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INTRODUCTION 

Dose absorbed i n  t i s s u e  may be mea- 
sured by seve ra l  types of d e t e c t o r s ,  e.g. ,  
t i ssue-equivalent  i on  chambers, Hurst pro- 
po r t iona l  counters ,  and Rossi-type propor- 
t i o n a l  counters.  The la t ter  device,  de- 
signed and developed by H. H. Rossi  , 
enables the experimenter t o  measure the 
spectrum of absorbed dose i n  LET and, w i t h  
s u i t a b l e  e l e c t r o n i c s  , the dose absorbed 
i n  t i s s u e .  These two c h a r a c t e r i s t i c s  i m -  
p ly  t h a t  some means of discr iminat ion of 
dose de l ive red  i n  var ious LET i n t e r v a l s  
e x i s t s  i n  t h i s  type of d e t e c t o r  and t h a t  
t h i s  c a p a b i l i t y  can be app l i ed  t o  a r e l a -  
t i v e l y  simple dose measuring instrument.  
This paper desc r ibes  a s u i t a b l e  de t ec to r  
and some of the e l e c t r o n i c s  necessary f o r  
i t s  operat ion as a dose measuring i n s t r u -  
ment. 

l 

THE DETECTOR 

The d e t e c t o r ,  shown i n  Fig. 1, i s  a 
2 sphere of t issue-equivalent  p l a s t i c  , 

with a s i n g l e  wire e l ec t rode  located on a 
diameter of t he  sphere. The in s ide  d i a -  
meter of the d e t e c t o r  described here i s  
2.2 inches.  The sphere,  together with 
appropr i a t e  connectors and f i t t i n g s ,  i s  
f a s t ened  on an aluminum base p l a t e .  A 
vacuum-tight aluminum cover completes the 

Fig.  1. Spher i ca l  Tissue Equivalent 
Proport ional  Counter 

assembly. In  use ,  the d e t e c t o r  volume i s  
f i l l e d  t o  a low pressure ( 2  t o  20 cm Hg, 
t yp ica l ly )  with a t issue-equivalent  pro- 
po r t iona l  counting gas .  The low-pressure 
gas i n  the  s p h e r i c a l  volume thus simulates 
a t i s s u e  c a v i t y  having l i n e a r  dimensions 
of 1 t o  10 microns. For the present  de- 
s ign ,  operat ion a t  1700 v o l t s  between the 
s h e l l  and the c e n t r a l  wire i s  used. With 
t h i s  vol tage g rad ien t ,  i ons  formed i n  the 
volume a r e  c o l l e c t e d  with a mul t ip l i ca t ion  
of 3 t o  4 thousand. 
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A spherical cavity with an axially
arranged central wire doesnot collect
with equal efficiency from all parts of
the cavity. A solution to this problem
has beenpointed out by P. W. Benjamin3.
He recommendsspecially shapedinsulator
and conductor penetrations. Theserecom-
mendationshave beenemployedin this
detector; however,plastic is used for
insulators and the gradient determining
structures, and three-terminal construction
is employedat each penetration.

Theassembleddetector is contained
in a right circular cylinder 3.5 inches
in diameter and 4.25 inches high and weighs
560 grams. Sphereswith internal diameters
as small as 0.5 inch or as large as 5.0
inches canbe readily constructed.

Thedetector is a direct coupled
device, i.e., it hasno series coupling
capacitor in its signal lead. It maythus
be used as a current source with an elec-
trometer readout, or as a pulse producing
device with an a-d converter or pulse-
height analyzer readout. If used as a
current source, the detector produces
1 x 10-14 A per _rad/hr. This can be
restated as 3.6 x 10-5 A per rad/sec or
1 x 10-8 A per rad/hr. Theleakage current
in the absenceof high voltage is of the
order of 1-2 x 10-15 A. The three-
terminal construction prevents high-
voltage leakagefrom appearingon the
signal lead.

An internal source is usually used
with detectors of this type. Wehave
employed241Amas an alpha source for
pulse-height analyzer calibration. Using
this technique, the alpha peakmaybe
adjusted to a knownchannelnumberon the
pulse-height analyzer, thus providing a
knownkeV/microncalibration per channel.
This determines the overall systemgain.
A similar technique (with a stronger alpha
source or a 55Fesource) canbe used to
generate a knowncurrent to enable an
electrometer to be calibrated.

Since the detector is a tissue-
equivalent system, it respondsto gamma
rays, neutrons, _ mesons,etc., just as
tissue does. In other words, it can be
calibrated to yield ergs per gramtissue
or rads-tissue. If an a-d converter or
pulse-height analyzer is used as a read-
out, and if systemgain is set with the
internal alpha source, no calibration is
required and rads-tissue maybe determined
directly.

DETECTORUSEDASA CURRENTSOURCE

A useful instrument can be constructed
using the detector as a current source.
With the parametersoutlined before, 1700
volts and 20 cmHg fill pressure, the
detector has a sensitivity comparable
to an 80-1iter ion chamber,and back-
groundof 20 _rad/hr is _ 2 x 10-13 A.

Figure 2 showsa block diagramof a
workable system. Theelectrometer is an
all solid-state varactor bridge device.
Its input noise current is _ i x 10-14 A.
Thehigh-voltage supply is an oscillator
voltage doubler circuit. It has a special
regulator so that the high voltage canbe
varied to adjust the system gain and still

maintain good stability.

Fig. 2. Direct Coupled Absorbed Dose

Measuring lns trument
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Figure 3 i s  a photograph of a port-  
ab le  system following the block diagram 
of Fig.  2. This p a r t i c u l a r  u n i t  employs 
f 18 v o l t s  f o r  the electrometer  ope ra t iona l  
ampl i f i e r  and + 9 v o l t s  f o r  the high- 
vol tage supply. The electrometer  operates  
w e l l  down t o  ? 7 v o l t s  and the high-voltage 
supply down t o  + 7 v o l t s .  P re sen t ly ,  
simple t r a n s i s t o r  r a d i o  b a t t e r i e s  a r e  
used with a l i f e t i m e  of - 100 hours. 

This system has f u l l - s c a l e  ranges 
of 60, 600 and 6000 prad/hr.  A less 
s e n s i t i v e  instrument would r equ i r e  c u r r e n t  
d i v i s i o n  a t  the inpiit o r  a lower o v e r a l l  
d e t e c t o r  mu1 t i p l i c a t i o n ,  both of which 
are r e a l i z a b l e .  

Flp, .  3. Portable Battery Operated Abrorbed 
Dose Hcarurlng I n r t W U t  

In  use ,  the system ga in  is set  by 
turning on the i n t e r n a l  source and ad- 
j u s t i n g  the high vol tage u n t i l  the  
c a l i b r a t i o n  reading i s  reached. The 
c a l i b r a t i o n  may be v e r i f i e d  by exposure 
t o  a known gamma o r  neutron source, o r  
the d e t e c t g r  output may be connected t o  
an a-d converter  o r  pulse-height analyzer  
and an independent c a l i b r a t i o n  performed. 

DETECTOR USED AS A PULSE SOURCE 

This same d e t e c t o r  may a l s o  be used 
as a r egu la r  p ropor t iona l  counter and 
thus a s  a source of pulses.  These pulses 
may then be amplified i n  t h e  usua l  manner 
with an FET inpu t  preamplif ier ,  followed 
by a l i n e a r  ampl i f i e r .  
€or absorbed dose measurements i s  shown 
i n  Fig.  4. Spectroscopy uses  would take 
the l i n e a r  ampl i f i e r  output  and feed it  
i n t o  an a-d converter  o r  a pulse-height 
ana ly i e r .  

enables a lower l e v e l  t o  be placed on the 
s igna l s  fed t o  the meter c i r c u i t .  
pulse l i n e a r i t y  must be preserved i f  an 
accurate  dose measurement i s  t o  be ob- 
ta ined,  the discr iminator  is used t o  
con t ro l  a l i n e a r  g a t e  a t  t he  ampl i f i e r  
output.  The pulses t h a t  pass the l i n e a r  
ga t e  a r e  summed i n  the charge-sensi t ive 
rate-meter c i r c u i t .  The rate-meter out-  
put i s  then proport ional  t o  the absorbed 
dose ( r ads - t i s sue )  per u n i t  time deposited 
i n  the de t ec to r .  Such c i r c u i t r y  has been 
suggested by J. W. B a ~ m , ~ , ~  and improves 
upon the simple rad responding instrument 
by add i t ion  of nonl inear  e l e c t r o n i c s  t o  
produce a REM response. 

C i r c u i t r y  s u i t a b l e  

Figure 4 shows a d i sc r imina to r  t h a t  

Since 

CHARGE 
SENS 
RATE 
METER 



PULSE DETECTOR NEUTRON AND GAMMA RESPONSE 

I f  the l i n e a r  amplif ier  output i s  
connected t o  a pulse-height analyzer,  
an X-Y plot such a s  shown i n  Fig. 5 i s  
produced. The data i n  Fig. 5 were 
obtained by exposing the de tec tor  t o  a 
252Cf neutron source of - 0.8 micrograms 
a t  5 cm for  40 minutes. The de tec tor  
diameter was adjusted t o  1 micron. The 
i n t e r n a l  241Am alpha source was used t o  
measure the system gain which was adjusted 
t o  400 keV/micron f u l l  s c a l e  on the X 
axis .  The usua l  proton "edge" may be 
c l e a r l y  seen a t  - 90 keV/ micron. 
Figure 6 shows a 6oCo spectrum with a 
f u l l - s c a l e  value of 40 keV/micron, i.e., 
a f a c t o r  of 10 increase i n  gain over 
Fig.  5. The gamma contr ibut ions a r e  
seen t o  extend only t o  - 3 keV/micron. 
Obviously, i f  a l i n e a r  g a t e  were set  t o  
pass only pulses above - 3 keV/micron, 
only neutron induced events would be 
measured. Some percentage of the dose 
would be los t ,  of course,  due t o  neutron 
induced events below the b i a s  leve l .  
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This i s  discussed below. System noise  
i s  shown i n  Fig.  7. The gain has been 
increased a f a c t o r  of 100 over Fig. 6 
and thus f u l l  sca le  i s  0.4 keV/micron. 
The e l e c t r o n i c  noise i s  seen t o  become 
not iceable  a t  about 0.05 kevfmicron. 
The remainder of the "noise" i s  due t o  
background a c t i v i t y  i n  the de tec tor  and 
the room. 
small i n  comparison t o  the neutron dose 
r a t e  and small  even i f  6oCo gammas alone 
a r e  considered. 

I f  one measures the rads- t i ssue  per 
hour from 6oCo a s  r e g i s t e r e d  by a c i r c u i t  
such as t h a t  shown i n  Fig. 4 versus 
discr iminator  s e t t i n g ,  the r e s u l t s  shown 
i n  Table 1 a r e  obtained. It i s  c l e a r  
that 98% of the absorbed dose i s  del ivered 
a t  LET values of 3 keV/micron o r  less. 
Table 2 presents  s i m i l a r  da ta  f o r  252Cf0 
Here only 50% of the absorbed dose i s  
from events having LET values below 3 
keV/micron. 
i s  selected, such as 3 keV/micron, the 
meter reading w i l l  correspond t o  neutron 
induced events  only. For the condi t ions 
of t h i s  experiment, the t o t a l  absorbed 
dose r a t e  was 133 m rad- t issue per hour 

The noise  i s  c l e a r l y  very 

If a p a r t i c u l a r  b i a s  l e v e l  

612 



1o4

lo3

_.. 102

8

ioI

ioo

0 0.1 0.2 0.3 0.4

keVIp.

Fi S. 7. Noise Spectrum

which corresponds 6 to 45 m tad-tissue

per hour from gammas and 88 m rad-tissue

per hour from neutrons. Thus 64 m tad-

tissue per hour were measured (see

Table 2) at 3 keV/mlcron bias level and

represents about 73% of the neutron

caused absorbed dose. While these data

are restricted to similar source-

detector configurations, a bias curve

may be run for other radiation environments,

the total dose measured with the direct

coupled detector, and a similar analysis

performed.

In conclusion, it can be seen that

a simple rad-tlssue responding absorbed

dose-rate measuring instrument can be

constructed. It uses a single wire

spherical tissue-equlvalent proportional

counter as a current source detector.

Readout is accomplished with a solid-

state electrometer circuit. A further

elaboration may be introduced that allows

discrimination levels to be set at

various levels of LET. This will provide

the ability to selectively measure neutron

and gamma plus neutron events. In all

cases the detector size may be adjusted

to be between I and I0 microns.

TABLE i. CUMULATIVE FRACTIONAL ABSORBED

DOSE RATE VERSUS keV/_ BIAS

FOR 60Co GAMMA RAYS

Absorbed Dose

Rate (keV/_ > L)

L_ Rad

k_V/. -_-

.322 3.83 (-3)

.483 3.46 (-3)

.638 1.75 (-3)

.685 1.75 (-3)

1.o87 1.1o (-3)
1.356 0.88 (-3)

1.49 0°857 (-3)

1.89 0.579 (-3)

2.15 0. 400 (-3)

2.95 0.128 (-3)

3°75 0.021 (-3)

4.55 0o018 (-3)

Cumulative

Fractional
Absorbed

Dose

0.47

0.52

0.76

0.75

0.85

0.88

0.88

0.92

0.94

0.98

0.99

0.99

TABLE 2. CUMULATIVE FRACTIONAL ABSORBED

DOSE RATE VERSUS keV/_ BIAS

FOR 252Cf

Absorbed Dose Cumulative

Rate (keV/_ _ L) Fractional

L, Rad Absorbed

_ Dose

0.322 102.0 (-3) 0.23

0.483 86.2 (-3) 0.35

0.638 82.0 (-3) 0.38

0.685 78.6 (-3) 0.41

0.957 76.7 (-3) 0.42

1.36 72.9 (-3) 0.45

2.15 66_9 (-3) 0.50

3.75 62°0 (-3) 0.53

8.54 53.3 (-3) 0.60

9.53 48°8 (-3) 0.63

13.5 39.9 (-3) 0.70

16.51 34°9 (-3) 0.74

21o4 28.7 (-3) 0.78

37.3 13.5 (-3) 0.90

85.0 1.36 (-3) 0.99

164o4 0022 (-3) 0.99
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