuring volume is vented through- the connection cable. The chamber can be
delivered with a Cobalt-60 calibration.

Q\lominol useful range 2 MeV - 45 MeV.

/

Technical data

Saturation behaviour

Max. dose rate at
continuous
irradiation

Max. dose per
irradiation pulse

-

Polarizing voltage

100 V
| 200 V
| 400 V
i 100 V
| 200 V
400 V

99.0 % saturation

N
Volume: 0.35 cm?®
Response: 1.108C/Gy
Lleakage: + 41075 A
Polarizing voltage: 100 V recommended,
400 V max.
Cable leakage: 3.5 107 C/(Gy - cm)
Wall material: CsHgO2 Acrylic
Wall density: 1.19 g/cm?
v N _J
Wall thickness: 1.0 mm
("o Guorded u i i
. , p to the measuring volume with @ \
Area density: 119 mg/cm? 4 mm wide guard ring
) ¢ Suilable for use in solid state phantoms and in
Electrode: Acrylic, graphite coated; water phantoms
15 mm & e Guord ring on collecting electrode potential
All conductive outer parts on low potential
Guard ring: 4 mm wide o High voAhoge to be connected only with octive
currentlimiting device {lmgx < O 5 mA)
) ° o e Open measuring volume, without check device air
Range of temperature:  + 10° C ... + 40° C density correclion is necessary
Ran Ciol homidite 10 % 80 % 20 g/m? » Llengthening cable up to 100 m ovailable
ge of rel. humidity: ° ... 6 (< g/m’ ¢ Connector: PTW type M, TNC or BNT
(BNC + banana on request}
lon collection time: 100 V: 0.37 ms -
200 V: 0.13 ms -
400 V: 0.07 ms

_/
~

Q%5 % saturation

2.6 Gy/s 1.3 Gy/s
11 Gy/s 5.2 Gy/s
42 Gy/s 2] Gy/s
0.5 mGy 0.2 mGy
0.9 mGy 0.5 mGy
1.9 mGy 0.9 mGy

PT\WW



IONIZATION CHAMBER TYPE 23343 Radiation Therapy

Diagnostic Radiology
Nuclear Medicine
Radiation Protection

Markus Chamber 0.055 cm’

Description

The Markus chamber is the first chamber in the world specially designed for electron dosimetry. Its small meosuring)
volume and its watertight construction make this chamber ideal for measurements in a water phantom giving @ good
spatial resolution. The diaphragm front allows measuring in the build up region of the electron field up to a depth
of virtually zero. The measuring volume is open to the surrounding air via the connecting cable. This chamber can

be delivered calibrated for absolute electron dosimetry. Nominal useful range 2 MeV - 45 MeV.
N J

Technical data

Volume: 0.055 cm?3
Response: 1 10°C/Gy
Lleakage: £2 107 A
Polarizing voltage: 300 V recommended, e
400 V max. & h
Guard potential: max. 100 mV “
b N
Cable leakage: 3.5 102 C/(Gy - cm) N T
...'...l”//
Wall material: CH; Polyethylene
- _/
Membrane thickness: 0.03 mm
/0 Guard ri i \
. ) 9 rd ring up to meosuring volume
Area thickness: 2.3 mg/em ¢ Suitable for use in solid state phantoms and with
. y ) _ build-up cop alse in water phantoms
Electrode: Acrylic, graphite coated; ¢ Guard ring and all conductive outer parts at mass
5.3 mm & potentiol
. . ¢ Polarizing voltage to be connected only with
Range of temperature: +10°C ..+ 40°C currentlimiting resistor of approx. 1 MQ
‘ ¢ Open measuring volume, without check device air
Range of rel. humidity: 10 % ... 80 % (< 20 g/m?) density correction is necessary
. ¢ lengthening cable up to 100 m available
fon collection time: 150 V: 0.20 ms o Connector: PTW type M, TNC or BNT
300 V: 0.09 ms k (BNC + banana on request) )
400 V: 0.07 ms

-

~

Saturation behaviour Polarizing voltage '

: 99.0 % saturation : 99.5 % saturation -
Max. dose rate at | 150 V | 5.9 Gy/s 2.9 Gy/s
continuous 300V i 24 Gy/s . 12 Gy/s
irradiation 400 V L 42 Gy/s . 21 Gy/s
Max. dose per 150V K 0.7 mGy 0.4 mGy
irradiation pulse ! 300 V F 1.4 mGy 0.7 mGy
! 400 V ‘ 1.9 mGy 0.9 mGy

o /

PITW




IONIZATION CHAMBER TYPE 30001

YFarmer Chamber 0.6 cm

Description

3

Radiation Therapy
Diagnostic Radiology
Nuclear Medicine
Radiation Protection

N

The 0.6 cm? ionization chamber type 30001 is the standard chamber for absolute dosimetry for use with therapy
dosemeters. This chamber is of rugged construction and equipped with an acrylic cap and an aluminium central
electrode. It is fully guarded up to the measuring volume.

The outer dimensions are fully compatible with the Farmer chambers of other manufacturers.

The chamber has been type tested by PTB Braunschweig.

Nominal useful range 30 keV - 50 MeV.

Technical data

Volume:

Response:
Lleakage:
Polarizing voltage:
Cable leakage:

Wall material:
Wall density:
Wall thickness:

Area density:

Electrode:

Range of temperature:

lon collection time:

Saturation behaviour

Max. dose rate at
continuous
irradiation

Max. dose per
irradiation pulse

N

Range of rel. humidity:

0.6 cm?

2 10%C/Gy
+4 .10 A
max. 500 V

10-2 C/(Gy - cm)

PMMA (CsHgO3 Jn
+ Graphite (C)

1.19 g/cm® (PMMA)
0.82 g/cm? (C)

0.275 mm PMMA
+ 015 mmC

45 mg/cm?

Aluminium;
1 mm &; 21.2 mm long

+10°C ..+ 40° C

10 % ... 80 % (< 20 g/m?)

300 V: 0.18 ms
400 V: 0.14 ms
500 V: 0.11 ms

Polarizing voltage

300V
400 V
500 Vv

300V
400 V
500 V

(s Guord ring up to measuring volume \

o Suitable for use in solid state phantoms; watertight
sleeves available

» Guoard ring at potential of the collecting electrode.
Touchable parts free of high voltage

+ High voltage to be connected only with active
currenthimiting device (lmex < 0.5 mA)

¢ Open measuring volume, without check device air
density correction is necessary

* lengthening cable up to 100 m available

¢ Connecfor: PTW type M, TNC or BNT

\_ (BNC + banana on request)

J

N

99.0 °% saturation Q9.5 % saturation -~

2.8 Gy/s

57 Gy/s

10 Gy/s 5.0 Gy/s
16 Gy/s 7.8 Gy/s
0 69 mCy 0.34 mGy
0.91 mGy 0.46 mGy
1.14 mGy 0.57 mGy

/

P



IONIZATION CHAMBER TYPE 31003 Fcition thercoy

Diagnostic Radiology
3 Nuclear Medicine
Flex Tube Chamber 0.3 cm

Radiation Protection

Description

The ionization chamber type 31003 has been designed for measurements in the useful beam of high energy photon
or electron fields. The chamber is watertight and used mainly for relative measurements with a water phantom or
air scanner for characterization of the radiation fields of therapy accelerators and teletherapy cobalt sources. The
measuring volume is open to the surrounding air via cable and connector. The chamber has a short rigid stem for
mounting and a Hexible connection cable. This chamber has been type tested by the PTB Braunschweig.

The design of the chamber is similar to the 0.125 cm® chamber type 31002 but with a larger volume for higher
\response. Nominal useful range 30 keV - 50 MeV.

Technical data

N ( R
Volume: 0.3 cm?
Response: 1-108%C/Gy
leakage: + 4101 A
Polarizing voltage: max. 500 V
Cable leakage: 110" C/(Gy - cm)
Wall material: PMMA {CsHgO2 )n
+ Graphite (C)
Wall density: 1.19 g/cm? (PMMA)
0.82 g/cm? (C) - /
Wall thickness: 0.55 mm PMMA s
+015 mmC e Guord nng up to measuring volume
s Suitable for use in solid state phantoms and water phantoms
. 9 » Guoard ring at potential of the collecting electrode.
Area density: 78 mg/cm Touchable parts free of high voltage
¢ High voltage to be connected only with active
Electrode: Aluminium, graphite coated; currentlimiting device (lmox < 0.5 mA)
1.5 mm @; 14.25 mm long ¢ Open measuring volume, without check device air density
! correction is necessary
o o ¢ lengthening cable up to 100 m availoble
Range of temperature: +10°C .. +40°C s Approved for official calibration, 2321
German sign of certification: z
Range of rel. humidity: 10 % ... 80 % (< 20 g/m?) e Connector PTW type M, TNC or BNT
k (BNC + banana on request)
lon collection time: 300 V: 0.10 ms K /
400 V: 0.08 ms
500 V: 0.06 ms N\
Saturation behaviour ‘ Polarizing voltage ' 99.0 % saturation 99.5 % saturation
Mox. dose rate at ' 300 V : 17 Gy/s 7.5 Gy/s
continuous | 400 V 29 Gy/s 13 Gy/s
irradiation | 500 Vv f 45 Gy/s 21 Gy/s
Max. dose per : 300 V 1.1 mGy 0.6 mGy
irradiation pulse E 400 Vv 1.5 mGy 0.8 mGy
’ 500 V . 1.9 mGy 1.1 mGy

- /

PV




IONIZATION CHAMBER TYPE 31002 Fodiotion thoropy

Semiflex Tube Chamber 0.125 cm’

Description

Diagnostic Radiology
Nuclear Medicine
Radiation Protection

The 0.125 cm® ionization chamber type 31002 is designed for measurements in the useful beam of high energn
photon or electron fields. The chamber is watertight and used mainly for relative measurements with o water phantom
or air scanner for characterization of the radiation fields of therapy accelerators and teletherapy cobalt sources. The
measuring volume is open to the surrounding air via cable and connector. The measuring volume is approximately
spherical resulting in a flat angular response over an angle of 160° and a uniform spatial resolution during phantom
measurements along all three axis. The chamber has a short rigid stem for mounting and a flexible connection cable.
\Nominol useful range 30 keV ~ 50 MeV.

Technical data

Yolume:

Response:
leakage:
Polarizing voltage:
Cable leakage:

Wall material:
Wall density:
Wall thickness:

Area density:

Electrode:

Range of temperature:

fon collection time:

Saturation behaviour

Max. dose rate at
continuous
irradiation

Max. dose per
irradiation pulse

-

Range of rel. humidity:

0.125 cm? \

4. 10°C/Gy
+4 .10 A
max. 500 V

10-% C/(Gy - cm)

PMMA (CsHsO2 Jn
+ Graphite (C)

1.19 g/cm?® (PMMA)
0.82 g/cm? (C)

0.55 mm PMMA
+ 0.15 mm C

78 mg/cm?

Aluminium;
I mm &; 5 mm long
+ 10°C ...+ 40° C

10 % ... B0 % (< 20 g/m?

.

e o)

phantoms

300 V: 0.14 ms
400 V: 0.10 ms
500 V: 0.08 ms

Polarizing voltage

300 V
400 V
500 V

300V
400 V
500V

Guard ring up to measuring volume )
Suilable for use in solid stote phantoms and water

* Guard ring at potential of the collecting electrode.
Touchable parts free of high voltage

+ High voltage 1o be connected only with active
currentlimiting device {lmos < 0.5 mA)

¢ Open measuring volume, without check device air
density correction is necessary

¢ lengthening cable up tc 100 m avaleole

¢ Connector PTW type M, TNC or BNT

\_ (BNC + bancna on reguest)

NG

5.6 Gy/s
10 Gy/s
15 Gy/s

0.7 mGy
10 mGy
1.2 mGy

99.0 % saturation @9.5 % soturation

2.8 Gy/s
5.0 Gy/s
7.5 Gy/s

0.4 mGy
G.5 mGy
0.6 mGy

PTVV




IONIZATION CHAMBER TYPE 23323 Rediction theraoy

Diagnostic Radiology
Nuclear Medicine

. 3
Mlcro Chamber 0.1 cm Radiation Protection

Description

The ionization chamber type 23323 has been designed for use with therapy dosemeters as a standard sealed
chamber. It is watertight and equipped with a flexible stem so it can be used in variable temperature surroundings.
The usual calibration is done at 280 kV X-ray and '¥Cs, so '*Ir calibration can be obtained by interpolation’, or

140 kV to %Co for general purpose use. The measuring volume is sealed to the surrounding air (according to IEC
731). Nominal useful range 60 keV ~ 50 MeV.

Q Literature: Zt. med, Phys., 4/1991, page 194 /

Technical data

Volume: 0.10 cm®
Response: 3.8 -10°C/Gy
Leakage: 410" A
Polarizing voltage: max. 500 V
Cable leakage: 110" C/(Gy - cm)
Wall material: Rubber
+ PMMA (CsHeO2 Jn
+ Graphite {C)
Wall density: 1.20 g/cm?® (Rubber)
1.19 g/cm?® {(PMMA)
0.82 g/cm’ (C) N ~
Wall thickness: 0.95 Rubb
ol fhickness . O.é?énm; Pf(\e/(MA (e Guard ring up to measuring volume )
+0.125 mm C « Suitable for use in solid state and water phantoms
, o Guard ring at potential of the collecting electrode.
Area density: 197 mg/cm? Touchable parts free of high voltage
Electrode: Aluminium, graphite coated; + High voltage to be connected only with active
0.8 mm @; 10 mm long currentlimiting device {imax < 0.5 mA)
. . « Measuring volume airtight for 8 hours
Range of temperature: +10°C .. +40°C + lengthening cable up to 100 m available
Range of rel. humidity: 10 % ... 80 % (< 20 g/m? « Connector: PTW type M, TNIC or BNT (BNC +
. banana on request)
lon collection time: 300 V: 0.04 ms \ )
400 V: 0.03 ms
500 V: 0.02 ms ™
Saturation behaviour Polarizing voltage i 99.0 % saturation 99.5 % saturation
Max. dose rate at 300 V ' 125 Gy/s 62 Gy/s
continyous 400 V ' 225 Gy/s 110 Gy/s
irradiation 500 Vv : 350 Gy/s 175 Gy/s
Max. dose per 300 Vv | 3.2 mGy 1.6 mGy
irradiation pulse ! 400 V ' 4.3 mGy 2.1 mGy
‘ 500 V 5.4 mGy 2.7 mGy

\_ | J

PTW




Radiation Therapy
Diagnostic Radiology
Nuclear Medicine
Radiation Protection

IONIZATION CHAMBER TYPE 23322
C Chamber 0.1 cm’

Description

The ionization chamber type 23322 has been designed for use with therapy dosemeters in variable temperature
surroundings. It is watertight and equipped with a flexible stem. The usual calibration is done at 280 kV X-ray and
'¥Cs, so "Ir calibration can be obtained by interpolation'. The measuring volume is sealed to the surrounding air
(according to IEC 731). For absolute measurements the chamber is therefore only to be used with o check source.

Nominal useful range 140 keV - 50 MeV.

w Literature: Zt. med. Phys., 4/1991, page 194 /

Technical data

Cable leakage:

Wall material:
Wall density:

Wall thickness:

Electrode:

Range of temperature:

lon collection time:

Saturation behaviour

-

Range of rel. humidity:

Volume: 0.10 cm®
Response: 3.8 10°C/Gy
leakage: +4.1015 A
Polarizing voltage: max. 500 V

11072 C/(Gy - cm)

Polyolefine
+ PMMA (CsHgO: )n
+ Graphite (C)

1.07 g/cm?® (Polyolefine)
1.19 g/cm® {(PMMA)
0.82 g/cm® (C)

0.45 mm Polyolefine
+ 0.59 mm PMMA

Aluminium, graphite coated;
0.8 mm &; 10.5 mm long

+10°C .. + 40° C
10 % ... 80 % (< 20 g/m’)

300 V: 0.04 ms
400 V: 0.03 ms
500 V: 0.02 ms

T e e

i Polarizing voltage

Guard ring up to measuring volume

+0.125 mm C * Suitable for use in solid state, water phantoms and
for intracavitary use
Area density: 129 mg/cm? » Guard ring at potential of the collecting electrode.

Touchable parts free of high voltage

High voltage to be connected only with active
currentlimiting device {lmex < 0.5 mA)

Measuring volume airtight for 8 hours
Llengthening cable up to 100 m available
Connector: PTW type M, TNC or BNT

(BNC + banana on request)

99 .0 % saturation

99 5 % saturation

Max. dose rate at ; 300 V 125 Gy/s 62 Gy/s
continuous ‘ 400 V 225 Gy/s 110 Gy/s
irradiation i 500 V 350 Gy/s 175 Gy/s
Max. dose per i 300 vV 3.2 mGy 1.6 mGy
irradiation pulse 1 400 Vv 4.3 mGy 2.1 mGy

| 500 v 5.4 mGy 2.7 mGy

PIW




IONIZATION CHAMBER TYPE 23344 Radiation Therapy

Diagnostic Radiology
Nuclear Medicine

Big Soft-X-Ray Chamber 0.2 cm’

Description

Radiation Protection

-

The soft X-ray ionization chamber type 23344 is an alternative chamber for measurements in superficial therapy or
mammography, where a higher response is necessary. It can be used in air or in solid phantoms. The usual calibration
is done at 15 kV to 70 kV. The measuring volume is open to the surrounding air. This chamber has a very flat energy
dependance from 10 kV to 100 kV. Nominal useful range 8 keV - 35 keV.

_/

Technical data

Volume:

Response:

Leakage:

Polarizing voltage:
Cable leakage:
Wall material:
Membrane thickness:
Area density:

Electrode:

Range of temperature:

lon collection time:

Saturation behaviour

Max. dose rate at
continuous
irradiation

Max. dose per
irradiation pulse

N

Range of rel. humidity:

0.20 cm?®

7 -10°C/Gy
110" A

max. 500 V

110" C/(Gy - cm)
PE (CHz )n

0.03 mm

2.5 mg/cm?

0.1 mm Al on Graphite
13 mm @

+10°C ..+ 40° C

10 % ... 80 % {< 20 g/m?Y)
300 V: 0.05 ms
400 V: 0.04 ms
500 V: 0.03 ms

300V
400 V
s500v

300 Vv
400 V

Polarizing voltage ‘

500v.

~

» Guard ring up to measuring volume
 Suitable for use in solid state phantoms

e Guard ring at potential of the collecting electrode.
Touchable parts free of high voltage

» High voltage to be connected only with active
currentlimiting device {Imax < 0.5 mA)

¢ Open measuring volume, without check device air
density correction is necessary

* Llengthening cable up to 100 m available

e Connector: PTW type M, TNC or BNT
K (BNC + bonana on request)

.

75 Gy/s
130 Gy/s

2.5 mGy
3.3 mGy
4.2 mGy

99.0 % saturation ;

210 Gy/s f 7

Q9.5 % saturation «

37 Gy/s
66 Gy/s
100 Gy/s

1.2 mGy
1.7 mGy
2.1 mGy

PTVV




IONIZATION CHAMBER TYPE 23342 Radiation Therapy

Diagnostic Radiology
Nuclear Medicine

Small Soft-X-Ray Chamber 0.02 cm’

Description

Radiation Protection

N

The soft X-ray ionization chamber type 23342 is the standard chamber for measurements in superficial therapy. It
can be used in air or in solid phantoms (e.g. phantom type T2962). The usual calibration is done at 15 kV to 70 kV.
This chamber has a very flat energy dependence from 10 kV to 100 kV. This chamber is type tested by the
PTB Braunschweig, the Federal Institute of Physics and Metrology. Nominal useful range 8 keV - 35 keV,

)

Technical data

Volume:
Response:
Lleakage:

Polarizing voltage:

Cable leakage:
Wall material:
Membran thickness:
Area density:

Electrode:

Range of temperature:

lon collection time:

Saturation behaviour
Max. dose rate at

continuous
irradiation

Max. dose per
irradiation pulse

K,‘

Range of rel. humidity:

0.02 cm?
3. 1079C/Gy
110 A

300 V recommended,
400 V max.

110" C/(Gy - cm)
PE (CHaln

0.03 mm

2.5 mg/cm?

0.1 mm Al on Graphite;
3mm @

+10°C ...+ 40° C

10 % ... 80 % (< 20 g/m?)
150 V: 0.04 ms
300 V: 0.02 ms
400 V: 0.02 ms

\

\

Guard ring up to measuring volume

Suitable for use in solid state phantoms

Guard ring ot potential of the collecting electrode.
Touchable ports free of high voltage

High voltage to be connected only with active
currentlimiting device {Imax < 0.5 mA)

Open measuring volume, without check device air
density correction is necessary

Lengthening cable up to 100 m available
Approved for official calibration, 5537

German sign of certification: 2

Connector: PTW type M, TNC or BNT

{BNC + banana on request)

-

Polarizing voltage

1
|
| 150 V
g 300 V
| 400 V

150 V

300 V

400 V

99.0 % saturation

P Y

J
N

99.5 % saturation -

|

95 Gy/s 47 Gy/s
380 Gy/s 190 Gy/s
670 Gy/s 335 Gy/s
2.8 mGy 1.4 mGy
5.6 mGy 2.8 mGy
7.5 mGy 3.7 mGy

PTW



Patient Dose Verification System Model TN-RD-50
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Patient Dose Verification System Model TN-RD-50

3.1

3.2

This section describes the basic theory of operation of the Patient Dose Verification System.
Included are an overall functional description, technical data on sensor operation, and information on

Section 3
THEORY OF OPERATION

INTRODUCTION

the bias supply, Reader and calibration holder.

OVERALL FUNCTIONAL DESCRIPTION

Figure 3-1 represents a simplified hardware function block diagram for the Patient Dose Verification
System. While the most important block connections have been shown, many interconnections have

been omitted in order to maintain clarity.
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Figure 3-1. System Block Diagram
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3.3

SENSORS

The sensor is composed of a 1.5 meter length of flat cable attached to 20 centimetres of thin semi-
opaque acrylic laminate. The detector is mounted on the end of the acrylic material and encapsulated

under approximately 2mm of black epoxy. Electrical connection to the detector is provided by
flexible circuit board-like tracks embedded in the acrylic.

Important
The acrylic laminate and epoxy are intended to be the only sensor materials that directly contact the patient.

These are the only sensor materials on which the low level disinfection procedure specified in this manual has been
validated.

The detector is a proprietary MOSFET semiconductor device whose threshold voltage is permanently
increased with exposure to radiation. Threshold voltage is defined as the minimum gate voltage
required to cause the MOSFET to conduct current from source to drain. The threshold voltage is
measured during each "ZERO" and "READ" process and reported as the "TOTAL". The dose
delivered during an exposure is determined by subtracting the pre-exposure total from the post-
exposure total. The resulting voltage difference is termed the exposure-induced voltage shift and is
the source of the reported "DOSE". A calibration factor may automatically be applied to the
exposure-induced voltage to report the dose in units of cGy or RAD. If no calibration factor is
selected, the dose is reported in millivolts (shown as mV).

The sensitivity and response to ionizing radiation depend to some extent on the bias voltage applied
at the time of irradiation. The gate-to-source bias voltage applied is approximately seven volts,
which produces a voltage shift of approximately ImV per cGy under full buildup and approximately
0.5 mV/cGy without buildup. Measurement accuracy of the sensor depends on the size of the
exposure-induced voltage shift. In general large delivered doses and/or the use of buildup produce
large voltage signals with higher measurement accuracy.

Also affecting accuracy, particularly at low dose fractions on sensors with high total accumulated
doses, is a phenomenon known as “fading”. Fading is a gradual change in sensor voltage with time
since exposure, until a stable voltage is reached. In normal clinical applications using measurement
techniques recommended in this manual, fading should not be a significant factor. The amount of
fading after a clinical level exposure increases with total accumulated sensor voltage, so fade
contributes the most error when a)the total accumulated dose is high, b)the dose fraction is small, and
c)the times between zeroing, exposure, and reading are relatively long. Also, a high exposure of
several thousand units can temporarily result in large fade values.

Optimum stability will be achieved if the sensors remain connected to the bias supply. Use of
fresh sensors, or sensors that have been stored off-bias should be delayed by one hour
minimum after connection to the Bias Supply.

The sensor voltage is a nearly linear function of accumulated exposure to approximately 20,000
millivolts, after which the sensor voltage saturates and the response to further irradiation becomes
non-linear. The slope of the curve describing sensor voltage as a function of accumulated exposure is
the calibration factor. For typical sensors, the calibration factor as a function of accumulated
exposure shows a parabolic shape (highest at mid-life) whose peak-to-peak excursion is less than
four percent of a 200 unit exposure over the expected life of 20,000 mV. For a higher degree of
accuracy, sensors may be recalibrated about every 7,000 millivolts of exposure.
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3.3

3.4

SENSORS (Continued)

Sensor response as a function of beam incidence angle (polar anisotropy) is uniform around the lo-
axis of the sensor and has a peak-to-peak increase of 14% centered at normal to the inherent build-
{epoxy) area of the sensor. For flat response, irradiating the flat side of the sensor for calibration a.
measurement is recommended. For maximum signal, irradiating the inherent build-up side of t+
sensor is recommended, but the polar anisotropy effect is greatest for exposure to this side.

Figure 3-2 shows the relatively flat response of the sensor to photons and electrons as a function ¢
energy in the region of radiation therapy.
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Figure 3-2. Energy response normalized to ¢°Co

BIAS SUPPLY

The main function of the bias supply (see Figure 3-3 below) is to provide a regulated bias voltage tc
the sensors. Therefore, this essential component contains a long-life nine-volt lithium battery anc
associated electronics. The bias supply also incorporates a red "LOW BATTERY" light which
provided that the battery is not completely discharged, warns the operator of a low (flashing) o
critical (continuous) battery voltage condition. The bias supply battery will last approximately one
year under normal operating conditions.

Important

Operators should avoid placing bias supplies in the radiation field. However, inadvertent exposure of bi
supplies is not detrimental, provided the total accumulated lifetime dose does not exceed 20,000 c¢Gy.
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3.4

BIAS SUPPLY (Continued)

A secondary function is to provide a convenient interface from the sensors to the Reader via a one-
meter long cable. Connection of the bias supply to the Reader is necessary only for
"ZEROING" and "READING" the sensors. Do not maintain patient contact with the sensors
when the bias supply is connected to the Reader.

The system can manage up to four independent bias supplies one at a time, which are electronically
labeled "A","B", "C" or "D" via an internal jumper setting. Electronic labeling of the bias supplies is
in-field configurable (see section 4.3).
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Measurement hints

2 Measurement hints

2.1 Gceneral

The solid slab phantom type 29672 can be used for depth dose measurements and the
calibration of thimble and paralle] plate chambers in the range from ®Co Gamma radiation

and Photon radiation up to 50 MV and electron radiation from 4 MeV to 50 MeV in the unit
of absorbed dose to water.

The calibration of a chamber in the phantom can be done with '*’Cs and ®*Co Gamma
radiation by interchanging a reference chamber against the chamber under calibration. That
means, the irradiation of both chambers is done one after the other in the same geometry.

In case of Bremsstrahlung, the same procedure needs a high constancy of the tube voltage of
the X-ray unit or accelerator. If the measurement is made against a monitor, which has its
chamber in air between the focus and the chamber under calibration in the phantom, small
changes of the tube voltage will cause changes of the Bremsstrahlung spectrum and thereby
different absorption in that part of the phantom which is between the monitor in air and the
chamber under calibration in a certain depth.

2.2 Field inhomogeneity

The solid slab phantom type 29672 can be used for simultaneous measurement of more than
one chamber with special adaptors. When using more than one chamber due to possible field
inhomogeneities the chambers should be exchanged in their position to obtain equivalent
doses in the comparison of the chambers.

When using chambers of different construction at the same time, the possibility of a mutual
influencing of the radiation field should be considered; this is not necessary when comparing
two chambers of the same construction since mutual influences then are equivalent.

Hint:
Different scattering due to different chamber construction could be investigated for
instance by calibrating the chambers versus a monitor transmission chamber but
radiation quality constancy has to be observed when using this method (see above).

When irradiating, several chambers the necessary field size should be observed.
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Measurement hints

o

‘2.3 Remarks on thie use of RW3 for measurements "in water"

Water is the standard reference material in high energy photon and electron dosimetry and
should be used in the first or basic dosimetry. But, in many applications such as routine or

constancy checks it is often more convenient to work with a solid water equivalent phantom
material.

RW3 is a white polystyrene material containing 2 % by mass TiO;. RW3 has been developed
for the use as solid water in high energy photon and electron dosimetry. Different admixtures
of TiO; have been studied systematically to optimize for the purpose of dosimetry (7).

RW3 is delivered in slabs of size 30 cm x 30 cm with thicknesses of 1 mm, 2 mm, 5 mm and
10 mm. The nominal thickness is guaranteed within £ 0.1 mm. Different slabs with a hole cast
to the dimensions of all PTW chambers and FeS-ampoules are available. The mass density of

RW3 is 1.045 g/em?, (Z/A)er amounts 0.536 and the electron density has a factor relative to
water of 1.012.

In dosimetry material equivalence means the same characteristics of two materials with
respect to absorption and scattering of photons and electrons. The lower effective atomic
number of polystyrene relative to water can be partially balanced by the high atomic number
of Ti0,. Because of the energy dependence of the absorption and scattering coefficients it is
obvious that this compensation cannot hold over all energy levels used in high energy
radiation dosimetry.

Different experimental setups have been developed to investigate material equivalence and to
determine correction factors (5, 9, 10, 11).

2.4 Correction Factors for Photons

2.4.1 Absolute Dosimetry

Using RW3 as solid water, i.e. with the same correction factors normally applied to dose
measurements performed in water, any difference in the absolute ionization between the
reading in water and RW3 yields the same difference in the absolute absorbed dose measured.
It is known that with respect to water the ionization in clear and white polystyrene is lower.
Values between 0 % and 5 % have been published (8, 12).

Introeducing a correction factor hy,

hw,p = Mw/Mp (1 )
where Mw and Mp are the ionization in water and polystyrene. respectively. the dependence

of encrgy, depth and field size can be demonstrated. The two following figures show this
correction factor for four different beam qualities and two field sizes as a function of depth.
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The results of figure 4 and 5 are influenced by several parameters such as type.of ionization ~ *
chamber used, spectral distribution of photons at the point of measurement, and others. The

user is therefore strongly recommended to check these data for the particular conditions of in-
terest (see section 4).

2.4.2 Relative Dosimetry

The data from figure 4 and 5 can be used to estimate the deviations in TMR or reiative depth
dose between water and RW3. It is obvious that a correciion factor constant with depth results
in no deviations in relative measurements. It can be shown that the percentage deviation in
TMR A(z) (normalized to maximum dose) in the depth z is approximately

A(z) = (hwp(z) - hup(Zmad) TMR(Z) 03

where hy p(Zmax) is the correction factor in the depth of maximum ionization. For TMR(z)
either the value measured in water or in RW3 can be selected.

Combining the well known TMR data for the given beam qualities with the data from figure 4
and 35, at field size 10 cm x 10 cm no greater percentage deviations than 0.5 % (4 MV), 0.4 %
(6 MV), 0.3 % (15 and 25 MV) occur. Slightly higher values are found at field size 25 cm x
25 em: 0.7 % (4 MV), 0.6 % (6 MV), 0.5 % (15 and 25 MV).

As an example, the determination of the beam quality factor Q from measurements in RW3
may be investigated. The deviation in Q amounts to less than 0.6 % (4 MV), 0.4 % (6 MV)
and 0.2 % (15 MV and 25 MV) caused by a deviation of the stopping power ratio water to air
(Sw.air) of about 0.03 % (4 MV and 6 MV), 0.04 % (15 MV) and 0.05 % (25 MV).

2.5 Correction Factors for Electrons

2.5.1 Absolute Dosimetry
On account of the lower angular scattering power of RW3 the absolute ionization is too low.
The same correction factor hy , as made before for photons can be introduced:

h\\.p = Muw(Zmax) / Mp(zmax) (3)

where My(Zmax) and Mp(znax) are the readings in the depth of maximum ionization in water
and RW3, respectively. The energy dependence of this correction {actor is shown in figure 6.
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Electrons, field size 10 cm X 10 cm ;
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Figure 6: The correction factor h,,p, in the depth of maximum ionization as a function of

electron energy.

As mentioned before for photons, the data of figure 6 depends on the type of ionization cham-
ber, scattering foils, type of applicator, field size, energy and angular spread of electrons and

others (4). It is therefore strongly recommended that these data are verified in the users beam
(see section 4).

2.5.2 Reiative Dosimetry

For electrons within 4 MeV and 20 MeV, deviations in relative profile measurements are
negligible as has been confirmed by several authors (7, 10, 12). Deviations of less than 1 mm
are described. It follows from this that energy parameters gained from measurements in RW3
are determined with sufficient accuracy showing a tendency to slightly higher values.

2.5.3 Comparative Measurements in RW3 and Water

The water equivalent solid phantom material RW3 can be easily used for high encrgy photon
and electron dosimetry as a substitute for water. Relative profile measurements are in good
agreement with those measured in water. For determination of absolute dose a correction
factor greater than unity must be applied for both photons and electrons. This correction factor
shows a dependence on several parameters such as energy and spectral distribution. depth of
measurement, field size, type of ionization chamber and others.

It is therefore reccommended that the user takes the results presented here as guidelines only.
Control measurements should be performed under routine conditions.
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Thete are-sorme points that must be taken into account;

—

. Water phantom and RW3 phantom should be in temperature equilibrium.

2. Evaporation of water reduces water temperature and possibly the depth of the chamber in
water,

3. The true thickness of the RW3 siabs must be known.

4. If the RW3 slabs are not totally flat air gaps between the slabs may occur. Especially for
measurements with constant source-surface distance the source-detector distance may be
influenced by this.

5. The long-time stability of the dosimetry system must be checked.

Attention
Continuous long-time irradiation can cause static charges in solid phantom materials.
Toe avoid eventual display error resulting from this, the maximum plate thickness
should be 10 mm. The plates should be discharged by regularily wiping with a metallic

edge connected to ground potential whenever the dose in the phantom has reached
approx. 40 Gy. ' '




Precision

DOSIMETRY
ELECTROMETER™

"Classic Simplicity Improved Through Updated Technology”

MODEL 101 »
DUSIACTRY ELECTROMETER™

Model 1010
e \with feedback module

® VERSATILITY - “You customize to your need.” The versatility of the Model 1010 stems from its innovative
modular design. The amplifier feedback element is contained in a removable maodule.,

® RELIABILITY - Rugged design combined with battery operation, hybrid ranging, and an internal electronic
bias supply, all contribute to the high degree of performance offered by the Model 1010.

® SIMPLE - With its controls, input and 0.7 inch high digital LCD display all located on the front panel, the
Model 1010 has condensed the user interface to the bare essentials without compromising features.

o ECONOMICAL - "You only buy what you need.” The modular design means that you save money Dy not

paying for ranges that you will not use. The flexibility of design insures that your investment need not be
abandoned as your needs change.



- ™
Precision Dosimetry Electrometer

The Model 1010 Dosimetry Electrometer, a refer-
ence grade instrument, maintains the simplicity of
classic electrometer styling while utilizing contempo-
rary design and state-of-the-art electronics.

The Model 1010 is SIMPLE to operate. All controls
are located on the front panel. The nomenclature is
clear and concise. The value is displayed in easy-to-
read 0.7 inch digits. A tilt bail is provided for optional
viewing angle. Yet, the Model 1010 has a broad
range of operation and can accomodate any size ion
chamber utilizing most types of connectors.

The VERSATILITY of the Model 1010 stems from
its innovative modular design. The amplifier feed-
back element is contained in an external module.
The module is removable and can be exchanged
with any number of modules. Each module changes
the measurement features of the electrometer. In
this way, a single slectrometer can be configured to
satisfy a wide range of applications,

e e e e
4 1/2 Digit
Custom LCD

Display Hold —————__| ovEL 101

Bias Select —— |
Swilch

on, Off, Bias Check ———————""7"

Zero Adjus! ]
Sensifivity ———_|
Zero Check/Lock

2645 4010s"

Electrometer
eedback Module

fn addition, each module is individually calibrated. ‘
By pairing an ion chamber with a specific module,

full calibration of all chambers on a single electrom-

eter can be acheived.

The Model 1010 is designed for long term
RELIABILITY. Low leakage currents are acheived
due to the selection of special components and the
implementation of proprietary production techniques.
All feedback elements are extensively evaluated to
insure long-term stability. Standard ‘D" cell batteries
provide over 1,000 hours of continuous operation
and around-the-clock power to the electrometer
circuit.

The combination of simplicity and versatility make
the Model 1010 one of the most ECONOMICAL
electrometers on the market today. The innovative
modular design and the classic simple styling means
that, with the Model 1010, you only purchase what
you need.

Rugged Steel Chce-

Feedback Medule
Storage Compo;‘

tlectromelter
Output

External Bias
Conneclion

Baftery
Compartment

SPECIFICATIONS (subject to change without notice)

DISPLAY: 0.7 inch, 4 1/2 digit custom LCD display, with floating decimal
point, display hold and low battery indications.
DISPLAY UPDATE: 1 sec

UNITS: Module selected - Electrometry {pA, nA, A, pC, nC)
Dosimetry (R or Gy with i, m, ¢ prefix) (Rate in's, min, h}
INPUT:  Triax or Coax

INPUT LEAKAGE CURRENT: Loss than 5 {A

PREAMP OUTPUT!t 2 Volt; banana jack (back panel}
ELECTROMETER INPUT OFFSET: Adjustable to withint 5mv

FRONT PANEL CONTROLS: Power Switch - off, on, bias check

Bias Selector - off, -60%, ~100%, +100%, +50%, Ext

Zero Adjust - 10 turn pot, *200 pV range

Display Hold - momentary switch

Reset - momentary and twist-to-lock (< 1 sec discharge)
Increase sensitivity - momentary switch

Internal elactronic bias - 100% = 300 V nominal

External Bias - via banana jack (back panel)

RANGES: Three decade auto-ranging up

POWER: Six "D* cell batteries, over 1,000 hours of continuous operation
DIMENSIONS: 9" {23 cm}highx 52" (13.2 cm) wide x 107 (25 cm) deep
WEIGHT: 10.5 Pounds, {4.8 kg)

BIAS:

ELECTROMETER RANGES:
CURRENT: 1 0.001 pAto *1999.9 uA (13 decades)
CHARGE: ¥0.0001 pC to *1999.9 nC {12 decades)
When ordering, specify input connector and full scale requirement for
each module.

DOSIMETRY RANGES: For any ion chamber, a dosimetry module 1s
available to cover a 7 decade range. When ordering, specify input
connector and the maximum dose or dose rate to be measured and
the calibration factor of the ionization chamber. These values and units
will determine the module components and calibration adjustment so
that the electrometer displays directly in the dosimetry units required

FEEDBACK MODULE RANGES: 7 decades from resolution digit to full scaic

EXAMPLES: RANGES:

Module Value High Medium Low
200 nC 199.83 nC 19.999 nC 1.9899 nC
2000 pA 1999.9 pA 199.99 pA 19 999 pA
2000 cGy 1999.9 cGy 199.99 cGy 19 989 ¢
20,000 mR/h 193999 mR/h 1999 9 mR/Mh 199 99 n

MODULE CONNECTORS: Triax {female} - BNC or TNC
Coax female) - BNC/Banana Jack
Custom - Specify style and gender

REAR PANEL CONNECTORS: Electrometer analog output, ¥ 2 volt, banan:
iack External Bias. ¥ 600 volt DC maximum. banana jack.



In Vivo
DOSIMETER

VD . . .Becoming the Standard of Care
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O ACCU RATE , B Special Electrometer Allows Physics

Calibration with a Precision of 1% or Better.

Stores up to 20 Detector Configurations.
Outputs in Rads or Centigrays.

e CONVENIENT

Designed for use with Diode Detectors.
Automatic Offset Voltage Adjust.
FDA Approved with 510K.

e RELIABLE



In Vivo DOSIMETER

Providing the highest quality of care at the lowest cost to
the patient, is the challenge facing medicine today.

The IVD In Vivo Dosimetry system increases the qguality
of care in any institution. By monitoring actual radiation
dose to the patient, both the patient and the care provider
gain information that provides greater assurance that the
treatment received is as close as possible to treatment
prescribed. In addition, through regular implementation of
the IVD system, the care provider can track and report the
level of quality offered by the institution.

VD is a compliment to Record and Verify systems. R &V
will detect random errors during the course of patient
treatment. However, R & V may actually propogate a
systematic error. On the other hand, IVD will detect both
random and systematic errors.

Often, implementation of a gquality assurance program
means increased cost. Implementation of the IVD system
addresses this concern in two ways. First, the system is
designed to impact the patient as minimally as possible.
The standard patient treatment routine requires only minor

variations to incorporate the use of the VD system.
Second, in the U.S.A,, the use of In Vivo Dosimetry is an
accepted practice under standard reimbursement pro-
grams; thereby, offering an opportunity for the institution
to offset the initiat cost while adding significantly to the
standard of care offered the patients.

The VD system employs solid-state diode detectors.
These small rugged detectors make placement and
removal a simple and easy operation. The IVD system is
designed such that all setup is performed during off hours,
so that once patient treatment has begun the system can
be properly configured, for any given patient, in a matter
of seconds. The results are available during and immedi-
ately following the treatment. Turn-around time is immec:-
ate, once a treatment is comgleted and the data recorced,
the system is available for the next patient.

The IVD patient dosimetry sysitem is a fast, accurate, cost-
effective patient treatment verification solution for those
institutions striving to increase the standard of patient care
while controliing service cost.

SPECIFICATIONS: When used with SNC or Nuclear Associates Diode Detectors

DISPLAY RANGES:

0.1 to 999.9 R (cGy).

1 to 999 R/Min (cGy/Min).
DOSE PRECISION:

0.6% or 2 digits (whichever is greater)
at rates of 10R/min or greater.

ACCELERATOR LIMITS:

Pulse Maximum 1.1R (cGy}

Avg. Rate Maximum 3000 R/min (cGy/min)
DETECTOR CHANNELS:

2 channels with Model 113000-2
4 channels with Model 113000-3

ELECTROMETER INPUT:

Measured Current 1pA to 50nA, negative

Offset Bias 3 microvolt, Auto-Zero
Series Impedance 0 Ohm
CALIBRATION:

Automatic calculation and storage of calibration
factors (DOSE/CNT * 1000) with user entered
DOSE value.

ALARM:
Audible tone for dose or dose rate; set
independent on each channel.

DISPLAY:
Liguid crystal, 2 line x 40 character alpha numeric,
with contrast adjust.

ACCESSORIES:
[SORAD Photon Detector 1-4MV  Part No. 114200-0
ISORAD Photon Detector 6-12MV  Part No. 114300-0
ISORAD Photon Detector 15-25MV Part No. 114400-0
Electron Detector Part No. 114000-0

CONTROLS:

Menu operation with 4 function keys F1, F2, F3, F4 plus
EXIT and ENTER.

MEMORY:

Calibration factors for 20 detector groups stored in
EEprom. Last setup configuration inciuding detector
group, time constant, alarms, special correction factors
stored in battery backed-up RAM.

CLOCK:

Real-time battery backed-up clock for time stamping
printout,

PRINTING:

IR LED port for Hewlett Packard 82240A Infrared Printer.

Centronics port for most parallel printers.
DIMENSIONS:

95"x 8 x4"{24.1cmx20.3cmx10.2 cm)

WEIGHT:

5.5 Pounds (2.5 kg)

POWER:

External power supply, meets UL 544 (Medical and
Dental Equipment) UL file E107077.

Input: 90 to 130 VAC, 50/60 Hz, 10W

Qutput: 20 VAC, 25 A

Energy Compensated Detector  Part No 114100-0
Extension Cable (10 Meter) Part No 114045-C
HP 82240A Infrared Pr.nter Part No 860084

Paper for HP printer (MP82175A) Part No. 860083



RE-ENTRANT
CHAMBER

HDR & LDR

“For all Brachytherapy source measvrements”
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APPLICATIONS -
e |r-192 HDR - m 10 Ci source yields 280 nA
W Pure Ar gas assures high collection efficiency
m  Stable response of sealed chamber
e |-125 Seed - m 0.5 mCi source yields 20 pA
®m Pure Ar gas provides enhanced response at low gamma energies
e | DR Sources - m Measures source activities as low as 0.1 mCi of
Pd-103, 1-125, Cs-137, 1192, Au-198, and Am-241
FEATURES -
e STABLE - m Hermetic seal with positive pressure argon fill gas provides unique response

m No air density correction required

e "SWEET SPOT" -

Variation in axial response along 35 to 45 mm "sweet spot'is * 0.5%
m Flat response, T 0.1%, is typically 20 mm long



RE-ENTRANT CHAMBER

The SNC Model 1008 is a well type re-entrant ionization
chamber designed for application to brachytherapy source
strength measurement.

The design philosophy behind the 1008 considered the prob-
lems associated with the large thermal mass of re-entrant
chambers, the electron contamination in beta emitting iso-
topes, the geometrical source placement errors along the axis,
and the wide range of source strengths and gamma energies
associated with brachytherapy.

The Model 1008 chamber is hermetically sealed, therefore
there is no air density correction requirement. All other re-
entrant chambers are vented and therefore require a tem-
perature measurement of the chamber gas which can be dif-
ficult due to the long thermal time constant resulting from
the large therma! mass.

The aluminum wal! of the Model 1008 chamber well is 570
mg/cm? which absorbs all betas from 1r-192, Cs-137, and Au-
198. Therefore, there is no signal contribution from electron
contamination. Also, beta absorbtion can heat the chamber
gas when high activity HDR sources are being measured. In
a vented chamber, this is a problem. The Model 1008 is
sealed, therefore there is no heating effect.

The axial response of the Model 1008 chamber provides
the fongest "sweet spot® of any brachytherapy re-entrant
chamber due to its unique electrode design. Along the axis,
the electrode is cylindrical. Then at the bottom, there is

e —————————————————————————————————————————————————————

SPECIFICATIONS: (Subject to change without notice)

an electrode gap which provides additional chamber sensiti\‘
ity as the source approaches the bottom. This provides a very
flat axial response curve in the "sweet spot’ instead of the
traditional "parabolic” shape of -the simple cylindrical gecm-
etries.

The fill gas of the Model 1008 chamber is pure argon at an
absolute pressure of 23.5 psi, which provides three disting:
benefits. First, through photoelectric absorption, argon er-
hances the response at low photon energies emitted from
isotopes such as I-125 and Pd-103. Second, because of its
low electron attachment coefficient, argon provides a higher
ion collection efficiency than air, making it more suitable fo-
10 Ci HDR Ir-192 source measurement. Third, the positive
pressure provides long term constancy measurements with
the ability to verify the chamber stability, without the influ-
ence of temperature/pressure corrections.

The Model 1008 is fully guarded into the chamber, and 1s
equipped with a 1.5 meter low noise triaxial signal cable, ter-
minated with a triaxial bayonet connector.

Application accessories to the Model 1008 for positioning
and holding the source include:

- Aluminum catheter clamp which gently compresses
a rubber o-ring around the catheter to give a friction
lock.

- Three source holders for tubes, seeds, and ribbons

CABLE:

RADIATION DETECTED:
Gamma above 20 keV, Beta above 1200 keV

AXIAL RESPONSE VARIATION:

‘Sweet Spot* defined as ¥ 0.5%

Nominal "Sweet Spot” length is 40mm *§
Center located between 36 and 46 mm from
bottom of well

Nominal 20 mm length for £0.1% response
variation.

1.5 m low noise triax, terminated with
bayonet TRIAX

CAPACITANCE:

100 pF

TEMPERATURE RANGE:

0°t050°C

LEAKAGE CURRENT:

Guard to Collector, < 3 fA

WELL INSERT ALIGNMENT:

NUCLIDE/PKG NOMINAL RESPONSE

nA/Ci
1-125/6711 38.0
1-125/6702 46.2
Cs-137/Tube 18.6
Ir-192/LDR 30.0
Ir-192/HDR 28.7

I{ON COLLECTION EFFICIENCY:

A o0 > 0.998 with 10 Ci of 1-192.
ACTIVE VOLUME:

1.2 liter
IMPEDANCE:

Guard to Collector > 10" ohm

MAXIMUM BIAS:
Guard to HV Electrode: 600 V

WELL OPENING:

Two keyholes in chamber top

CONSTRUCTION:

Fill gas: 23.5 psi Argon, absolute pressure, 99.997%

pure (Note, pressure is below DOT specifications for

a pressure vessel; 1985 DOT 49 CFR 173.300 (a))

Well: 6063-T6 Aluminum, 0.211 cm wall (0.083" + .012%)

Collector: 5052-H32 Aluminum, 0.081 cm wall (0.0327)

Electrode Separation: Well to Collector = 1 cm
Collector to Body = 1 cm

CHAMBER SIZE:

12.7 cm diameter by 25.4 ¢m high

7.2 cm diameter by 16.7 ¢cm deep

WEIGHT:

3 kg



ISORAD™
DETECTORS

Solid State Diodes for In-Vivo Dosimetry

® SAFE FOR PATIENT MONITORING

® EASY, QUICK SETUP

® STABLE CALIBRATION

Requires no bias voltage
e Minimal thermal effects
¢ Rugged construction

Build up included for low, medium,
and high xray energies

e Color coded by energy

Real time readout - no processing

Radiation damage effects minimized
for all detector ranges

Very low temperature coefficient
Isotropic directional response



ISORAD™ Diode Detectors

The Isorad Diode Detector generates charge resulting from ionization
occuring in and around the vicinity of the depletion region of the diode. RS a ‘
When connected to the input of an electrometer, the collected charge serves ¢

as measurement of the radiation dose. This dosimetry technique has been

well documented in the literature 1, 2, 3, 4, & 5). *
The Isorad Detectors are safe for patient contact because there is no COLORED SLEEVE
detector bias voltage required. These detectors are very easy fo use with / plooE LocAon
pafients because there are no special handling procedures required. BACKMOLDED EPOxY
The molded epoxy construction makes them rugged; the integral buildup for
equillibrium response requires no additional buildup; the color coding by
energy range makes them easy to identify. Furthermore, the measured dose
is immediately available at the end of the freatment allowing the actual oW Noise e
setup to be evaluated for errors. Vom 16 mm
Historically, diodes have been reported fo be sensitive to temperature and

radiation damage effects. This is due to the dependence of the minority asmm '
carrier diffusion tength on temperature and lattice damage in the silicon.
This concern has been minimized in the Isorad Detectors through use of ~ Fig. 1. ISORAD DETECTOR W/ TRANSVERSE DIRECTION ILLUSTRATE:
o proprietary n-type silicon.

Further to the improvements in diode measurements, instrumentation has o 612 MV DETECTOR WITH 6 MV PHOTONS
been developed by SUN NUCLEAR which enables the highest degree of ol Tt
precision and stability that can be achieved with diodes. At the heart of this -
instrumentation (VD and PC Rainbowl is an input circuit designed specifically -
for diode measurement of the pulsed beams used in radiation therapy. This T
circuit has a low leakage current and an input offset voltage of less than 5 g %
microvolts which is required for minimum drift and maximum stability. 2 sl
g
(0 P Lee, etal, ¥ feasoble Potient Dosimetry QA Progrom with a Commercial Diode Systent, Presented at the 'z © —
1993 Annual AAPM (Z4], Med. Phys. 20, 912, 1993 o »
{2) F. Kader, elal, Reduction In Sensitvity Variohion of n-lyoe Silicon Diode Defectors by Electron Pre-lrradiotion”, « [~
Presented at  the 1993 annuol AAPM (28], Med. Phys. 20, 888, 1993, o
13} L. Gray, Properties of a Diode Dasemeler for Radiotherapy. Proceedings of the 4th Intl Conference on 10
Medical Physics. 1976
14) LD. Goger, A.E. Wright, and PR. Almond, icon Diode Defectors Used in Radiological Physics 0 L1 120001 e 'm‘ L 'm‘ L1 1.000' 11 o
Measurements® Padis [ and 1, Med Phys. 4, 494-502, 1977 Gy . ‘
1) LR.Wendell, B.J. Maddox, K.R. Kase, "Daily Check Instrument for Photon ond Efeciron Beam Quality
Assurance of Medical Linocs, Med. Phys,, 12, 462-465, 1985 Fig. 2. ISORAD DETECTOR RESPONSE VERSUS RADIATION DAMAG:
0 4
SPECIFICATIONS: (Subject to change without notice)
RESPONSE: Nominal 1 nC/R SENSITIVE GEOMETRY:  Voiume, nomnal 0.30 mm?
Junction thickness, 0,0275 mm
MATERIAL: Special n-type silicon Juncton area, 4.2 mm
CONSTRUCTION:  Plane of silicon die mounted perpendicular to cable CABLE LENGTH: -output, 3 meter
axis. Material build up around the die from ths inside + output, 10 meter
out consists of: Special lengths available
Silicon Oxide {0.169 g/cm?) + 330 Brass (0.303 g/cm?) +
supplemental build up (See below)} + Aluminum 1D band
{0.097 g/cm?). ELECTROMETER Input offset voltage < Suv
Not waterproof. i i RECOMMENDATION: Series input resistance < 1 KQ
Not recommended for intracavity measurements. Input leakage current < 0.1 pA
PHOTON ENERGY RANGES 4 Y 612 MY 528 A
Supplemental Buildup Aluminum, 0.304 g/cm? 330 Brass, 0.965 g/cm? Tungsten 2.18 g/cm?
Total Buildup 0.873 g/cm? 1.634 g/cm? 2 75 g/em?
Transverse Response Fig. 1
95% to 100% -56° to +83° -70° to +90° -82° to+90°
90% to 95% -73°t0-56°; +83° to +90° -90° t0-70° -g0° to-82°
80% to 90% -90° to -73° N/A N/A
Axial Response
99.5% 10 100% 0°t0360° 0°to 360° 0°t0360°
Radiation Damage: Response Change -0.0014%/Gy -0.0014%/Gy -0.02% /Gy @
Temperature Coefficient: Typical +0.1%/ °C +0 1%/ °C +0.16%/ °C Q
Sieeve Color: Blue Gotd Red
Part Number [-) Negative Output 114200-0 114300-0 1144000
{ +) Positive Output 114200-1 114300-1 114400-1
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RADIATION DOSE MEASUREMENTS DURING PATIENT
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NEW INNOVATIVE

THERAPY BEAM MONITORS
SENTINEL™ 629 AND BEAM SENTRY 104 OR 114

SENTINEL ™ G
¢ S ion chambcey
* Dircect reading
* Stored calibratio

Hutput

T 20 energies
Temperature-Pressure correction
Automatically averages readings and
calculates symmetry and flatness

¢ User selected alarm pornts

s Interfaces to printer. computer

* Gantry - collimator attachment desvice

.

OPTIONS:
* Remote readoutscontrolier
¢ Various printers/computers
+ Serial-to-parallel adaptor

¢« SuperCale software

104 BEAM SENTRY (10/303B)
raliel plate ion chamber suitable for accelerator, cobalt,
gial, diagnostic and mammography '
A phantom with removable buildup plates

* BNC or TNC triaxial connectors
¢ 4¥2 digit LCD, 2-range display

* Units: nC, ¢Gy or R

* Battery operation/bias

MODEL 119 BEAM SENTRY

(11/30231)

* As above, but with rechargeable
battery operation, variable
clectronic bias and rate mode.




SENTINEL™

Dasigned for daily constancy/symmotry chacks of radiation
puts from high energy accelerators and cobalt machines. High
ility, ease of use, and versatility are the prime objectives in the
iting! design. The instrument is microprocessor based which
vides the user a simple, but accurate daily device. This is
wnced further by the fact that the instrument remembers your
up. prompts the operator along predetermined protocol and
res dota for later printing or downloading to a computer at a
ro convenient time.

The physical design also is unique, in that rails are provided
illow the Sentinel to slide directly into Varian style block tray
wport. That provides radistion output as a function of gantry
ite. The one-piece construction eliminates the need for a
itly, troublesome ion chamber interconnect cable.

Optional remote control/readout unit completely duplicates the
el function of the Sentina!l and permits operation from outside
the treatment room.

PECIFICATIONS:

odel 629

curacy: Within 1% for Co0-60, absolute
seatability: Within 0.5% for all high energy photons
.ectors: One central ion chamber, four chambers

spaced at 8cm off central axis on
the X-Y axes; imbedded in 1/2" acrylic
amber size: tce; tem dia x 1.27cm deep, unsealed
idup: 0.5g/cm?; 1.6mm Al & 0.5mm polycarbo-
nate; additional buildup may be achieved
by using standard 26 x 25 cm slabs
1ge: 0.1 to 999.9 rad
‘e limitation: 0.5 to 999.9R/min
play: Two line, 40 character alphanumeric LCD, displays
data, instrumeont status and functions
Four soft keys correspond to displayed
function prompts, one enter and one exit key
ibration memory: Up to 20 beam calibretions stored,including
calibration #, machine 1D, SSD, MV, MU,
gantry sngle, alarm limit, number of expo-
suraes, temperatlure, pressure, time and date
it alarm: User selected low and high deviation limit alarms
la memory: Up to 180 measurements stored for printing
or downloading to a computer
asurement data: Absolute, ratio, average, percent of
calibration, flatness and symmetry change

ntrols:

ta links: RS-232 for computer, serial printer, and
remote unit. Infrared sender for H-P printer

wer: Internal rechargable battery, 120VAC UL
listed adaptor provided.

e: 45,7 x 26.7 x 8.9 cm {18 x 10.6 x 3.5 in)

sight; 7.72 kg (17 1b)

PTIONS:

dal 829R Ramote control/display unit, complete with
50 foot interface cable

idel HP-IR HP 822408, IR-link thermal 24 column

printer, including 120VAC adaptor

del S/P ADAP Serial to parallel adaptor

del LX-810S Serial/parsllel dot matrix printer, including
printer cable

SENTINEL 1

The most significant festure of the Sentinel il is the
upgradability option. In addition to being 8 unique programmable
five lon chamber dailly beam output and symmetry monitor, it may
also be economically upgraded to perform a dual function ss a
Patient Dose Verification Monitor. As such, the Sentinel |l does
not rest idle after the daily beam output checks are done, it can
use the same microprocessor power and features to process
patient exposure data from up to five diode detectors.

The main components of the Sentinel il are;

® 551 ion chamber module contains 6 sealed ion chambers that
require no air density corrections. One ion chamber is located in
the center of the 20 x 20cm field and four ion chambers are
spaced at 8cm off central axis on the X-Y axes, imbedded in 1/2*
acrylic. A chamber hole is provided to fit 8 Farmer type ion
chamber to allow cross-calibration of center ion chamber. Two
metal rails along two sides allow convenient mounting directly to
a shadow tray whenever it is desired to perform output measure-
ments at various gantry angles. The two rails are spaced to
accommodate standard 25cm? acrylic buildup material. The ion
chamber module contains no electronics and every effort has
been made to thoroughly shield the ion chamber signals from the
effects of RF.

@ 55F clectrometer module is normally attached to the 55! ion
chamber module. It contains five-channel electrometer snd
digitizes data before sending it via a fiber optics cable to the
readout/control module which is meant to be located outside the
treatment room at the control panel. The electrometer module
may be removed from the ion chamber module for the purpose of
attaching optional tive-channel diode module, transforming itinto
a Patient Dose Verification Monitor.

e 55CU control/display module provides convenience of
reading data and operating the Sentinel ll from a remote location
outside of treatment room. It contains the microproccessor,
battery backed up memory, a two line alphanumeric display, a
user friendly six key multifunction control panel, and outputs for
parallel Centronics printer, infrared-fink HP tape printer and RS-
232 port for downloading data to a IBM compatible computer.
e 55DM optional 5-channel diode detector input module
serves to expand the basic capability of Sentinet Il. It attaches to
the 55E electrometer module and accommodates the outputs of
up to five diode detectors, thus significantly increasing the
usefulness of the Sentinel Il. The patient dose data can then be,
similarly processed, stored, printed and downloaded to a
computer.

® Diode Detectors aro available to satisfy a wide renge of
photon and electron energies. Representing state-of-the-art in
diode dosimetry, diode detectors deliver high sensitivity and
stability through the use of integral filters and build-up shields.
Sophisticated mountings, noble metal doping materials and unique
cylindrical design minimizes temperature effects caused by patient
heat transfer during treatment and provida excellent gaometry.

OPTIONS:

55DM  Diode module and firmware to allow interface with up to
five diode detectors for patient dose monitoring

S5SW  Software to provide two-way PC interface for
calibration and data management for up to five diodes
30-481-8000 Diode detectors, 1 - 4 MV photons
30-487-8000 Diode detectors, 6 -12 MV photons
30-488-8000 Diode detectors, 15-25 MV photons
30-495-8000 Diode detectors, 6 -25 MV etectrons
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3.0

3.1.4

3.2

3.2.1

3.2.2

3.2.3

SPECIFICATIONS

DOSE/DOSFRATE MEASUREMENTS

Range Full Scales:

Measurement

Mode Low Range
Charge 19.999 nC
Dose 199.99 *
Current 199,99 pA
Doserate 199,99 */min,

High Range

199.99 nC
1999.9 *
1999.9 pA
1999.9 */min

* cGy, rad or R as set by position of Legend Panel.

Resolution: 0.005 % of Full Scale

Performance:

Measurement Calibration Linearity Long term Temperature
Mode Accuracy Stability Coefficient
Charge +0.5 % +0.1 % F.S. 0.5 % p.a. x0.05 %/°C
Dose +0.5 % +A +0.1 % F.8. 0.5 % p.a. 0.05 %/°C
Current +1.0 % +0.1 % F.S. +1.0 % p.a. 0.05 %/°C
Doserate +1.0 % *A 0.1 % F.S. +1.0 % p.a. 0.05 %/°C

Where A is the Calibration Uncertainty quoted for the Chamber

Calibration.

Leakage current:

Time constant:

<+ 3x107* 1A

0.15 s on the Low Current and Doserate Ranges
0.05 s on the High Current and Doserate Ranges

ELAPSED TIME MEASUREMENT

Timer range Full Scale:

Timer accuracy:

Timer temperature coeff:

Timer resolution:

1989.9 s

+0.02% 0.1 s at +25° C

+0.02 %/°C

0.1 s

(only applies to 2620A with Timer)



3.4

3.5.1

3.5.2

3.5.3

3.5.4

POLARISING VOLTAGE SUPPLY

Selectable HV values:

HV supply accuracy:

HV ratio accuracy:

HV measurement accuracy:

HV output temperature coeff:
HV output impedance:

Max energy discharge:

INPUT CONNECTOR FOR CHAMBER:

POWER SUPPLY REQUIREMENTS

Mains type:

Nominal voltage range:

Acceptable frequency range:

Power rating:

+360 V, +180 V, #90 V, +45 Vv, +22.5 V

1 V

+0.5%

1 Vv

+200 ppm/°C
>1 MQ

<2 mJ

Fixed Triaxial TNC Socket

Single phase A.C. with an external
protective earthing system

100 - 120 V *10%
200 - 240 V *10%

48 to 63 Hz

10 VA



3.6

3.6.2

3.7

3.7.1

3.7.2

3.7.3

TEMPERATURE RANGE

Operation:

Storage:

+10° C to +40° C

-15° C to +50° C

MECHANTICAL SPRCIFICATION

Dimensions:

Weight:

Width: 320 mm
Depth: 285 mm
Height: 145 mm

4.5 kg

Possible angles of Front Panel
(relative to a horizontal bench):

i

resting on

resting on

resting on

70°

is the

4 Rubber Feet on Base:
Handle:

4 Rubber Feet on Rear Panel:

90°
88°, 78°, 70°%

00

recommended angle for bench use (see Figure 1).



ION CHAMBER TNC INPUT

CONNECTOR
M \ Current
Limlting
N Resistor
D
= —3 D—
N Virtuol Eerth
S
N
~ e

Guard +36Q0V with respect to EARTH

Current
Limiting
Reasistor

Collecting Electrode at +369V with respect to EARTH

Polarising electrcde at EARTH

3680V

|
T

FIGURE 3 - EARTHING OF 2628 AND "HAMBER (shown for HV polarity set to -ve)



e e ——— — — — ——— = —— ——

FARAUAY SCREEN AT---w---- 7 NOKMALLY DPEN STARLE ﬁv--1 it |

MalkS EARTH 1 SUITCH CAFACTTOR

vlll e e e mm—— w e -
_ P
STABLE )
YOLTAGE EY] 1 22 kohas i ! NG
SOURCE { " INPUT---
f { SOCAET
|

+
[ LENGTK OF LOW

MOISE TRIAXIAL
| CABLE eg. Schner Type
50233007
{ f VITH THC TRIAXIAL
COMNECTORS ON EMDS

— — —— ——

M
|

|
-

FIGURE 7 - CONNECTION OF CHARGE CALIBRATION EQUIPMENT TO 2620
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NEHIRIERY INSTRUMENTS

Model 614 Electrometer
Instruction Manual

Contains Operating and Servicing Information

Publication Date: July 1991
Document Number: 31896 Rev. D




SPECIFICATIONS

GE TEMPERATURE
ACCURACY (1 YEAR} COEFFICIENT

18°-28°C 0°-18°C & 28°-35°C

E  RESOLUTION 4 (%rdg + digita} +{%rdg + digits)/°C
10 @V 0.08% + 2d* 0.005% + 2 d
100 uV 0.08% + 1d 0.005% + 0.2d
1mv 0.08% + 1d 0.005% + 0.1d

parly zeroed.

Greater than 60dB at 50Hz and 60Hz,

Greater than 120dB at DC, 50Hz and 60Hz.
IMPEDANCE: Greater than 5x10' in parallel with 20pF..
UM OVERLOAD: 350V peak.

IENT TEMPERATURE
ACCURACY (1YR.) COEFFICIENT

18¢-28°C 0°-18°C & 28°-36°C MAXIMUM
RESOLUTION + (%rdg + digits) 1 (%rdg + digits)/°C SUPPRESSION
10fA 1.5% + 5d° 01% +1 d + 20pA
100fA 1.5% + 3d 0.1 % + 0.3d + 200pA
1pA 1.6% + id 0.1 % + 0.3d + 200pA
10pA 0.5% + 2d 0.02% + 0.3d + 20nA
100pA 0.5% + 1d 0.02% + 0.3d +200nA
nA 0.5% + td 0.02% + 0.3d +200nA
10nA 0.3% + 2d 0.01% + 0.3d + 20pA
100nA 0.3% + 1d 0.01% + 0.3d +200uA
1uA 0.3% + 1d 0.01% + 0.3d + 200pA
tont suppress.

BIAS CURRENT: Less than 60fA at 23°C.
"VOLTAGE BURDEN: Less than 200uV.

VIP SETTLING TIME (to 1% of final value): pA, 0.6s. nA, bms.
2.5ms.

|: pA and nA, 70dB. pA, 55dB. At 60Hz and 60Hz.
MUM OVERLOAD: pA and nA, 350V peak. uA, 75V peak.

STANCE

TEMPERATURE

ACCURACY (1 YR.) COEFFICIENT

18°-28°C 0°-18°C & 28°.35°C TEST
£ RESOLUTION +(%rdg+digits) 4 (%rdg + digits}/°C CURRENT
1 t 0 0.5% + 2d 0.03% + 0.3d 100pA
) 10 0 0.5% + 2d 0.03% + 0.3d 100pA
1 100 Q 0.5% + 2d 0.03% + 0.3d 10uA
) 1k 0.8% + 2d 0.04% + 0.3d 100nA
! 10 k1 0.8% + 2d 0.04% + 0.3d 100nA
2 100 &kQ 0.8% + 2d 0.04% + 0.3d 100nA
J 1MQ 2.0% + 3d 0.12% + 0.3d 100pA
n 10MQ 2.0% + 2d 0.12% + 0.3d 100pA
0 100MQ 2.0% + 2d 0.12% + 0.3d 100pA: -

MUM OPEN CIRCUIT VOLTAGE: 32V DC.
MUM OVERLOAD: kQ, 75V peak. MQ, GQ, 350V peak.

ARGE ACCURACY (1 YEAR)
18°-28°C
RANGE RESOLUTION + (%rdg + digits)
0.2nC 10fC 5% + 50d
2 nC 100fC 5% + 5&d
20 nC 1pC §% + 1d

JT BIAS CURRENT: Less than 60fA at 23°C.
IMUM OVERLOAD: 350V peak.

GENERAL

DISPLAY: Five LED digits with appropriate decimal point, polarity and
overload indication.

CURRENT SUPPRESS: Active in Current mode; allows correction for in-
put currents on any given range.

CONVERSION TIME: 400ms.

2V ANALOG QUTPUT: 2V out for full range input. Inverting in Voltage
and Resistance modes. Output impedance: 10kQ.

PREAMP OUTPUT: Provides a guard output for Voltage and Resistance
measurements. Can be used as an inverting output or with external feed-
back in Current and Coulombs modes. Output impedance: 1kQ2.

MAXIMUM COMMON MODE VOLTAGE: 500V peak.

CONNECTORS: Input: Triax, Output: 5-way binding posts.

ENVIRONMENT: Operating: 0°C to 35°C up to 70% relative humidity.
Storage: —25°C 10 +65°C.

POWER: Line or battery operated. 105-125V or 210-250V (switch sel-
ected}, 80-110V availablie. 50-60Hz, 5VA typical; 18VA maximum during
battery charge. 10 hour operation from full charge, 20 hours to recharge.

DIMENSIONS, WEIGHT: 127mm high x 216mm wide x 359mm deep
(6" x 8% x 14Y/g”). Net weight 3.3kg (7.2 ibs.}.

ACCESSORY SUPPLIED: Model 6011 Triaxial Input Cable.

ACCESSORIES AVAILABLE:

Model 1019 Universal Rack Mounting Kit

Model 6011 Input Cable

Model 6102A Voltage Divider Probe {up to 200V with 614)
Model 6103C Voltage Divider Probe {up to 20kV with 614)
Model 6104 Test Shield

Model 6105 Resistivity Chamber

Model 6146 Triax Tee Adapter

Model 6147 Triax to BNC Adapter

Mode! 6167 Guarded Adapter

Model 6301 Guarded Probe

Model 614 Specification Addenda

1. “When Properly Zeroed” refers to readjusting the Voits Zero pot after
greater than 1°C change in ambient temperature or every 24 hours.

2. Normal mode rejection specification applies for signal and noise of less
than full range.

3. "Preamp settling time to 1% of final value’’ assumes a step input from 0 to
full range.

4. Overali specifications are valid for overiocad signats under 1kHz.
5. Modet 614 storage time must be derated according to manutacturer’s
specification for the BA-35 Battery Pack at temperatures above 25°C.

10,000
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SECTION &
THEORY OF OPERATION

INTRODUCTION

Mode! 614 Electrometer is a multifunction meter
ble of detecting currents as low as 10A, providing
Hinput impedance (5 x 103Q) on Volts and measuring up
GO with minimal error. To accomplish this, the Model
ncludes a special preamplifier circuit which gives it the
wometer characteristics. A second stage voltage
bifier scales the preamplifier output so that the A/D cir-
L will receive 2V input for full range. Figure 5-1 shows an
all block diagram for the Model 614.

5.2 INPUT PREAMPLIFIER

The Input Preamp is designed to provide high input impe-
dance for the Volts and Resistance functions, and low input
impedance {(with 6 x 10 ™A input current) for the Current
and Coulombs functions. Refer to Figure 5-2 for the basic
circuit configurations provided for the different functions.
The preamp becomes a high input impedance, unity-gain
buffer amplifier in the Volts function. In the Resistance
function, a boot-strapped voltage source in series with a
range resistor drive a constant current through the

-~ Preamp Output

Suppress
Range Amplifier
Preamplifier +— N/
Input
o- l/ VVV —— A< 2V Analog Output

To All Circuitry
Power S N—< Common
Supply A/D
b

Display

Batteries

Figure 5-1. Model 614 Block Diagram

5-1



wknown. The voltage developed across the unknown
sistance is proportional to its resistance. This voltage is
+esent at the output of the unity-gain buffer, and thus pro-
des an output voltage proportional to the resistance under
st. In the Current (1) and Charge (nC) functions, the
reamplifier is configured as a feedback current to voltage
wnverter. Feedback resistor R is selected by the front panel
uttons labeled pA, nA and pA. Each configuration will now
x considered.

i3VOLTS

“1the Volts function the Model 614 is configured as a high
mpedance unity-gain buffer amplifier capable of measuring

up to 20V with »5 x 10" input impedance. Refer to Figure
5-3. The JFET pair Q104 is the sensitive input device. U102,
Q101, Q102, Q104, CR101 and CR102; and associated com-
ponents are configured as a high impedance buffer
amplifier. CR101 and CR102 provide a constant current
1mA bias for VR101 and VR102. Q101 and Q102 buffer this
voltage and supply drive for U101 and U102. R113, C107,
and R112 provide input protection without sacrificing stabili-
ty. C101, C102, and C106 provide unity-gain frequency
compensation to the amplifier, Resistors R115 and R116 are
a matched pair, providing 30uA bias to Q104. If the input
FET pair is ever replaced, reinstall jumpers W101 and W102
and follow the procedure for nulling the input offset voltage.
This procedure is outlined in Paragraph 6.4.2.

CURRENT RESISTANCE

VO - VIN Vo - Qin

QiN Cr

. >

VO >~$

VIN WV
1 Cr } —_30

VOLTS nCOULOMBS

Figure 6-2. Basic Circuit Configurations

e

CR10Y
Q101
VA101

N2
b—o Vo
N vaio:
0102 b

‘ CR102

e

Figure 6-3. Volts Configuration
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5.4 RESISTANCE

The Resistance function operates similar to the Volts func-
tion, except that a reference voltage of 1V is generated by
U101, VR101, and associated components. Potentiometer
R101 sets this voltage which can be measured between TP
and TP2. Refer to Figure 5-4. R104, R105, C104, and C108
stabilize the reference.

The series feedback resistor is selected by the front panel
puttons labeled k2, MQ, GQ. Table 5-1 summarizes this
selection.

Table 5-1. Feedback Rasistors

UNITS
SELECTION | RELAY Reg Cep
KQ K103 R121, (R108 on 200Q) C112
MQ K102 R102, C111
GO K101 R117, C109
R104
.

loput
Q104, U102 and discrete
components

€109

' R1t7 - K101
cim
R120 K102

) ~o—

90k
-0 TP1
{1 Reference Common) (L l 6
R11R | l
oM —
200k
114
500k

|

R105;
U0t

W
4

c112

K103
1 R121 R Gl |

c113 K104
p———0 o — I

Figure 5-4. Resistance Configuration



iapacitors €109, C111, and C112 provide frequency stabili-
vto the feedback circuit.

lo calibration is necessary for R120 and R121. However,
17 is a 9.8 x 10°Q HI meg resistor requiring calibration.
nis is provided by R114. Resistors R114 and R113 form a
sltage divider at the amplifier output which makes R117
ook’" like its value is being calibrated.

NOTE
This calibration is done for the 2000pA
range. Once it is set, the G{ ranges are
calibrated. it is not touched during
Resistance calibration. Resitance calibration

involves adjusting R101 and monitoring TP1
for 1.0000V +500uV. See paragraph 6.4.3

For the 200k range, it 1s necessary to switch R108 in series
with the resistor R121. This keeps the compliance voltage
across the unknown below 2V, thus limiting the power
dissipation.

5.5 CURRENT AND CHARGE
When either the Current (i} or Charge (nC) function is

selected, the input preamplifier configures itself as a current
to voltage amplifier. Refer to Figure 5-5.

Feedback R and C

Q104, U102 and
discrete components

R119
27K

I K102

Relays R18
K101 ——— 2 R114 10M
500K

\ Preamp Output
U103 —0

Figure 5-6. Model 614 Preamplifier Configured in Current or Coulombs
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In this mode the output from the Volts input buffer is fed in-

to U103 via R119 and C110. High voltage op amp U103

serves two purposes:

1. Provides + 20V swing necessary to cover all Current
ranges.

2. Provides the inversion necessary for feedback current.

The supply voltages to U103 are regulated + 32V and are

discussed in paragraph 5.8.3.

Since at DC U102 and U103 operate without local feed-
back, the DC loop gain exceeds 10%, This means that the
accuracy depends on the feedback resistor selected. To fre-
quency compensate this circuit, multiple poles and zeroes
are required. This compensation is provided by R102, C101,
€103, R119, and C110.

Note that the composite current amplifier circuit behaves
like an op amp with a single pole for frequencies above
10Hz,

The appropriate feedback element is selected by the uA,
nA, pA, or nC buttons on the front panel. Table 6-2 is a list
of the values selected.

Table 5-2. Feedback Elements

UNITS ELEMENTS
SELECTED | RELAY SELECTED
A K103 R121, C112
nA K102 R120, C111
pA K101 R117, C109

nC K104 C113

From Praamp Qut nad|

+6 4V

Suporess Ady

- 6.4V

Capacitors C109, C111, and C112 provide frequency com-
pensation and cancel the effect of cable capacitance on the
input. These capacitors also set the preamp settling time.

The only feedback resistor requiring calibration is R117. This
resistor is calibrated by R114 on the 2000pA range.

The feedback relays K101 - K104 are low-leakage
devices displaying > 10741 at environmental extremes.

5.6 ZERO CHECK

The Zero Check actuator is a mechanical spring, actuated
by the ZERO CHECK button. when Zero Check is in, the in-
put impedance of the instrument changes. For more detail,
see Figure 2-1.

Resistor R113 prevents damage to the instrument during
overload when Zero Check is operated. Resistors R112
prevents the use of the Zero Check function from damaging
the input FETS.

5.7 RANGING CIRCUIT

The ranging circuit converts the output of the preamplifier
into a + 2V output for a full range input. Refer to Figure 5-6.
As seen, the circuitis a simple inverting amplifier with a gain
of 10, 1, or 0.1. The gain is selected according to the range
buttons on the front panel. The following table summarizes
the gains selected.

- 65U

2V Analog
Qutput

c1a Cus
1 1

Figure 5-6. Model 614 Ranging Circuit
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Table 5-3. Gain Selection

IANGE | RESISTOR ADJUSTMENT | GAIN
VOLTS) | Rg
2 R125 R124 10
2 R129 R127 1
20 R130 R131 0.1

¢ only exception to Table 5-3 is the 200k range, which
#cts R129 and R127. This is required to scale the 2V fuil
nge from the Resistance converter as described earlier.

04, C114, and C115 comprise a high-performance chop-
ramplifier which eliminates the zero adjust for this stage.
16 and R128 are the feedback elements in this circuit
tich set the gain (along with R, described above) and the
gponse time at the 2V analog output, Q105 and Q106 pro-
je overload protection to this circuit. R205, R122 and
'26 provide the suppression feature,

ince this is an inverting amplifier, the output at the 2V
ralog output is inverted in Volts and Resistance. [t is not
verted in Current and Charge, since it cancels the inver-
mn the preamplifier provides.

3 POWER SUPPLY

"e Power Supply can be broken down into several
fctions:

Battery Charging Circuit

Battery Shutdown Circuit

DC - DC Converter

3.1 Battery Charging Circuit

te battery charging circuit is composed of U109, Q113,
%104, R141, R144, and C120. Transformer T101 and its
sociated components convert line voltage to 15VDC (pre-
int at TP3) which is filtered by C123. This voltage becomes
' input to U109, which is an adjustable 3-terminal reg-
ntor. The output voltage from this regulator provides the
sat limit for the batteries of 9.5V. This voltage is set by
440,

wring charge the output voltage will be in the range of
- 9.4V. The regulator will be saturated, which limits
swer dissipation. Maximum current drawn through the
gulator is 600mA. When the batteries become fully charg-
1 {float charge), U109 trickle charges the batteries.

During float charge the battery voltage is maintained at
9.5V. As long as AC power is applied to the instrument, the
batteries are maintained at this voltage. Current drawn from
the regulator during float charge is essentially the current re-
quired to power the circuitry, which is 200maA assuming the
instrument is turned on.

When the AC line is disconnected, the voltage at the anode
of CR104 decays (in about five seconds) to zero volts. This
causes Q113 to turn off, disconnecting the regulator from
the circuit. Thus, the batteries cannot discharge through
U109 and associated components. When the line is recon-
nected, Q113 turns back on, and causes U109 to regulate.
Capacitor C120 stabilizes U109.

Battery fuse F101 will blow if the batteries are installed
backwards or if a circuit fault develops which causes high
battery currents to flow (> 2A).

5.8.2 Battery Shutdown Circuit

When the instrument is battery operated, it is necessary to
limit the discharge level of the batteries to 7.4V. If this is not
done, the ability of the batteries to hold a charge will be
impaired.

To accomplish this, a low voltage detector consisting o.
U107 and associated components ts used. When the battery
voltage is above 7.4V, the input to U107 (pin 2) is above the
nominal threshold voltage of 1.15V. As soon as the battery
voltage drops below 7.4V, U107 senses this and the output
pin 3 (open coliector) pulls low, turning on Q107 and shut-
ting off Q103. This shuts off power to the instrument.

To prevent chatter, and to guarantee that the instrument
does not turn on again until the batteries are charged above
8V, R133 provides hysteresis of 0.6V (referred to the battery
terminals). Capacitor C119 prevents oscillations during the
switching of U107,

65.8.3 DC to DC Converter

The battery voltage is used directly to supply the input to
U108, which provides a regulated 5V to the A/D and display
circuit. However, a DC to DC converter is required to con-
vert the unipolar battery voltage into a regulated + 32V and
-5V required by the preamplifier.

The heart of this converter is T102, Q110, and Q111. The
clock circuit generates 100kHz which is divided down by



U105 to 25 kHz. Complementary drive is available directly
from U105 and is used to drive Q110 and Q111. These tran-
sistors are power FETS - they turn on with 5V gate to
source voltage and turn off with zero volt gate to source
voltage. Together they drive T102 to create an AC output
voltage at the secondary of T102. This AC voltage is rec-
tified and filtered by CR105-107 and C117, C121, and C122,

A portion of the + 32V output is fed back to Q112 which
operates as an error amplifier whose output drives Q108.
The reference for this amplifier is the 5V output from U108.
Since Q108 drives the primary of T102, the composite cir-
cuit acts as a regulator which maintains +32V and -5V in
spite of battery voltage variations.

5.9 A/D CONVERTER

The Model 614 A/D Converter operates on the dual slope

principle. The A/D circuitry consists of an integrated circuit
U202 and its associated components. Internally the A/D
converter operates as a 4%-digit converter with 20,000
counts full scale. The Volts and Charge functions are
4 :-digit resolution, while the Current and Resistance func-
tion are 3% -digit resolution. The timing of the A/D conver
ter is divided into three periods and is described in the

following:

5.9.1 Auto Zero

The Auto Zero period is 100msec long which corresponds to
10,000 clock pulses. During this period, the reference
voltage is stored on C-204. Also a feedback loop is closed
around the integrator and comparator, charging the auto-
zero capacitor C-203 (Pin 5, U202) to compensate for off-
sets within U202.

5.9.2 Signal Integrate

The Signal Integrate period is also 100msec long. Positive

signals generate a negative going ramp at the integrator ou
put. Negative signals generate a positive going ramp at th.
integrator output. The level of the integrated signal at tt
end of the signal integrate period is proportional to th
average of the applied signal during this period. Since tt
signal integrate period lasts 100msec, the A/D converter e
hibits high normal mode rejection particularly 50 and 60H
line frequencies. C202 is the integrator capacitor. R21(
CR201 and R208 linearize the integrator.

5.9.3 Reference Integrate

The Reference Integrate period is 200msec long which co
responds to 20,000 clock pulses. During this period th
integrator is returned to baseline level by applying
reference voltage of a polarity opposite to that of the signe
The number of clock pulses required for the integrator :
return to basefine level is proportional to the input signa
These clock pulses are then counted and outputted to tt
display drivers U201 and U203 as multiplexed BCD data f:
DS201-DS206.

5.9.4 Zero Integrator

The final phase is zero integrator. During this phase ti
feedback loop is closed around input high, causing the i
tegrator output (U202 Pin 4) to return to zero. Normally ti
phase will last from 1-2msec. During overrange this pha
will last about 16msec.

5.9.5 Reference Circuit

A precision 1.0000V reference is generated using U20
R211, R213 and R214 to provide constant current bias »
VR201. R203, R204 and R206 divide the 6.35V output
VR201 to the necessary 1V level required by U202. R2.
calibrates the reference. '
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Dosimetric System for Linacs QA Procedure

Air-Tight Ionization Chamber Two—-Channel Electrometer (Prototype)

.555 LI SR
A0 .
4

e = e

Material and Methods: Electrical Characteristics: Features:

- Bem backscattering acrylic plates - Linearity: <05% (20MU to 320MU) - Daily and weekly QAE $1% ionization
- 2/3/5cm buildup acrylic plates - Short/long-term stability: <0.5% chamber

~ lce9 sensitive volume®] parallel - Dose-rate effects: < 0.5% (80 - 400MU/min) ~ TFPC Aol Ia Qe air-tight type?l

plate chamber ionization chamber

1

Zero drift and leakage current: < 100fA

- Rechargeable batteryol 2]%: high- - Can replace expensive foreign phantom
voltage generalor materials
~ Cheap general coaxial cableo]-& - Easy to carry and maintain

) - Blocking tray-mounted settings (IZasy

- 45Kg
to setup accurately)

- Possible to be used in SSD=100cm
settings

- 350V for high-voltage generator
(recombination factor: > 0.995)

- FHol 3v0Y ol AL ETlE

> 20bit ADC 2 LCD Display

RS232 interface {(computer-controlled

1

dosimetric system)

Schematic diagram of ionization chamber lonization chamber assembly inserted

onto the blocking tray of linear accelerator

+ Invented by SN Huh, Ph.D., CEO, and CTO of CodiSoft Co. lid.
= A/ A0 (55) Codisoft, hitp://www.codi.net (TEL:02-3486-8050, FAX: 02-3486-6856)
L3 9% (20000 119 53] H 5 oA)

A4 F4712 82 A5 dstoly,




File: C:wWMy DocumentsWoll 2H Ol 1 W ol = S WFIRMWAREW2chWadc24.c 1-01-
f02, 3:56:002=%

/*:::::::::::::::::::::::::::::::::::::::::::::::::*/
// Title : ADS1210

// Author : Lee,JongKuk

// Date :2000/8/22

//

// LCD : Port D

// ADC : Port C

/l Mux : Port B

// Rs232c : Port C

// Relay : Port A

/] ADC - 17bit

;/ function : 2ch adc & display rs232 and Icd
*::::::—_—:::::::::::::::::=::=:::::=::::=:::::::::=*/
#include <pic.h>

#include "delay.c" //delay functions

#include "sci.c" //rs232 functions

#include "htlcd.c" //lcd functions

#include "ads1210.¢"  //ads1210 functions
#include "“function.c" //etc functions

unsigned char byte;
unsigned char flag;
unsigned char adflag = 0;

unsigned char interrupt isr{void){

if(RCIF){
byte = getch();
flag = 1;

t

return byte,

void main(void){
unsigned int ref1;
unsigned int ref2;
unsigned int valuel;
unsigned int value?;
unsigned char temp;
unsigned char i;

di(); //disable interrupt

DelayMs(200);
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-02, 3:56:002 %

TRISA = 0X00;
TRISB = 0x80; //portb.7 input other output
TRISC = 0Oxa2;

//portb change interrupt

//RBIE = 1,

//serial interrupt

sci_lnit();

PIR1 = 0;

PEIE = 1,

GIE=1; //global interrupt enable
RCIE =1, //rs232 receive interupt
puts("ADS1210");

adflag = 0;

//lcd init.

lcd_init();

lcd_gotoxy(0,0);

lcd_puts("ADS1210");

PORTA = 0x00;

PORTB = 0x10;  //calibration 1 0000

/* calibration */
relay(5);
DelayMs(250);
lcd_gotoxy(0,1);
lcd_puts("Ads1210 Init");
initadc();
lcd_gotoxy(0,1);
lcd_puts(" ");
lcd_gotoxy(0,1);
lcd_puts("Init END");
DelayMs(200);
readadc();

relay(0);

/] wait
DelayMs(250);

/*read channel 0x/
chchange(2);
lcd_gotoxy(0,1);
lcd_puts("CHO = ");
lcd_gotoxy(6,1);
puts("CHO = ");
for(i=0;i<10:i++){
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-02, 3:56:002=

refl = readadc();
lcd_gotoxy(6,1);
display(ref1),
DelayMs(10);
h

/*read channel 1/
chchange(3);
lcd_gotoxy(0,2);
lcd_puts("CHT = ");
lcd_gotoxy(6,2);
puts("CH1 : ");

for(i=0;i<10;i++){
ref? = readadc();
lcd_gotoxy(6,2);
display(ref2);
DelayMs(10);
}

ei();
relay(2);

while(1){

temp = PORTB&OX80;

if((temp>>7) == 1){
lcd_gotoxy(0,3).
lcd_puts("adc start");
relay(2);
adflag = 1;

t

if((temp>>7) == 0){
lcd_gotoxy(0,3);
lcd_puts("adc stop ");

relay(0);
adflag = 0;
}
if(adflag)
{

/*xread channel 0x/

chchange(2); //ch2
lcd_gotoxy(0,1):

lcd_puts("CHO : ");

Page: 3



File: C:WMy DocumentsWIll 28wl CIwW o] = S WFIRMWAREW2chwWadc24.¢c 1-01-
-02, 3:56:002=

lcd_gotoxy(6,1);
puts("CHO : ");
DelayMs(100);
valuel = readadc();
//display(value1);
//calc

if(value1 >= ref1){

lcd_puts("+");
DUtS("‘*‘");
display((value1-ref1));
}
elsed
lcd_puts("-");
puts("-");
display((ref1-value1));
}
/*read channel 1%/
chchange(3); //ch3

lcd_gotoxy(0,2);
lcd_puts("CH1 = ");

lcd_gotoxy(6,2);
puts("CH1 : ");
DelayMs(100);
value? = readadc();
//display(value2);
//calc

if(value? >= ref2){

lcd_puts("+");
DUtS(II+”);
display((value2-ref2));
}
elsef
lcd_puts("—");
puts(n_u);
display((ref2—-value?));
}
)
if(flag)
{
adflag = 0;
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Relay?2 OFF");

Relay? OFF");

Relay?2 ON");

OFF");

ON");

switch(byte)

{

case 'H':
Ihl :

case

/*

case

case

case

case

case

case

case

help();
break;

adflag = 0; //ad stop
puts("ADC stop");
lcd_gotoxy(0,3);
lcd_puts("adc stop");
putlf;
break;

adflag = 1; //ad start
puts("ADC start");
lcd_gotoxy(0,3);
lcd_puts("adc start");

putlf;
break;

relay(0); //relay 1
puts("Reset ON, Relayt OFF,
putlf;
break;

relay(1); //relay 2
puts("Reset OFF,Relay1 OFF,
putlf;
break;

relay(2); //relay 3
puts("Reset OFF,Relayl OFF,
putlf;
break;

relay(3); //relay 4
puts("Reset OFF,Relay1 ON, Relay?
putlf;
break;

relay(4); //relay 5
puts("Reset OFF,Relay! ON, Relay?2
putlf;
break:

Page: 5



File: C:WMy DocumentsWIll 2wl O wWal = @ WFIRMWAREW?2chWadc24.c 1-01-
-02, 3:56:002%

// RS232C data format change

[*

case 'f' . dispFlag = 0;
puts("ADC value display Disable");
putlf;
break;

case 'g' : dispFlag = 1;
puts("ADC value display Enable");
putlf;
break;

flag = 0;

Page: 6



File: C:WMy Documents I 2w IH QIwWdl = @WFIRMWAREW2chWads1210.c 0—
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void toadc(unsigned char, unsigned char);
unsigned int readadc(void);
void initadc(void);

struct portd_pin_map{
unsigned unused: 1;
unsigned DRDY 1,
unsigned DSYNC : 1;
unsigned SCLK : 1;
unsigned SDIO 1
unsigned SDOUT : 1,

unsigned 1,
unsigned 1
}ADC @0x07;

void toadc(unsigned char inst, unsigned char cmd){
unsigned char i;
if(ADC.DRDY==0) while(!ADC.DRDY);
while(ADC.DRDY); /* DRDY & 0] 022 &I
JICH =/
for(i=0;i<8;i++){ /* instruction X SLHD +/
ADC.SCLK = 1;
ADC.SDIO = (inst&0x80)?1:0;
ADC.SCLK = 0;
} inst<<=1;
for(i=0;i<8;i++){ /* command & Wt «/
ADC.SCLK = 1;
ADC.SDIO = (cmd&0x80)?1:0;
ADC.SCLK = 0;
cmd<<=1;

void initadc(void){
while(ADC.DRDY);
ADC.SCLK = 0;
ADC.SDIO = 0;
ADC.DSYNC = 1;

while(ADC.DRDY);
toadc(0x04, 0x12);
while(ADC.DRDY);
toadc(0x06, 0x07);
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12-18, 2:27:122 =%

while(ADC.DRDY);

toadc(0x07, 0xa);

while(ADC.DRDY);

toadc(0x05, 0x80);//calibration
}

unsigned int readadc(void){

unsigned char d2,d1,d0;
unsigned char buffer;
unsigned char inst;
unsigned char i
unsigned int value;

d2 = 0;

dl =0;

do =0,

if(ADC.DRDY==0) while(!ADC.DRDY);
while(ADC.DRDY);

inst = 0x80;
for(i=0;i<8;i++){ /* instruction ® X S D «/
ADC.SCLK = 1.
ADC.SDIO = (inst&0x80)?1:0;
ADC.SCLK = 0;
inst<<=1;
}

for(i=0;i<8;i++) {
ADC.SCLK = 1;
buffer = ADC.SDOUT;
ADC.SCLK = 0;
d2 |= (buffer<<(7-i));
} 3

inst = 0x81;
for(i=0;i<8;i++){ /* instruction H X SLHD =/
ADC.SCLK = 1;
ADC.SDIO = (inst&0x80)?1:0;
ADC.SCLK = 0;
inst<<=1;
}

for(i=0;i<8;i++) {
ADC.SCLK = 1;
buffer = ADC.SDOUT;
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ADC.SCLK = 0;
di |= (buffer<<(7-1));
}

inst = 0x82;
for(i=0;i<8:i++ 1 /* instruction 2 U1 */
ADC.SCLK = 1;
ADC.SDIO = (inst&0x80)?1:0;
ADC.SCLK = 0;
inst<<=1;
}

for(i=0;i<8;i++) {
ADC.SCLK = 1,
buffer = ADC.SDOUT,;
ADC.SCLK = 0;
d0 |= (buffer<<(7-i));
}

value = ((d2 << 1) << 8) | (d1<<1) | (d0>>7);
return({value);
/*display(value);

if(dispFlag == 0){

putch(d?2);
putch(d1):
putch{d0);
puts("V");
putif;

¥

*/
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/*

* Delay functions

* See delay.h for details

*

* Make sure this code is compiled with full optimization!!!
*/

#include "delay.h"

void
DelayMs(unsigned char cnt)
{
#if  XTAL_FREQ <= 2MHZ
do {
DelayUs(996);
} while(==cnt);
#endif

#if  XTAL_FREQ > 2MHZ
unsigned char is

do {
i =4,
do {
DelayUs(250);
} while(=—i);
} while(=—cnt);
Fendif

}
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unsigned char chdata;
unsigned char multi;
void chchange(unsigned char ch){

switch(ch){

case 1: chdata = 0x11;
PORTB = chdata;
break;

case 2 : chdata = 0x12;
PORTB = chdata;
break;

case 3: chdata = 0x13;
PORTB = chdata;
break;

case 4 chdata = 0x14;
PORTH = chdata;

break;

case 5 : chdata = 0x15;
PORTB = chdata;
break;

case 6 : chdata = 0x16;
PORTB = chdata;
break;

case 7 : chdata = 0x17;
PORTB = chdata;
break;

case 8 : chdata = 0x18;
PORTB = chdata;

break;

case 9: chdata = 0x19;
PORTB = chdata;
break;

case 10 chdata = Ox1a;
‘ PORTB = chdata;

break;

case 11 chdata = Ox1b;
PORTB = chdata;
break;

case 12 c¢chdata = Oxic;
PORTB = chdata;
break;

case 13 chdata = Ox1d;
PORTB = chdata;
break;

case 14 chdata = Ox1le;
PORTB = chdata;
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2-18, 111171442 =

case 15:

}

break;

chdata = Ox1f;
PORTB = chdata;
break;

void relay(unsigned char onoff){

switch(onoff){

case 0:

case 1:

case 2:

case 3:

case 4:

case 5:

default :

PORTA = 0x00;
lcd_gotoxy(9,3);

lcd_puts("RST- - ");

break;

PORTA = 0x01;
lcd_gotoxy(9,3);

lcd_puts(" = - R2");

multi = 6;
break;

PORTA = 0x03;
lcd_gotoxy(9,3);

lcd_puts(" — R1R2");

multi = 60;
break;

PORTA = 0x05;
lcd_gotoxy(9,3);
lcd_puts(" — - = ");
multi = 1,

break;

PORTA = 0x07;
lcd_gotoxy(9,3);

lcd_puts(" = R1-");

multi = 10,
break;

PORTA = 0x08;
break;

break;
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void help{void){
//relay on = acf2101 reset = logic0
//relayl off = %10
//relay? off = %6

puts("a : Reset ON, Relay1 OFF, Relay2 OFF");  putlf; //always 0 1
puts("b : Reset OFF,Relayl OFF, Relay2 OFF");  putlf; //*60 1
puts('c : Reset OFF,Relay! OFF, Relay2 ON"); putlf; //*10
puts("d : Reset OFF,Relay! ON, Relay2 OFF"); putlf; //*6
puts("e : Reset OFF,Relay1 ON, Relay2 ON"); putif; //*1

puts('f : ADC Value Display Disable");putlf;
puts("g : ADC Value Display Enable"); putif;
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// LCD functions

//

// PIN Definition

// LCD PIC

//  Enable RDO

/! RS RO1

/I RW RD2

/[ data RD4~RD7  4bit
/*:::::::::’—::::::::::::::::::::::::::::::::::::::::::::*/
/% LCD Functions */
/*:::::::::::::::::::::::::::::::::::::‘—':::::::::::::::*/

void nop(void);

unsigned char Icd_read_byte(void);

void lcd_send_nibble( unsigned char );

void lcd_send_byte( unsigned char, unsigned char };
void lcd_init(void);

void lcd_gotoxy( unsigned char, unsigned char );
void lcd_putc( unsigned char );

void lcd_puts(const char * s);

void display( unsigned int );

#define lcd_type 2
#define lcd_line_two 0x40

unsigned char dispFlag = 1,

struct Icd_pin_map{
unsignedrs : 1;
unsigned rw 1
unsigned enable: 1;
unsigned unused: 1;
unsigned data D4,
Hed @0x08;

unsigned char const LCO_INIT_STRING[4]1={0x20] (Icd_type<<2), Oxc, 1,6};
void nop(void){

asm("nop");
}

unsigned char lcd_read_byte(void){
unsigned char high, low:
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TRISD = 0xf0;
led.rw = 1;
nop();
lcd.enable = 1;
nop();

high = Icd.data;
lcd.enable = 0;
nop();
lcd.enable = 1;
DelayUs(1);
low = |cd.data;
lcd.enable = 0;
TRISD = 0x00;
return((high << 4)|low);

}
void lcd_send_nibble( unsigned char n ) {
lcd.data = n;
nop();
lcd.enable = 1;
DelayUs(2);
} lcd.enable = 0;

void lcd_send_byte(unsigned char address, unsigned char n){
lcd.rs = 0,

while((lcd_read_byte()&0x80)!=0); //busy

lcd.rs = address; //0:input instuction 1:input
data

nop();

lcd.rw = 0; //0:write 1: read

nop();

lcd.enable = 0,

lcd_send_nibble(n >> 4); //send high value

lcd_send_nibble(n & 0xf); //send low value

}

void lcd_init(void) {
unsigned char i;
TRISD = 0x00;
fcd.rs = 0;
lcd.rw = 0,
lcd.enable = 0;
DelayMs(15);
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for(i=1;i<=8;++i) {
lcd_send_nibble(3);
DelayMs(5);

h
lcd_send_nibble(2);

for(i=0;i<=3;++i)
lcd_send_byte(0, LCO_INIT_STRINGIi]);
}

void lcd_gotoxy( unsigned char x, unsigned char y) {
unsigned char address;

switch{y){

case 0 : address = 0x80 + x;
break;

case 1 address = O0xCO + x;
break;

case 2 : address = 0x90 + x;
break;

case 3 : address = 0xD0O + x;
break;

}

lcd_send_byte(0, address); //function

}

void led_putc( char ¢) {
lcd_send_byte(1,c);
}

void lcd_puts(const char * s){
//LCD_RS = 1; // write characters
while(*s) lcd_putc(*s++);

}

char lcd_getc( unsigned char x, unsigned char vy) {
unsigned char value;
lcd_gotoxy(x,y)
lcd.rs=1,;
value = lcd_read_byte();
lcd.rs=0;
return{value).

}

void display(unsigned int value1){
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unsigned char Fportion,Sportion, Tportion,F4portion,F4balance;
long Value;

long Fbalance;

long Sbalance;

long Tbalance;

Value = (10.000 * value1)/13.107;
Fportion = Value / 10000;
Fbalance = Value % 10000;
Sportion = Fbalance / 1000,
Shalance = Fbalance % 1000;
Tportion = Sbalance / 100;
Thalance = Sbalance % 100;
F4portion = Tbalance / 10;
F4balance = Tbalance % 10;

lcd_putc(0x30+Fportion);
lcd_putc(0x2e);
lcd_putc(0x30+Sportion);
lcd_putc(0x30+Tportion);
lcd_putc(0x30+F4portion);
lcd_putc(0x30+F4balance);
lcd_putc(0x56);

if(dispFlag){

putch(0x30|Fportion);
putch(0x2e), //. = Ox2E
putch(0x30|Sportion);
putch(0x30] Tportion);
putch(0x30|F4portion);
putch(0x30|F4balance);
putch(0x56);  //V = 0x56
putlf;
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//#include <pic.h>
//#include "sci.h"

#define FOSC (4000000L)
#define SCI_EIGHT (0)
#define SCI_NINE (1)

//unsigned char  sci_lnit{unsigned long int, unsigned char);
unsigned char sci_Init(void);

void putch(unsigned char);
unsigned char getch(void);
void PutNinth(unsigned char);

unsigned char GetNinth(void);
unsigned char GetFERR(void);
unsigned char CheckOERR(void):
void puts(register const char *);

#define putlf putch(13);putch(10)

/* Routines for initialisation and use of the SCI
* for the PIC processor.
*/

/* other options:
* frame errors

*/

//unsigned char sci_Init(unsigned long int baud, unsigned char ninebits){
unsigned char sci_lnit(void){

//int X;

//unsigned long tmp;

/* calculate and set baud rate register */
/+ for asynchronous mode */

/*

tmp = 16UL * baud;

X = (int)(FOSC/tmp) - 1;

if((X>255) |} (X<0))
{
tmp = 64UL * baud;
X = (int)(FOSC/tmp) - 1;
if((X>255) || (X<0))
{

return 1,
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}
else
BRGH = 0;

}
else

BRGH = 1;
SPBRG = X;
*/
SPBRG = 25;
BRGH = 1;
SYNC = 0; /* asynchronous */
SPEN = 1; /* enable serial port pins */
CREN = 1; /* enable reception */
SREN =0; /* no effect */
TXIE =0; /* disable tx interrupts */
RCIE = 0; /* disable rx interrupts */
//TX9 = ninebits?1:0;  /* 8~ or 9-bit transmission */
//RX9 = ninebits?1:0;  /* 8- or 9-bit reception */
TX9 = SCI_EIGHT?1:0; /> 8= or 9-bit transmission */
RX9 = SCI_EIGHT?1:0; /* 8= or 9—bit reception */
TXEN = 1; /* enable the transmitter */

return 0;

}

void putch(unsigned char byte){
while(ITXIF) /+ set when register is empty */
continue;
TXREG = byte;

return;

}

unsigned char getch(void){
while(IRCIF) /* set when register is not empty */
continue;

return RCREG; /* RXD9 and FERR are gone now */
}

unsigned char CheckOERR(void){
if(OERR)  /* re—enable after overrun error */
{
CREN = (;
CREN =1,
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return 1;
}
return 0,
h
#define PutNinth(bitnine) (TX9D = bitnine?1:0;)
unsigned char GetNinth(void){
while(!RCIF)
continue;
return RX9D; /* RCIF is not cleared until RCREG is read */
}
unsigned char GetFERR(void){
while(!RCIF)
continue;
return FERR; /* RCIF is not cleared until RCREG is read */
}
void puts(register const char *str)
{
while((xstr)!=0)
{
putch(xstr);
str++;
}
}
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