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accurate differentiation of cancerous tumor. This improved method of
localization, differentiation and The detection and treatment of cancerous
tissue  removal of cancerous tumor involves a surgical pro- has been the
subject of intense investigation for many  cedure wherein the patient
suspected of containing years. One among the many approaches to its detec-
5   neoplastic tissue is administered an effective amount tion has
concerned the identification of tumor specific  of a labeled antibody
specific for neoplastic tissue and antigens. Where these antigens can be
identified,  labeled with a radioactive isotope as above-noted radionucleid
labeled antibodies have been employed  exhibiting photon emissions of
specific energy levels. which tend to collect at tumor sites. When so
concen-  Next, the surgical procedure is delayed for a time trated,
somewhat elaborate radiation detection equip-  10  interval following such
administration for permitting ment then is employed to record, for example,
by  the labeled antibody to preferentially concentrate In Imaging the
concentrations of the emissive subst-  any neoplastic tissue present In the
patient so as to ances and thus to locate neoplastic tissue. Important
increase the ratio of photon emissions from the neop- advances In this
procedure have been evidenced    lastic tissue to the background photon
emissions. through the use of monoclonal antibodies or frag-  15
Thereafter, an operative field of the patient is surgi- ments thereof with
a variety of radionudeides. Typical  cally accessed and tissue within the
operative field to techniques for carrying out imaging of these anti-  be
examined for neoplastic tissue has the background bodies have involved, for
example, tomographic    photon emission count determined. Once the back-
scanning, immunoscintigraphy and the like. The par-  ground photon emission
count for the tissue within the ticular choice of radionucleid for labeling
antibodies is  20  operative field has been determined, this hand-held
dependent upon its nuclear properties, the physcial  probe is manually
positioned within the operative field half life, the detection instrument
capabilities, the  adjacent tissue suspected of being neoplastic. Read-
pharmacokinetics of the radiolabeled antibody, and  outs then can be
achieved from probe counting for dif- the degree of difficulty of the
labeling procedure. The  ferentiation. In the above regard, reference is
made to most widely used of these radionucleides in nuclear  25  the
following technical publications: medicine Imaging include technetium,
[err] iodine   I. "CEA-Directed Second-Look Surgery in the [err] and
Indium, [err] Of the above, for localizing  Asymptomatic Patient after
Primary Resection of tumors of the gastro-intestinal tract the radionucieid
Colorectal Carcinoma", E.W. Martin, Jr., MD, J. P. [err] is used as the
marker or label in conjunction with  Minton, MD, PhD, Larry C. Carey, MD.
Annals of imaging gamma cameras and the like which are rela-  30  Surgery
202:1 (Sept. 1985 301-12. tively large and elaborate devices positioned
above  11. "Intraoperative Probe-Directed immunodetec- the patient during
the imaging process.             tion Using a Monoclonal Antibody", P.J.
O'Dwyer, In spite of its somewhat extensive utilization, 1131  MD, C.M.
Mojzsik, RN MS, G.H. Hinkle, RPh, MS, is not an ideal radionucleid for use
In diagnostic medi-  M. Rousseau, J.Olsen, MD, S.E. Tuttle, MD, R.F. cine.
The high energy gamma-photon emitted from   35  Barth, PhD, MO. Thurston,
PhD, D.P. McCabe, [err] is poorly detected by classic gamma camera and  MD,
W.B. Farrar, MD, E.W. Martin, Jr., MD. Arc- like instrumentation. In
addition, the particular admis-  hives of Surgery, 121 (Dec., 1986)
1321-1394. sions of emissions delivers high radiation dose to the  III.
"Intraoperative Radiommunodetection of Col- patient. Further, the Imaging
definition of these exter-  orectal Tumors with a Hand-Held Radiation nal
Imaging devices have not been satisfactory for  40  Detector", D.T. Martin,
MD, G.H. Hinkle, MS RPh, many reasons. As tumor sites become smaller, the
S. Tuttle, MD, J. Olsen, MD, H. Abdel-Nabi, MD, radionucleid concentrations
thereat will tend to be  D. Houchens, PhD, M. Thurston, PhD, E.W. Mar-
lost, from an imaging standpoint, In the background or  tin, Jr., MD.
American Journal of Surgery, 150:6 blood pool radiation necessarily present
in the patient.  (Dec., 1985) 672-75. Over the recent past, a surgical
procedure has  45  IV. Portable Gamma Probe for Radioimmune been developed
concerning the differentiation and    Localization of Experimental Colon
Tumor removal of such neoplastic tissue through the use of  Xenografts,
D.R. Aitken MD, M.O. Thurston, much lower energy gamma emission levels for
PhD, G.H. Hinkle, MS RPh, D.T. Martin, MD, D.E. example, 112 (27-35 kev).
While such a radiolabel     Haagensen, Jr., MD, PhD, D. Houchens, PhD,
cannot be employed with conventional external imag-  50  S.E. Tuttle, MD,
E.W. Martin, Jr., MD. Journal of ing or scanning devices, it has been found
that when  Surgical Research, 36:5 (1984) 480-489. employed with a probe
type detection structure, a    V. " Radioimmunoguided Surgery: Intra-opera-
highly effective differentiation technique can be evol-  tive Use of
Monoclonal Antibody 17-1A in Col- ved. More particularly, the longer half
life of this type  orectal Cancer". E.W. Martin, Jr., MD, S.E. TUttle, of
radiolabel coupled with a surgical methodology   55  MD, M. Rousseau, C.M.
Mojzisik, RN MS, P.J. involving the waiting of appropriate Intervals from
the  O'Dwyer, MD, G.H. Hinkle, MS RPh, E.A. Miller, time of introduction of
the radiolabelled antibody to the  R.A. Goodwin, O.A. Oredipe, MA, R.F.
Barth, MD, patient to the time of surgery, can evolve a highly  J.O. Olsen,
MD, D. Houchens, PhD, S.D. Jewell, 2    3                   EP 0 284 542 B1
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MS, D.M. Bucci, BS, D. Adams, Z. Steplewski,   larly occuring after
surgery. In general, radlolodinated M.O. Thurston, PhD, Hybridoma 5 Suppl 1
(1986)  fibrinogen [err] label) is administered to the patient S97-108.
whose legs are subsequently scanned with a hand Reference further Is made
to commonly assigned  held radiation detector. Typically, Nal probes have
US-A-4782840 issued November 8, 1988 entitled   5   been used for scanning.
Garcia, et al. have reported "Method for Locating, Differentiating, and
Removing  upon the utilization of a CdTe probe as a substitute in
Neoplasms" by Edward W. Martin, Jr., and Marlin O.  a publication entitled
"Thrombosis Detection Using I- Thurston.
125-Fibronogen and a CdTe probe", IEEE Transac- The success of this highly
effective differentiation  tions on Nuclear Science, Vol. NS-23, No. 1,
Feb. and localization technique is predicated upon the   10   1976, pp
594-598. availability of a probe-type detecting device capable  Davis, et
al. describe a method for Interfacing a of detecting extremely low amounts
of radiation    CdTe detector with a personal computer in a publi-
necessarily developed with the procedure. In this  cation entitled "Data
Acquisition using a Scintillation regard, low energy radionucleides are
used such as  Detector Interfaced to a Personal Microcomputer", [ERR] and
the distribution of radiolabeled antibody with  15  Journal of Nuclear
Medicine, Vol. 26, No. 1, Jan. the nucleld is quite sparse so that
background emis-  1985, pp 85-87. The gamma source generated output sions
can be minimized and the ratio of tumor-specific  of a CdTe detector is
preamplified, submitted to a counts received to background counts can be
pulse heightanalyzer, and thence to timed BCD coun- maximized. Conventional
radiation detection probe-  ters. The outputs of the counters are directed
to a type devices are ineffective for this purpose. Gene-  20  peripheral
Interface board for submittal as data to the ally, because a detection
device Is required for the  computer. probes which is capable of performing
at room tem- peratures, a detection crystal such as cadmium tel-  Summary
luride is employed. The probe using such a crystal must be capable of
detecting as little as a single  25  The present invention is addressed to
an gamma ray emission which may, for example, create  apparatus as claimed.
Detection is achieved under electron-hole pairs In the crystal of between
about  room temperature conditions using a crsytal such as 2,000 and 4,000
electrons. Considering that an     cadmium telluride and with respect to
very low energy ampere generates 6.25 x [err] electrons per second,
emissions. To achieve the extreme sensitivity one may observe that
extremely small currents must  30  capabilties of the apparatus, an
Instrumentation be detectable with such probe. However, the probe  approach
has been developed in which the somewhat system also must be capable of
discriminating such  fragile crystal is securely retained In isolation from
currents from any of a wide variety of electrical dis-  externally induced
incidents otherwise creating turbances, for example which may be occasioned
excessive noise. In this regard, microphonic effects from cosmic inputs,
room temperature molecular gen-  36  are minimized through employment of a
sequence of erated  noise and  capacitively  induced  noise    materials
exhibiting divergent accoustic impedances. developed from the mere
manipulation of the probe  Capacitive effects occasioned by the most minute
of Itself. While being capable of performing under these  intercomponent
movements are controlled to accept- extreme criteria, the same probe
further must be cap-  able levels. able of performing under the
requirements of the sur-  40  The probe instrument design Incorporates a
gical theater. In this regard, it must be sterilizable and  preamplifier
with in integrator structure which resides rugged enough to withstand
manipulation by the sur-  in substantial adjacency with the crystal within
the geon within the body cavity of the patient. Further, the  probe
instrument and which achieves very substantial system with which the probe
Is employed, must be   amplifying gain of relatively minute crystal derived
capable of perceptively apprising the surgeon of when   45  charge signals.
This sensitivity permits medical uses neoplastic tissue is being approached
such that the  of the Instrument, for example, in Immuno-gulded device may
be employed for the purpose of guiding  surgery where low energy gamma
emissions are the surgeon to the situs of cancer. Finally, forsugrical
located to differentiate cancerous tumor. The system use, the probe
instrument must be small, so as to be  of the Invention employs an audibly
perceptible output effectively manipulated through surgical openings   50
in conjunction with a count rate analysis of detected and the like. Such
dimunitive size is not easily   emissions to guide the surgeon to tumor
sites with a achieved under the above operational criteria. This  siren
effect wherein the frequency of the audible out- technique has been
described as "radioimmuno-gui-  put increases as the count rate increases
and vice ded surgery", a surgical approach developed by E.W.  versa.
Martin, jr., MD, and M.O. Thurston, PhD.      55       Another feature of
the invention is to provide Hand held radiation detectors have been
apparatus for detecting and locating sources of employed externally of the
body in conjunction with  gamma radiation which comprises a hand-manipular
venous thrombosis of the legs (blood clots), particu-  probe including a
housing having a forward portion 3    5                  EP 0 284 542 B1
6 extending to a window positionable in the vicinity of  nents of the
apparatus of the invention; 



the source and a hand-graspable portion extending     Figs. 10A and 10B
combine as labeled to provide from that forward portion. A detector circuit
arrange-  an electricalschematic diagram of the digital com- ment Is
provided within the housing for deriving     ponents of the apparatus of
the invention; induced charges In response to gamma ray interac-   5  Fig.
11 is a side view of the probe instrument of tion therewith and which
provides detector signals    Fig. 2 showing its employment with a sterile
corresponding therewith. A transmission arrange-     cover, ment is
provided for transmitting the detector signals.  Fig. 12 is a partial side
view of the probe instru- The apparatus further includes a signal treatment
ment of Fig. 2 showing its association with a arrangement which Includes an
energy level analysis  10  check source insert; network for evaluating the
detector signals with res-  Fig. 13 is a top view of the check source
insert pect to noise phenomena and which derives pulse     represented in
Fig. 12; data output signals. An annunciator is responsive to  Fig. 14 is a
flow chart showing the main program drive signals for providing an audibly
perceptible out-  of the apparatus of the invention; put variable in
response to the frequency of the drive   15  Fig. 15 is a flow chart
showing an interrupt routine signals and a control responds to the pulse
data out-  employed with the control features of the inven- put signals for
deriving rates of occurrence thereof for  tion; predetermined intervals and
Is responsive to each dis-  Fig. 16 Is a schematic representation of a
readout crete derived rate for generating a corresponding     provided with
the console shown in Fig. 1; drive signal of predetermined unique
frequency.  20   Fig. 17 is a flow chart showing a count rate deter-
Advantageous embodiments of the invention are     mination carried out with
the interrupt update claimed in the dependent claims.
routine of the control of the invention; For a fuller understanding of the
invention, refer-  Fig. 18 is a flow chart showing the display update ence
should be had to the following detailed descrip-  routine employed with the
control features of the tion taken in connection with the accompanying   25
apparatus of the invention; drawings.
Fig. 19 is a flow chart showing the programming interface features of the
control components of Brief Description the Drawings
the apparatus of the invention; Fig. 20 Is a flow chart showing the
self-diagnostic Fig. 1 is a perspective view of the probe instru-  30
routine carried out by the control features of the ment and associated
console representing the      invention; instrumentation system of the
invention;          Fig. 21 is a flow chart showing the technique for Fig.
2 is a side elevational view of the probe    carrying out siren type audio
outputs employed as instrument shown in Fig. 1 with portions broken   part
of the control features of the apparatus of the away to reveal internal
structures;       35      Invention; Fig. 3 is an exploded view of one
embodiment of   Fig. 22 is a schematic representation of a display the
forward assemblage of the instrument of Fig.  which may occur at the
readout of the console 2;
shown in Fig. 1; Fig. 4 is a sectional view of the forward portion of  Fig.
23 Is a flow chart showing the remote display the Instrument of Fig. 2;
40      update routine employed by the control features Fig. 4A is a
sectional view of an alternate embo-  of the apparatus of the invention;
diment of the forward portion of the instrument as  Fig. 24 is a flow chart
showing the calibration described in conjuction with Fig. 4;
routine carried out by the control features of the Fig. 5 is an electrical
schematic diagram of a    apparatus of the invention; preamplifier
incorporated within the instrument of  45  Fig. 25 is an exploded view of
another embodi- Fig. 3;                                           ment of
the forward assemblage of the instrument Fig. 6 Is a layout drawing of the
component posi-  of Fig. 2; and tioning on a circuit board implementing the
circuit  Fig. 26 is a sectional view of the forward portion of Fig. 5;
of the instrumentembodimentrepresented in Fig. Figs. 7A and 7B combine as
labelled to form a   50  25. blockdiagram of thefunctional components of
the system of the invention;                       Detailed Description of
the invention Figs. 8A-8C combine as labeled to provide an electrical
schematic diagram of the analog signal  Referring to Fig. 1, an embodiment
of the instru- treatment components of the apparatus of the  55   ment of
the invention pariicularly designed for invention;
employment in the medical-surgical field is represen- Fig. 9 is an
electrical schematic diagram of the  ted generally at 10. This instrument
includes a hand- volume control and audio amplification compo-  manipular
probe represented generally at 12 which is 4    7                   EP 0
284 542 B1                     8 coupled by a triaxial cable 14 to a
console 16. The  under the condition that the primary photon energy Is
probe 12, which preferably is retained by the surgeon  large compared with
the electron binding energy. The 



within a disposable polymeric sheath or cover is man-  Interaction may be
analyzed as the elastic collision euvered about the region of surgical
interest to locate  between the primary photon and the electron. Energy
tumerous tissue for resection. When used in conjunc-   5   Is shared
between the recoil electron and the secon- tion with colonic surgery, for
example, the probe 12 is  dary photon. This secondary photon travels in a
direc- maneuvered through a surgical opening in the body  tion different
from that of the primary photon, and is cavity and essentially brought into
contactwith organs  referred to as the scattered photon. under study by the
surgeon. When employed in a         Thus, as an incoming gamma ray Is
absorbed by radioimmuno-gulded mode, a loudspeaker or annun-  10  the
crystal, It transfers some orall of its energy to elec- ciator within the
console 16 may be employed to pro-  trons, which as charged particles pass
through the se- vide a "siren"form of output which apprises the
mi-conductor producing electron-hole pairs and, surgeon that the probe 12
is nearing a site of cancer.  therefore, the capability of charge-transfer
within the Thus, it is necessary that the device 12 be of conve-  crystal
medium. nient length and comfortable to grasp. The probe 12   15  When a
charge particle produces electron-hole is seen to include a window 18
located at the tip of an  pairs in the semi-conductor, the electric field
causes angularly oriented portion thereof 20. Portion 20  these charge
carriers to move toward and accumulate extends from a hand-grippable
portion 22 at an angle  at the appropriate electrodes. As these charges are
of about 30 to facilitate its manueverability about the  collected at the
electrodes, they induce a charge or back or hidden side of organs.
20  electrical pulse signal in the circuit external to the Because the
assemblage 10 is used in a surgical  detector. It is then necessary to
pre-amplify these sig- theater, the console 16 also is readily cleaned,
having  nals and feed them to the electronics of the control a smooth,
one-piece touch sensitive polymeric sur-  unit or console 18. face 24
surmounting a relatively large LCD readout or  For effective performance,
the probe 12 must be display 26, a dual colored LED readout 28 and a sequ-
25  capable of generating and discerning signals repre- ence of
finger-actuated switches having a tactile feed-  senting gamma ray strikes
which are of extremely low back. These switches or keyboard as represented
energy. In this regard, a gamma ray interaction with generally at 30 permit
the microprocessor driven con-  the cadmium telluride crystal may produce
two to four sole 16 to carry out an instructive or "user friendly  thousand
electrons. It being recognized that 6.25 x dialogue with the practitioner.
For purposes of safety,  30  1018 electrons per second represent one ampere
of the device is powered by a rechargeable battery.   current, the relative
sensitivity of the instant device In addition to conventional on and off
switches  will become apparent As a consequence, the shown, respectively,
at 32 and 33, the switches pro-  mechanical structuring of the mounting
arrangement vided on the console 16 include a count mode switch  for the
crystal within the probe 12 is of critical import- 34, a sound switch 35, a
reset count switch 36, a   35  ance as is the technique for detecting and
treating range function switch 37, a calibration function switch  these
significantiy small charges representing 38, and up and down incrementing
switches for      gamma ray interactions. adjustment within certain of the
switch generated      Looking to Fig. 2, a more detailed representation
modes as shown, respectively, at 39 and 40.        of the probe device 12
is revealed. The angular orien- The probe 12 must be capable of performing
40  tation of the front portion 20 is shown having the noted essentially at
room temperature. Thus, the device  30 cant with respect to the central
axis of the hand employs a cadmium telluride crystal and, because of
gripped portion 22. Device 12 is small having an over- the preferred low
energy levels of radiation which it  all length of about 19 cm and portion
22 having a may detect, must be capable of operatively reacting  length of
about 12.7 cm. The overall diameter of the to low energy gamma ray
interactions. The interaction   45  cylindrical structure 12 is about 1.9
cm. Front portion of gamma rays with such crystals is primarily through  20
Is formed having a groove 42 for retaining a col- three processes, namely
the photo-electric effect,  limator which optionally may be positioned over
the Compton scattering, and pair production. In the pho-  portion 20 and
window 18 to provide a higher direc- to-electriceffect a photon of energy,
hv, Interacts with  tional aspect for the device. The hand grip portion 22
an atom as a whole. Its energy is completely transfer-  50  carries a
preamplifier on an elongate circuit board as red to an electron, usually in
the innermost shell. The  represented in general at 44. Depending upon the
electron is ejected with a kinetic energy: [err]         energies of
radiation encountered, the probe 12 struc- where Eb is the binding energy
of the orbital electron,  ture is formed of an electrically conductive and
thus h is Planck's constant, and v is the frequency     shielding material
which furtherfunctions to attenuate associated with the wave nature of the
gamma radi-  55  radiation. ation. In Compton scattering, the primary
photon may   Cable 14 supplies power to the preamplifierof the Interact
with anyone of the orbital electrons. The lec-  probe, as well as bias to
the crystal and functions to trons are considered essentially as free
electrons  transmit the preamplifier treated output signals. Cable 5    9
EP 0 284 542 B1                 10 14 includes tin copper cladding
components 46 and   final assembly, tends to adhere to the forward surface
48 which are mutually insulated and spaced by a sili-  62 of the crystal
58. It has been found that the use of con rubber tube 50 which is somewhat
loose to permit  this disk, substantially improves the noise immunity of 



flexure. The Innermost leads of the arrangement at  the device. Thin
aluminum foil has been employed In respective lines 52 and 54 carry the
output signals   5   place of the carbon filled rubber for Insert 70, how-
from the preamplifler 44 and a bias signal,forexample  ever, any slight
rubbing of the foil insert against the 30 volts, for application to the
rear side of the crystal  face 62 will create a static electricity buld-up
and, within the device 12. Clad 46 carries a 12v powersup-  thus, noise.
While considerable improvement was ply for the preamplifier circuit, while
outer clad 48 car-  found In employing the aluminum disk, it also was ries
ground for the system. An outer silicon rubber  10  found that the probe
functioned only when held cover then Is provided at 56.
motionless during a count, the mere sliding of a fing- Looking to Fig. 3,
an exploded detail of the nose  ertip across the surface of the probe
causing unac- orforward portion 20 of probe 12 is provided. This por-
ceptable noise levels with the latter arrangement. A tion 20 retains the
cadmium telluride crystal in a light-  similar disk of the conductive
silicon rubber material tight and mechanically secure orientation while  15
butof lesserdiametric extent is positioned forengage- maintaining necessary
ground and bias conditions   ment with the rearward surface 64 of the
crystal 58 as upon it. Generally, such crystals as at 58 will have a
represented at 72. The noted crystal bias voltage is rigidity or physical
consistency somewhat similar to  asserted through this adhesive surface
insert 72 from chalk and are formed having very light gold coatings  a
disk-shaped copper electrode 74. Provided having on their surfaces. Device
58 is retained within an outer  20   a thickness, for example, of about
0.050 In., the elec- electrically insulative coating 60 or U-shaped cross
trode 74 may be gold-plated at least on its contact sur- section. The
forward or front surface 62 Is grounded  face to Improve conduction and
avoid corrosive and, In effect, represents the most negative electrode
effects. The rearward side of the insert 74 carries a in the system. Its
rearward face 64, on the other hand,  bead of solder 76 to effect a union
with a short length has a bias, for example 30 v, applied to It, an
available  25  of insulated wire 78. The assemblage of crystal 58, bias
range of 10v to 100v generally being desired.  insert 72, and electrode 74
is configured to nestwithin Thus, these electrical parameters are required
with  an Insulative cup 80 formed, for example, of Teflon or respect to the
crystal 58 while it is maintained In a  the like. Cup 80 Is configured
having a hole 82 at the carefully electrically shielded, acoustically dead
and  center point thereof for the purpose of receiving wire light-tight
environment. The outer surface of front por-  30   78 and accommodating
solder bead 76. To assure tion 20 Is an electrically conductive tube or
collar 66  removal of all ionic contaminants, cup 80, shell 66 and formed,
for example, of copper so as to provide an  window 68 are boiled repeatedly
in distilled water prior electrical shield as well as an attenuator for
radiation  to assembly. of the energy range contemplated. The forward edge
Cup 80 and Its Intemested components are slide- of tube 66 is closed by the
window 18 which is formed   35  ably retained within a cylindrical cavity
84 bored within of a silicon-aluminum alloy about 0.015 In. thick sol-  a
slug or blocking component 86. Formed having a dered thereto.
principal diameter which Is slideable within the tube Crystal 58 and
various components associated    66, the slug 86 is fashioned of copper or
tungsten or with Its mounting are assembled within the cup-sha-  the like
and functions both to provide a secure support ped structure Including
window 18 and shell 66 in a   40  for the crystal mounting components and
to assure sequence represented in Fig. 3 which includes a    radiation
blockage with respect to any radiation imp- foamaceous, electrically
conductive insert 88 having  ingingfromtherearward portionofthe probe 12.
Com- a diametric extent such that It Is in contact with  ponent 86 Is
counterbored at 88 to accommodate for ground, here the internal
electrically conductive sur-  the solder bead 78 upon assembly.
Communicating face of shell 66. Generally, the insert 68 may be pro-  45
from counterbore 88 is a bore 90 of small diameter vided as a carbon
Impregnated foam which functions  selected to receive the small wire 78
which extends to assist in the compression of the components under  to an
electrical connector 92. Connector 92 is covered final assembly. Insert 68
is shown in Fig. 3 exhibiting  with an electrically insulated material and
is slideably its expanded, preassembly cross-sectional configu-  inserted
into bore 90, the outer head portion thereof ration.
50  at 94 residing within a counterbore 96 within compo- Next In the
assembly sequence Is a disk-shaped  nent 86. Blocking or backing component
86 insert 70 formed of carbon filled silicon rubber having  additionally Is
configured having a coupling portion of a thickness, for example, of 0.020
In. The diametric  lesser outer diameter 98 which is configured to be
extent of the insert 70 is such that it is In contact with  slideably
received within the internal diameter of a electrical ground about the
internal periphery of the   55  supporting tubular portion 100. The
forwardly dis- tube portion 66. Marketed, for example, by Tecknit  posed
tubular region of portion 100 at 102 is config- Company of Cranford, New
Jersey, insert 70 Is both  ured having a diameter to, in turn, coincide
with that pliant and exhibits an adhesive-like surface which, In  of the
main diametric component of slug 86 so as to 6    11                  EP 0
284 542 B1                 12 slideably receive tubular portion 66 upon
assembly.  face of water. Generally, the principal source of micro- Upon
such assembly, as shown in Fig. 2, an additional  phonics effects is
occasioned with rubbing at the sur- retainer groove as at 104 is developed.
For assembly,  face of window 18, a condition to be encountered In
additionally, a connector wire as at 106 provides elec-  normal operations.
Of course the maintaining of tubu- 



trical connection between connector 92 and the   5   lar portion 66 and the
entire housing of the probe preamplifier 44 (Fig. 2).
including components 10 and handle 22 at ground The sub-assemblage of
electrode 74, cup 80 and  reference functions to provide an electrical
shielding. slug component 86 along with connector 92 Is pro-  It has been
found helpful todampen acoustic vibration vided prior to a final
combination of the forward probe  of window 18 by applying a polymeric
coating to its part. In this regard, It is desired that the wire 78 be   10
outside or inside surface, i.e. Teflon or the like. maintained in tension
to assure no mechanical move-    Referring to Fig. 4A, an alternate and
effective ment In the sub-assembly. To provide this, the wire Is
arrangement of the forward portion 20 of the instru- coupled to the
connector 92 and supported so as to  ment 12 Is portrayed In similarfashion
as Fig. 4. In the extend through bore 80 and into contact with the sol-
figure, a disk of the earlier-described electrically con- der bead 76
within the cup 80. Cup 80 will have been   15  ductive silicon rubber 71 Is
positioned against the positioned along with the electrode 74 within cavity
Inner surface of window 18. The opposite face of this 84. The disk
electrode 74 then Is heated such that a  insert 71 then confronts a dead
air space 73 which, in sweat soldering of the wire takes place and connec-
turn, extends to an assemblage comprising the ear- tion is made with the
components in a heated state.  lier-described electrically conductive
foamaceous Upon cooling, the resultant assemblage provides for  20
material 68, rubber insert 70 and crystal 58. These the wire remaining in
tension to secure against com-  components are retained compressively
together by ponent motion. An avoidance of any relative motion of  a band
75 which Is structured of a material permitting the components is Important
because of the capaci-  the transmission of gamma radiation therethrough
but tive effect developed with any relative motion be-  which, preferably,
additionally is electrically conduc- tween the components of the
assemblage. The noted   25  tive. Aluminum, forexample, maybe used forthe
band sub-assemblage along with the remaining compo-     75. The remainder
of the structure is identical with the nents described In connection with
Fig. 3 then are  structure of Fig. 4 as labelled with the same numer-
"slid" together under a dry nitrogen atmosphere.    ation. Providing a
uniform resistance from the forward Looking to Fig. 4, the components shown
in      surface of crystal 58 to ground Is an Important aspect expanded
form in Fig. 3 are represented In their post-  30  of each of the
embodiments shown in Figs. 4 and 4A. assembly orientations. Note that the
foamaceous    Referring to Fig. 25, a preferred structuring for the for-
insert 68 has been compressed to aid in securing the  ward portion 20 of
the instrument 12 is portrayed In remaining components from any motion. The
foam     similar fashion as Fig. 3. The embodiment shown has material is
compliant In this regard to assure a uniform  been found to be more readily
fabricable, while main- compression of all components into the crystal 58.
35  taining requisite performance characteristics. Fig. 25 Similarly, the
slightly adhesive and compliant silicon  shows the hand-graspable portion
as at 22 extending rubber Inserts 62 and 72 aid In this securement. Com-
to earlier-described supporting tubular portion 100. ponents 100 and 66 may
be retained together, for   The forwardly disposed tubular region of
portion 100 example, using an epoxy adhesive. As noted earlier,  including
surface 102 are configured having an Inter- the mildest of vibrational
movement may create a   40  nal diameter defining a cavity 1232 for
receiving a capacitive alteration on the order of a gamma strike  generally
cylindrically shaped slug or blocking for the very delicate instrument
Thus, the arrange-  arrangement 1230 along with an elastomeric retainer
ment shown serves to provide mechanical secure-    layer which retains the
slug 1230 within the cavity ment. There also is a potential for vibration
and the  1232 while spacing its outer cylindrical surface from noise
difficulties that ensue due to the microphonic  45  the interior wall of
portion 100 an amount sufficient to effects occasioned by the occurrence of
noise or the  provide a shock mounting arrangement. This elas-
mildestofdisturbance at the window 18. Foamaceous  tomer may be provided,
for example, as a rubber material 68, as well as the inserts as at 70
provide a  epoxy material. To achieve spacing from the noted protection for
such effect due to the change of acous-  Interior wall and facilitate
mounting, an elastomeric tic impedance. For example, any microphonic
effects  50  ring such as an 0-ring is provided as at 1234 which at the
window surface 18 will be damped by the     serves to hold the slug 1230 in
an appropriate position change of acoustic impedance at the junction be-
while the elastomeric rubber epoxy sets. The 0-ring tween window 18 and
foamaceous material 68. A      1234 is slid over the copper outer
cylindrical surface similaralteration occurs between the insert 68 and the
of slug 1230 so as to nest in a rectangular groove next subsequent silicon
rubber Insert 70. This alter-  55   1236 formed therein. Looking
additionally to Fig. 26, ation of acoustic Impedance is analogous to the
dif-  the 0-ring 1234 is seen in assembled position and the ficulties  in
vocally  communicating  from  the   elastomeric retaining layer is shown at
1238. As bef- atmosphere to a listening position beneath the sur-  ore,
slug 1230 Is formed of copper or tungsten to 7    13                  EP 0
284 542 B1                  14 attenuate radiation impinging from a
rearward direc-  1268, and window 18. This dead air space provides tion and
further Includes a V-shaped groove 1240   an enhancement of acoustic
isolation of the crystal extending thereabout. A central bore 1244 extends
1262. through theslug 1230 tocarry insulative lead 106. The  As represented
at circuit board 44 In Fig. 2, In forwardmost face of slug 1230 provides a
base sup-   5   order to carry out the treatment of the very faint 



port surface as at 1246 which is counterbored at 1248  charges which are
evolved due to gamma Interaction so as to provide an Improved connection
with a plastic  with crystal 58, it is important that the preamplification
electrically insulative cup or support 1250 having a  function take place
as close as possible to the situs rearwardly disposed cylindrical portion
1252 which is  of the interaction. Because of the operational need in
nestable within the bore 1248. Cups 1250 may, for  10  surgery for the
[err] cant of the central axis of the for- example, be formed Lexan or the
like and, preferably,  ward portion 20 with respect to the corresponding
axis are adhesively attached to the base support surface  of the rearward
support portion 22 of the probe 12, 1246 and counterbore 1248 by a
compatible adhe-    some small length of transmission wire as at 106 is
sive. Cup 1250, as before, includes a central cylindri-  required. Because
extremely small charges of current cal cavity 1254 which receives and
supports an   15  are involved in the range of 300-600 atto coulombs, a
assemblage including a resiliently compressible    preamplification stage
which performs to achieve a shock cushion layer 1256 as an initial
component.  very high gain is called upon but one which performs Layer 1256
may, for example, be formed a non-woven  with low noise generation. In
effect, the preamplifi- Teflon cloth marketed under the trade designation
cation stage of the instant apparatus is one achieving "Gortex"' having a
thickness, for example, of about  20   a voltage amplification, for example
on the order of 0.020 in. The layer 1258 is provided having an open-  about
25,000. Correspondingly, if one considers the ing in the middle thereof for
receiving the lead 106. In  current amplification function numbers of
electrons general, this lead 106 is formed of a multi-strand type
constituting very faint charges are converted to about lead and the strands
thereof are attached to a small  a milliampere at the output of the
preamplification disc 1258 of adhesive copper tape. This disk 1258   25
stage, an enormous gain condition (about three trill- serves to
electrically couple lead 106 to and apply a  ion). The resultant powergain
is about 8 x [err] biasing voltage to the rearwardly disposed face 1260
Looking to Fig. 5, a preamplifier circuit represen- of a gamma radiation
responsive crystal 1262 formed,  ted generally at 110 employed with the
instrument 12 as described above, of cadmium telluride orthe equiv-  Is
revealed. In the figure, earier described input line alent. The forward
face of crystal 1262 as at 1264 is  30  54, carrying the bias forassertion
atthe rearward face electrically grounded by a copper ground strap 1266  of
crystal 58 again is reproduced as extending to one which extends rearwardly
to provide electrical     side of crystal 58 through resistors R1 and R2.
Resis- grounding communication with the exterior of copper  tor R1 In
combination with a capacitor C1 provides a slug 1230. The assemblage of
crystal 1262, copper  local filter to remove any spurious noise which may
be adhesive tape or disk 1258, shock cushion layer  35  engendered in the
line transmitting the noted bias sig- 1256, and cup 1250 are compressively
retained      nal. The opposite face of crystal 58 is coupled to together
by an elastomeric retainer 1268 which may  ground as represented at lines
112 and 114. In gen- be provided, for example, as a common finger cot.
eral, the preamplifiercircuit 110 includes an integrator This sheath of
electrically insulative elastomeric ma-  stage represented generally at 116
which Is followed terial Is rolled over the assemblage and retained in  40
by a voltage amplification and line driver stage rep- position by a
resilient band such as a resilient O-ring  resented generally at 118.
Integration stage 116Is for- 1270. This 0-ring nests In the
earlier-described V-  med of three transistors Identified at Q1-Q3 shaped
circumferential groove 1240 to retain the   performing in conjunction with
a capacitor C3. sheath 1268 in position. The entire assemblage of      The
input to stage 116 from crystal 58 Includes a slug 1230 and those parts
compressively retained in  45  crystal bias resistor R2 of very large
resistance value, position by the sheath 1268 and O-ring 1270 may be  for
example about 50 megohms, a level selected to maneuvered during
avoid absorbing current disturbances from crystal 58. the assemblage
employing rubber epoxy layer 1238   Generally, the resistance for this
component will be to provide appropriate spacing accommodating for
selected between about 10 to 200 megohms. The variations in component
thicknesses, for example the   50  Input signal to the integration stage
116 at line 120, thickness variations which may be encountered with
typically about 300-600 atto coulombs, is asserted crystal 1262. The
forward assemblage Including tube  through coupling capacitor C2 to the
gate Input termi- 66 and window 18 then is positioned over surface 102  nal
of an N-channel junction field effect transistor and cemented in place, for
example, with a conduc-  (JFET) transistor Q1. Line 120 also is coupled via
line tive silver epoxy cement. Note in Fig. 26 that the  55   122 and bias
resistor R3 to ground at line 112. The assemblage is so oriented that a
dead space 1272 is  resistance value at resistor R3 is selected commen-
created between the forwardly disposed surface 1264  surately with the
selection of resistance for resistor of crystal 1262, as associated with
retainer sheath  R2, preferably at about 200 megohms to avoid signal 8
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Generally, the resistance for this compo-  resistor R6 and, importantly,
the emitter is by-passed nent will be selected between about 10 to 10,000
to ground via lines 134 and 136 through capacitor C5. megohms, the
component supplying bias for transis-  The latter component exhibits
relatively low im- tor Q1. Also extending from line 120 at the input to the
pedance on the order of 25 ohms at the frequencies integratorstage is line
124 leading to a coaxial capaci-   5   of Interest Looking to the collector
to supply arrange- tor C3, the opposite side of which Is coupled to Integ-
ment at line 138, there Is a relatively high resistance 



rator stage feedback line 126. Capacitor C3 Is very  value resistor R7, for
example of 3 Kohms and, In small, typically having a capacitance of 0.25
pico-  series, a resistor R8 having a 1.5 Kohms resistance farads and, in
general, having a capacitance less than  to provide a total resistance of
4.5 Kohms. To achieve one picofarad. To create this capacitor C3, copper
10  the most effective amplification or highest gain, NPN tubing having a
0.050 in. outside diameter is      transistor 03 is so coupled within the
integrator stage employed in conjunction with an Insulated wire inser-  116
as to provide a "boot strap" circuit to raise the ted in its center. Wire
126 is soldered to close the  effective collector Impedance to transistor
Q2. In this opposite side of the tube. Thus, by moving wire 124  regard,
the base of transistor Q3 is coupled via line inwardly and outwardly of the
surrounding tube coup-  15  140 to line 138, while the collector thereof at
line 142 led to wire 126, the capacitive value at capacitor C3  is coupled
to supply line 130 in conjunction with a may be altered. Capacitor C3 may
be tuned in the   decoupling filter comprised of resistor R9 and capaci-
above manner to adjust the preamplification stage  tor C7. The emitter of
transistor Q3 is coupled to line 110 for gain. Such construction of
capacitor C3 may  126 as well as to line 144 to ground through resistor be
referred to as "coaxal".                   20   R10. Line 126 is seen to
extend to line 146 incorporat- JFET transistor Q1 functions, In effect as a
ing capacitor C6 and coupled intermediate resistors "source follower"
charge amplifier, its purpose being  R7 and R8. Transistor stage Q3
functions as an emit- to achieve an impedance transformation from a very
terfollower, feeding the noted junction between resis- high impedance gate
suited to low current and low  tors R7 and R8 through capacitorC6 in
boot-strapping noise. In general, the JFET structure exhibits lowest  25
fashion. The result is to raise the effective impedance current noise at
the room temperature operating con-  at the collector of transistor Q2 due
to the alteration ditions contemplated for the instant instrument.   of net
current flow through resistor R7. This provides Furtber, these devices
exhibit high frequency res-  a much higher voltage gain achieved at the
Integrator ponse (wide bandwidth) as well as a high amplifi-  stage 116.
Note that a portion of the signal from the cation factor or high
transconductance. In view of the   30  emitter of transistor Q3 returns to
the coaxial capaci- latter aspect, the device tends to create a large cur-
tor C3 of the integrator stage. rent disturbance at its source terminal at
line 128. Line  Voltage amplifierand line driverstage 118 is seen 128
extends through a source load resistor R4 to   to be comprised ofan a.c.
voltage amplifier configured ground line 112. The resistor R4 functions as
a d.c.  as the combination of NPN transistor Q4 and PNP current return
device. The drain terminal of transistor  35  transistor Q5. Such an
arrangement comprises desi- Q1 Is coupled to +12v supply via line 130,
while the  rably few components and exhibits high gain and very same
terminal is decoupled or Isolated by a filter com-  broad bandwidth.
Because the gamma ray interaction prised of capacitor C4 and resistor R5
connected with  of crystal 58 will exhibit a frequency disturbance spec-
line 130.                                          trum ranging from about
50 KHz to 200 KHz the fre- The signal related voltage at line 128 is
coupled   40  quency response of the stage 118 is tailored via line 132 to
the base of NPN, bi-polartransistor Q2.  accordingly. For example, the high
end roll off of this Transistor Q2 performs a voltage amplification and a
response is established by resistor R10 within line singular bi-polar
component is elected for this function  144 and capacitor C8 within line
148. The output of the inasmuch as such devices exhibit low voltage noise
integrator stage is asserted through resistor R11 and characteristics at
room temperatures. Additionally,  45  capacitor C9 to the base of
transistor Q4. A voltage the devices have a high amplification factor
availabi-  bias to the base of transistor Q4 is provided via line lity than
corresponding field effect transistors. The  148 from supply following its
division by divider reels- use of such as bi-polar device In conjunction
with the  tors R12 and R13. This bias input amounting to about Input field
JFET device was evolved following signifi-  one-fourth of the supply
voltage also is treated by the cant experimentation and represents a lowest
noise  50  filter combination of resistor R9 and capacitor C7. combination
which was achieved in conjunction with     The 12 v power supply
additionally is filtered by room temperature operation.
a pi filter comprised of capacitors C10 and C12 along The degree of
amplification achievable with the  with resistor R14 connected within line
150. Line 150, stage Q2 is related to the impedance exhibited with  in
turn, is seen to extend via line 152 to the emitter of respectto its
emitterand collector, i.e. the value of the   55  transistor Q5 and through
resistor R15 to the base collector load impedance divided by the emitter
im-  thereof as well as to the collectorof transistorQ4. Cor- pedance. In
the arrangement shown, the emitter of  respondingly, the emitter of
transistor 04 extends via transistor Q2 is coupled via line 134 to ground
through  lines 154, 156 and 158 to resistor R16 and the collec-    17
EP 0 284 542 B1                     18 tor of transistor Q5 as well as to
resistor R29. The out-  tic representation of the instrumentation circuitry
is put of stage 118 is provided at line 168 incorporating  revealed. In
Fig. 7A, the cadmium telluride crystal 58 resistor R17. The gain of this
output stage is set by  again is shown having one face coupled to ground
resistor R18 within line 154 in conjunction with resistor  through line
170, while the opposite, biased face R16, while capacitor C11 in thatline
aids in the setting   5   thereof is coupled via lines 172 and 174 to a
bias filter of low frequency roll-off of the stage. The high fre-
represented at block 176. As noted above, this filter, quency roll-off
characteristic is further aided by the  for example, includes resistor R2
as well as capacitor combination of resistor R11 and capacitor C13, the  C1
and resistor R1. The input to the filter components 



latter component being coupled between line 145 and  176 is represented at
line 178 as being applied ground via line 162.Low end roll-off
characteristics for  10  through the triaxial cable as described earlier at
14 the stage further are aided by the c0ombination of  and represented by
that numeral herein. Une 178 cor- capacitor C5 and resistor R6.
responds with the earlier-described line 52 in Fig. 2. In view of the
extreme sensitivity of the type of  This bias emanates from a power supply
shown at preamplifier at hand and the tendency of such circuitry  block 180
In Fig. 7B and represented at line 182. tooscillate, the layoutofthe
circuitwithin housing por-  15  Line 172 from the crystal 58 is shown
extending tion 22, for example on a circuit board as at 44, also  to the
earlier-described integrator stage of the pream- becomes an important
aspect in the design of the   plifier 110. The integrated valuation of
detected radi- instrument. Thus, looking to Fig. 6, a layout for the  ation
disturbance then is shown directed, as preamplifier circuit showing
component orientations  represented by line 184, to the
driver-amplification and relative positioning is revealed. In general, the
20  network described generally at 118 in Fig. 5 and iden- most sensitive
components are grouped to the left in  tified by the numeration In block
form In Fig. 7A. A 12v the figure, a position corresponding with a left
orien-  power supply is provided from the power supply 180 tation In
conjunction with Fig. 2. As a consequence,  (Fig. 7B) as represented at
line 186 which, as shown these components are closest to the crystal in the
sys-  In Fig. 7A, is directed to a probe current network rep- tem. Because
of the very large resistance values for  25  resented by block 188. Under
microcomputer control resistors R2 and R3, these resistors are to the left
in  as represented by line 190, the network 188 develops the circuit
orientation and are mounted vertically  signals, for example, determining
whether the probe upwardly from the board or base, one side of them
instrument 12 has been properly connected to the being attached at such
base. The opposite sides of  console 16. Delivery of the 12 v power supply
for the these resistors extend in space to couple to capacitor  30
preamplifier stage 110 is represented at line 192 as C2. Thus, capacitor C2
is off the surface of the printed  extending to the driver amplifier from
cable 14 via line circuit board to avoid leakage conditions. The most  194.
Line 194 corresponds with the clad 46 described sensitive transistor in the
system is JFET transistor  in conjunction with cable 14 in Fig. 2. Q1 whose
source and drain terminals are coupled to     Ground to the instrument 12
also is developed the prlnted circuit board, while i ts gate electrode   35
from the power supply block 180 as represented at extends to the common
junction in space of capacitor  line 196 shown in Fig. 7A as extending to
cable 14 and C2 and resistor R3. Thus, this sensitive terminal also  via
line 198 to the instrument and preamplification resides in space in close
proximity to the crystal itself.  components 110. Line 198 corresponds with
the ear- Coaxial capacitor C3 is mounted upon the board in a
lier-described clad at 48 in Fig. 2. vertical orientation such that its
tuning wire line 124 is  40  The output of the preamplification circuit 110
is coupled from its coaxial location within the component  represented at
line 200 extending through the cable to the common juncture of the gate of
transistor Q1  representation 14 corresponding with the earlier-des- and
the upstanding common junction of resistor R3.  cribed line 54 in Fig. 2.
Line 200 extends from the The above-described are the most sensitive of the
cable 14 as line 202 to the input of a normalizing components and their
mounting in the manner shown   45  amplifier represented at block 204. The
network rep- has been found to be important to successful oper-  resented
by block 204 functions to amplify or ation of the device. Capacitor C18 Is
a radial-lead  attenuate, I.e. scale the noise characteristic of any device
and is seen coupledtothe leftsideofthe circuit  given instrument 12 and
normalize the value thereof board for convenience as may be observed by
looking  or render it consistent for later comparison stages. to its
corresponding position in Fig. 5. Note that the   50   Generally, for
example, the 27 kev energy level component developing the highest
amplification     gamma ray generated pulses in the system will be effect,
transistor Q5, is furthest to the right on the cir-  about five times
higherthan noise levels. Normalizing cuit board away from the sensitive
gate at transistor  amplifier network 204 will establish those noise levels
Q1. The remaining components are shown In their    at some predetermined
level, for example, 200 mil- orientations on the circuit board 44 along
with small  55  livolts and the resultant proportional valid gamma lines
representing the hair pin" type mounting orien-  related pulses will become
about one volt high for pur- tations.
poses of ensuing comparison functions. It may be Referring to Figs. 7A and
7B, a block diagramma-  observed that the amplifier network at block 204 is
10    19                 EP 0 284 542 B1                20 shown controlled
from a digital-to-analog converter  spectively, at blocks 248 and 250.
These networks network represented at block 206 via line 208. Net-
function to square the current outputs atlines 244 and work 206, in turn is
controlled from line 210 extending,  246 and thus achieve a uniform
percentage incremen- as shown In Fig. 7B to block 212 representing a micro-
tation of the threshold defining outputs at lines 240 computer network. The
normalized output developed   5   and 242. from network 204 is presented
along lines 214 and    Returning to Fig. 7B, the outputs of the com- 216 to
a noise averager circuit as represented at block  parator networks shown at
blocks 236 and 238 repre- 218. This network, represented at block 218
deter-  sent candidate pulses which may be above or below mines an average
amplitude value for the noise of a  the given thresholds and are identified
as being pre- 



given system with a given instrument 12 and provides  10  sented as a "UW
pulse" and an "LW pulse" along res- a corresponding signal as represented
at line 220  pective lines 256 and 258. These lines are shown (noise amp)
which is employed as above-described  directed to a real time pulse
discriminator network as information used by the microcomputer 212. This
represented at block 260 which carries out Boolean information In addition
to being employed with the nor-  logic to determine the presence or absence
of valid malizing amplifier network represented at block 204,  15  pulses.
Valid pulses are introduced to the microcom- may be employed to develop a
low window valuation  puter network 212 as represented by line 262. for the
comparison function.                         The microcomputer represented
at block 212 per- Line 216 also extends via line 222 to a pulse  forms
under a number of operational modes to pro- acquire network represented at
block 224. This net-  vide audio and visual outputs to aid the surgeon In
work functions, when activated by the microcomputer  20  locating and
differentiating tumorous tissue. In the for- represented at block 212, to
acquire the value of the  mer regard, as represented at line 264 and block
266, highest pulse amplitude witnessed at line 222. Period-  a volume
control function may be asserted with am- ically, this information then is
transmitted to the micro-  plitude variations controlled from a solid-state
form of computer at block 212 as represented by line 226.  potentiometer as
represented at line 268 and block Representing a form of peak detetor, the
network is  25  270. Further, a "siren" type of frequency variation is
sometimes referred to as a "snapshot circuit". Also  produced at line 272
to an audio amplification circuit produced from line 216, as at line 228
and block 230  represented at block 274 for driving a speaker as rep- is a
buffer amplifier which will provide at line 232 an  resented at 276 and
line 278. With the noted siren output representing received pulses which
may be  arrangement, the frequency output from speaker 276 made available
at the rearward portion of console 16  30  increases as the instrument 12
is moved closer to the for conventional radiation evaluation purposes.
situs of concentrated radiation. Of course, conven- Line 214 extends, as
shown in Fig. 7B at line 234,  tional clocks and beeps can be provided at
the option to one input of an upperwindow comparatorrepresen-  of the
operator. ted at block 236 and a lower window comparator illus-  The
microcomputer network 212, as represented trated at block 238. The
threshold levels for  35  by arrow 274 and block 276 also addresses an
input- comparative purposes employed by the network at  output network
which, as represented at arrow 278, block 238 is shown asserted from line
240 and, pref-  functions to provide a pulse count output of varying
erably, is developed by the logic of microcomputer     types as well as
outputs representing volume levels, network 212 at a level just above the
noise amplitude  pulse height, noise levels and battery status. Visual
signals generated from line 220. Of course, manual  40  readout is
represented in Fig. 7B as a block with the setting of such windows can be
carried out. In similar  same display 26 numeration as described in
conjunc- fashion, the upper window of acceptance for valid  tion with Fig.
1. Similarly, the input-output function gamma ray interaction is
established from a corre-  represented at block 276 provides appropriate
scan- sponding line 242. This threshold setting may be  ning of the
keyboard or switches described in con- made from the information taken from
pulse acquire  45  junction with Fig. 1 at 30 and represented by the same
network 224.                                     numeration in Fig. 7B.
During a counting operation, Returning to Fig. 7A, the threshold upper
window  the microcomputer network 212 functions to control a and lower
window threshold selections are made   light emitting diode drive network
represented by under the control of the microcomputer network at  block 282
from line 284. The drive network represen- block 212 as controlled from the
digital-to-analog net-  50   ted at block 282 is shown providing an input,
as rep- work shown at block 206. It is the characteristic of  resented by
line 286 to the dual LED display as such networks as at block 206 to
provide an output  described at28 In Fig. I and represented in block form
which Is comprised, for example, of 256 steps of vary-  with the same
numeration. This readout provides a ing amplitude. The percentage of
incrementation from  red light when a gamma ray is detected and a green
step-to-step will vary somewhat over the range of volt-  55  lightduring
the counting procedure in general. Aserial age values provided.
Accordingly, the outputs from  output port of conventional variety also is
provided on this conversion network at block 206, as at lines 244  the
console 16, such ports being represented at block and 246 are directed to
squarer networks shown, re-  288 being addressed from the microcomputer at
block 11    21                 EP 0 284 542 B1                 22 212 from
line 290 and having output and input com-  detector employs resistor R21
within +12v supply line ponents represented by arrow 292. A real time
clock-  186. The opposite sides of resistor R4 are tapped at calendar
having a non-volatile memory also may be  lines 334 and 336 which, in turn,
are directed to a provided in conjunction with the functions of the
resistor network comprised of resistors R22-R25 and microcomputer network
212 as represented by block   5   thence are directed to the inputs of an
operational 294 and arrow 296. Further, the microcomputer may  amplifier
338. A filtering capacitor C19 additionally is be employed to monitor the
performance of the power  coupled to one side of resistor R21. The resistor
net- supply represented at block 180. This is shown being  work R22-R25 and
amplifier 338 form an instrumen- carried out by the interaction of the
microcomputer  tation amplifier which  measures the voltage network with a
multiplexer represented at block 298   10  difference across resistor R21
and furtherfunctions to 



and having an association represented by arrows 300  perform a level shift
of 12v to ground. Following such and 302. It may be observed that the power
supply  level shifting, the resulting probe current responsive also
provides +5 sources for the logic level compo-  signal at line 340 Is
directed to the non-inverting input nents of the circuit as represented by
line 304; a -5v  of a second amplification stage 342. Stages 338 and source
at line 306, as well as a -9v reference at line  15  342 are shown coupled
to +12v as filtered by capaci- 308 for display 26 drive and, finally, a 2.5
v reference  tor C20 via line 344 and to -12v supply as filtered by as
represented at line 310 to provide reference input  capacitor C21 via line
346. The inverting input to to the analog circuitry described later herein.
amplifier 342 at line 348 incorporates resistor R26 Returning to Fig. 7A,
the microcomputer network  and, additionally is coupled to the output of
stage 342 as represented at block 212 also provides an input to  20  at
line 350 via resistor R27. Amplification stage 342 the digital-to-analog
conversion network represented  functions to amplify the signal from stage
338 by a fac- at block 206 which corresponds with the instan-   tor, for
example, of 10 to provide an analog signal rep- taneous pulse rate and this
information is conveyed to  resentative of probe current (PROBE I) at line
352. a pulse rate amplifier network represented at block  This analog
signal is directed to the microcomputer 312 via line 314. The resultant
output as represented   25  function earlier described at block 212 in Fig.
7B. at line 316 may be provided, for example, at the rear  Line 202,
carrying the preamplified gamma reac- of the console 16. This circuit
represented at block  tion pulses is directed, as shown in Fig. 8B, to the
312 also may be employed to generate a calibrating  input of the
normalizing amplifier network represented pulse for testing the downstream
components of the  in Fig. 7A at block 204 and shown In general by that
system. Thus, the microcomputer applies a predeter-  30  numeration. The
signal at line 202 is filtered by a mined pulse level through the
digital-to-analog con-  capacitor C22 while a resistor R27 supplies bias to
version network at block 206 for presentation to the  PNP transistor Q6.
These filter components provide a amplifier network represented at block
312. The resul-  high frequency roll-off avoiding RF Interference which
tant output at line 318 is selectively switched as rep-  may be
encountered. The collector of transistor Q6 is resented by block 320 to
define pulse width from the   35  coupled via line 352 and resistor R28 to
-5v supply, microcomputer input at line 322 to generate the calib-  while
the emitter thereof at line 354 is coupled through rating pulse at line
324.                         resistors R29 and R30 to +5v supply. Resistor
R30 Referring to Figs. 8A-8C, pulse treating analog  provides a supply
bypass filterfunction in conjunction circuits as are maintained in console
16 are revealed.  with a capacitor C23 coupled with line 354 via line In
Fig. 8A, the output of a 10 pin ribbon cable which,  40  356, while
resistor R29 provides emitter bias for tran- in turn, is coupled to
triaxial cable 14 is revealed gen-  sistor Q6. Further filtering for line
358 is provided by erally at 330. Of the ten connecting pins and lines of
capacitor C23. This relatively stable supply at line 356 this ribbon cable,
five are at ground for shielding pur-  is directed via line 358 to line 360
extending in one poses as represented by ground line 332. The bias
direction to the collector of NPN transistor Q7 and in supply is provided
from the earlier-described power  45  the opposite direction through
collector load resistor supply as at block 180 and shown again at line 182
R31 to the collector of NPN transistor Q8. Transistors extending through
resistor R20. Correspondingly, the  Q7 and Q8 are coupled as a differential
pair, having +12v power supply earlier described at line 186 again  a
common emitter connection at line 362 which is reproduced as extending to
the terminal 330    extends via line 364 to the collector of NPN transistor
through resistor R21. Lines 182 and 186 are seen   50   Q9. The base of
transistor Q9 is coupled by line 364 coupled to respective filtering
capacitors C16 and  to line 352, while the emitter thereof is coupled via
C17. Finally, the preamplified detector pulse output is  resistor R32 to
-5v. The high pass filter comprised of received from the connector 330 from
along line 332  capacitor C24 and resistor R33 additionally is coupled and
is applied to the analog downstream circuitry  from the emitter of
transistor Q9 to -5v. through blocking capacitor C18.              55
The base oftransistorQ7 is coupled to ground via The probe current detector
described earlier in  line 366, while the corresponding base of opposite
conjunction with block 188 In Fig. 7A again is rep-  transistor Q8 Is
coupled via line 368 to the digital-to- resented in general by that numeral
in Fig. 8A. This  analog control described in connection with block 206 12
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will receive a controlling current  and capacitor C34. The amplifier stage
390 is pow- as directed by the microcomputer network 212 to   ered from +5v
via line 396 coupled to +5v which is fil- carry out a normalization
process. Line 368       tered by capacitor C35 and is coupled to -5vsupply
additionally is coupled with a voltage dividing network  from line 398
which Is filtered by capacitor C36. The comprised of resistors R34 and R35,
the former resis-   5   resultant output, as presented through resistor
R43, tor being positioned within line 370 and the latter  may be employed
for peripheral devices such as within line 372. Note that line 370 Is
directed to  oscilloscopes and the like wherein the buffered raw ground. As
a consequence, a slight bias voltage is  pulse data may be analyzed.
applied to the base of transistor Q8 as is further fil-  Une 386 extends
additionally via line 400 to the tered by capacitor C25. Capacitor C26
within line 374   10  input of comparator stages described in conjunction
functions to filter ground line 370 from -5v supply.  with blocks 236 and
238 in Fig. 7B and identified in 



The collector of transistor Q8 is coupled via line  general by the same
numeration in Fig. 8B. These 376 and coupling capacitor C27 to the
inverting input  stages are essentially identically structured and thus, of
an operational amplifier 378. The non-inverting ter-  identical numeration
Is employed in their description minal of the amplifier is coupled to
ground, while  15  but with primed notation in conjunction with the circuit
power input to the devices 378 is developed from +5v  at 238. supply via
line 380 and from -5v supply via line 382.  The comparator stage 236 is
formed of a type A capacitor C28 filters the latter line. The gain set and
LT1011CN8 comparator as at 404 into which the high frequency roll-off
characteristic of amplification  negative going raw pulse data from line
400 is asser- stage 378 are derived by the feedback path shown at  20  ted
through a resistor R44 to the inverting input. Note line 384 Incorporating
resistor R40 and capacitor C31  that the non-inverting input terminal of
the comparator to provide an output at I Ine 386. With the arrangement   is
coupled to ground via line 406 and is thus at 0 volts. shown, the a.c.
signal applied to the base of transistor  As a consequence, the assertion
of signals more posi- Q6 becomes a fluctuating current at its collector
which   tive than 0 voltage on the inverting input will cause the is
referenced against -5v supply. There develops in  25  output at line 256 to
assume a low value, and signals consequence an a.c. signal across
transistor Q9   more negative than 0 on this inverting input will cause
which creates a.c. current in Its collector. That a.c.  the output at line
256 to transition to highervalue. The current Is split along two paths
associated with diffe-  reference signals which are applied to stage 236
are rential transistors Q7 and Q8. By controlling the cur-  presented from
line 408 and extend through resistors rent input from the digital-to-analog
converter at line  3o   R45 and R46 to the inverting input to create a
current 388, the d.c. voltage at the base of transistor Q8 may  to the
Input of the system that is essentially balanced vary above and below
ground. Where It varies below  by the current from raw pulses at line 400.
Any time ground, the a.c. signal into the collector of transistor  these
currents sum at point 410 to a voltage more Q8 Is diminished and,
conversely, If that value is  negative than 0,a positive pulse will be
outputted from above ground the current Is starved from the collector  35
the comparator 404. This arrangement Is provided, of transistor Q7 and
accentuated at transistor Q8.  inasmuch as comparators perform more
effively Operational amplifier 378 buffers the resultant signal  where a
small common mode range Is involved. conditioning and applies it as raw
pulse data to line  Capacitor C37 of the stage provides a 5v by-pass to
386. In operation, the microcomputer function des-  accommodate digital
noise. Resistor R47 provides a cribed In conjunction with block 212,
evaluates the  40  pull-up function via line 412 for the open coilectorout-
noise amplitude at line 220 (Fig. 7B) and adjusts the  put of the
comparator, resistor R48 and capacitor C38 signal at line 368 such that the
noise condition  provide a hysteresis for snap action as threshold achieves
a nominal consistent value, notwithstanding  switch-over Is approached by
the comparator404 and that different probe instruments as at 12 may be
capacitor C39 provides a by-pass for the -5v supply. employed. This assures
performance at the upper  45  Capacitor C41 provides additional filtering
of the win- and lower window comparator functions described in  dow
potential from the squaring circuits 250. conjunction with blocks 236 and
238 In Fig. 7B which  As noted above, the configuration of comparator Is
consistent and proper from probe-to-probe.     stage 238 providing an
output at line 258 is Identical The raw pulses at line 386 are directed,
inter alla,  to that of comparator stage 236 and thus its compo- through
frequency shaping elements including reals-  so  nents are Identified with
the same numeration In tor R41 and capacitor C33 in line 388 to a buffer
stage  primed fashion. described In conjunction with block 230 In Fig. 7A
Now looking to the squarer circuit earlier des- which is formed of an
operational amplifier 390. The  cribed In conjunction with block 250 In
Fig. 7A and rep- non-inverting input of the amplifier is coupled to
resented In general by that numeration In Fig. 8B, a ground while
additional frequencyshaping In gain ele-  as  current is supplied from the
digital-to-analog con- ments thereof are provided In feedback fashion from
verter network as represented at block 206 in Fig. 7A the output line 392
of the amplifier via line 394 to line  under the control of the
microcomputer function rep- 388. This feedback path Incorporates resistor
R42  resented in Fig. 7B at block 212. This current 13    25
EP 0 284 542 B1                 28 establishes the threshold level for the
operatIon of  and more negative than the base value voltage at line
comparatorstage 238 and is shown herein asline 242  436. Thus, the amount
of current available at the which Is directed to the inverting Input of
operational  source line 434 is changed as well as the proportion amplifier
stage 414, the non-inverting Input of which  of current that flows through
the transistor Q14, a is coupled to ground via line 416. Amplifier 414 is
5   capability being present to divert a greater or lesser coupled to +5v
at line 418 through line 420 and
amountofcurrentoutofthecollectoroftransistorQ12 capacitors C42 and C43
coupled with the former line  effecting a deviation of current from the
transistor provide a filtering function. The output of stage 414 at  Q14.
This creates an analog squaring activity. If the line 422 Is coupled to the
base of PNP transistor Q10,  asserted current at line 242 is quite small,
then the the emitterof which is coupled through line 424, incor-  so
current reflected to line 434 would be quite small and porating resistor
R49, to the inverting input at line 242.  the voltage at the base of
transistor Q13 will be nega- Thus current is caused to flow from the output
of the  tive but more positive than the base of transistor Q14 



amplifier 414 through the feedback line 424 which  which is fixed at -100
millivolts. As a consequence a develops a negative voltage at the lower end
of reals-  small step in the output is recognized. As the Input tor R49.
Generally, this control current at line 242 will  15  currents at line 242
elevate In value, the reflected cur- vary from 0 to 250 microamps and the
voltage corre-  rents at line 434 become larger and, simultaneously,
sponding therewith across resistor R49 will vary from  transistor Q13 is
more and more turned off to provide zero volts to -150 millivolts. The 250
microamps  more and more available current at transistor Q14. required at
the output Is derived from the negative  Power supply filtering Is provided
by the parallel coup- voltage supply atline 426 coupled totransistorQlI of
20  led capacitors C45 and C48, while the d.c. level at line a current
mirror comprised of transistors 011 and Q1 2  436 is filtered to assure
stability by capacitor C47. operating In conjunction with capacitor C44. In
the   The squaring current output at the collector of arrangement shown,
the emitters of NPN transistors  transistor Q14 Is directed via line 440 to
the Inverting Q1 I and Q12 are coupled to -5v at line 426, while their
Input of an operational amplifier 442. The non-Invert- bases are in common
as represented by line 428. The  25  Ing input to the amplifier Is coupled
via line 444 to collector of transistor Q10 Is shown coupled to line
ground and the output thereof at line 446 Is coupled 428 via line 430,
while the corresponding collectors of  to line 408 as well as through
resistor R52 to Input line transistors Q10 and Q1 I are coupled In common
440. A capacitor C48 performs a filtering function. through line 432.
Correspondingly, the collector of  Resistor R52 develops the voltage range
output for transistor Q12 is coupled via line 434 to the common   30  the
stage 442 In correspondence with squared circuit emitter outputs of
differential pair transistors Q1 3 and  inputs thereto. The maximum value
for this output 014.                                              voltage
will be, for example, 5v. In general operation, mirror structures as shown
Looking to Fig. SC, the squarer circuit Identified in perform such that a
current which flows into transistor  Fig. 7A at block 248 again is
represented under the Q1 I will be split between lines 430 and 432, most of
35  same general numeration. Inasmuch as this circuit Is the current
flowing Into the collector and out of the  identical to that described at
250 above, the identifi- emitterand a fraction thereof flowing Into the
base and  cation of components thereof is Identically presented K)    out
the emitter. That current which flows into the base  in primed fashion.
Thus, control Is asserted via line oftranisetorQ 11 will cause a
base-o-emitter potential  240 for the lower window as a positive-going
current to be developed proportional to the currents flowing at  40  and
the resultant squared output at line 408' Is asser- the collector base
combination, i.e. proportional to the  ted to comparator stage 238 (Fig.
8B) for summing at Beta of the transistor. Transistor Q12 Is Identical to
summing point 410'. transistor 011 having a common base therewith and
Fig. 8C shows the extension of line 400 carrying thus the same voltage will
be exhibited at the base of  raw pulse data to line 450, which, in turn, is
directed transistorQl2and an identical collectorcurrentwill be   45  to the
+A Input terminal of a peak detector configured caused toflow. Thus, the
collectorcurrenttotransistor  to derive the pulse acquire function
described at block Q1 1 Is matched by a corresponding collector current
224 in Fig. 7A and identified by the same general at line 434 with respect
to transistor Q12 to evolve a  numeration herein. The pulse acquisition
stage 224 Is current mirror operation. In the present configuration,
provided as a type PKD01 FP device 448 configured current is flowing out of
the collector of transistor 012 6o   by coupling to +5v at line 452 and
with -5v at line 454. and Into the differential transistor pair Q13-Q14
com-  Filtering of the supplies Is provided by respective mon emitter
Junction. The base of transistor Q14 at  capacitors C51 and C52. Capacitor
C53 provides a line 438 Is at a fixed voltage, for example - 100mv by
hoold function. The output of device 448 at lines 456 the combination of
resistors R50 and R51 which func-  and 456 will represent the last and
largest peak value tion to form a voltage divider between ground and -5v
65  for a given pulse detected. Commencement of supply. This permits the
varying voltage (Ov to 1 50mv)  measuring of the pulse heights is
controlled from the at the base of transistor 013 as coupled to the emitter
microcomputer, as represented at block 212 In Fig.
oftransistorQ10vialine438tobe both more positive  7B, by Input from lines
460 and 462. These Inputs 14    27                 EP 0 284 542 B1
28 selectively reset the device 448 to zero valuation to  line 314. The
output of amplifier 486 at line 490 is commence collecting pulse heights,
as well as to cap-  directed to the base of NPN transistorQ15, the emitter
ture the resultant last largest pulse height for asser-  of which Is
coupled by line 492 to ground and which tion at line 458 to the
microcomputer for evaluation.  Incorporates gain scaling resistors R61 and
R62. The This evaluation may be used, for example, to estab-   5
inverting Inputof the amplifier486 Is connected byline lish the threshold
level of the upper window corm-  494 to a position intermediate the latter
resistors to parator Input at line 242 (Fig. 7B, Fig. 8B). It also  carry
out this function. The output from amplifier 486 provides an Input to the
display 26.              will, for example, range from 0 to 2.75v and is
directed Une 450 additionally extends to the +A terminal  via line 496 to
the non-inverting output of buffer of a peak detector device 460
representing the princ-  to  amplifier 498, the output of which Is provided
at the pal component of the noise averager stage described  earlier-noted
line 316 (7A) incorporating resistor R63. generally at block 218 in Fig. 7A
and represented in  The opposite Input to buffer stage 498 Is coupled to
general by that numeral In the instant figure. Device  output line 316 via
feedback line 500 and the resultant 



460 Is coupled to +Svfrom line 464 and to-5vfrom line  output of the device
Is shown as labelled ORATE our 466which, respectively, areflltered by
capacitors C54   15  which may be used fora variety of analysis purposes.
and C55.                                              Collector current at
transistor Q15 at line 502 The device 460 continually operates to acquire
leads to a currentmirrorcomprised of transistors Q16 and reset applied
inputs to a peak detector compo-  and Q17 having common bases as
represented by nent thereof at gates +A, -A This oscillation Is pro-  line
504, which bases additionally are coupled to the vided by the configuration
of a multivibrator In  20  collector of another PNP transistor Q8, the
emitter of conjunction with a comparator stage which Is extant  which is
coupled to +12v supply at line 506 as asser- at terminals Cl, C-, and CMP.
In effect, the device  ted through resistor R64 and line 508. As before, a
line functions to dither the applied Input in an essentially  510 extends
from line 502 to line 504. With the Imperceptible manner to establish an
average noise  arrangement, positive current can be produced out of level
value at line 468. With the arrangement shown,  25  transistor Q17 and Into
the Input of the normalizing a 2.5v reference is established at line 470
leading to  ampliflervia line 202. Note that the emitters of respec- the SC
Input to the comparatorfunction of device 460.  tive transistors Q16 and
Q17 are coupled to line 506 This 2.5v reference Is developed by a voltage
divider  through respective balancing resistors R65 and R66 comprised of
resistors R53 and R54 in conjunction  and that the supply is filtered at
line 506 by capacitor with ground and +5v supply. The output of the corn-
3o  C58. Resistors R65 and R66 to balance out any dif- parator Is provided
at line 472, the oscillatory period  ferences of performance parameters
with respect to of which is controlled by the R-C combination of resis-
transistors Q16 and Q17. tor R55 and capacitor C56, the common junction of
Transistor Q8 serves the switching function for which Is coupled by line
474 to the -C input of the corn-  the self-test can be turned on upon
microcomputer paratorfunction. The comparator output is seen direc-  35
command to sink away the available current to the ted via lines 476 and 478
tothe DET terminal of device  base of transistors Q1O and Q17. In this
regard, the 460 which, in turn, Is coupled to +5v through resistor  base of
transistor Q8 Is coupled via line 512 to the col- R56 as well as via line
480 to the reset input terminal.  lector of NPN transistor Q9. Une 512 is
coupled to A resistor R57 provides hysteresis performance.   plus supply at
line 506 through resistor R67. The Capacitor C57 provides an averaging
function for the   4o  pulse amplitude for this simulated pulse Is
developed average noise Input signal while resistors R58 and  by adjusting
the voltage across resistors R61 and R62 R59 provide a gain, for example,
of 2 for the peak  to scale the resulting current from transistor Q17.
detector function at the +A, -A terminals. A buffered  Then, upon quite
rapid command, as a matter of output is provided at line 468.
nanoseconds, transistor Q8 can be turned off and on Returning to Fig. 8A,
the rate amplification func-  45  to enable transistor Q17 and produce the
resultant tIon as well as self-test circuit discussed In conjunc-  pulse,
the combined control, in effect, making the tion with blocks 312 and 320 In
Fig. 7A are Illustrated  pulse any width and height desired for a testing
pro- at an enhanced level of detail and Identified with the  cedure. The
microcomputer function will produce same general numeration. Rate output or
count rate  levels on the order of 0 to 5v into line 322. These Information
Is derived by the microcomputer network  6o  pulses are level shifted to
operate in conjunction with described In conjunction with Fig. 7B at
block212 and,  the +12vsupply at line 506 by NPN transistorQl 9, the as
described in conjunction with Fig. 7A Is presented  collector of which is
coupled to line 512 and the emit- to the stage 312 via line 314 extending,
In tUm, from  ter of which Is coupled to line 322 via resistor R68. the DAC
network 200. Une 314 leads to the non-    Two and one-half volts are
applied to its base from inverting Input of an operational amplifier 486
and the  56  divider resistors R69 and R70, the former being coup- current
value thereof which, for example, will range  led to +5v supply and the
latter being coupled to from 0 to 250 microamps is directed to a 1 Kohm
resas-  ground. tor R60 within line 488 shown coupled to ground from
Turning to Fig. 9, the volume control and audio 15    29                 EP
0 284 542 B1                 30 amplifier stage described in conjunction
with respec-  The corresponding differential drive signal Is pro- tive
blocks 266 and 274 In Fig. 7B are represented in  sented through resistor
R78 and capacitor C83 within enhanced levels of detail along with general
identifi-  line 548 to the Inverting Input of operational amplifier cation
with the same numeration.                  550. The non-inverting Input to
amplifier 550 Is coup- The microcomputer described In conjunction with   5
led to line 532 which, in turn, is coupled through reels- block 212 In Fig.
7B will develop a volume output sig-  tor R80 to i1 2v supply. The output
of amplifier 550 at nal ranging from +5v to -5v through a solid-state form
line 552 extends through resistor R81 to line 554 com- of potentiometer as
described In conjunction with  monly coupling the emitters of respective
NPN and block 270 of the latter figure. This signal is applied, as  PNP
power transistors Q26 and Q27. Transistor earier described, via line 268
through scaling resistor  10  Q27's collector Is coupled to ground, while
the corre- R73 to a current mirror comprised of NPN transistors  spending
collector of transistor Q26 is coupled to line Q20 and Q21. As before, the
emitters of these tran-  542. The output of amplifier 550 at line 552 Is
coupled sistors are coupled In common to -5v supply at line  to feedback
line 556 Incorporating resistor R83 and, 514, while their bases are In
common as represented  the arrangement functions to provide pushpull or
dtf- 



by line 518. A filtering capacitor C59 provides stability  15  ferential
power to the loudspeaker 276 through cou- at the common bases of these
transistors while a cur-  pling capacitor C85 and resistor R84 within line
558. rent splitting line 518 Is coupled between the collector  Control over
frequency and volume thus provided and base of transistor Q20. The output
of the current  permits a broad flexibility In developing an audibly mirror
at the collector of transistor Q21 at line 520 is  perceptive cueing to the
surgeon using the probe v~-2  connected to the common emitter connection of
diffe-  20  device 12. In particular, it is this control over loudness
rential paired transistors Q22 and Q23. The base of  and frequency which
permits the "siren" type output transistor Q23 Is coupled to ground through
resistor  which increases in frequency and volume as the situs R74, whie
the corresponding base of transistor Q22  of tumor containing more
concentrated radlolabel is at line 522 Is modulated by an audio squarewave
of  approached. controlled, variable frequency generated from the   25
Referring to Figs. 10A and 10B, the digital or microcomputer function at
block 212 and presented  microcomputer driven functions of the control
feat- along line 284 through coupling capacitor C60 and  ures of the
invention are represented at an enhanced resistor R75. Line 522 is seen to
extend to ground  level of detal. Looking to Fig. 10A, the principal logic
through resistor R78. Thus, modulation of the current  control for the
Instrumentation seen to be provided by mirror controlled volume signals Is
provided. In this  30  a microcomputer 570 which may be provided, for
regard, the collector of transistor Q23 is coupled to  example as type
MC68HC1 1AS as marketed by +12v and the resultant volume controlling signal
gen-  Motorola, Inc. This single-chip microcomputer erated through resistor
R77. Correspondingly, the  employs HCMOS technology and Incdudes on chip I
80 phaseseparated equivalentsignal at the collec-  memory systems Including
an 8K byte ROM, 512 tor of transistor Q22 is provided at line 526 and is
pro-  35  bytes of electrically erasable programmable ROM vided as the
opposite drive control In put at resistor  (EEPROM), and 256 bytes of
static RAM. The device R78. These differential Inputs are used In a
push-pull  also provides on chip peripheral functions including s-"
drive arrangement of the audio amplification stage  an eight channel
analog-to-digital (A/D) converter, a shown generally at 274. Looking to one
side, It may  serial communications Interface (SCI) subsystem and be
observed that the signal at line 524 is coupled to  40  a serial peripheral
Interface (SPI) subsystem. Another the Inverting Inputof operational
amplifier 528 through  feature of the device employed with the Instant
Instru- line 530 and coupling capacitor COI. The opposite  mentation is a
pulse accumulator which can be used Input to the amplifier 528 Is coupled
via line 532 and  to count external events (gamma ray related pulses)
resistor R79 In line 534 to ground as part of a voltage  in an event
counting mode. Port groupings on the divider network including resistor R82
and capacitor  45  device are shown labeled as WPA, PB, PC, PD, PE*. C64.
Amplifier 528 functions to operate respective  Clock Input for the
microcomputer is provided from a PNP and NPN power transistors Q24 and Q25
In clas-  four MHz crystal 572 performing In conjunction with sic push-pull
fashion. In this regard, the bases of  capacitors C70 and C71 as well as
resistor R90. these transistors are coupled to the output at line 536
Device 570 interfaces through an address bus coup- of amplifier 528 via
feedback line 538 Incorporating   50  led to Its PB port at 574 and
branching as shown at resistor R79 and line 540. The collector of
transistor  576 and 578 with an erasable programmable read Q24 Is coupled
to +12v at line 542, while the emitters  only memory (EPROM) 580 having 32K
bytes of thereof are connected by line 544 to output line 536.  memory. The
corresponding data ports of the device The collector of transistor Q25 is
coupled to ground.  580 are coupled to data bus 582 shown branching as Line
536 is shown to Incorporate resistor R80 which,  55  at 584 to extend to
the PC terminals of microcomputer In turn, is coupled to line 544. The
output of the drive  570 (Fig. IOA). Memory 580 is shown coupled to +5v
transistor Is coupled via line 546 to one input of the  at line 586 as
filtered by capacitor C72 and Is enabled loudspeaker or annunciator 278.
from along line 588 extending to a terminal of an eras- 16    31
EP 0 284 542 131               32 able programmable logic device (EPLD) 590
des-    console 16. In similar fashion, the apparatus is cap- cribed In
conjunction with Fig. 7B at block 260 as a  able of receiving serial data
In for inputs from a remote real time pulse discriminator, that numeration
also  facility at connector N3 as attached to line 648. Such being provided
In the Instant drawing. Device 590, a  information is fed through resistor
R98 and directed to type EP800 marketed by Alters Corp. incorporates a   5
the base of a level shifting transistor within component large compilation
of 600 logic gages which are prog-  638 for presentation to the
microcomputer Input line rammable to develop desired Boolean functions
PDO. The latter line Is shown coupled at +5v through within a single
component. It Is shown coupled to +5v  resistor R97. The emitter of the
subject transistor supply as followed by capacitor C77.             within
component 638 is coupled to ground and a Data bus branch 584 Isseen
branching as at 591  io  diode Di Is coupled from the emitter to line 648
for for connection with an array of pull-up resistors 592  protecting the
transistor. coupled, in turn, to +5v.
Microcomputer 570 additionally receives a reset Branch 584 further extends
via branch 594 to the  from the circuit represented generally at 650 and
com- Y outputs of a type 74541 Input buffer 596. This device  prised of
capacitor C76, diode D2, resistors R98 and Is shown coupled to +5v supply
as filtered by capacl-  is  R99. The reset function extends via
earier-described 



tore C75. The lead array extending from the A ports  line 624 to connector
N3 for purposes of resetting the ofthe device at 598 Is coupled to pull-up
resistors from  display 26. Output from the network 650 is through the
array thereof at 600, whereupon the devices are  line 652 extending to the
reset terminal of microcom- coupled to ports 0-7 of a connector N3 leading
to the  puter 570. keyboard type switches 32-40 at console 16. Data bus  20
Three of the leads of bus array 616 are tapped at branch 584 also extends
via branch 602 to the D Input  line array 654 and directed as represented
by bus 656 terminals of type 74574 output latches 604 and 606  to the Input
of an EEPOT described earlier at block shown coupled to +5v as respectively
filtered by  270 in connection with Fig. 7B and shown with like capacitor
C73 and C74. These latches provide gen-  numeration in Fig. 10A. Coupled
between +5v and - eral purpose outputting at 16 locations as labelled at
25  5v, the device 270 provides a solid-state election of connector N3.via
respective lead groupings 616 and  impedance values with memory under the
control of 618.                                             the
microcomputer 570 from Input 656. The resultant A supplementary branch 608
of the data bus    output, which may vary between -5v and +5v, is direo-
extending from branch 602 Is employed for driving the  ted along line 658
for outputting at connector N1 lead- LCD display 28, the outputs being
represented as  3o  Ing to line 268 as described In conjunction with Figs.
ADO-7 in connector N3. Similarly, read/Wrlte infor-  9 and 7B. Sbimlardy,
the audio squarewave Input to line mation to the display is provided to the
connectorfrom  264 of that volume control function is provided from line
620; the display dock Is driven from line 622; the  one PE port of
microcomputer 570 via line 660. display reset is provided from line 624;
the display  Microcomputer 570 Is programmed to monitorthe select signal Is
provided from line 626 from device  s5  power supplies as described at
block 180 in Fig. 7B, 590; and the I/O port selection of the display Is
made  employing a multiplexing approach as represented by bysignal from
line 628, all of the above leading to con-  block 298 in that figure.
Connector N2 is shown In Fig. nector N3 as labeled. Devices 596, 604 and
606 are  10B carrying the inputs from the various aspects of enabled,
respectively, from lines 610, 612 and 614  the power supply. These power
inputs are both used extending from logic device 590. Drives to the dual
40  by the Instant circuitry and monitored by the micro- LED at 28 of the
console 16 as described in Fig. I are  computer 570 through the noted
multiplexer function provided at connector N3 through lines 634 and 636.
298. In this regard, it may be observed that line 662 The latter lines lead
to the differential transistor pair  functions to monitor battery status,
while line 64 moni- of a transistor array component represented at 638.
tors a voltage reference. These lines are directed to These transistors are
selectively actuated from the  45  two of the Inputs of the multiplexer
shown at 678 in output ports 4 and 5 of lead array grouping 816   Fig. IOA.
The bias supply for the crystal 58 of the through respective resistors R91
and R92. The tran-  Instrument is monitored from line 666 following a level
sistora of component 638 also may be employed to  shifting procedure which,
looking to Fig. 1OA Is pro- buffer raw pulse data representing the output
of  vided from one stage of a quad operational amplifier device 590 at line
640 (Fig. 10B). Such an input may  co  component shown at 682. Note that
line 666 extends be provided from the device 590 at line 640 for asser-
through resistor R98 into this stage, the latter resitor tion through
resistor R93 to the base of a buffer tran-  being coupled with a divider
resistor R99 and the out- sistor within component 638. The emitter of that
put of the level shifting stage being provided at line transistor Is
coupled via line 642 to ground and resis-  667 which extends to another
Input of the multiplexer tor R94 to line 840 and the output thereof at line
644  5S  678. In similarfashion the +12v powersupply Is coup- Is coupled to
+v through resistor R95. A line 646 car-  led through resistor RIOO by line
668 and is rise the raw pulse signals to connector N3 for provid-
additionally coupled to ground through resistor RI01 ing availability to
them through the back panel of  and line 676. Line 668 is seen directed to
another 17    33                 EP 0 284 542 B1                 34 Input
of multiplexer stage 678. The *5v supply is  74573, the latch functions as
a portion of a memory adjusted by resistors 102 and 103 and submitted via
interface saving lower data bits and converting them line 670 to a
multiplexer stage 678. The -5v supply Is  to addresses. The output of the
latch 712 as coupled monitored from line 672 which Is seen to extend   to
the branch 714 of data bus 710. Latch 712 is coup- through resistor RI 04
to another level shifting stage   5   led to +5v as shown which is filtered
by capacitor C81. of component 682. The shining further is affected by
Address bus 574 also is seen being directed to feedback resistor R105 and
the resultant output to  the A terminal input of a real time dock and
calendar multiplexer stage 678 is provided at line 673. Finally,  component
described In conjunction with block 294 In the -9v supply introduced at
connector N2 is monit-  Fig. 7B and shown with the same numeration herein.
ored by line 674 which extends through resistor RI10  io   Marketed as a
type DS121 6 component by Dallas Se- to another level shifting stage of
component 682, the  mi-Conductor, Inc. the device Incorporates an embed-
level shifting further being controlled from feedback  ded lithium energy
cell such that CMOS static RAMs resistor RI 12 to provide an output to the
multiplexer  associated therewith can be converted to non-volatile stage
678 from line 675. Note that line 676 couples  memory. The device keeps
track of hundreds of sec- Intermediate components of connector N2 to
ground.  15  onds, seconds, minutes, hours, days, date of the Fig. 1OA
further reveals that the fourth amplifier  month, month and years. These
data may be of con- 



stage of component 682 Is used to provide a serial  siderable value In
maintaining research statistics in output port, the stage receiving the
noted reference  conjunction with the Instrumentation 10. The device signal
as provided at connector N2 and being presen-  as represented at 716 Is
coupled to +5v as filtered by ted with pulse data as an Input through
resistor RI 14  20  capacitor C82 and the D terminals thereof are coupled
at line 684. The level shifted signal then Is asserted  to data bus via
branch 718. at line 686 through resistor RI 16.                  As
Indicated earlier herein, forsurgical utilization, Fig. I OA also reveals
the presence ofa quad digl-  it Is necessary that the Instrument 12 be
maintained tal-to-analog converter component described earlier  in a dean
and sterile condition prior to its Implemen- In conjunction with block 206
in Fig. 7A and represen-  25  tation within the surgical theater. Thus, the
outer sur- ted In general by the same numeral. The component,  face of the
device Is polished for ease In ceaning shown at 888 Is coupled to +5v at
line 690 as filtred  contaminants therefrom and the assemblage is suit- by
capacitor C80 and Is controlled from microcompu-  able for sterilization
preferably by gaseous treatment. ter 570 via address bus 584 and branch 710
as well   A technique which both simplifies cleaning the as bus 692 and
lead grouping 700. Read/wrlte com-  30  Instrument and maintaining Its
sterile condition invol- mands are asserted from the microcomputer 570
ves the use of a disposable plastic cover which fits through a circuitous
arrangement Including lines 694,  over the probe device 12 and which Is
formed of a 696 and 698, while the chip select input thereto is pro-
polymeric material which Is readily produced In a vided from 711 extending
from device 590 (Fig. 1 OB).  sterile state. Thus, prior to an operation,
the surgical The four channels of output from device 688 are  35  personnel
will slide the probe within the cover or shown at line grouping 702 leading
to corresponding  sheath. The addition of the polymeric surface aids In
connectors within the connector component NI.     the control of vibration
Induced noise as well as rep- These devices extend, for example, to the
twosquarer  resenting an Ideal technique for maintaining the networks
described at blocks 248 and 250 in Fig. 7A  requisite sterile condition for
the device. Looking to as well as the rate amplification network 312 des-
4o  Fig. 11, the Instrument 122 is shown In dashed line cribed In
thatfigure and the normalizing amplifierdes-  fashion within a polymeric
cover 730. The cover 730 cribed at block 204 In that figure. Also shown
entering  Includes a nose portion 732 formed of a tough plastic the
connector NI are the upper window pulses and  having a thickness, for
example, of 0.020 inch. This lower window pulses respectively developed at
lines  will protect the cover 730 from tearing or the like when 256 and 258
(Fig. 8B) which are directed as labeled,  45  used In the rigorous
activities of surgery. From the to the corresponding inputs at component
590 (Fig.  nose portion 732 the sheath may extend rearwardly a 10 6).
Additionally, the probe current monitored output  sufficient length to
cover the signal transmission com- at line 352 (Fig. 8A) enters for
assertion at a PE ter-  ponents as at 14 for a sufficient distance to
assure minal of microcomputer 570 via line 704. Further, the  sterile
integrity. output of the noise averager networks shown at block  5o
Periodic calibration is an Important aspect of 218 In Fig. 7A and developed
at line 220 are presen-  operating the apparatus 10. In this regard, a
check ted to connector NI and conveyed to microcomputer  source is employed
preferably which Is readily poso- 570 via line 706. The corresponding pulse
acquisition  tionabie over the forward portion 20 of the probe output, as
described in conjunction with block 224 in  instrument 12. Additionally, a
noise adjustmentfixture Fig. 7A, is shown entering through connector NI for
56  Is employed which Is structured to temporarily shield presentation to
the microcomputer 570 via line 708.  the detector components from local
sources of Address bus 574 I seen to extend to the Q Input ter-
radioactivity, I.e. within the surgical theater. Turning to minals of an
address latch 712. Provided as a type  Figs. 12 and 13, such a noise
adjustment fixture Is 18    35                 EP 0 284 542 B1
36 represented generally at 734. Looking to Fig. 13, the  mation received
is valid. For example, for a valid component 734 is seen to be formed
having an outer  switch depression to be recognized, at least two Inter-
cup-like portion 736 formed of a radiation attenuating  rupts are required.
In the event that a valid key or material such as lead having a thickness,
for example,  switch depression is detected, then as represented at of
0.125 inch. Within the outer cup 736 Is a center cup   5   line 782 and
block 784 afiltering function Is carried out 738 fashioned of a smooth,
soft washable material  todeterminewhetheror notthe off switch 33 has been
such as teflon, nylon or the like. A loose fit over the  depressed. In that
event, then there Is no rationale for portion 20 of the Instrument 12 Is
desired. This  continuing with the active program. Thus, assuming
arrangement functions to block such local sources. A  that the off button
has been depressed, as represen- check source retainer Is formed in similar
fashion as  io  ted at line 786 and block 788 a check sum Is prepared the
Inner cup 738 to fit over forward portion 20 of the  to assure that the
data in memory are valid and the Instrument. Again using cup 738 as
exemplary of this  Information Is then saved In non-volatile memory check
source feature, within the center portion 740  (EEPROM), it being recalled
that the microcomputer (Fig. 13) of the cup 734 there would be positioned a
570 has 512 bytes of such non-volatile memory. The check source of
radiation of relatively low energy but  15  program then proceeds, as
represented at line 790 extensive half life. For example, Iodine 129 repre-
and at block 792 to turn of the system, whereupon as sents a viable
material for this purpose.        represented at line 794 and node 796, the
Interrupt 



The general program under which the microcom-  routine is ended. puter570
performs Is represented Inflow chart format  Assuming that the off button
was not actuated, in Fig. 14. Referring to the latter figure, the start of
the  20  then as represented at line 798 and block 800, the main program is
represented at node 750 which is  interrupt determines whether the reset
count switch shown directed via line 752 to the self-diagnostic and  36 of
console 16 has been depressed. Generally, the Initialization procedures
represented at block 754.  pulse counting procedure is one having several
Following such initialization, as represented at line  modes of operation.
In its most simple performance, 756, the main program proceeds to display
screen   25  an event count which Is Identified at display 26 as
Information to the operator as represented at block  mode count! provides a
straight-forward accumu- 758. The particular Information displayed is
deter-  lation of counts in incrementation of the display. Look- mined with
respect to the particular type of utilization  ing momentarily to Fig. 18,
the display Is revealed for being made of the instrument 12. in general,
however,  this orientation. The LDC output of large numbers at the main
program reacts to an Interrupt generated   30  802 provides the numeric
readout of the accumulated from the wkeyboard" represented by the switches
on  counts. Actuating the reset count button or switch 36 the console 16
represented In general at 30. Accord-  resets this published count to zero
on the fly, Is itwere. Ingly, the program progresses as represented at line
This particular mode is sometimes used for checking 760 to the inquiry at
block 762 determining whetheror  or adjusting the instrument The mode count
Identif- not a keyboard switch has been depressed. The  35  cation in the
display Is published as reverse video keyboard 30 is sampled on about 10
millisecond inter-  readout at region 804. Note additionally on the display
vals for a valid character, Le. one which passes a sim-  that a "SOUND VOL"
readout Is supplied above the pie "debounce test. In the event there is no
valid  numerals at 806 which, when active, will bejrepresen- keyboard
switch depression, then as represented by  ted In reverse video. The
particular audio volume Is loop line 764, the main program returns to line
760 to  40  selected by the operator by pushing switch 35 and again await
the depression of a switch by the    manipulating up-down buttons switches
and 40 in operator. in the eventa valid key or switch depression
conjunction therewith. The display 26 provides a bar has been detected,
then as represented at line 766,  graph representation of selected volume
as shown at the main program performs in accordance with the  808. Display
26 also will portray upper (U) and lower function of the key so depressed.
This will include the  45  (L) comparator window settings as a chart shown
at depression of up-down arrow switches as at 39 and  810. The lower
portion of this chartat 811 shows noise 40, alteration of mode count
technique 34, and the  level, the above which pulse height is portrayed at
like. Following the carrying out of the function  812. Window limits (U,L)
are represented by labelled associated with the noted switch, as
represented by  horizontal dashes. Additionally, display 26 will show line
770, the program returns to line 756 again to dis-  50  battery charge
status in bar chart form as at 813. play screen Information corresponding
with the keyed  The count modes which are selected by actuating Instruction
and again to await a key interrupt.  switch 34 In conjunction with up-down
switches 39 Looking to Fig. 15, the main or general interrupt  and 40
includes a time count which Is a straight-for- routine of the program is
revealed as starting at node  ward accumulation of counts for a specified
interval. 772. As represented at line 774, the interrupt routine  55   A
next count in this mode Is initiated by depressing initially saves register
Information, as represented at  reset count 36. Counting intervals of 1, 2,
5, 10, 20, block 776. Then as represented at line 778 and block  30, 50, 60
and 100 seconds are selectable in the 780, an inquiry Is made as to whether
the key infor-  count mode using switches 39 and 40. A rate mode 19    37
EP 0 284 542 B1                38 also is selectable within the count mode
election at  matlon. Following such update, as represented at line switch
34. For that mode arrangement, the display at  842, the routine returns to
line 844 also representing 804 will read "MODE RATE CPS". Correspondingly,
a determination that the time for updating has not where the noted timed
modes are available, the dis-  occurred as developed at the inquiry at
block 834. The play at region 804 will read 'MODE COUNTISEC    5   program
then turns to the Instructions at block 846 (see Fig. 22). Two seconds Is a
default value for this  where the registers are stored and the Interrupt
feature in the event the operator has picked no others.  routine is
terminated as represented by line 848 and The count mode switch 39
actuation also provides a  end node 850. time to preset function which Is a
useful constant   As part of the Interrupt updating, the program also
accuracy mode of operation. In this mode, preset  lo  evolves count rate
Information which has particular counts of 100, 200, 500, 1,000, 2,000,
5,000 and  utilization in the surgical guiding feature of the Instru-
10,000 are selectable, 100 counts being a default  mentation of the
Invention. Looking to Fig. 17, this value. The counter and readout 802
Increments from  Interrupt update routine Is revealed as commencing at zero
to the selected preset value and holds. Thus, the  block 852, the program
commencing as represented display shows the number of gamma rays counted
15  by line 854 and block 858 to read the count register. until it reaches
the preset number, whereupon it  As represented at line 858 and Inquiry
block 860, a switches to show the number of seconds required to
determination is made as to whether a one second reach the preset count.
The reset key 36 resets the  collection Interval has elapsed. if such Is
the case, 



display to zero and Initiates any next counting sequ-  then as represented
at line 862 and block 864, the once. Accordingly, the count mode switch 34
initiates  20  count total then Is made equal to the previous counts this
count mode and the up/down arrow switches 39  and the counts In the
register. As represented then at and 40 may be actuated by the operator to
develop  lines 866 and block 868, the rate Is computed as the 'COUNT, wTIME
COUNT, NRATE', TIME TO PRE-        total counts divided by time which may
be eithera one SET and OFFP displays and modes of performance.  second
interval or a 60 second interval. The program Returning to Fig. 15, in the
event the reset switch  25  then progresses as represented at line 870 and
block 36 has been actuated, then as represented at line 822  872 to display
the updated Information as to rats. and block 824, the data count Is reset
to zero, the LED  In the event the determination at block 860 Is in 28 Is
Illuminated green and the collect mode recom-  the negative, then as
represented at line 874 and mences as the program continues as represented
at  block 876, an inquiry is made as to whether 1/10 sec- ___    line 826.
90  ond has elapsed. If 1/10 second has notelapsed then, In the event that
no reset actuation has been  as represented at line 878 and block 880, no
number observed, then as represented at line 828 and block  of counts Is
saved and the register Is updated. As rep- 830, switch Infornation Is saved
and the program con-  resented at line 882 and node 884, this portion of
the tinues as represented at line 832 to the Inquiryat block  update
routine then is concluded. On the other hand, 834 to determine whether It
is appropriate to update  35  should the Inquiry at block 876 determin that
1/10 seo- the display 26 and real time clock Information. Also  ond has
elapsed, then as represented at line 886 and associated with line 832 Isthe
path line 838 from block  block 888, the previous number of counts is added
2'-~'    780 showing that the program defaults to this position  with the
new information from the count register and, In the event no valid switch
actuation has been deteo-  the routine continues as represented at line 890
and ted. In the event the appropriate timing is at hand to  40  block 820,
the rate is computed with respect to the update the real time Information,
then as represented  1/10 second Interval. The program then progresses to
at line 838 and block 840 a substantial amount of  earlier described block
872 as represented by line updating occurs.
894. Upon completion of display update, then as rep- A desirable aspect of
the operation of the instant  resented at line 896 and block 898, the rate
Infor- instrumentation resides in its capability for accumulat-  45  mation
as developed by the 0.1 second Incremen- Ing pulses such that the
microcomputer 570 is not cal-  tation Is saved for purposes of updating the
siren led upon to sample periodically to look for received  audio output of
the system which is used In Immuno- count. As a consequence, no wdead time
between   guided surgery. As represented at line 900 and node sampling is
present within which any counts might be  902, the routine then Is
completed. lost. An 8-bit register within the device 570 permits a   5o
Turning to Fig. 18, another portion of the update gathering of up to 255
events or counts before it must  display routine described In connection
with Fig. 15 is be read or overflows. Thus, the register may be read
represented, the latter display updating function being at a 10 millisecond
interrupt rate without resort to time  represented at block 904. This
routine progresses as critical subroutines attempting highly rapid polling
represented at line 906 and block 908 to a determi- procedures. As shown In
block 840, the updating  55  nation as to whether the diagnostic mode has
been Includes the display 26 data, sound Information In  called for. This
mode Is accessed by a combination of terms of volume and the like, the real
time dock, the  switch actuations at array 30 and is used mostly by time
spent counting and all counting modes and infor-  maintenance and factory
personnel, for example, to 20    39                 EP 0 284 542 B1
40 establish selected bias for the crystal 58. The mode  mode are displayed
at display 26. The options will derives readouts for various voltage levels
which can  include the eariier-discussed  'TIME  COUNr, be adjusted in
conjunction with observing the readout.  "RATE", and "TIME TO PRESErwhich,
In turn, lead Thus, if the diagnostic mode is detected, then as rep-  to
additional dialogues with the user. As before, the resented at line 910 and
block 912, the voltage and   5   up/down switches 39 and 40 adjust rates
within the other diagnostic information Is displayed. The routine  count
mode election; they adjust volume; and they then exits as represented at
line 914 and node 916.  carry out calibration adjustments. In effect, these
Where the diagnostic mode Is not present, as rep-  switches provide a
change of value or adjustment resented at line 918 and block 920, the
program then  within a current function within which the system Is reads
the real time cockand updates the main display  io  operating. Following
the adjustment and display as Information. The program then proceeds as
represen-  represented at block 960, as shown at lines 962 and ted at line
922 and block 924 to display the Information  940 and node 942 this routine
ends. so updated and further updates graph displays, for   In the event the
determination at block 956 is In example, such as that shown in Fig. 16 at
808, 810  the negative, then as represented at line 964 and and 813 showing
audio volume level for the readout,  15  block 966, the system then
considers the above-des- pulse and noise levels and battery condition. The
cribed actuations of switches 39 and 40 with the up- routine then proceeds
to end as represented by line  /down functions. Where those switches have
been 926 leading to node 916.                         actuated, then as
represented at line 968 and block Turning to Fig. 19, the programming
Interface  970, a determination Is made as to whether by so 



routine which essentially is part of the routine of Fig.  20  actuating
either of these switches, the resultant elec- 14 Is represented as
commencing at block 928 and  tion should be displayed such as the counts
per sec- line 130 to the determination as to whether a calib-  ond or
counts per minute rate and the like. Where ration as called for by switch
38 of console 16 has  such display should be made then, as shown at line
been called for. In the event that it has, as represented  972 and block
974 the new Information is displayed at line 934 and block 936, the display
26 commences  26  and as represented at line 976 and line 940, the to read
out instructions In a user friendly manner for  routine exits as
represented at node 942. Where no the attachment of the noise adjustment
fixture as des-  newfunctlon may be displayed, as determined at 970, cribed
at 734 In Figs. 12 and 13 and subsequent  then as shown at line 978 and
line 940, the routine adjustment of the device. Following such adjustment
exits as represented at line 942. Similarly, where and completion of the
Instructions displayed, then as  3o  these switches 39 or40 have not been
actuated, then represented at lines 938, 940, and 942, the program-  as
represented at line 980 leading to node 942, the ming Interface mode ends.
If the calibration mode has  routine ends. not been called for, then as
represented by line 944  Turning to Fig. 20, a self-diagnostic routine is
rep- and block 946 the program then inquires as towhether  resented as
commencing at block 982. This seif-diag- the sound mode has been called for
by actuation of  35  nostic routine may be used a number of times during
switch 35. If that Is the case, then as represented at  the main program,
its most important application line 948 and block 950, the display 26 shows
graphic  being at the commencement of any given use. The information as to
volume level as shown at 808 in Fig.  program commences as represented at
line 984 to the 16 and updates the particular sound state called for.
Inquiry at block 986 wherein a determination of the In particular, the
up/down switches 39 and 40 may be  40  appropriateness of the operating
voltages Is made. employed to elect a 'click' type sound reminiscent of
This activity Includes the monitoring evaluations a Geiger counter a 'beepw
sound of longer duration,  made in conjunction with connector N2 as
described the eariler-noted siren tone, the frequency of which  in
conjunction with Fig. 10B, and Includes an update varies with the radiation
level detected. This tone  on battery charge status. In the event that
these con- enables the user to detect evidence of variations in  45
ditions so monitored are incorrect, then as represen- radioactivity levels
while watching the position of the  ted at line 988 and block 990, the user
Is advised at probe itself. Finally, an OFF election may be made in
display 26 that the operating voltages are Incorrect, this mode. Following
the updating of Information alecs-  and as represented at line 992, the
program is brought ted by the user, then as represented at line 952, the
to a hault as represented at node 994. Where all moni- routine exits as
represented by lines 940 and node  50  tored parameters are correct and the
probe 12 Is 942.                                             appropriately
mounted or attached to console 16 then In the event the determination at
block 946 is that  as represented at line 996 and block 998, the back- the
sound mode was not entered, then as represented  ground is evaluated and
this background will Include by line 954 and block 956 a determination as
to what  cosmic disturbance, normal electrical noise and the mode for
counting has been elected. This mode is  55  like. Recall that this
adjustment Is made from the digi- entered by the actuation of switch 34
upon console  tal-to-analog converter function described at block 18. In
the event the mode is elected, then as shown  206 in Fig. 7A. Following
setting of this background at line 958 and block 960, the various options
for this  noise level, as shown at line 1000 and block 1002, a 21    41
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adjustment can  ally represents a dramatic increase in pitch as be made
within specification. In the event that the  Increasing radiation levels
are encountered. As noise adjustment is without specification values, then
shown In Fig. 22, the siren indication Is provided at as represented at
line 1004 and block 1008, the diag-  region 806 of display 26, whie the
range mode is dls- noetic digitai-to-analog converter Input Is set as des-
5   played at readout 804 In conjunction with the range cribed at line 314
in Fig. 9, the self-test pulsing at iine  graphics at region 814. When the
range switch 37 Is 322 Is caried out and, the front endN analog circuit
actuated, or held down, the siren tone will be elected, Including Fig.
8A-8C is tested with a diagnostic pulse.  a bar graph 814 displaying
threshold of the siren tone Then, as represented at line 1008 In block
1010, a  being shown. The range function adjustment permits determination
as to whether analog circuitry (front  10  adjustment of the device by
switches 39 and 40 so as end) was performing correctly with the test pulse
is  to be silent for background levels but to commence made. Where that is
correct, then as represented at  siren audibles when a more radioactive
area Is scan- line 1012 and block 1014, a determination Is made  ned. In
practice, the range function is often adjusted that the preamplification
stage within the Instrument  with the up/down switches 39 and 40 In
conjunction 12 Is defective and the user Is so advised at display  15  with
this siren operation. 26. As represented at lines 1016 and 992, leading to
Turning to Fig. 23, a remote display update node 994, the program then
halts. Where the Indi-  routine is shown commencing at block 1058 and the
cation of the front end test at block 1010 shows that  routine is designed
with respect to the Hitachi type the analog circuitry was notfunctioning
properly, then  LM213B display device 26 which Is operated in a i)   as
represented at line 1018 and block 1020, the user  20  graphics mode both
for characters and graphics. The 



is advised at display 26 that the analog circuitry or  routine commences at
line 1060 wherein the x,y posi- front end" is defective. The routine then
proceeds as  tion of the display cursor Is located. Where such loca-
represented at line 1022 to halt as Indicated at node  tion Is determined,
then as represented at line 1064 994.
and block 1066, the display address register Is set Where the indication
that the noise is adjustable  25  and the x,y coordinates of the cursor are
retained in to specification Is made, then the program proceeds  memory.
The routine then exits as represented at line as represented at line 1024
and block 1026, the unit  1068 and node 1072. However, where an ongoing Is
ready for operation and as represented at line 1028  cursor activity is not
present as represented at line and node 1030, the routine ends.
1074 and block 1076, a determination Is made as to As described In
conjunction with the flow chart of  30  whether the display has been
cleared. If that is the Fig. 17, the microcomputer 570 continuously updates
case, then as represented at line 1078 and block the value of the count
rate. This feature is used to  1080, the cursor Is homed to its Initial 0,0
position and update the status of the sound output function of the  zeroes
are written to all pixels to erase the display 26. Instrument. Looking to
Fig. 21, the routine under  As represented at lines 1082, 1068 and node
1072, which the siren perceptive output Is achieved for Im-  35  the
routine then ends. Where the display is not muno-gulded surgery is
portrayed as "Update Noise  cleared, then as represented at line 1084 and
block Maker represented at block 1032. This routine corn-  1086, a
determination is made as to whether It Is mences at line 1034 to the
inquiry at block 1036 whe-  necessary to draw lines on the display. If that
Is the reina determination is made as to whether the current  case, then as
represented at line 1088 and block pulse rate has changed. Where that is
not the case,  4o  1090, the starting and end positions of any given line
then no alteration takes place In the sound output par-  are located and
the cursor x,y coordinate orientations ameters and the routine exits as
represented at line  are such as to fill in the lines between those two end
1038 and end node 1040. However, where the current  locations in horizontal
and vertical orientations. The rate has changed as determined at block
1036, then  routine then exits via lines 1092,1068 and node 1072. as
represented at line 1042 and block 1044 an   45   Where the draw lines
routine Is not called for, then Increasing (up) or decreasing (dn) rate
condition Is  as represented at line 1094 and block 1096, an Inquiry
evaluated. If the rate has gone down, then as rep-  is made as to whether a
box or rectangular drawing resented at line 1046 and block 1048, the
frequency  is requested. In the event that is the case, then as rep-
applied at line 264 (Fig. 9) is diminished and, as rep-  resented at line
1098 and box 1100, the start and end resented at lines 1050 and 1038, the
routine ends as  50  positions of the rectangular structure are located and
represented at node 1040. However, where the rate  four lines defining the
rectangular form are filled in. has gone up, then as represented at line
1052 and  The routine then exits as represented by lines 1102, block 1054,
the frequency is altered to rise and, as  1068 and node 1072. Where the box
drawing is not represented at line 1056 and node 1040, the routine  called
for, then as represented at line 1104 and block exits. With this routine,
the so-called siren tone may  us   1106, an inquiry is made as to whether a
character is move from a growim on and off sound essentially near  to be
displayed. If that Is the case, then as represen- background radiation
levels to a siren tone as the  ted at line 1108 and block 1110, a
determination is target area Is encountered, the sound witnessed usu-  made
as to whether a large or small character is to be 22    43
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being observ-  mination Is made as to whether the power supply vol- able
from Figs. 16 and 22. Where a large character is  tages are correct. As
discussed above, this involves appropriate, then as represented at line 112
and block  the monitoring of the input supply voltages Including 114, a
memory accessed appropriate address for the  bias to crystal 58 as
described In conjunction with Fig. elected character of large format and
the character is   5   1 OB at connector N2 and Fig. I OA In conjunction
with displayed. The routine then exits as represented at  multiplexer 678.
If the determination as to voltage lines 1116 and 1068 to node 1072. Where
a large   levels finds error, then as represented at line 1172 character is
not elected as at block 110, then as rep-  and block 1174. the display 26
advises the user of dif- resented at line 1118 and block 1120, the regular
ficulty with system voltages and, as represented at character table Is
accessed and such character is dis-  io  line 1176 and node 1178, the
system halts until cor- played of smaller format. The routine then exits as
rection can be effected. represented at lines 1122, 1068 and node 1072.
Where the test for supply voltages shows them to Where no characters are to
be displayed, then as  be at vald levels, then as represented at line 1180
represented at line 1124 and block 1126, inquiry Is  and block 1182, the
lower window of acceptance Is made as to whether a line should be erased.
In the   15  adjusted forthe lowest noise level above background, event
that is the case, then as represented at line  the latter values, for
example, being attainable from 1128 and block 1130 the start and end
positions of the  the noise averager network as described at block 218 line
In question are accessed and zeroes are written  In conjunction with Fig.
7A. Following the attempted at the specified locations. The routine then
exits as  adjustment, as represented at line 1184 and block represented at
lines 1132, 1068 and node 1072.  20  1186, a determination is made as to
whether adjust- Where no line is to be erased, then as represen-  ment of
the lower window can be made to an approp- 



ted at line 1134 and block 1136, the equivalent inquiry  riate value. In
the event that it cannot, then as Is made as to whether a box or rectangle
Is to be  represented at line 1188 and block 1190, the display erased.
Where that is the case, then as represented  26 Is employed to advise the
user that the Instrument at line 1138 and block 1140, the starting and end
posi-  25  cannot be calibrated and the routine exits as rep- tions for the
box or rectangular figure are located and  resented lines 1192 and 1194 to
node 1178 to halt. zeroes are written at the starting and end points
Where lower window settings can appropriately appropriate to carry out
erasure. The routine then  be developed, then as represented at line 1196
and ends as represented at lines 1142, 1068 and node  block 1198, the user
is instructed via display 26 to 1072.
30  install the check source as described above In con- Where no rectangle
erasure is at hand, then as  junction with Figs. 12 and 13. The routine
then con- represented at line 1144 and block 1146, a determi-  tinues as
repesented at line 1200 and block 1202 to nation Is made as to whether any
shading is required  determine whetheror not the counting carried outwlth
within a box, i.e. to show a bar graph or the like. In the  the check
source, for example using Iodine 129, Is event that Is the case, then as
represented at line  35  appropriate, this Internal counting will take
place over 1148 and block 1150, start and end positions of the  an
interval, for example, selected as 5 or 10 seconds. box with respect to
this shading are determined and  Where the counts or pulses detected are
without pro- ones are written to form the shading. The routine then  per
tolerances, then as represented at line 1204 and ends as represented at
lines 1152, 1068 and 1072. As  block 1206, the display 26 is employed to
advise the represented furtheratline 1154, this Is the final Inquiry  40
userthatthe counts received are outoftolerance and, In the display update,
the latter line leading to end  as represented at lines 1208 and 1194
leading to node 1072.                                        node 1178, the
system halts. However, where the Tuming to Fig. 24, the calibration routine
Is rep-  counts using the check source are within tolerance, resented
commencing at block 1156 with the actua-  then as represented at line 1210
and block 1212, the tion by the user of the calibrating switch 38 upon   45
user is advised through the display 28 that the calib- console 16. At the
commencement of this routine, as  ration Is complete and the unit is ready
for operation. represented at line 1158 and block 1160, a determi-  The
routine then ends as represented at lines 1214 nation Is made as to whether
the probe Instrument 12  and node 1216. Is properiy connected. This Is
carried out through the  Since certain changes may be made in the
earler-described measurement of probe current as  so  above-described
system  and apparatus without described In Fig. 7A in conjunction block
188. In the  departing from the scope of the Invention as claimed, event
the probe device 12 is not properly connected,  It Is intended that all
matter contained In the descrip- then as represented at line 1182 and block
1164, the  tion thereof or shown in the accompanying drawings display 26
advises the user to Install the probe and the  shall be Interpreted as
illustrative and not in a limiting routine recommences as represented by
loop line  u5  sense. 1188. Where the probe Is appropriately connected,
then as represented at line 1168 and block 1170, a deter- 23    45
EP 0 284 542 B1                  48          1   111111 11111 1111 II II *
C   L   M1 S Claims                                               charges
as a signal output at a one of said terminals, a bipolar transistor (Q2)
having a base eleo- 1. Apparatus for detecting and locating tumor    trode
coupled with a said field effect transistor (Q1) retained sources of
radiation within a body environ-  terminal, having an emitter electrode and
a collector ment exhibiting a background of level of radiation,   5
electrode responsive to a collector Impedance for comprising:
effecting amplification of said signal output to derive a hand manipular
probe (12) Including:         a voltage amplification signal; a housing
having a forward portion (20)              a first impedance (C5) coupled
with said bi- extending to a window (18) positionable In the viclnity
polar transistor emitter electrode for providing an of said source and a
hand graspable portion (22)  io  operating bias for said bipolar
transistor, extending from said forward position;
collector resistor means (R7) coupled with said detector circuit means
(110) within said hous-  bipolar transistor collector electrode for
deriving said Ing for deriving Induced charges in response to radl-
collector Impedance; ation interaction therewith and providing detector
bootstrap transistor stage means (Q3) coupled signals corresponding
therewith;                16   with said collector resistor means (R7)
responsive to transmission means (14) for transmitting said  said signal
output to couple energy corresponding detector signals;
therewith to said collectorresistor means (R7) forrais- signal treatment
means, and                   ing the effective collector impedance thereof
and pro- annunciator means (278) responsive to drive    viding an output of
said integrator network (116); signals for providing an audibly perceptible
output In  20  capactior means (C3) coupled Intermediate response to said
drive signals applied thereto;      said Integrator network output and
input for providing 



characterized in that                          a capacitance of value
selected as below one pico- said signal treatment means Includes:
farad; and energy  level  analysis  network  means              driver
circuit means (118) responsive to said (204,218,236,238,260) for evaluating
said detector  25  voltage amplification signal for deriving said detector
signals with respect to noise exhibited by said     signals. apparatus and
deriving pulse data output signals rep-   4. The apparatus of claim 3 In
which said capaci- resenting said radiation in substantial exclusion of
tor means (3) has a capacitance of about 0.25 pico- noise;
farad. range selection means (37) for deriving a   30    5. The apparatus
of claim 3 in which said detector range function value forsaid pulse data
output signals  circuit means (1 10)further includes: representative of the
rate of said pulse data output      a gamma radiation responsive crystal
(58); signals representing background level of radiation;       a source of
select bias voltage (57); and
a circuit supply source of first polarity and control means (212)
responsive to said pulse   35   ground; data output signals for
continuously deriving the rates   first resistor means (R2) exhibiting a
resist- of occurrence thereof (892) for sequentially occurring  ance within
a range of about 10 to 200 megaohms predetermined intervals of duration
selected for rapid  coupled Intermediate said bias source and said crys-
updating and responsive to each discrete said derived  tal; rate and to
said range function value for generating   40  coupling capacitor means
(C2) coupled Inter- said drive signals of tone generating frequency when
mediate said gate terminal and said crystal (58); the value of said rate of
occurrence Is above said        second resistor means (R3) exhibiting a
resist- range function value, whereby said audibly percept-  ance within
the range of about 10 to 10,000 megohms ibis output Is variable in response
to said tone     coupled intermediate said gate terminal and said sup-
generating frequency as a function of the rates of  45   ply source ground
for effecting bias at said field effect occurrence of said pulse data
output signals above   transistor (QI) input amplification means.
background level of radiation.                          6. The apparatus of
claim 5 in which said first and 2. The apparatus of claim 1 in which said
control  second resistor means (R2,R3) are mounted upon the means 212
continuously derives said rates of occurr-  surface of a circuit support;
and said coupling capaci- ence of said pulse data output signals at an
updating   50  tor means (2) is located In space above said support rate of
as rapid as each successive one-tenth second.  surface. 3. The apparatus of
claim 1 in which said detector   7.The apparatus of claim 6 In which said
first and circuit means (110) comprises:                      second
resistor means (R2,R3) extend In space from an integrator network (116)
having an input for  said support surface and support said coupling
receiving said Induced charges Including:      u5   capacitor means (2) for
said location In space above field effect transistor means (Q1) having a
gate  said support surface. coupled with said Input and drain and source
termi-     8. Apparatus of claim I In which: nals for effecting
amplification of said Induced          said detectorcircuit means (110)
provides said 24    47                  EP 0 284 542 51                 48
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noise    a gamma radiation responsive crystal (58) characteristics of given
levels;                   positioned within said forward portIon (20)
having a said energy level analysis network means     forward surface (62)
disposed toward said window (204,218, 236,238, 260) Includes:
(18) and a rearward surface (64); noise averaging means (218) to said given
5      a thin gamma radiation transmissive and elec- noise characteristics
for derhivng a noise signal corre-  trically conductive first insert (70)
formed of a carbon sponding with an average level of said given noise
filled elastomer positioned adjacent said crystal for- characteristic
levels,                             ward surface (62); normalizing circuit
means (204) responsive to      electrically conductive contact means (74)
said detector signals and given noise characteristics  10  positioned
adjacent said crystal rearward surface (64) and to a control input for
adjusting the level of said  for effecting application of an electrical
bias thereto noise characteristics and corresponding said detector  and
conducting gamma ray Induced signal charges signal given levels to provide
composite signals of  therefrom and having a rearwardly disposed portion;
normalized values,                                       said probe (12)
further Including: comparator means (235, 238) responsive to  15
blocking means (86) formed of a gamma radi- said composite signals for
comparing the amplitude  ation attenuating material positioned within said
hous- thereof with presettable upper and lower threshold  Ing forward
portion (20) and adjacent said contact levels for providing pulse data
outputs corresponding  means (74) rearwardly disposed portion for blocking
with said comparisons, and                         entry of radiation
toward said crystal rearward surface logic circuit means (260) responsive
to said  20  (64); and pulse data outputs for deriving said pulse data
output   compression means (75) within said housing signals; and In which
forward portion (20) for effecting a conforming com- 



said control means (212) Is responsive to said  pressing relationship
between said crystal forward noise averaging means noise signal for
deriving said  surface (62) and said first insert (70) and between control
input to said normalizing circuit means (204).  25  said crystal rearward
surface (64) and said contact 9. The apparatus of claim 8 in which said
control  means (74); and means (212) Is responsive to said noise averaging
said detectorcircuit means (110) applying said means noise signal to preset
said lower threshold  electrical bias through said contact means (74).
level at a value at least as high as said noise signal.  13. The apparatus
of claim 12 In which said corn- 10. The apparatus of claim 8 Including:
30   pression means (75) comprises an electrically con- pulse acquire means
(224) responsive to said  ductive compressible foamaceous material (88) and
a composite signals to provide peak signal values cor-  retainer (75)
transparent to said radiation for retaining responding with the
Instantaneous highest given level  said foamaceous material (68) In
compression of said detector signals; and                      against said
crystal forward surface (62). said control means (212) Is responsive to
said  35  14. The apparatus of claim 13 In which sald com- peak signal
values to preset said upper threshold  pression means (75) is spaced from
said window (18) level in correspondence therewith.                 a
predetermined amount establishing a dead air K>       11. The apparatus of
claim 8 Including:         space therebetween. pulse generating network
means (312) actu-       15. The apparatus of claim 14 further Including a
able for generating a diagnostic pulse of controlled   40  thin, radiation
transmissive and electrically conduc- amplitude and width; and wherein
tive second inser (71) positioned within said housing said control means
(212) Is configured for    forward portion (20) having one surface adjacent
said selectively actuating said pulse generating network  window (18) and
an oppositely disposed surface con- means (312) and monitoring said noise
averaging    fronting said dead airspace. means (218), said normalizing
circuit means (204)  45  16. The apparatus of claim 12 In which said con-
and said comparator means (236,238) to evaluate the  ductive first Insert
(70) is a sheet of carbon filled sili- performance thereof.
con rubber. 12. The apparatus of claim 1 in which:             17. The
apparatus of claim 12 further Including a said housing forward portion (20)
includes   thin, compliant electrically conductive third inser (72)
sidewalls formed of select gamma radiation attenuat-  5o  Intermediate said
contact means (74) and said crystal ing material and exhibiting an
electrical shielding  rearward surface (64). effect and extending to a
forward opening (18) posi-   18. The apparatus of claim 17 in which said
third tionable proximate said source;                    Insert (72) Is a
sheet of carbon filled silicon rubber. said window (18) is positioned over
said for-    19. The apparatus of claim 12 In which: ward opening for
transmission of gamma radiation of  55  said blocking means (86) is formed
of a slug of energy level at least as low as 27 kev through said for-  said
radiation attenuating material slideably Insert- ward opening whie blocking
the passage of light;   able within said housing forward portion (20) and
hav- said detector circuit means (110) Indudes:   ing a passageway (90)
formed therethrough; 25    49                  EP 0 284 542 B1
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Insulating   over the assemblage of said support means, said means (80)
intermediate said blocking means (86)   shock cushion layer (1256), and
said crystal (1262) and said contact means (74); and in which          for
effecting their compressed mutual association, said contact means (74)
incdudes a transmis-  and sion wire (78) extending to said hand graspable
por-   5  retaining means for positioning said housing tion (22) and
extending to circuit components of said  forward portion (20) over said
assemblage and said detector circuit means (110) in tension through said
blocking means portion (1288) such that said crystal blocking means
passageway (90) for conveying said  forwardly disposed surface Is spaced
from said win- signal charges and said electrical bias.           dow means
(18) an amount establishing a dead air 20. The apparatus of claim 1
including a dispos-  10  space (1272) therebetween. able sterile, thin
polymeric cover (730) posbtionable  22. The apparatus of claim 21 In which
said elas- over said housing (12) for Isolating said housing from  tomeric
retainer means (1268) I a thin sheath mount- contaminants.
able over said assemblage. 21. The apparatus of claim I In which:
23. The apparatus of claim 21 In which said resi- said housing (12)
includes Interior walls defin-  15  llently compressible shock cushion
layer (1256) is a Ing an Interior cavity and said forward portion (20)
non-woven Teflon cloth. includes sidewalls formed of select gamma radiation
24. The apparatus of claim 21 In which said elsa- attenuating material
exhibiting an electrical shielding  tomeric tetziner means (1268) is a
layer of rubber effect and extending to a forward opening (18) posl-  epoxy
adhesive. tionable said source;                         20       25. The
apparatus of claim 21 Including a dispos- said window (18) Is positioned
over said for-  able, sterile, thin polymeric cover (730) positionable ward
opening for permitting transmission of gamma  oversaid housing (12) for
Insulating said housing from 



radibtion of energy level at least as low as 27 kev  contaminants and
presenting ae sterile instrument through said forward opening while
blocking the pas-  exterior for surgery. sage of light;
25 said probe (12) including: biocking means (86,12 30) formed of material
PatentansprOche selected for attenuating gamma radiation of said pre-
determined energy levels, having an outer surface      1. Vorrichtung zum
Erkennen und Auffinden von (84,12 46) supportable within said housing and
hav-  30  in einem Tumor enthaltenen Strahlungsquellen Inner- Ing a portion
(84) extensible within said housing for-  halb einer K6rperumgebung, die
einen Hintergrund- ward portion (20) to a base support surface,
strahlungspegel aufwelst, mit: elnem  von Hand elastomeric means (12 38)
intermediate said   manipulierbaren Pr~fkopf (12) mit: elnem Gehause,
housing and said blocking means for retaining said  das elnen vorderen Tell
(20) hat, der sich zu elnem blocking means (88 1230) spaced from said
housing   35   Fenster (18) erstreckt, welches In der Nahe der Interior
wall,                                     Quelle positionlerbar lst, und
elnem mit der Hand electrically insulative support means (80,12
ergreifbaren Tell (22), dersich von dervorderen Posi- 50) mounted upon said
blocking means base support  tion aus erstreckt; surface (84,246) and
having a mounting surface posi-  einer Detektorschaltungseinrichtung (110)
Innerhalb tioned outwardly from said base support surface, and   40  des
Gehauses zum Gewinnen von Induzierten Ladun- a resiliently compressible
shock cushion layer  gen aufgrund von Strahlungswechselwirkung mitder-
(72,12 56) positioned in adjacency over said Insula-  selben und zum Llefem
von dlesen entsprechenden tive support means (80,12 50) and having an out-
Detektorsignaien; wardly disposed surface;                           einer
Obertragungseinrichtung (14) zum Oberlragen said detector circuit means
(110) including:  45  der Detektorsignale; a gamma radiation responsive
crystal (58,12   elner Signalverarbeiltungselnichtung, und 82) having a
rearwardly disposed surface (64, 12 80)  elner Meldeelnrichtung (276), die
auf Ansteuersi- positioned In adjacency with said shock cushion layer
gnale hin ein horbares Ausgangssingal auf die an sle (72, 12 56) having a
forwardly disposed surface (62,  angelegten Ansteuersignale hin liefert;
1284);                                        50  dadurch gekennzeichnet,
dag die Signalverarbel- grounding means (68, 70, 1266) forelectrically
tungseinrichtung aufwelst grounding said crystal forwardly disposed
surface,  eins Energlepegelanalysiemeltzwwlseinrichtung (204, and
218, 236, 238, 260) zum Auswerten der Detsktorsi- bissing means (74, 1258)
for applying an eleoc-  gnale In bezug auf Rauschen, welches die Vorrich-
trical bias to said crystal rearwardly disposed surface  65  tung aufwelst,
und zum Bilden von Impulsdatenaus- (64, 1280); and
gangasignalen, welche die Strahlung In wesentilchen said probe (12) further
Including:            unter Ausachlul von Rauschen darstellen; elastomeric
retainer means (1268) positioned  sine BerelchswAhleinrichtung (37) zum
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Vorrichtung nach Anspruch 3, bel der die Kon- signals, der die Rate der
lmpulsdatenausgangssignale  densatorinrichtung (C3) eine Kapazitat von etwa
darsteilt, die den Hintergrundstrah- lungspegel repri-  0,25 Pikofarad hat.
sentleren; und                                        5. Vorrichtung nach
Anspruch 3, be! der die sino Steureinrichtung (212), die auf die
Impulsdate-   c   Detektorschaltungselnrichtung (110) weiter aufweost:
nausgangssignale hin stAndig die Raten des Auftre-  oinen
gammastrahlungsempfindlichen Kristall (58); tens derselben (892) fOr
sequentiell aufiretende   lns Quell gewahIter Vorspannung (57);
vorbestimmte Intervalle gewinnt, deren Dauer fOr   elne
Schaltungsstromversorgungsquello mit orsatr schneiles Aktualisberen gowahit
let, und auf jade die-  Polaritit und Masse; krete gewonneno Rate und auf
den Borelchsfunk-  10  eine orste Widerstandseinrichtung (R2), die einen
tionswert hin die Ansteursignale mit Tonerzeu-     Widerstandowert
innerhalb eines Berelches von etwa gungsfrequenz orzeugt, wenn der Wort der
Auftritt-  10 bls 200 Megaohm aufwelst und zwIschen die Vor- srate fber dam
Bereichsfunktionswert liegt, wodurch  spannungsquelle und den Kristall
geschaltet Ist, das h8rbare Ausgangssignal entsprechend der        eine
Koppelkondensatoreinrichtung (C2), die zwi- Tonerzeugungsfrequenz ala
Funktion der Auftrittsra-  15  schen den GateanschluB und den Kristall (58)
ten der Impulsdatenausgangssignale oborhalb des    geschaltet Ist;
Hintergrundstrahlungspogeis variabol lst.          eine zweite
Widerstandsoinrichtung (R3), die inen 2. Vorrichtung nach Anspruch 1, bol
der die    Widerstandswert in dam Bereich von etwa 10 bis Stbuarelnrichtung
(212) stlindig die Auftrittsraten der  10000 Megohm aufwelst und zwlschen
den Gate- Impulsdatenausgangssignalo mit elner Aktualisier-  20  anschluB
und die Stromvemorgungsquellenmasse rate bildet, die so schnel Ist, daB sie
Jade foigende  geschaltet st, urn die Vorspannung an der Ein-
Zehnteisekunde erfoigt.
gangsverstarkungselnrichtung des Fldeffakttransi- 3. Vorrichtung nach
Anspruch 1, be! der die    stors (Q1) zu bilden. 



Doatktorschaltungselnrichtung (110) aufweist:         6. Vorrichtung nach
Anspruch 5, bel derde orste in Integratometzwork (116) mit elnem Eingang
zum   25  und zweits Widerstandseinrichtung (R2, R3) auf der Empfangon der
induzierten Lcadungen, mit           Oberflache aines Schaltungstragers
montiert sind einer Feldeffekttransistoreinrichtung (Q1), die olnen  und
die Koppelkondonsatoreinrichtung (C2) In dam Gateanschlul hat, der mit dem
Eingang verbunden    Raum oberhalb der Trageroberflache angeordnot ist.
ist, und einen Drain- und Sourceanschlul zum Var-     7. Vorrichtung nach
Anspruch 8, be! der sich die starkon dor induzierten Lcadungon ale ein
Ausgangs-  30  orast und zweibt Widorstandseinrichtung (R2, R3) In signal
an olnem der Anschlusse;                    dam Raum ab der
Trageroberfilache erstrecken und olnern Blpolartransistor (Q2), der sine
Basiselektrodo  die Koppolkondensatoreinrichtung (C2) fOr die Lags hat, die
mit oinem der Feldeffettransistoranschlfisse  Im Raum oberhalb der
Trageroberfiache tragon. (Q1) verbunden Ist, sine Emittrelektrode und alna
8. Vorrichtung nach Anspruch 1, bel der Koliiktoraelktrode und auf sine
Kolloktorimpodanz   35  die Detektorschaltungseinrichtung (110) die Detek-
hin alne Verstarkung des Ausgangssignals bowirkt,  torsignala mit
bestimmten Pegeln llefert und Rau- um sin Spannungeverstarkungssignal zu
bilden;      schkenndaten mit bestimmten Pegeln aufweist; einer ersten
Impodanz (C5), die mit der Bipolartransi-  die
Energlopegolanalysiometzwerksoinrichtung storemitbrektrod verbundon ist, um
oino Betriebs-  (204, 218, 236,238, 260) aufwelst vorspannung fur den
Bipolartransistor zu llform;  4o  sine Rauschmittelungselnrichtung (218),
die auf die ainer Kollektorwideratandsoinrichtung (R7), die mit  bestimmten
Rauschkenndaten hin ein Rauscheignal der
Bipolartransistorkollektorelektrode verbunden ist,  bildet, des sinern
mittleren Pegel der bestimmrtn um die Rollektorimpodanz zu bilden;
Rauschkenndatenpegal entspricht, eaner
Bootstrap-Transistorstufeneinrichtung (Q3), die  elne
Normierschaltungseinrichtung (204), die auf die mit der
Kolieldtorwiderstandseinrichtung (R7) verbun-  45   Detektorsignale und die
bostimmten Rauschkonnda- den istund aufdasAAusgangssignal anspricht, um
die-  tan und auf ein Steuereingangssignal zurn Einstellen sam
entsprechonde Energie In die Kolloktorwi-     des Pagels der
Rauschkenndaten und entsprechand derstandseinrichtung (R7) einzukoppeln und
die     don bestmmten Pogeln dos Detoktorsignals an- effektive
Kolledtorimpedanz derselbon zu erhohen  spricht, um zusammengesetzbt
Signals mit normier- und ain Ausgangssignal des Integratometzworks  6o  ten
Werten zu bilden, (116) zu liefern;                                  elne
Komparatoreinrichtung (236, 238), dlo auf die ainer Kondensatoreinrichtung
(3), die zwischen den  zusammongesetzten Signals anspricht, um doren
lntbgratomotzwerksausgang und -singang geschal-   Amplitude mit oberen und
unteren Schwellonwerten tet Ist, zum Bliden oiner Kapazitat mit oinom Wert,
der  zu verglelchen und diesen Vergleichen entepre- unter elnem Plikofarad
gewahit ist; und       65   chende Impulsausgangsdaten zu liefem, und elner
Trelberschaltungseinrichtung (118), die auf das  sine
Logikschaitungsainrichtung (260), die auf die Spannungsverstirkungssignal
hin die Detektorsi-   Impulsausgangsdaten anspricht, um die Impulsdate-
gnale bildet.                                      nausgangssignale zu
bilden; und In welcher 27    53                  EP 0 284 542 B1
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(212) auf das Rauschaignal der  sine Blocilerelnrichtung (86), die aus
einem Gamma- Rauschmittblungseinrichtung  anspricht, um  das
strahlungsdimpfungsmaterial geblldet und In dem Stsuerelngangssignal an der
Normierschaltungsein-  vorderen Tell (20) des Gehauses und an dem hinten
richtung (204) zu bilden.                          angeordneten Tell der
Kontaltsinrichtung (74) ange- 9. Vorrichtung nach Anspruch 8, bel der die
5   ordnet ist, um den Zutritt von Strahlung zu der hinte- Stuerelnrichtung
(212) auf das Rauschsignal der   ren Oberfiache (64) des Kristalls zu
blocicleren; und Rauschmiltelungselnrichtung anspricht, urn den unte-  eine
Kompresslonselnrichtung (75) Innerhalb des vor- ren Schwellenwert auf einen
Wert voreinzustellen,  deren Tells (20) des Gehauses zum Herstellen elner
der wenigstens so groB wie das Rauschsignal ist.
Anschmlsgeomrnpressbonsbeziehung zwischen der 10. Vorrichtung nach Anspruch
8, mit:     fO  vorderen Oberfilche (62) des Kristalls und dam elner
lmpulserfassungseinrichtung (224), die auf die  ersten Einsatz (70) und
zwlschen der hinteren Ober- zusammengesetzten Signal. anspricht, urn
Scheltel-  flache (64) des Kristalls und der Kontaktelnrlchtung signalwerte
zu liefem, die dem augenbilicidch h8ch-  (74); und sten gegebenen Pegel der
Detsktorsignale entspre-  wobel die Deteinorschaltungselnrichtung (110) die
chen; und wobei                               15  eleldrische Vorspannung
Ober die Kontakteinrichtung die Steuereinrichtung (212) auf die
Scheitelsignal-  (74) anlegt. werte anspricht, um den oberen Schwellenwert
ent-      13. Vorrichtung nach Anspruch 12, in welcher die sprechend
vorsinzustellen.                         Kompreseionseinrichtung (75) ein
elektrisch lelten- 11. Vorrichtung nach Anspruch 8, mit:           des,
kompressibles Schaummaterial (68) und elnen K>    elner
lmpulserzeugungsnetzwerkseinrichtung (312),  20  fOr die Strahlung
transparenten Halter (75) aufweist, die betatigbar let, urn enen
Diagnoseimpuls mit    der das Schaummaterial (68) In Kompresslon an der
gesbtuerter Amplitude und Brelb zu erzeugen; und   vorderen Oberflache (62)
des Kristalls halt. wobel
14. Vorrichtung nach Anspruch 13, in welcher die 



die Steuerelnrichtung (212) so ausgeblldet Ist, daB sie
Kompressionseinrichtung (75) einen vorbestimmten die
Impulasrzsugungsnetzwerkcseinrichtung  (312)  25  Abstand von dim Fenster
(18) hat, so daB dazwi- wahlwelse betatlgt und die RauschmIttelungsiinrich-
schen emn toter Luftraum vorhanden let. tung (218), die
Normlerschaltungseinrichtung (204)     15. Vorrichtung nach Anspruch 14,
welter beln- und die Komparatorelnrichtung (236,238) Oberwacht,  haltend
einen dflnnen, strahlungedurchlasigen und um deren Lelstung auszuwerten.
elektrisch letienden zweiten Einhatz (71), der In dem 12. Vorrlchtung nach
Anspruch 1, In welcher  3o  vorderen Tell (20) des Gehauses angeordnet ist
und der GehihiusevordertblO (20) Sltenwiinde hat, die aus  sine Oberfilche
an dim Fenster (18) und ine entge- ausgewahltem
Gammastrahlungsdampfungsmaterial      gengesetzt angeordnete Obertlache,
die dern toten gebildet sind und .ine elektrische Abschirmwirkung  Luftraum
zugewandt lt, hat. haben und sich bbe zu einer vorderen Offnung (18)
16. Vorrichtung nachAnspruch 12, in welcherder erstrecken, die In der Nahe
der Quells posktlonierbar  35  leltende erste Elnsatz (70) eln Blatt aus
mit Kohlen- lst;                                               stoff
versetzbm Silikongumml let. das Fenster (18) aber der vorderen offnung
angeord-    17. Vorrichtung nach Anspruch 12, weiter bein- K>      net let,
um Gammastrahlung mit elnem Energlepegel   haltend elnen dflnnen,
nachgieblgen, elektrisch lei- von wenigetens bis herunterauf 27 keV durch
die vor-  tenden  dritten  Einsatz  (72)  zwischen  der dere offnung zu
ubertragen und glelchzeitig den  4o   Kontaktelndchtung (74) und der
hinteren Obernfiche Durchtritt von Llcht zu blockileren;               (64)
des Kristalls. die Detektorechaltungseinrichtung (110) aufweist       18.
Vorrichtung nach Anspruch 17, in welcherder slnen
gammastrahlungsempfindlichen Kristall (58),  dritti Einsatz (72) sin Blatt
aus mit Kohlenstoff ver- der in dim vorderen Tell (20) angeordnet let und
sine  setzbim Siikongummi lot. vordere Oberflache (62) hat, die zu dem
Fenster (18)  45  19. Vorrichtung nach Anspruch 12, In welcher hin
angeordnet Ist, und sine hintere Oberfllche (64);  die Blockierelnrichtung
(86) aus elnem Pfropfen des elnen dflnnen, gammastrahlungsdurchlassigen und
Strahlungedampfungsmaterials gebildet Ist, der In leektrisch leitenden
ersten Einsatz (70), der aus ei-  den vorderen Teil (20) des Gehauses
elnfuhrbar ist nem mit Kohlenstoff versetztbn Elastomer gebildet  und In
dim ein DurchlaB (90) gebildet ist; und an der vorderen Oberilache (62) des
Kristalls an-  so   wobel die Vorrichtung weiter sine Isollereinrichtung
geordnet Ist;                                      (80) zwischen der
Blockiereinrichtung (86) und der sine elektrisch lelbtnde
Kontaktelnrichtung (74), die  Kontaktiinrichtung (74) aufwebt; und In
welcher an der hinteren Oberflache (64) des Knistalls angeord-  die
Kontaktelnrichtung (74) einen Obertragungsdraht net lt, um sine elektrische
Vorspannung daran anzu-  (78) aufwelst, der sich zu dem mit der Hand
ergreif- legen und gammastrahlungainduziert Signalladun-  55   baren Tell
(22) und zu den Schaltungskomponenten gen daraus zu leiten, und elnen
hinten angeordnestn  der Detektorschaltungseinrichtung (110) unter Zug-
Tell aufwdest;                                     spannung durch den
BlockierelndchtungedurchlaB wobei der Prflfkopf (12) weiter aufwelst:
(90) erstreckt, um die Signalladungen zu transportlie- 28    55
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elektrische Vorspannung anzulegen.   Tells (20) des Gehauses Liber der
Baugruppe und 20. Vorrichtung nach Anspruch 1, mit einer weg-  dem
Blockiereinrichtungsteil (1268) derart, daeS die werfbaren, sterilen,
dfinnen, polymeren Hille (730),  vom angeordnete Oberfiache des Kristalls
einen der- die iber dem Gehluse (12) anbringbar ist um des  artigen Abstand
von der Fenstereinrichtung (18) hat, Gehause von Verunreinigungen
frelzuhalten.   5   daal zwischen denselben eln toter Luftraum (1272) 21.
Vorrichtung nach Anspruch 1, In weicher.  vorhanden ist. des Gehause (12)
Innere Wande aufweist, die oinen    22. Vorrichtung nach Anspruch 21, bel
der die Inneren Hohiraum begrenzen, und der vordere Tell  elastische
Halteeinrichtung (1268) eine dfinne Halle (20) Seltenwande aufweist, die
aus ausgewahltem  Ist, die Oiber der Baugruppe befestigbar st.
Gammastrahlungsdampfungsmaterlal, des eine elek-  10  23. Vorrichtung nach
Anspruch 21, bei der die trische Abschirrnwirkung hat, gebildet sind, und
sich  elastische, kompressible  Stoldampfungsschicht zu elner vorderen
6ffnung (18) erstrecit, die in der  (1256) aln nichtgewebtes Teflon-Tuch
ist. Nahe der Queile positlonlerbar ist;                  24. Vorrichtung
nach Anspruch 21, be! der die des Fenster (18) Liber der vorderen offnung
positio-  elastomere Haiteeinrichtung (1268) elne Schicht aus nirt let, um
den Durchtrltt von Gammastrahlung mit  15  Gummiepoxykiebstoff ist. einem
Energlewert von wenigstens bib herunter auf    25. Vorrichtung nach
Anspruch 21, mit einerweg- 27 keV durch die vordere offnung zu gestatten
und  werfbaren, sterilen, dfinnen, polymeren Hflle (730), glekchzeitg den
Durchtritt von Licht zu blociceren;  die iber dem Gehause (12) anbringbar
Ist, um das wobel der Prffkopf (12) aufwelst                  Gehause vor
Verunrelnigung zu schfitzen und eine eine Blockiereinrichtung (86, 1230),
die aus elnem   20  sterile InstrumentenauBenselte fir die chirurgische
Material gebildet iet, daBt so gewAhit let, daB es Gam-  Behandlung
darzubieten. mastrahlung der vorbestimmten Energiepegel dampft, und elne
Augere Oberfiache (84, 1246) hat, die in dam Gehause abstfitzbar Ist, und
oenen Tell  Rovendlcatlons 



(84), der sich innerhalb des vorderen Tells (20) des  25 Gehauses bbe zu
elner Grundtragflache erstrecken     1. Appareil pour d6tecter et localiser
des sources kann, eine elastomere Elnrichtung (12, 38) zwlschen  de
rayonnement retenues par une tumeur dans lenvi- dem Gehause und der
Blockiereinrichtung, um die  ronnement d'un corps presentantun niveau de
rayon- Blociderelnrichtung (86, 1230) auf Abstand von der  nement de fond,
comprenant une sonde (12) Gehiuseinnenwand zu halten, elne elektrisch
Isolie-  3o  manipulable A la main et comportant un bottler ayant rende
Trageinrichtung (80, 1250), die auf der Blockle-  une portion anterioure
(20) s'dtendant jusqu'a une reinrichtungsgrundtragflache (84, 246)
befestigt Ibt  fenetre (18) pouvant etre plac6e au volsinage de la und elne
Befestigungsflache hat, die au~erhalb von  source et une portion (22)
saisissable a la main, der Grundtragflache positioniert ist, und
s95tendant a partir de la portion anterieure, un circuit sine elastische,
kompressible StoUdAmpfungsschicht  35  d~tecteur (110) dans le bottler afin
de produire des (72,1256), die In der Nahe von und Oberder Isolleren-
charges indults en reponse A une Interaction du den Trageinrichtung
(80,1250) angeordnet ist und ei-  rayonnement avec ce detectbur et A
fournir des ne aullen angeordnetb Oberfiache hat;            signaux du
d6tocteur correspondant A ces charges, wobel die
Detektorschaitungseinrdchtung (110) auf-  des moyens de transmission (14)
pour transmettre welst                                        40  ces
signaux du dhtectaur, des moyens de traitment alnen
gammastrahlungsempfindlichen Kristail (58,  des signaux etdes moyens
avertisseurs (278) repon- 1262), der eine hinten angeordnetb Oberflache
(64,  dent A des signaux d'attaque en 6mettant un signal de 1260) hat, die
in der Nahe der Sto~dAmpfungsschicht  sortie perceptible d'une maniere
audible, en reponse (72,1256) positioniert ist, und elne vom angeordnete
aux signaux d'attaque qui lui sont appliques, caracte- Oberflache (62,
1264);                       45  rlse en ce que les moyens de traitment des
signaux elne Masseeinrichtung (68,70,1268), mittelswelcher  comporent un
r6seau d'analyse de niveau d'energie die vom angeordnete Oberflache des
Kristalls elek-  (204,218,238,238,260) pour evaluer lea signaux du trisch
an Masse legbar Ist, und                  ddtecteur par rapport au bruit
presente par l'appareil eine Vorspannungseinrichtung (74, 1258) zum Anle-
et pour produire des signaux de sortie de donnees gen elner elektrischen
Vorspannung an die hintan an-  co  impulsionnals representant le
rayonnement, en geordnetb Oberfiache (64,1260) des Kristalls; und  excduant
pratiquement tout Is bruit, des moyens de wobel der Prrflkopf (12) weiter
aufweist:        selection de plage (37) pour produire une valour de eine
elastomaer Haltelinrichtung (1268), die fiberder  fonction de plage pour
les signaux de sortie de don- Baugruppe aus Tragelnrichtung, Sto~dAmpfungs-
n6es Impulsionnels, cots valour representant la schicht (1256) und Kristall
(1262) positioniert ist, um   55  cadence des signaux de sortie de donn6es
impulsion- diese In Ihrer zusammengedrfidktan gegenseltigen  nels
representant le niveau de rayonnement de fond, Anordnung zu halten, und
et des moyens de commando (212) repondant aux elne Halteoinrichtung zum
Positbonleren des vorderen  signaux de sortie de donnees Impulsionnels en
pro- 29    duisant d'une manibre continue lee cadences d'appa-  source de
tension de polarisation selectionnee (57), ritions de ces signaux (892),
pendant des intervalles  une source d'alimentation electrique du circuit A
une de temps priddtermin6s, apparaissant successive-  premlere podarite et
a la masse, une premiere r6sls- ment, dont la duree eat s6lectlonn6e pour
permettre  tance (R2) ayant une valour comprise dana la gammi une miso A
Jour rapide, et repondant A chaque valeur   s   allant d'environ 10 A 200
megohms, branchee entre discrite de la cadence produite et de la fonction
de  la source de tension de polarisation et le cristal, un plage en
produlsant les signaux d'attaque ayant une  condensateur de couplage (C2)
branche entre la frequence generatrice d'un son lorsque la valeur de la
borne de l'electrode de commando et le cristal (58), cadence d'apparition
eat sup6eieure A la valeur deola  une deuxieme resistance (R3) ayant une
valour fonction de plage, si blen quo Is signal de sortie per-  10
comprise dans la gamme allantd'environ 10 A 10 000 ceptible d'une maniere
audible est variable, en  megohms, branchhe entre la borne de l'6lectrode
de reponse A Iadit frequence g6n6ratrice de son, en  commando et la masse
de la source d'aiimentation etant fonction des cadences d'apparition des
signaux  6lectrique, afin d'assurer la polarisation des moyens de sortie de
donn6es impulsionnels se trouvant au-  d'amplification d'entree A
transistor A effet de champ dessus du niveau de rayon nement de fond.    15
(Q1). 2. Apparell suivant la revendication I caracterise  6. Appareil
suivant la revendication 5 caract6ris6 on ce que les moyens de commando
(212) produisent  en co quo lea premibre et deuxilme resistances (R2,
continuellement les cadences d'apparition des    R3) sont montees sur la
surface d'un support de cir- signaux de sortie de donn6es Impulsbonnels A
une  cult et Is condensateur de couplage (C2) eat situe cadence de mise A
jour aussl rapide quo chaque  20  dans l'espace au-dessus de la surface de
ce support. dixilme de second. successHf.                        7.
Appareil suivant la revendicatfon 6 caracteils6 3. Appareil suivant la
revendication 1 caract6rise  en ce quo les premlire et deuxieme resistances
(R2, en ceque le circuit dhtecteurcomprend un integrateur  R3) s'6tendent
dens l'espace A partirde la surface du (116) ayant une entree pour recevoir
lea charges  support et elles supportent le condensatour de cou- indultbs
et comportant un transistor A offet de champ   25  plage (C2) A son
emplacement dans l'espace au-des- (QI) ayant une 6lectrode de commando
reliee A ladit  sus de la surface du support. 



entr6e et des bomes de drain et de source pour effoc-  8. Apparell suivant
la revendicatfon I caract6ris6 tuer une amplification de ces charges
Induites sous la  en ce quo le circuit dhtecteur (110) fournit lea signaux
forme d'une sortie d'un signal A 'une de ces bornes,  de dhtecteur de
niveaux donnes et pr6sentant des un transistor bipolaire (Q2) ayant une
electrode de  3o  caracteristiques de bruit de niveaux donn6s, le base
reilee A une borne du transistorA effetde champ  r6seau d'analyse de niveau
d'energie (204, 218,236, (Q1), une 6lectrode emetteur et unee lectrode
collec-  238, 260) comportb des moyens (218) formant la tour r6pondant A
une imp6dance de collecteur pour  moyenne du bruit et r6pondant aux
caract6ristiques offectuer une amplification du signal de sortie et pro-
donnees du bruit en produlsant un signal de bruit duire un signal
d'ampllifcation de tension, une pre-  35  correspondant A un niveau moyen
des niveaux carac- minre imp6dance (C5) reli6e A l'6eectrode emetteurdu
t6ristlques donnes du bruit, un circuit de normalisatfon transistor
bipolaire, afin defoumirune polarisation de  (204) repondant aux signaux du
d~tecteur et aux i----    fonctionnementpourcetransistorbipolaire, une
risis-  caract6ristiques du bruit donnees, ainsi qu'A une tance de
collectbur (R7) reli6e A I'electrode collectbur  entr6e de commando pour
aJuster Is niveau des du transistor bipolaire, pour constituer l'impidance
de  40  caractdristiques du bruit et les niveaux donn6s collectbur, un
etage A transistorformant amplificateur  correspondant des signaux du
ditecteur de maniere A contre-r6action (Q3) relli A la r6sistance du
collec-  A foumir des signaux composites ayant des valeurs tour (R7),
repondant au signal de sortie de manibre A  normallsees, des moyens
comparatburs (236, 238) coupler l'6nergie correspondant A ce signal A la
resis-  repondant A ces signaux composites en comparant tance de codlectbur
(R7), afin d'elever l'imp6dance de   45  leur amplitude avec des niveaux de
seul sup6nefur et collectour effective de celle-cl et de fournir une sortie
inf6rieur prer6glables, afin de foumir des sorties de de l'int6gratbur
(116), un condensatour (C3) branche  donn6es impulsionnelles correspondant
A ces entre la sortie et l'entr6e de l'integrateur, pour foumir
comparalsons, et un circuit loglque (260) r6pondant a une valeur de
capacit6 choisle Inf6rieure. A un picofa-  ces sorties de donn6es
impulsionnelles en produbsant rad, et un circuit d'attaque (118) r6pondant
au signal  so  lea signaux de sortie de donn6es Impulsionnels, et en
d'ampliflcation de tension afin de foumir les signaux  ce quo les moyens de
commando (212) repondent au du d~tecteur.
signal de bruit, provenant des moyens de formation 4. Apparell suivant la
revendication 3 caracterls6  de la moyenne du bruit, en foumissant ladito
entr6e en ce quo le condensateur (C3) a une capacit6 d'envi-  de commando
au circuit de normalisation (204). ron 0,25 picofarad.
55      9. Apparell suivant la revendicaflon 8 caracteris6 5. Apparell
suivant la revendication 3 caract6ris6  en ce que les moyens de commando
(212) r6pondent ence quo le circuit d6tecteur (110) comporte en outre  au
signal de bruit des moyens de fommation de la un cristal (58) sensible au
rayonnement gamma, une  moyenne du bruit de maniere A pr6r6gler Is niveau
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seull Inferieur A une valeur qui est au moins aussi ele-  rieure (64) du
cristal et le moyen de contact (74), le vee quo ledit signal de bruit.
circuit detecteur (110) appliquant la polarlsation elec- 10. Appareil
sulvant la revendication 8 caracte-  trique A travers le moyen de contact
(74). rise en ce qu'll comport. des moyens d'acquisitlon     13. Apparell
suivant la revendication 12 caracte- d'lmpulsion (224) repondant aux
signaux composites   5   rise en ce quo le moyen de compression (75) de
manire da foumir des valeurs de signaux de crete  comprend une matiere
compressible (68) du type correspondant au niveau donne instantane Is plus
mousse, conductrice de I'electriciti, ot un organs de eleve des signaux du
ditectur, et les moyens de   retenue (75), transparent A l'egard du
rayonnement, commando (212) repondent a ces valeurs de signaux  pour
maintenirla matibre (68) du type mousseA I'alat de crteb en prireglant le
niveau de seuil superleur en   10  de compresslon contre la surface
anterieure (62) du correspondance avec ces valeurs.
cristal. 11. Apparell suivant la revendication 8 caracte-   14. Apparell
suivant la revendication 13 caracte- rise en ce qu'll comport. un reseau
gen6ratbur     rise on ce que le moyen de compression (75) est d'lmpulsion
(312) pouvant tre mis en fonctionnement  espace de la fbnetre (18) d'une
distance predtebrmi- pour produire une impulslon de diagnostic ayant un.
15  nee Atablissant un espace d'air mort entre eux. amplitude et une
largeur commandees, et on co quo      15. Appareil sulvant la revendication
14 caracte- les moyens de commando (212) sont realises de      rise en ce
qu'il comporto en outre un second Insert manlere A mettre s61ectivement en
service ce r6seau  mince (71), permmable au rayonnement et conducteur
g6n6ratbur d'inpulsion (312) et A surveiller lea   de i'6lectriclti, plac6
dans la portion ant6rieure (20) moyons (218) de formation de la moyenne du
bruit, Io  20  du bottier, ayant une surface adjacento A la fenitre circuit
de normallsation (204) et les moyens compa-  (18) et une surface opposee en
regard de l'espace ratours (236,238), afln d'6valuer leurs performances.
d'alr mort. 12. Apparell suivant Is revendication I caracte-   16. Apparell
sulvant la revendlcation 12 caracte- rise en ce quo la portion antirieuro
(20) du bottler  rise on co quo le premier insert conducteur (70) eat
comports des parois latiralesform6es en une matiere  25  unefeuille d'un
caoutchoucau sillcone charge de car- s6lectionn6o attenuant le rayonnement
gamma, pri-  bons. sentant un effet de biindage 6lectrique et s'6btndant
17. Apparel suivant la revendication 12 caracte- 



jusqu'A une fenetre ant6rieure (18) pouvant etre pla-  rise en ce qu'il
comport. on outre un trolsibme insert c6e A proximiti de la source, la
fenitre (18) esat placde  mince (72), souple, conducteur de '6iectricit6,
dis- dans l'ouverture antirioure pour permettre la trans-  30  posi entre
Ie moyen de contact (74) et la surface pos- mission d'un rayonnement gamma
ayant une niveau    t6rieure (64) du cristai. d'6nergle au moins aussl
faible quo 27keV, A travers   18. Apparel suivant la revendication 17
caract6- ladie ouverture anteneure, tout en bloquant le pas-  ris6 en ce
que le troisibme insert conducteur (72) eat sage de la lumiere, le circuit
d6btectur (110) comport.  une feuille d'un caoutchouc au silicone charg6 de
car- un cristal (58) sensible au rayonnenont gamma,  35  bone. plac6 dans
la portion anterieure (20), ayant une sur-  19. Apparell suivant la
revendication 12 caracte- face ant6fioure (62) toumee vers la fenitre (18)
et une  fise en ce quo le moyen de blocage (86) eat constitue surface
posterieure (84), un premlerInsertmince (70),  par un bloc en matibre
atthnuant le rayonnement, perm6able au rayonnoment gamma et conducteur
pouvant etre Introduit A coulbserment dans la portion d'61ectricith, forme
en un elastombre a charge de car-  4o  ant6rileure (20) du bottler et A
travers loquel est forme bone, adjacent a la surface ant6ieure (62) du
cristal,  un passage (90), cet apparell compontant on outre un un moyen de
contact (74), conducteur de I'61ectricdte,  moyen d'isolation (80) entre le
moyen de blocage (86) adjacent a la surface post6ribure (64) du cristal,
pour  et le moyen de contact (74), et en ce que le moyen de appliquerA
celui-cl une polariatlon 61ectrique et pour  contact (74) comport. un fil
de transmission (78) transmettre, A partirde cette surface post6rieure, des
45  s'6tbndant vers la portion (22) saisissabie a la main charges de
signaux Induits par le rayonnement      et s'6tendant jusqu'a des
composants du circuit gamma, ce moyen de contact comportant une portion
dteocteur (110), en etant en tension A travers Ie pas- disposee vers
'aniAbre, la sonde (12) comportant on  sage (90) du moyen de blocage, afin
de transmettre outre un moyen de blocage (86), form6 d'une matibre  les
charges des signaux et la polarisation 6iectrique. att6nuant le rayonnement
gamma, piac6 dens la por-  50  20. Apparell suivant la revendbcation 1
caracti- tion antirieure (20) du bolter et adjacent A la portion  fise en
ce qu'll comporte une gain. mince en poly- dispos6e vers i'an1bre du moyen
de contact (74), afin  mbre (730), stirilo, jetable, pouvant etre place de
bloquer l'entrde d'un rayonnement en direction de  par-dessus le bottler
(12) afin d'lsoler ce bottler des la surface post6rieure (64) du crlstal,
et un moyen de  agents contaminants. compression (75) dens la portion
ant6rieure (20) du  sc  21. Apparel suivant la revendication I caracte-
bolter, afin d'6tablirune relation de compression etde  ris6 en ce quo le
bottier (12) comport. des parole conformation entre la surface ant6rleure
(62) du cris-  intemos definissant une cavit6 inteme et Is portion tal et
le premier insert (70), et entre la surface post6-  anterieure (20)
comporte des parois latbralesform6es 31    61                 EP 0 2UU42 B1
62      1111111111111 281 4 542  i l6 en une matlere selectionneo attenuant
le rayonne-  rise en ce quo l'organe de retenue en elastomere ment gamma,
presentant un offet de blindage lectil-  (1268) eat une couche d'un adhesif
epoxy caout- quo ot s'etendant jusqu'A une ouverture anterieure  chouc.
(18) pouvant Mtm plac6o a proximite de la source, la  25. Apparell sulvant
la revendication 21 caracth- fonetre (18) eat loghe dans 'ouverture
anterieure pour   5   rise on ce qu'il comporto une gaino mince en poly-
permettre la transmission d'un rayonnement gamma  mere (730), sthrile,
Jetable, pouvant etre place6 de nvau d'norgle au mons auss faiblo quo 27kV,
par-dessus lo boltier (12) afin d'isoler co bolter A travers I'ouverture
anterieure, tout on bloquant le  l'egard d'agents contaminants et de
conserver I'exth- passage de la lumlere, la sonde (12) comportant un  risur
de l'instrument sthrile pour la chirurgle. moyen de blocage (86, 1230)
formm en une matiere  10 choisle pour attenuer le rayonnement gamma ayant
lesdits niveaux d'enorgle prhdteorminhs, ayant une surface oxtomo (84,
1246), pouvant etre supporte dans le boltior et ayant une portion (84)
pouvant s'teondre, dans la portion anterieure (20) du boltier,  15 Jusqu'A
une surface d'un support de base, un moyen en elastombre (12, 38) dispos6
entre le bottier et Is moyen de blocage, afin de maintbnir ce moyen de blo-
cage (86, 1230) espach de la paroi Intome du boltier, un support isolant
dlectriquement (80, 1250) monte  20 surla surface (84,246) du support de
base du moyen de blocage et ayant une surface de montage situee A
l'exteriour par rapport ala surface du support do bass, et un coussin
amortiaseur de chocs (72, 1256), compressible elastiquement, place, en
etant adja-  25 cent, sur lo support bsolant (80, 1250) et ayant une
surface disposhe A l'exterieur, le circuit dhtectour (110) comportant un
cristal (58, 1262) sensible au 



rayonnemont gamma, ayant une surface disposae vers l'arrinre (64, 1260)
adjacoent au coussin amor-  30 tissour de chocs (72, 1256), et une surface
disposeo vers l'avant (62, 1264), des moyens de miso A la masse
(68,70,1286), pour mettre electriquement A la masse la surface du cristal
dispoede vers l'avant, et dos moyens de polarisation (74,1258) pour
appliquer  35 une tenslon de polarbsation 6lectrique A la surface
posterieure (64, 1260) du cristal disposie vers K>   I'arriere, la sonde
(12) comportant en outre un moyen de robtnue en elastomere (1268) place
pardessus l'ensemble du support, de la couche du coussin amor-  40
tlssourdechocs (1256) etdu cristal (1262), afin deles assocler on les
comprimant mutuellement, et un moyon de retonue pour mettre en position la
portion antorieure (20) du boltier par-dessus cet ensemble et la portion
(1268) du moyen de blocage de tile fagon  45 quo la surface du cristal
disposae vers l'avant soit espaceo de la fenetre (18) d'une distance
permettant I'htablissement d'un espace d'alr mort (1272) entre eux. 22.
Apparell sulvant la revendlcation 21 caracte-  50 risa en co quo Is moyen
de retenue en elastomere (1268) oet une gaino mince pouvant Atre monteo
par- dossus l'onsemble. 23. Apparel suivant la rovendicatlon 21 caracth-
riso on ce quo la couche du coussin amortisseur de  55 chocs (1256),
compressible elastiquement, ost en un ffssu non tbse en Teflon. 24.
Appareil sulvant la revendlcation 21 caracth- 32    


