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ABSTRACT: An array of four p-F E “1 s W:W us(cj  to obtain a ciosc-depth  curve for the 100 MeV
proton beam at the Loma Linda F’rotc)[i  “1 h(ii+py Facility. The p-[ ET dosirnetry  c o m p a r e s
extremely well with ionization chalnl)cr rt!slllt!. anti tetlds  tcj resc)lve ttle peak and distal edge
region more sharply.

INTRODUCTION: The dose-depttl cllrv[ lor a Iligh-energy proton l~earn has the unique shape,
seen in Fig. 1 which makes it useful irl ~lfolorl  ttlerapy, for high  dose is delivered at a distance
from the beam entry into the absort)itlg rrlcdil!!ll, 1 Ilis reduces the dose cklivereci  to the outer
layers. The dose-depth curve is tladitior~;~lly  fiicasurec~ using an air ionization chamber as seen
in Fig. 1. The chamber gas is air an[i  tllr IIarallfl plates are sc:paratcd by l-rrlm. The key feature
of the curve is the dose at the peak r(latlvt ICI ttle entry  dose and ttle rapid fall in dose at the
distal edge. The objective of tt)is  effort is If) ~’:i~luate tllc feasibility of usirrg a p-FET dosirneter
to obtain the proton dose-depth curve.

EXPERIMENT: Itl this study the p-}’E”l dositllct(r was the RADMc)N  (RacIiatic)n  Monitor) shown in
Fig. 2. The chip was fabricated usii’r{l a 1,2-url,  CMC~S  IJrocess brokcred  through MOSIS. The
array of four p-F ETs, labeled PO, PI, [’2,  and  F’1, are arranged in a sqllare 50-mils  on a side and
addressed by a rnultip[exer [1]. Tlw cl~i~~ IS llo~!sed in a 16-pirr flat pack with a step shield lid.
The KOVAR lid allows each FET to be il,(jivi(jllillly sllielciccl where  1>0 is unshieldecl,  PI has a 2-
mil  KOVAR shield, P2 has a 6-miI  KCJ\/Al/ sllicl(l,,  ;+nd P7 Ilas a 10-mil  KOVAR  shield,

Polystyrene absorbers were used to $irlllllale ,’~ater and were placed  in the proton beam line.
T h e  v o l t a g e  a c r o s s  t h e  p-FETs was rrl[a<,u]l(i aflcr forcing a c:urrent at the temperature-
independent poirlt  [2]. The FETs were  nlca:,ut(  d before and after ttlree  2-rnin irradiations from
the proton beam. During the test tllc totdl  CiCISI reccivecl by the FE1”s was about 60 krads and
thus the dose had to be corrected fc)r trait illl~il{l  vffects  [2, 3].

RESULTS: The resul ts  are shc)wil ill I ig. :i whore tile p-F’ET responses are compared to ion
chamber results. The p-FET results Ilav{ a v~ly sinlilar peak  to c[ltrance  response and are
contained within the ion chamber resl!lts. ‘1 Ilc 1)1’E1 results appear to resolve the peak region



more sharply. This is due to diffclcll[cs if} III(’ Inass thickness where  the ion chamber is 1.3 E-4
g/cc and the p-FET is 4.6 E-6 g/cc. Thd ion t Iwlllber is 1 mm thick; whereas, the p-FET  oxide is 20
nm thick. The results are furlt~el- display~’d In I [g. 4 where it is seefl  that the Kovar lid broadens
the peak. The unshielded p-FEl rcsul(s  (ICIIIIIC ltle peak more sharply than the shielded p-FETs.
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Figure 1. Air ion chamber rtIsIJoti!.e to a ’100 McV ~lrotot~ bealrl passing through water.
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Figure 2. RADMON chip 2.5 rnr[r x 1,8 [rllm {’l}ip  cc]r~sists  of four p-l [,1S under test plus four
other quality assurance comporlents  all a[idrtssed  througglr  a multiplexer (MUX) which is not
affected by radiation [1].
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Figure 3. RADMON and ion chalntwl cwrnlmrlson  where  the RADMON  data was corrected for
gate-oxide trap filling and for step shield tllicl. tlesses. 1 he RADMC)N was irradiated by the 100

MeV  proton beam.

160

140

20

0

r x- F’7

-L

-F 1 ..-1 ,118 .1- 1 “-’’1’””’

Figure 4. RADMON  resu l ts  stlowill~l  tle st~lrp  dc!fillition  of the peak r e g i o n  a n d  t h e  p e a k
broadening caused by the Kovar lid.


