; e3e.d"ZJ6T. al9 MAR 2002 BACKGROUND of THE | NVENTI ON The present
invention relates to an X-ray 5 10 15 20 sensor signal processoi 3 AR 2002
" processing output signals of X-ray sensors for non-destructive inspection,
and an Xray conputed tonography system (hereinafter referred to as "X-ray

e T i oy " emsbr sTomat by ogeasor Ceceneh o aar e AN
generated in each of X-ray sensors can be renoved and a val ue propgsisional
to the average nunber XeRAYBDEINS PROCERSOR D CaRAcCOMFUEEINed even in the case

where a smal | nunber of | AGIERREYWEEORSUSH® iy 8 and an X- WWMWHI

(comput ed tonography) system using the X-ray sensor signal pr
I ndustrial X-ray CT systens using X-ray pulses with high energy (Q;oooozt
or higher) have been devel oped in recent years for the purpose of

HH'Q’E

nondest r uctBARSGRANE D &t i Pt ErhatCMef ects, or the like, of netallic
parts or devices. Geﬁg er progress in researcﬂ and devel opnent has been
made for the purpose 0f¢ iQ%p%%‘ﬁ MRS YorTobfEeE WPt Anhi*gh@Yesol ution. An
X-ray CT system has been descri bed )%n H _25 Mﬁai, et ‘%g YA High ner gy

X- Ray Corrplfte&fQFor?Dlg%?ghf{%?W%‘fl LorP T TP BIPBet BePBFS®, ©toge

Nucl ear Sciwel I e AV : 816-820,.,_ 1 9 MAR
2002 - 2 &3%%2%%%@0%%%m %AB?{]CS)%Q? 1J9I8%$e%ﬁle$§i n%??e%gréferred to
as "first Backgrnd & tdmodyShigNady PF OF CE80F « { 94 £ PEPCESBL PP QUERUL
signals of X-ray sensors shown in the first background art wll be

descri bed &shelxowaw tdT rLfLIICE Wiy 0thd. X+Pay heessgpakighacessor 1 shown

in Fig. 9, sem conductor sensors (X-ray sensors) 21 to 2n are connected to
first-stagermdeasdrs. 9PdrtSnuiraspectivaetylaBesatisean Senagondnsbor sensor
for an X-ray conputed 10 tonography is shaped like a strip of paper with a
| ar ge signal processor in which a dark current generated in
each of X-ray sensors can be removed and a value
10 proportional to the average number of photons in X-rays
can be obtained even in the case where a small number of
incident photons are given, and an X-ray CT (computed
tomography) system using the X-ray sensor signal
processor.
15 Industrial X-ray CT systems using X-ray pulses
with high energy (of 1 MeV or higher) have been
developed in recent years for the purpose of non-
destructively inspecting internal defects, or the like,
of metallic parts or devices. Greater progress in
20 research and development has been made for the purpose
of inspecting a larger object with high resolution.
An X-ray CT system has been described in H.
Miyai, et al. "A High Energy X~-Ray Computed Tomography

Using Silicon Semiconductor Detectors", 1996 Nuclear

25 Science Symposium Conference Record, Vol. 2, pp 816-820,



size (for exanple, 3x40x0.4 mm) to detect a high-energy X-ray pul se
efficiently, there is a possibility that a dark current with a hi‘lgg MgRe%m]Z
- of the order of tens of nA may be inevitably generated in the sem conducto
15 sensor. In the first-stage circuit- 90,~ a capacitor 114 is provided to
AC- coupl e the sem conductor sensor 21 so that a voltage anplifier does not
amplify a Rewoliage caisehibhdfie daf K o4 r end 97 \Wieke 2 { Y St become

i ncident onto the sem conductor sensor 21, an electric current 20 fl ows
through a caRGid thlddevmusa alasidicurcdadges) ar ea gengrigated in the

i nside of the sensor. A voltage change generated on this occasion is
anplified prdossssinges Pdroamddsigey aopipdt es 59921 sinelf 92-rahesendyra
sanpl e/ hold anplifier 94 and supplied to a posterior 25 device. Fig. 10A
shows an owhmwn dafn tthee sfeim coritAckarowehsort 241 1h bhéedésesibddckground art,
and Fig. 10B shows an output of the sanple/hold anplifier 94 in the 19
MAR 2002 - lday rwittihaeadernme &5Q .Fih. Xray pulse is output with a pul se
wi dth Tw. Hence, when there is no object or when an object penetrated by
the X-ray pulse is thith,thesFRPUPIRCEIRPOX- ¥ SPEMsH? FEIprovi ded as a

rect angul a(ré5 5 wave out} u}__é?eigL,nOSlCEL so! i d |in§%rh££%%f%i og?al%%oajtége dose of the
X-ray puls %ﬂf%ﬁﬂﬂﬁf' . .}héﬁi , . e npl e/ hol d
anpl i i er 94ortr§eéqpetd”“%edfq.s @-”s@&@eoué'}?%ié’% operid ogal 49 é%@i@é(f age

0 T 11 ne except the poOr L |

nunber of pch ons per uni cep iTSt 1ising on as shown in

10 Fig. 10%ecuq}%§é‘ea N A ¥ay Sh 5 aﬁ’oP“Aﬁ?@—bi; fc%rﬁﬁ@f:‘&@ a thick

object, the n er of 1 ncident photons 1s reduce east four digits

conpar g vviﬁdhé%ﬁpggﬁ%%&‘péw vhiecd dsrsftor hessdiseyifie X-1aygpul ses 15

are attenuated the X-ray pul ses becone incident on the sem conductor
sensor 21. shhe outdtteddbid), B y.40004. shews 8B asaepkeaohigheetutrgyt of the
sem conduct or sensor 21 in the case where the object is so thick that a
smal | nunbet-xfy ipcl ke rd £ ot emsl vy eclggvenis As shosdbPDity Ehgt 40A, the
out put of the semiconductor sensor 21 is not kept constant but it has a
wavef or m t raput@utrere ghttlofa whigh leverki ghtehedooity ahehephoebns are

i nci dent on the sem conductor_sensor 21. In this case, the output of the
sanpl e- and-HoIR2 ks i ¥1@¥F1 b1 g FRREDBL @ pin chRt BpRiCePdRerOr as
represented by the output 104 in Fig. 10B. That_js, the value h by the
sanpl eﬁﬁol i Tfier™ 9&‘%0@%’%%?5%‘?%\%%1%%&%5%661 %o??%ﬁ%lb?ﬁpﬂ ional to
t he average, nunber. of  photons per, unit ti e, 9. MAR 20p2_- As

descri bed SHOVETHET T RBoeRar bn 2 RSO RT BT 68T oRePRAE T vaPt age
proportion o) S . WD } ! t obtained
when a sna?%hénﬁr%gr%%%%giﬁno%%{@%%%t%%gggéggg?%%yg i @%c %.ié%@gf or
obtaining a-#MdAy PP Mark current. When X-rays become incident

onto the semiconductor sensor 21, an electric current
20 flows through a capacitor 114 because electric charges
are generated in the inside of the sensor. A voltage
change generated on this occasion is amplified by two
stages of voltage amplifiers 92 and 92’, held by a
sample/hold amplifier 94 and supplied to a posterior
25 device.
Fig. 10A shows an output of the semiconductor
sensor 21 in the first background art, and Fig. 10B

shows an output of the sample/hold amplifier 94 in the



tional to the average nunber of photons even in the case where a smal

nunmber of incident photons are given has been described in JP-A- EﬂBQleR?'Zﬂﬂz
" (hereinafter'referred to as "second background art"). In the second
background 10 art, there has been descrihed a nedical X-ray tonography
systemin which a voltage proportional to the average nunber of photons is

obt ai ned byeaSoola ORANL SAALL: Of LhUgtHay i o £OMPONGRLS, DL aLAeY as a

result of renoval of a DC conponent froman output signal of an X-ray 15
sensor by HEPRAGI{PIn T S H&edd) Gligeh St gaté eds " heobbiBaR 8URREnVOl t age
techni que"” or "Canpbell's technique". Assune now the case where the second
background @i tobFe@tppbersht tocédeby i tisé backgroubdeaits. tBOnepreal |y, the
pul se width of an X-ray pulse used in the industrial X-ray CT system which
i s a subjectutgfutt hef fihstXberkgseundr ai ¢ psosetieicabeasnmakbtafighdat-5 ~. s)
conpared with the medi cal X-ray tonography systemwhich is a subject of the
second Backggounehwput The psdbsed 2bingl hpxopbraignal | tputbe dpdehofhowever,
cannot be renoved by a capacitor. Hence, fluctuation conponents cannot be
taken out eXeg WSTYAY Physa 2apieev¥hrikveRdi nl@he cHSBCRheEBet ABtBBEON
background art is applied to 19 MAC 2002 - 5 the industrial X-ray CT
syst em whi ¢t i'$'% Eetnofd 1 #P+1 8T bat kF oRb2APed BEcA0SsBUEPYEI t age
proportion o the avera nunber of photons _cannot b bt ai ned accurately
by Fhe. r oot bcht Seriar Eo9E B erSh e Eies P omS PP URF BRpRh S oREBnont <
cannot be t e I V. , I r Lon e.average
nunber of p oﬁgﬁgH%%ﬁ%%éégia%ﬁ%af%%%ea%ggfgﬁeﬁgpéééﬁ ?% %ﬁg&gaég where the
second jpackgyounth@rt is applied to the first background art as described
above. 10 SUMVARY OF THE | NVENTI ON An object of the present invention is to
provide an X-ray sens®f Sh&N3bnPFLEESSPhehNamhkchad QalbeQUFéggt gener at ed
in each X-ray sensor can be renoved and a val ue proportional to the average
number of Ilthphedlons tiickrelysecan bee ohtmbaedoevencidehbephasenshere a
smal | nunber of incident photons are given, and an Xray CT systemusing the
X-ray sensois stgmatepriogessoleahefpueseéngitaveonpanedswihhr abkeri zed by an
X-ray sensor signal processor for processing an output 20 si?nal of each
X-ray sensofa$orvherect® ngbpetselsi ket X pagausai thedXfram BRHl&€8el er at or
and passed through an object, wherein the processor conprises a filter for
renovi 1§ a IXS CAPINENESE Rt PR BE phTraY gRalS8F PREORRayNSAAEBE, and an

i ntegrator for

i ntegrating the output 22 sigpal of the X.ray sensor after
Foroval of The- BT TORGOHEREChY” (FERFPT(oF: ALRBr ORRBUEosPRo Br Eotnt
i nvention, %ark 1 R 2002 - E curren n t LN ﬁ ?—ray sensor
can be renn@% %%%%is%gt%%é%%g%c?Fp h?oguﬁéﬁévggggéngggéﬁﬁé gﬁ OFron1the
out put S'gnéén%%rt@f fﬁr@ﬂe359§9rgh§F9rQHédSQj%égd%Q ¥8'SH%E&PEHEE'°”?' to
t he average nunber of photons in -rays can” be obtal ne y integration of
the output a small number of incident photons are given. As shown
20 in Fig. 10A, the output of the semiconductor sensor 21
is not kept constant but it has a waveform the output
neight of which is heightened only when photons are
incident on the semiconductor sensor 21. In this case,
the output of the sample-and-hole amplifier 94 is not
25 kept constant, either, as represented by the output 104
in Fig. 10B. That is, the value held by the sample/hold

amplifier 94 does not always express a voltage propor-

tional to the average number of photons per unit time.



signal of the X-ray sensor even in the case where a small nunber ot‘ MAR 2002
i nci dent photons are given because the integrator for integrating tﬁ%

" output signal of the Xray sensor after renoval of the DC conponent is 10
provi ded. According to the present invention, a dark current generated in
each of X-ray sensors can be renoved and a val ue proportional to the

aver age nunergedfc AALONSGAN, be, Obt al edven-bing hercaggswere a 15 smal |
nunber of incident photons are given. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 showsgbienfirhy af iyl A0 drei Shanat o PFREESSOFags a preferred
enbodi nent of the present invention. 20 Figs. 2A and 2B show confi guration

di agranms ofnuaibet réty fhlotsrsd afe asurdi Prefes res eebogbrenhe8f whbg present
invention. Figs. 3A and 3B show graphs show ng the out put current waveform
of the semsmiductuibesensOriddi dept gitest &bs i ard-igivdnand t he out put vol t age
waveform of the integrator depicted in Fig. 1. Fig. 4 shows a flow chart
showi ngSthe 19 MARZR(0GXxhmigyatfon e@ftaheireom robleigeupropordepicted in
Fig. 1. Fig. 5 shows a configuration diagram of a signal processor as

anot her enboditfentt dfthhe PRaEhtNWRRNtPbreh Gt g, e6eRhbhsthe coAff gur ati on
di agram of a signal processor as furfher enbodi mrent of {he present

i nventi on. ‘ﬁ?egr.e o DERRT a%?ﬁld%?%gﬁ’%%%?s 2 EF gAY SPrBR&ssor as a
[ur her eTodLielloSLALP BLEREOL 404 QYPI 100, o PO B oDOME e co |
used in the, enbodi BNt Ol i Sund-aF 9y . 9 PHOVRe A5 E0BL 4 9HL AksPBu AL agr am of a
10 art, there has been described a medical X-ray tomography
system in which a voltage proportional to the average
number of photons is obtained by a root mean square of
fluctuation components obtained as a result of removal
of a DC component from an output signal of an X-ray
15 sensor by a capacitor. This technique is called "root
mean square voltage technique" or "Campbell's
technique".
Assume now the case where the second
background art is applied to the first background art.
20 Generally, the pulse width of an X-ray pulse used in the
industrial X-ray CT system which is a subject of the
first background art is set to be small (about 5 us)
compared with the medical X-ray tomography system which
is a subject of the second background art. The pulse
25 with such a small pulse width, however, cannot be
removed by a capacitor. Hence, fluctuation components
cannot be taken out exclusively by a capacitor even in

the case where the second background art is applied to



15 signal processor in the first background art. Figs. 10A and 10 sgﬁﬁ&
graphs show ng the output current waveform of the sem conductor s s Zmn
depicted in Fig. 9 and the output voltage waveform of the sanpl e/ hold
anplifier 94 depicted in Fig. 9. 20 DETAILED DESCRI PTI ON OF THE | NVENTI ON
Enbodi nents of the present invention will be described below in detail by

using the dnawingssdEdodioen & %&enﬂf @#‘99&? 20 5—&995-%%?@?8% éiggna'

processor 25 which is a preferred enbodi nent o e pres i nvention. Fig.

2 shows an piry Halkieysd el usiing thecausdya _S@@§@£g§LﬁP@ﬂ)oP€95§§§ofodepi cted
in Fig. 1. 1 g MAR 2002 _ g _ Referring first to Fig. 2, non-destructive

i nspecti on #ne theerédayn by sé Empibt dndecaeset i bedobFagnedA is a side view
of the X-ray CT system and Fig. 2B is a partial top view of the X-ray CT
system In &cdurptely By rishie wodd memtredlere vossags aachkniqyepilfse out put
command to an accelerator 4. At the sane tine when the CT controller 9

i ssues the Huctugid ge cenpererbsmedanot hee CTakent pot| excQuissvadgy, an X-ray
pul se output start signal to a signal processor (X-ray sensor 10 signal
processor) d.vajorde eeeqrdohl @fal heo Xchayaparage onvPher cofmBhatonke

accel erator 4 generates fan beanl i ke (radial% X-rays with hhgh ener gy (not

| ower than QBINEY BFy $htathed i RFCoFatetAr gee4onwrif GASFoKNBESNTFRE
accel erati vel %gitt d froma |lingar_ac elgrgtO{ 41_.15 hgreknafteé
referred t PP JEOFHE Yehet At TP X FAYs°a REFHFPadPPF Hf PHE
accel erator g&tggqggg 9.colllﬁg$or 43. Although the X-rays are emtted as a

pul se with % short pnﬁsﬁp%ﬁ 0T "5 us fromthe accel erat or 9, both energy

and pulse width of the ion 20 beamirradiating the target 42 are controlled
by the LINAC 41 so that both energy and pulse width of the Xrays are

controhbhed.sgaRrY r&y Pk seyermti&ed fromthe accelerator 4 irradiates an
i nspection object 5 disposed on a scanner 25 6 and passes through the

object 5. A control sagnabjdet SHho¥Reisrgb¥eh igvéheissansetob by the CT
controller 9, so that the scanner 6 rotates and noves up and down in
accordance padhiddeac ot ray segsat . sBynadheprotasson andwhich a dark
current generated in each X-ray sensor can be removed
and a value proportional to the average number of
15 photons in X-rays can be obtained even in the case where
a small number of incident photons are given, and an X-
ray CT system using the X-ray sensor signal processor.
The present invention is characterized by an
X-ray sensor signal processor for processing an output
20 signal of each X-ray sensor for detecting pulse-like X-
rays emitted from an accelerator and passed through an
object, wherein the processor comprises a filter for
removing a DC component from the output signal of the X-
ray sensor, and an integrator for integrating the output
+ 25 signal of the X-ray sensor after removal of the DC

component by the filter.

According to the present invention, a dark



1 g MAR 2002 _ g _ up-down novenent of the scanner 6, any portion oé ﬁRﬁ 2002
object 5is irradiated with X-ray pul ses fromvarious directions b1y a

" plurality of times. The X-ray pul ses passed through the object 5 are

i ncident on an array of 5 sem conductorg sensors (X-ray sensors) 21 to 2n
via the collimtor 7. When the X-rays are incident on a depletion |ayer of
a p-n junctiQncn? Fneant < e ReM-GUAUEN 6 SENS0Se 2lehOvdd. @ large
nunber of electron-hole pairs are generated so that an electric 10 current
flows in thecseREeC aMdUEaaSaSOrfor! Neerid Eited PIMEessfisodeh S SEESm Sensor

out put data corresponding to the electric currents generated in the

sen conducttdre RS sAhriad HE tHee ppenatdaised 1dhepsdgived processor 1
will be described later. 15 A data transmtter-receiver circuit 3 receives
t he sensor veutueutp ragtcer thircgralt He ditgna vepraope gsowbelr aofl phatesms tsnt he sensor
output data to the CT controller 9. Incidentally, data transfer between the
dat a transiitieas ca@deibgeodiainfd & dmtadratGpore ont ridie epuiPPO i s perfornmed
t hrough a cabl e passing through a shield wall 8 because there is the shield
val | 8 bet iédRalheiddhe Harehisanser &everd e wass wWhrke e CT

controller 9. Both data transfer between the accel erator 4 and the CT
control |l er S8 "d’H&’z?rt Pafilsifr’éi'ld?é‘tbéztmst HF & HnfRY BLCRIES HeheT

controller ,9.are perfarned through the .cable in the s ner_ as

descri bed aBGVEIEFRE rcdrﬂtre(ﬂﬁ‘%rl@& eor?sliefrl?.}b ss%grbag‘{rgopgg’i'?/@(_i nmage of a
section of j i ‘[YEB 02 - e_sensor out put
data gi venria ts%glsé%[ cao%r%éollﬁég&q’@lan]odtgna es&g %Qmﬁ)%g?n%%? 10 di splay the

perspegyi Vg rddmaRd.I n the aforementioned manner, a perspective inmage of a
section of 'the object 5 is obtained. 5 Referring next to Fig. 1, the signal

processor 1 will be deswrdiet; dd g .presdite Semcoshictordsensors 21 to
2n are connected to first-stage circuits 111 to 1ln respectively.

| nci dent al lgur renity gane fdvest strageaadh rafli-dahi sdrddoe ckesase bed hereafter
because 10 each of the first-stage circuits 112 (not shown) to 11n has the
sane confi guamatviegh aasi tehata lofe tdmdanrtsitorstlage cire i terdde numbbdue
first-stage circuit 111, a bias supply 118 is connected to one end of the
sem conductcdr RR&@iems TR PY Phtalinettgwan ofn ag dage awhexerase bias to the
sem conductor sensor 21, and a resistor 119 is connected to the other end
of t helgenmSEEdudgiPede Rfort L dqHe iRNGT NS A X] HELW™her end of the resistor
119 is connected to the ground. Further, a capacitor 114 is 20 connected to
a junction between the sem conductor sensor 21 and the resistor 119. The

ot her end @‘Rfﬁ_ﬁ%ﬁig{m;% i,Ls[_IEE:Or & to an inverting input of an

oper ati onal ampl i ATesis nd a capacitor 117 are connected

in parallel to the operationg|,amd ifd.ef; t Z5n T9es atfopal anplifier

115, the resistor 116 a_n'd the capacitor 11/ forman integrator.
Her ei naft ersidria qpeycdd ala fmplddd @ r ddd, edb®a iksh st Of ddé and the

capacitor 117 will be collectively called "integrator". 19 MAR 2002
present invention.

20 Figs. 2A and 2B show configuration diagrams of
an X-ray CT system as a preferred embodiment of the
present invention.

Figs. 3A and 3B show graphs showing the output
current waveform of the semiconductor sensor 21 depicted

25 in Fig. 1 and the output voltage waveform of the

integrator depicted in Fig. 1.

Fig. 4 shows a flow chart showing the



- 11 The first-stage circuit 111 is configured as descri bed abov %pﬁAR 2002
descri bed above in the background art, a dark current of the order tens

" of nAis generated in 5 the sem conductor sensor 21. This dark current is,

however, a DC conponent. Hence, the dark current does not flowinto the

i ntegrator through the capacitor 114 but flows into the resistor 119. In
the first-sigge€idicubt éﬁé-céﬁ@r@ﬁr¥195u£€n12'ée??&@é@dlhnFE isjmanner. 10
When an X-ray pulse is detected by the sem conduc sensor 21, the
frequency band of therpyl pitsigstis eatcohfi fersenbsoadugtan sgngor 21 is not

| ower than the order of tens of kHz because the pulse wdth of the X-ray
pul se is 5 dsisgndenseocédieoous puindbhetr embdbdinens oAt ehehprestagr at or

t hrough the capacitor 114. Because the inverting input of the operational
anplifier libvémrienan imagi nary short circuit, the output current little
flows into the resistor 116 but flows into the capacitor 117. Hence,

el ectri & charges 20 af¥Jstoreown aheovdpagrabionidiaghan pheax-ray pul se
detection in the sem conductor sensor 21 is conpleted, the electric charges
stored in theIRabRTEFSaY %ﬁeadfgéha?gegm?a@%@ﬁﬁat@é)thﬁ REESPBANCe with
the tine constant determ ned on the basis of the conbination of 25 the

resi stor 1178V%RICTHR: capaC|tor 117 because the output current fromthe

sem conduct or sensor fl |s constttuted ark cgrrent as a DC

d
conponent . | nci dent al ?o?oﬁ f%?ﬁ?ﬁ%%@ ?hagraT 8*MAR 2002 - 12
resi stance 1 n e t citor
117, that |§&§ga%g§ﬂd%§%%épda%egn?%?ﬁég 8&?8&&&§§§S g%?B&nP? %gggescribed
| ater. 1B 0. 1 e SOONS, t he out put current waveform of 5 the sem conduct or
sensor 21, and Fig. 3B shows the output voltage waveform of the integrator
constituted by the combg Nag i SRowé s heoppegathonsh amBbrhimeinlithe the
resistor 116 and the capacitor 117. In Fig. 3A an output waveform 31
(solid |Iinejasdomsetdef buk psii gddl wavetessooE Lhetsepecapduated sansor 21 in
the case where an X-ray pul se not passed through the object 5 is incident
on the sen thmderctodimemsoof 2Bigant. t he ot her output waveform 32 shows the
out put waveform of the sem conductor sensor 21 in the case where the nunber
of 15 incident photon8ign ?hehxwsay penfegunetdent dbagrae eénkconduct or
sensor 21 is reduced to a one-digit nunber because the X-ray pul se passes
t hr ougha t%&%@aboﬁ¥?%ﬁsﬁ@rth% B%?e@%rSt Pachgzerngedrhbove in the

background art, the o ef or, é t he senlc ndu tor sensor 21 20 is
shaped to be a rectanﬁhE p?%ﬁg}S AReY ?ﬁ@p 833 8¥iPHe ; ray pulse in
the case why @@%a&#@rﬁpwgégfgg’ﬁsoe%heagam&hsgggcgwesgﬂgsgt 23 Wher eas

t he out put wavef orm o e Sefi conduct Oor “sensor Shaped~so~as to be

hei ght ened qubycuben; phet onsoaeqi b ditpl LBe:25.Spabeadncber sensor 21
e a

in the cas ere the X-ray pul se passes roug thick portion of the
obj ect 5. Ashshs, amﬁ}@/ﬁbgd SBpliniéhesgagepybeea therXgayopul se does not

pass through the object 5, the
20 DETATILED DESCRIPTION OF THE INVENTION
Embodiments of the present invention will be
described below in detail by using the drawings.
({Embodiment 1)
Fig. 1 shows an X-ray sensor signal processor
25 which is a preferred embodiment of the present
invention. Fig. 2 shows an X-ray CT system using the X-

ray sensor signal processor depicted in Fig. 1.




1 ~ MAR 2002 - 13 integrator output corresponding to the sensor q @thR 2002
i ncreases substantially linearly during the current output fromth

" sem conductor sensor 21 and then electric discharge occurs gradually

(output 33: solid 51line). On the contrary, in the case where the X-ray
pul se passes through a thick portion of the object 5, the output of the

sem conductor sensor gdrdsrifdegiatiedcsorifatoa Nohtagetphepeyki onal to the
nunber of incident photons is obtained. That is, in the case where the X 10
ray pul se passssctivough thé kckaporti opsoémt heldbpeclieborabyal t age
proportional to the nunmber of incident photons can be obtained in this
enbodi ment higaud®e b a nd 2@e at belw vat uehée sxeahgutat sdsbygmysendf Fibe
integrator even if the output waveform of the sem conductor sensor 15 21
changes wi t2Bthe paszageabftep meiewnof hiken®innay, Caceystieng t dnt he
first-stage circuit 111 in this enbodi nent, a voltage proportional to the
aver age Snunbed - ofAphbioas ia X ra9RtEakhler dbiasned abclrat¥l puldRlet her the
X-ray pul se passes 20 through the object 5 or not. Furthernore, no

sanpl e/ hol CHMRHT f FUFMHRAEO t 3P bREPE ST YERS i b+ t hPE ERBo8PRENFiB&cause the

integrator i.n this enbodi nent. serves, al so as, an_,sanpl e/ hold anmplifier shown
:n tge firé%hiﬁui@ﬁo dc%?Y?o}ieﬁégi%FB €Sj h?h¥§rn§bBHEﬁ§nP?g§§%tLe bi as

state of th ] €0 t o] paci {0 1 urns to a
St eady st at ST atityChr SO PR Ten s, LEFuEBERE Kabad By 1Sk e
irradiatio S i £.cha e y (be_ % 1 g MAR
2002 - 14 q%u se a?%éégogéﬁg%% ?%egcéggﬁ??ogﬁéégsgggnég,gﬁ %gég?rsmﬁtch
needs 19 besPgRyi delbcd Hsbhi s1Mmanpgsn Ae6ORELBA b8 the kikal-phage circuit
111 in this enbodinent, hardware configuration can be sinplified.
| nci dent al | yutpuBiscornstid pethabsyeel easgbonf 4t fenérasesstagebenmeui ts 112 to
11n has the sanme configuration as that of the firststage circuit 111.
Qut put endsliiket headiab) -S+tagescwithi hsghlénéogilnboulpuwerentanoll t he
integrators? are connected to 10 switches 131 to 13n, respectively, in a
mul ti pl exerMa®) Wycbnradiatiegudf a2tasgets4a withsah é¢onmbmrdmto the switch
131 after 10 us_fromthe start of X-ray pulse irradiation. Incidentally, an
X-ray pul se2@@eLeTohicehytenighad 6uPpud L1EiBAREhACCTLIEBAEPSI Hér 9 is
suppli%% 15 to the gontrol cirggit 12 throu he data transmitter receiver
3

h
circui t£23 aftEEHIRTYST FRRRET ft?r?ﬁdfﬁgwgﬁ"itarF ewWHERSERESR Fay pul se

em ssion start _signal_is supplied to the control c¢irecuit 12, the control

i roui 0 12 F8¥Rea T e Er et er b RS rPLP o 3656s it FERPHAR Btart 20 of
irradi ation 0 eption " sg" , : itch_ 131 is

cl osed so t%%%P.1eE§§tg%f s%%%%%ggP ?hg ?ifé?gggggeeégﬁgépig%lf is supplied
to the A'E’ﬁ@Dyérﬁﬁfhlé;sﬂB?tC§81§@|w§a£ﬁUbE §2 i $stiesm "open” and "cl ose”
commands so that the switches 131 to 13n are 25 cl osed successively at
intervals ofcbeBdssatdhen, bbehcenkkgy ahlcpglil sé2whiagsHesfamrhA- Dogonver si on
command to the A-D converter 14. Upon reception of the A-D conversion
comman®0 t hieed#mDirradiating the target 42 are controlled by the

LINAC 41 so that both energy and pulse width of the X-
rays are controlled.
The X-ray pulse emitted from the accelerator 4
irradiates an inspection object 5 disposed on a scanner
25 6 and passes through the object 5. A control signal not
shown is given to the scanner 6 by the CT controller 9,
so that the scanner 6 rotates and moves up and down in

accordance with the control signal. By the rotation and



~ g MAR 2002 - 15 converter 14 converts the output signal of the

firststage circuit 111 into a digital output signal. The out put sibrgaMAR 2002
* obtained by the A-D conversion is stored in a nenory 15 through the bus 17
by the control circuit 5 12. Incidentaldy, the nenory 15 has storage
regi ons which are provided in advance correspondingly to the sem conductor
sensors 21 40 KR fld’meti@a9r GiHEWddnddd 60 dd{)pseepsstbyetye Hence, the
af orenenti oned output signal is stored in a storage region corresponding to
10 the semgopictor sensadPadsed heish ther£PNbliDEe§i f et vA2ibgsues an
"open"” command to the switch 131 after 15 acs fromthe start of X-ray pul se
irradiati otdidd@didres m@f terphueehity oFf thitméSsueTié XAgaycpassescomand to
the switch 131. At the 15 sanme tine, the control circuit 12 issues a
"cl ose" compmEEkd cchitmugwi tloh diSPectpprerecaptidenofon hen”apeay cdHmand,
the switch 131 is opened. Upon reception of the "close" command, the switch
132 i s &l osmhigendugtemyl senforhe( Xt o3y ngepsorhe 3W teh2n3piat heeout put 20
signal of the first-stage circuit 112 is supplied to the A-D converter 14.
Then, the EHrdtatas cliit "reR sSiRe X afe W& REDNVRESEYRE c®Pménd to the A-D
converter 14, sqo that. the A-D converfer 14 copverts the ogt&t{t si gnal of

|

1
the first- ASRETHFAHETYR LT R PP d ' FEa DUt HUATBEERE g fhe out put
signal obtained b tqﬁ A- D conversjon géastor din a storagg regi on of the
memory 15 cOPIeSPonti fY (1T Tet condtRt of $3FL0r"93°¢Fir Stigh the bus 17
by the cont I ' .49 ca 16, T, Ing as
a%pl ied to ({lﬁéecﬁcgrg_t'v}ls laeééj %%?%u?%@%ﬁgé%%e%ﬁoigﬁﬁgggf %{aggg%%{:i gd to the

other fprSte$iage TG 1 Ik (QertlFondict Bt SsO£6881 OnThihe gL put si gnal
in each of 5 the first-stage circuits 111 to 11n 1s an output signal at a

poi nt of tigmsydedba Preseies ndaesot | derpst p@é@@%@fi@épéﬁ@iﬁ?m@beti on of
X-ray pulse irradiation. Hence, the level of the output signal at this

poi nt of tithe icletmtiercitfwdntdhadenesitadten the semptehdoatofr X-ray 10
pul se irradiation. That is, the |level of the output voltage of the

i ntegrator sensach 2f theldirstheteperaticuiof 4 sbgddh psocedaced with
t he passage of tine because the output voltage is attenuated on the basis

of the timel cohkt e RIFHReRIPYe¥he product of the

15 A data transmitter-receiver circuit 3 receives
the sensor output data from the signal processor 1 and
transmits the sensor output data to the CT controller 9.
Incidentally, data transfer between the data
transmitter-receiver circuit 3 and the CT controller 9

20 1is performed through a cable passing through a shield
wall B because there is the shield wall 8 between the
data transmitter-receiver circuit 3 and the CT
controller 9. Both data transfer between the
accelerator 4 and the CT controller 9 and data transfer

25 Dbetween the scanner 6 and the CT controller 9 are
performed through the cable in the same manner as
described above. The CT controller 9 reconstructs a

perspective image of a section of the object 5 by using



15 resistance R of the resistor 116 and the capacitance C of the capacitor
117 as described above. In this enbodi nent, therefore, the output sli%;rMAR 2002
stored in the nenory 15 is corrected so that an output signal just after

the conpletion of X-ray pul se irradiat;@n_is 20 obt ai ned. The out put signal

| evel VO just after the conpletion of X-ray pulse irradiation is expressed

by the ol Loy ng ) SN 1iadl0 5 0ed Lo XD €4/ ) (ExpLegsLER 1) I

t he expression 1, time fromthe 25 conp ion o ray pul se

irradiatioggdd)a ididdiesy dnid %%Jﬁ%&%%%et;%? gﬁ%@#‘écéiggaimésg?' at time

,~, and ~ is the tinme constant. In t Irst-stage circuit 111,

I's 5 us because the tifms:{LUHS I OF i SRS UnSBEE, OF %aﬁsgéléeypesi gnal j ust
after the conpletion of X-ray pulse 5 irradiation is us. Incidentally, -~

for each ofiMdie fdf & -SdagoCidEUis ddjed® 9 1is CatprHEnOBT ai ned in advance
sothat t = 10 ~.s for the first-stage circuit 112, t = 15 us for the

first-stage circuit Heéfemihsmeans tecBuse 1hetlsev $Ldesl 13totes4d3n are

cl osed 10 successively at intervals of 5 us as descri bed above. Al so the
time constantwillcdre bie st diered | In adivanck, obhe¢ heethasdrdettohe product of
the resistance R of the resistor 116 and the capacitance C of the capacitor
117. Hence,S&THRTUIPUIL S GhaA e NI e Ehelf bOFHTSBRIRI RETEYLiFast after

t he conpl etjon of | se . iryadiation,can obt aj ned on_t he_basi s of

Lhe e tn & 15 e et Tl eddlaPly Cat P rheeus e tand + In
t/ ~ d . t/ is, d ti ffici t f

o tenond 3erge Zh it o L R e - BB h eP L P EORL R RE " ( ore

Ehen oD padi deWne | £ A CHLLGL| N EORLLI PAETESETBRLLRP 1B BEKENCS. o

correspondings 0,4 mea\%&né LOL 1 SRNSOTSngd &P @Q?iﬁifeﬁtgfegsg to the 25

out put signal |evel at the point of tinme just after the conpletion of
X-ray pul se-i¥sadti atipn by the control circuit 12 with use of a
correspondi ng correction coefficient stored in the correction coefficient
menory In the first-stage circuit 111, a bias supply

118 is connected to one end of the semiconductor sensor

15 21 in a direction of applying a reverse bias to the
semiconductor sensor 21, and a resistor 119 is connected
to the other end of the semiconductor sensor 21.
Incidentally, the other end of the resistor 119 is
connected to the ground. Further, a capacitor 114 is

20 connected to a junction between the semiconductor sensor
21 and the resistor 119. The other end of the capacitor
114 is connected to an inverting input of an operational
amplifier 115. A resistor 116 and a capacitor 117 are
connected in parallel to the operational amplifier 115.

25 The operational amplifier 115, the resistor 116 and the
capacitor 117 form an integrator. Hereinafter, the
operational amplifier 115, the resistor 116 and the

capacitor 117 will be collectively called "integrator".



1 g MAR 2002 - 18 16 in advance (that is, the output signal level is
multiplied by a corresponding correction coefficient). The correc\t%cﬂmtm
signal levels VO are overwitten in storage regions of the nmenory 15
corresponding to the 5 sem conductor_sgnsors 21 to 2n respectively. The

out put signal levels stored in the nenory 15 are supplied, as sensor out put

data, 10 thgedataskranRgde! LE-hAGEIMAr iF Il d ghidy TES RSS9 4 he request
of the CT controller 9.@10 The aforeneﬁiione&ﬁﬁﬁbceséing |§§$%%%%ted
whenever Xabayepul se irradiation is performed once. On this occasion, the
out put signals of the first-stage circuits 111 to 11n, that is, the output

signal s of the integrat descnitedbatated imtiHe thesigtiqutia sdonala of the 15
first-stage circuit 11n is converted into a digital signal by the A-D
converter Hérutcurirentewd] s$hef drvernwuiputerss gralrsh nistgdremmaee g erro unti |
the next X-ray pulse irradiation. It is, therefore, necessary that the tine
const and fsheegehiiconagicaosT s¢dts@tridied Bhitshedak conmpiernt i3y of the
resistor |16 and the capacitor |17 is set to an appropriate value. A nethod
for deter mheMeyethe & &5 SCARCERof tHRR GRsithtordamls @ @he Raci t ance C

of the capacitar 117 in this enbodinment will he described bel ow  The 25
fol | owi ng PP&ef%§WtéP§9ﬂiﬁglﬁ??ﬁﬂﬁﬁqﬂiwﬁpﬁﬂﬁé$t rEREHRR ﬁi%f t he

i st 116 t he . i, t C.of t it 17 to b
ot er m nedPUCLY Gl ‘TP SRR Sty of oI (1 ShaTiee 1 - MR
2002 19 qdenendt ad by AChOf e A A duite A htmen (2) m
[digits]: dynam ¢ rande necessary for measurenent: ( S [V]: Tnput range

(mexi nygn i nput vol t agglerd Bf X8 gﬁl@viesr (@t eldbed Dy Ihd bits]: required
resolution; and (5) Tp [s]: cycl eriod of X-ray pul se.
semiconductor sensor 21, the frequency band of the
output current of the semiconductor sensor 21 is not
lower than the order of tens of kHz because the pulse
width of the X-ray pulse is 5 us. Hence, the output
15 current flows into the integrator through the capacitor
114. Because the inverting input of the operational
amplifier 115 forms an imaginary short circuit, the
output current little flows into the resistor 116 but
flows into the capacitor 117. Hence, electric charges
20 are stored in the capacitor 117. When the X-ray pulse
detection in the semiconductor sensor 21 is completed,
the electric charges stored in the capacitor 117 are
discharged (attenuated) in accordance with the time
constant determined on the basis of the combination of
25 the resistor 116 and the capacitor 117 because the
output current from the semiconductor sensor 21 is

merely constituted by the dark current as a DC

component. Incidentally, a method for determining the



In the cas
out put of

e where the X-ray pul se does not pass through the objec
each of the 10 sem conductor sensors 21 to 2n reaches

SMAR! 2002

t he out put voltage of corresponding one of the first-stage circuits 111 to
ot exceed the input range Mspof the A-D converter 14. Further,
signal level of the corresponding one of the first-stage 15

circuits 111starhhBemisbrbenat beruaked 419 @ ARl Wb dagibiteinddan a vol tage
corresponding to the required resolution nin the tinme Tp (set to 5 nms in

11n nust n
t he out put

this enbod
pul se. 20

bfeRhe Wabekikdrr @qUi,r ethakefiere d RUIIRRT € dét%ﬂ@ﬁir? r
The maxi num out put Vmax of each of the integrators is det

ay
er m ned

by the fol tas ngmexpoassaon 2ilVmbe deQ@upibed Bgueassion 2) The rel ation

Vmax ~ Vfs
A-D conver
i s deduced

nmust be established because Vmax over the input range Vf
ter 14 canf@dg.b8Anshsusedthe?Dutignde currertolwaom fogeme xpff es
1 ~ MAR 2002 - 20 fromthe expression 2. C ? Qmax/Vfs

s of the
sion 3

( Expr es®i ofth8) sEmichaduchera $ea soife 2A-Dadshvara-er3Blsharfuittes suf fi ci ent
to measure a smaller value by mdigits than Vmax, the follow ng

resol ution
expressi on
conpl etion
the sake o

10

15

20

25

CRLRUSt VB LB 98s WaNELOREd Aff thife IRHEITRHATOF IS HHO G Ry
t he. A-D gonvers

f‘:?lfgl Frﬁpmpfiinégtlpgn 'of t%ré % etrg% i%_nglc%rrh\éﬁritfeirerllhliss ’ r]t | ect
resistor 116 and the capacitor 117. 1In Fig. 3A, an
output waveform 31 (solid line) shows the output
waveform of the semiconductor sensor 21 in the case
where an X-ray pulse not passed through the object 5 is
incident on the semiconductor sensor 21, and the other
output waveform 32 shows the output waveform of the
semiconductor sensor 21 in the case where the number of
incident photons in the X-ray pulse incident on the
semiconductor sensor 21 i1s reduced to a one-digit number
because the X-ray pulse passes through a thick portion
of the object 5. As described above in the background
art, the output waveform of the semiconductor sensor 21
is shaped to be a rectangular in proportion to the dose
of the X-ray pulse in the case where the X-ray pulse
does not pass through the object 5 whereas the output
waveform of the semiconductor sensor 21 is shaped so as
to be heightened only when photons are incident on the
semiconductor sensor 21 in the case where the X-ray
pulse passes through a thick portion of the object 5.
As shown in Fig. 3B, in the case where the X-

ray pulse does not pass through the object 5, the

bef ore
ed for



Vmax X 10''~ = Qrax/C X 10-'" > Vis/2 (Expression 4 ) On the other W
the output of the integrator is attenuated on the basis of the tifn@ 2002
constant 2 - R X C. Hence, the maxi mum output Vmax of the integrator is
attenuated as expressed by the foll owi g expression 5 at tine ~. V(t) -
Vmax x exp(-t/i) (Expression 5) Wen nmeasurenment resolution of n [bits] is

required. Yotk gPutlo PG AANIALSE IR AR MOt I dieTsd ; 1, Goyel tage

corresponding t0 the required resolutionin the tine ore incidence of

the next X4hay-Rulese s dlnGt ta f olilfng, exiraspie &uitisdnde satisfi ed.
V (Tp) - VmaxXexp (-Tp/ 1 ) ~ Vmax/2n (Expression 6) 19 MAR 2002 - 21

Accor di ngl yuthhe thrg &eRrsisiti doddudiotesdisdhe f didwhgh expression 7. r
- RXC~ Tp/(n+1ln2) (Expression 7) Further, fromthe relations anong the

expressi onel3ctédiandlisdcharge Gomir hygrhduud1dly opsutgp: e3Pr ession 8.
Qmax/Vis ~ Cc mni (QraxXIOG'"X2") [/Vfs, Tp/ (R(n+1ln2) ) } (Expression 8)
| nci denbal yinethe fundheorcontin®ayy, rmearshesetass ivirend Sl Xerawne of
factors. In this enbodinent, the cycle tine Tp of X-ray pul ses can be kept
const ant bypulisieggpars seentttaloush tehe hhcde lprzitiom el dudse dl @ ¢ sS embodi ment
is applied to an industrial X-ray CT system Wen accuracy of 14-bit

resol uti on ¢ SUEPRG Of Sd ERIGPURE AT SYWIRT Al AD TEREFIER0f 10 [V]
(Ll 2008 V5 10 Sl d A SAMREN (LML, Supr 7 OB ARC
n this orBORR 1% FHOR 0 (A" (e 150 190 A T S st ance. R
oo oot ST RS RS 1 Ve el P B Eacen |
obt ai ned by cal Gd1atd N I dih EX R ESHOMBaber of incident
photons can be obtained in this embodiment because an
integrated value is calculated by use of the integrator
even if the output waveform of the semiconductor sensor
15 21 changes with the passage of time.
In this manner, according to the first-stage
circuit 111 in this embodiment, a voltage proportional
to the average number of photons in X-rays can be
obtained accurately, whether the X-ray pulse passes
20 through the object 5 or not. Furthermore, no
sample/hold amplifier needs to be provided in this
embodiment because the integrator in this embodiment
serves also as an sample/hold amplifier shown in the
first background art. In addition, in this embodiment,
25 the bias state of the semiconductor sensor 21 or the
capacitor 114 returns to a steady state immediately
after the completion of the X-ray pulse irradiation

because all electric charges generated by the X-ray



Fig. 4is aflowchart showing the operation 19 MAR 2002 - 22 4r3 (MAR 2002
control circuit 12. The control circuit 12 judges whether an X-ray pul se

em ssion start signal is received fromthe data transmtter-receiver

circuit 3 or not. The situation of the4autine goes to step 402 when 5 the
X-ray pul se em ssion start signal is received whereas the judgnent in step

401 15 reppated wbenstheodr ay Rilesespalasian iakart shngl de Mnle ecel ved

(step 401). en the X-ray pulse em Ssion start signal 1 ed to the

control cikgWikbhlReecRk0¢8SHeN@refvildaer.10 eutdpits $ignpalS dcddWiing
sem conductor sensors 21 to 2n starts after a predeterm ned delay tinme (10

~, S in thi gcerbedifiert) sitsgeassedulitt an 14Q2) thHls EmboxEmegduct or sensor
nunber ~ to be subjected to output signal processing is set to be 1 15
(step 403) hatheareacbolfdgetratdmmamgn e SSmed itfd eal .corlresipmrdiaiglyswi t ch 13i
of the multiplexes 13 (step 404). An A-D conversion command is issued to

t he A- [ comvedescribefstbpvefsracihed tthe AiDsdcomrargs aidmuitte WD |
converter 14 is conpleted, the data is stored in the 20 menory 15 (step
406) and aft®" dp@nhagoimgndarme CORFIUGLied Af et At dthe Hel nfifti pl exes
13 (step 407). Then, a judgnent is nmade as to whether ~ is equal to n or
not (mhethéFaﬁ§a§&F§Héﬁt1&a'a11 t he sem conductor sensors 21 to 2n is

perfored of o) (ShERetBhngl! o7 1ML SR AL U 9 OF e
ot ne 9083 26 REBRs e Bt 15598 e 8, PP R T
10 switches 131 to 13n, respectively, in a multiplexer 13.

A control circuit 12 issues a "close"™ command to the
switch 131 after 10 us from the start of X-ray pulse
irradiation. Incidentally, an X-ray pulse emission

start signal output from the CT controller 9 is supplied
15 to the control circuit 12 through the data transmitter-
receiver circuit 3 and a bus 17. Hence, if irradiation
starts when the X-ray pulse emission start signal is
supplied to the control circuit 12, the control circuit
12 issues the "close" command after 10 us from the start
20 of irradiation. Upon reception of the "close" command,
the switch 131 is closed so that the output signal of
the first-stage circuit 111 is supplied to the A-D
converter 14. The control circuit 12 issues "open" and
"close" commands so that the switches 131 to 13n are
25 closed successively at intervals of 5 us.
Then, the control circuit 12 issues an A-D
conversion command to the A-D converter 14. Upon

reception of the A-D conversion command, the A-D



the step 404. After the output signals of the sem conductor sensors 21 to
2n are A-D converted and stored in the nenory 15 in the aforenenttgnﬂﬂB gmn
manner, the output 5 signals stored in the nmenory 15 are correctetvo h
basis of correction coefficients staredin the correction coefficient
menory 16 and are overwitten in the menory 15 again (step 409). Then, a

j udgnent i a t Srg:Ssi-gn ste.signal is 10
recei ved fzri'(c))g?tg%te:gga?g t@’?g&g%‘%ﬁ et(ril@r %&:%’ slgr rgé"%??ﬁ'l torfgctgfe nfolt%ls%gt ep 411). At
a point of ;tLpge W@?Buti_lﬂe'igl' $ntheal HQgﬂ%@tl R the idata trafgn ssion
request signal is received, the corrected output signals stored in the
menory 15 gpephtassghhtedptaihle @3t anler ARYMddrife rka JrE G Wiodd cuit 3
(step 412). vﬁen data transm ssion is conpleted, the situation of the

routi ne goes hamkmbeyt N6 shepudBlthEhdusutlpubysit@ralcdomirdihes isetdiconduct or
sensors 21 to 2n are processed by the aforenenti oned operation of the
control5ci d@uit Ih2id2atAlilyoughet iemoerybddi merst stas sjwowegilmnscase where
the data correction step 409 is provided between the steps 408 and 411, the
i nventi on whycbeazppbiredigleso inho atVencss € omr@se anee ngatya teorttect i on step s
provi ded between the steps 406 and 407. That is, correction may 25 be made
whenever tBEMGPPALCEPENELNEPTENE 1sEF o dFdrEt $&ids GiF GPridcessldd. The

outputs of the_integrators are, however, attenuated while data carrection
s hade. ASCORAPMGES SPRRGHER e cUlSRE Sme S0t SHETEMERT HRISRMANTPUE o VAR
2002 - 24 _when corregti ogzi.s madﬁ__ at once after all 4 Q)e chth'{to signal s of
t he senicoﬁ&@@?&rlgeﬁ SF§%21™ 8 4R sf@ﬁ&&ql$qqﬁ§rﬁuﬁ)%P s descri bed

above {f tghg gg&ggbg%ggtoéss%%%%&i?qq above, according to this 5

enbodi ment current generated in each of the sem conductor sensors

21 to 2n can be renoyedbe¢ausednheQaradhar b4 jissyofed,dqyr renovi ng
a DC conponent fromthe output current of each of the sem conductor sensors

21 to 2n. EdhmBedM®betha salivenlQ 30r @Edledd amaly 5EorkBR awner agarhugiger of
photons in X-rays can be obtained accurately by integration by a

corr espondixrgaiynpedsat dr ravidr tiint, he haasd swhayfeexr Sk kb Muwherhef | nci dent
phot ons are given because the integrator constituted by the conbi nation of
t he 15 opedasiuenalf dimel i"cilesel'lSommand ¢ sther sl cdnd 3lhe ddpadig or 117 is
provided. Al though this enbodi nent has shown the case where the correction
coef f i £% ensamendiyel6 the soakrddd didWuit tieddssuem@ f'edrogiat t he hardware

anount is 20 increased by addition of the correction coefficient
command to the switch 132. Upon reception of the "open"

command, the switch 131 is opened. Upon reception of
the "close" command, the switch 132 is closed. As a
result  of the closing of the switch 132, the output

20 signal of the first-stage circuit 112 is supplied to the
A-D converter 14. Then, the control circuit 12 issues
an A-D conversion command to the A-D converter 14, so
that the A-D converter 14 converts the output signal of
the first-stage circuit 112 into a digital output

25 signal. The output signal obtained by the A-D
conversion is stored in a storage region of the memory
15 corresponding to the semiconductor sensor 22 through

the bus 17 by the control circuit 12.



menory 16 because the nenory 15 and the correction coefficient nmenory 16

can be set in one chip sufficiently. Hence, in conparison bet\/veen«'t%w%rzwz
har dwar e anmount in this enbodi ment and that in the first 25 backgro )
the first background art requires threg IC s per sem conductor sensor for
form ng two operational anplifiers and one sanpl e/ hold anplifier whereas

thi s enbodi ment requ&hgssgﬁg Fgog%%Sin%9F¥A§§a¥g%%féﬁéﬁﬁggfyyyuwtor

sensor for form ng one operational anpliifier. nent, the

number of LE;8eCaRrRE1E804680a0a QA8 LRI et Mg ﬁ:lﬁte& Ry 3 d arge

nunber of sem conductor sensors are provided is 5 ¢ I dered, the hardware
anount of bhAesl gR2ktPE@EGESRH richikhi 3 18MRediinent can be reduced by hal f as
a whol e conpared with the first background art. According to this

enbodi ment, the har doar e hagDacashi ohhe thiegalt gUtoGEITE1 Gan dx-h edfuced in
the aforenenti oned manner, 10 so that the production cost can be reduced.

| nci derfi al ke fhessighabepracessas 1ldeseor illed igbeare autoti sigrzddi nent nmay
be separated into a plurality of circuit boards so that the throughput tine
can be shorteaegobptpafaltisle phevessiprgdetegadmest tiime 15 dasadd boards.
Fig. 8 shows a configuration in the case where five signal processors la to
| e are use@itphcitBenfampyetins Sifgifarayr prdSSorid nagigd yad -ar dleMG8red on

separate circuit boards, respectively. Further, as shown in Fig. 8, the bus

17 1's proviBEdiEieLoRto b OREPI A PLOPRG Sitgtdil SpRSCads Gifs 1S o9 e, 11
this case, _the.signal processors la.to |l e can operate i rallel with one
angthgr exé@ﬁ?lﬁégtggpgtgP n§HF§$F%ﬁ otﬁﬁecﬁ eFféﬁ%kﬁi?§?¥P%cei$;r .
Circuifo 3. JHenee: 3008l 1RHCCTHAAT 16BN LS BERAr wad SigPidllapyd hat [, high
25 accurat & measurenent can be nmade béfore the output signal's of the

first-stageetihgli b3 ahe ahkeRuated ikNegenta lthe BaGaUsa Gafa
transm ssion to"the data transmtter-receiver circuit 3 is nade in

accordancecirtuttWAR12082 1126 i sWirllliuldel radtetheOfpddiagdater time
transmtter-receiver circuit 3, there is no risk of crosstalk. Further, the

nunber of bereuise hbear datpan ke ltreredsed tadhdatad lon itheaddissssest are
allocated to the signal processors in 5 advance. Although the

af or enent i ahed temeodiomsie nita sieglegwd nelde byadd empercaludte adfutyhe si gnal s of
the first stage circuits 111 to 11n are processed successively at intervals
of 5 ub> t HESPREEaSS| Ry cifnttéey ZlesipE e 1P angt ttaifeamaaifa@ndan€ r equi r ed

for the A-D conversion in the A-D converter 14 can be shortened. Further,
the controPicitPEUCRPES QY He Tprdd FESF G e @RV o ithiS digita

ciroui t or JREURE 2 one Sl OrOROTRHLE AdIAURSLE Y o
memory 15 is corrected so that an output signal just
after the completion of X-ray pulse irradiation is

20 obtained.
The output signal level V0O just after the

completion of X-ray pulse irradiation is expressed by

the following expression 1.
VO = V(t) Xexp(t/ 1) (Expression 1)

In the expression 1, t is the time from the

25 completion of X-ray pulse irradiation, V(t) is the



15 electronic circuits are not shown, it is a matter of course that such
power supply circuits are connected to the respective electronic cirt iéﬁ
inthe first-stage circuits 111 to 11n. (Enbodi nent 2) 20 Referrﬂﬁb Q;
5, a signal processor as another enbodifrent of the present invention wll
be described below. This enbodinent is different fromthe enbodinent 1 in
that a dat %uQ?}bltegtiiggl@ll Gdvie Whitch s e/l drCE‘.ECHhEStQB a nmul tipl exer
are incorporated 2571 n an A-D converter is used 1 n this enbodi nent. The

poi nt of dickheremnee fremdre E0d Mate If Wdd- hesdleserdbed: bel pw.¢ As shown
in Fig. 5 the data collection IC50 ~ 9 MAR 2002 - 27 has sanple/hold

circuits 5ist@ Gns buthiipkexhagtiwet ebgaitdl forlaRasatofeRtC@FVeaHeer 14,
and a nmenory 15. The output signals of the first-stage circuits 111 to 11n
are suppl i editiomtt Ize ghariplie/dtolaf ter dnd scddp et Hom i aif threrdy datbseol | ecti on
| C and held imrediately by the sanple/hold circuits 51 to 5n respectively.
The hel 8 outmpadisitgeal s sarSe sappl fagidenthad 1x-Dicdoveceah af ddgh t he

swi tches 131 to 13n respectively. After. A-D conversion, the output signals
are st or ed filiFsiths tragifo O PR 155 Y 1ncitdenk 8l 1GAD e QREEIPRE WD as in the
enbodinent 1 is used as a nethaqd for contrgl i ng: the switches 131 to 13n,
the A-D coRf¥aEr B2 dh@tt e Tretbri S15°TALES EATSHi ST @Mo SRS 1i ke t he
enbodi ment _1,, a dark current geperated. _in_each of th i conduct or 15
sensors 21 ltjlg’Zrif c’aﬁ%e“ Fe%&eggﬁy%ér(?&ﬁg&iatg&r CHiFY4 dﬁglrg\/ala@ propor ti onal
to the avergge punber, of, PROLANS N 21 Qys £an e, obfained accuratel y by

integration i'n"an i ntegrator even | case rea snall nunber of

| nci depp PhQIAS ALK 1 '\setn-i%rréls@; Qs hpcause ddie AGRliRyes] gnal s just

after X-ray Irradiation are e sanpl circuits correction of

the out put aihe eHeodiiiRNtcchdtardtot r Ceahf bel epi aRERN ¥ nlGdvante e
sanple/hold circuits first-stage circuits 111 (Enbodinent 3) 51 to 5n

respectivelthe Siagial s fasxmegddiett alushd nrdSiitidmese Res€eshd he correction
not required. Alternatively, 51 to 5n may be provided on the to 11n.
Ref erring treskisf.or6,116 sighalhegrazgessidrarase £ oAXMAR HD2itor 117.
Hence, the output signal level V0O at the point of time
15 just after the completion of X-ray pulse irradiation can
be obtained on the basis of the expression 1.
In this embodiment, values are substituted for
t and t in exp(t/t) and exp(t/t) is stored, as a
correction coefficient for corresponding one of the
20 semiconductor sensors 21 to 2n (first-stage circuits 111
to 1ln), in a correction coefficient memory 16 in
advance. Each of the output signal levels stored in
storage regions of the memory 15 corresponding to the
semiconductor sensors 21 to 2n is corrected to the
25 output signal level V0O at the point of time just after
the completion of X-ray pulse irradiation by the control

circuit 12 with use of a corresponding correction

coefficient stored in the correction coefficient memory



- 28 further enbodi ment of the present invention will be described bel ow
This enbodi ment is different fromthe embodinment 2 in that |ogarigqriMAR 2002
“transformation circuits are added to the data collection IC. The point of 5
difference fromthe enbodinent 2 wilk bhg described below. In the data
collection I C 60, the output signals held by the sanple/hold circuits 51 to
Sn are supplg ed tyddiccd op@iat g c EH@“@&@5H€t§9§n§1r§Hbé§ 64 10 to 6n
respectively. Upon reception of the outpuf signals, the logarithnic

transf or math o Gd 1 Lan tisy 61 ¢Or BOspERASHYT BbEPEcOUbRUECEFENal 8nt Nt O

| ogarithm c val ues and output the logarithmc val ues respectively. In the
CT control I'Bfe ot hectled aotesiut r €tighal chéesl at vonater otbrwegenshr iati ng a
perspective inmage are |l ogarithm c-val ue data. Hence, because |ogarithmc
transf or mtsmrage pexd oomedof ntihdememgngl 1 pr ocessspoddingatvanhbe,

| ogarithm c transformati on needs not to be perforned in the CT controller

9. Cal chl atsemi¢ondiet QT somsdbs | ef Yo20ncaaspectivpliti eBheAbuhpugh this
enbodi nrent has shown the case where the logarithmc transformation circuits
61 to 6n arElFrdVi REIDrSHRI¢Dr H nEhe oBRRPEYINi e 2FansEBPkaERonaSsuch

cal cul ati on nqg be made by a software neans in the control circuit 12

bef ore dat &S5 ¥ SNETRES| HHC2( EMdotifredieta) CRRR &R+ FREETESERGVEY, a si gnal
processor as. a further_enbodi nent_of_the grese t %nvgnt&gn will be ~9
MAR 2002 - 9 CHb%ctibod BRreure | hei Rfit BFRYSSEn@T pbitht “of difference of
this enbodiggg@réjgg%t@e enbodinent 1 will be mainly described below. In a
first-stage circul 0in Fig. 7, 5 switches 71 and 72 are connected to a

junctigp between the @ﬁ@1&P@P&ﬁéﬂfiéﬁ@é0ﬁ;3ée§§9n&h@sr§§b§59éd119 so as to

be parallel with each other. A swtch 73 is furthér connected to the other

end of the whéd&Per IX-Fagapatrss of rFddi st coONNESt grEorAaeluUBEERON DAt ween the
10 switches 71 and 73 while the other end of the capacitor 74 is connected

to the groutitis Qeddei oh hethdavdtpat Sy §edldSof sther fhestesnngeted to the
other end of the switch 72. A capacitor 76 is connected to a junction

bet ween t hecsmtTheslT? andl 3, whhéte ibe bhéeouepdtosigbalbeofapheitor 76
is connected to the ground. The operation of the first-stage circuit 70
will be desbmﬁ?ﬁﬁﬁtQ%$dm@5§0¢9yh%£¢séntilaﬁhatP@hpgtaﬁigpaghéfsﬁh?ches 71
and 72 are c|osed and the switches 73 and 75 are‘ogened.,A¢ the sane tine
when X120 rEyrperse29¢ r @iy Gibnl §Bat  sCORKRrI 8RRt ERt912i dighEAéd. On the

h hand, th i 72.is k | i he_ X- I [ di
and the. sw TERGRE 1Y are b Br EREBE-Opeh B nGPEnbeXeryBputbe o
| rradiation,, fgeause thes suhLeNdeohs keRl ghoss SHLI RgLEng Xa(ay 25 pulse
irradiation, eCLTTE ¢ arges due P6-a“Curren : i ncrusrve of “&Ydark

current, ge&ﬂ@éegrfé'%§96iéﬁm CPpduct O L Se0F8Ee 21nA%e A5 YERRG Ok n& T aYS
are stored (Integrate in the capacitor 76. BecCause the
time constant for each integrator determined by the
20 combination of the resistor 116 and the capacitor 117 is
set to an appropriate value.
A method for determining the resistance R of
the resistor 116 and the capacitance C of the capacitor
117 in this embodiment will be described below. The
25 following five matters must be considered when the
resistance R of the resistor 116 and the capacitance C

of the capacitor 117 are to be determined.

(1) Qmax [C]: maximum quantity of electric charges



19 MAC 2002 - 30 switch 71 is closed after the conpletion of the X-ray

pul se irradiation, electric charges due to the dark current are Stqr‘fﬁ@
(integrated) in the capacitor 74. Incidentally, in this enbodi nent,k!: R 2002
resistance of the 5 resistor 119 is setj§o_be as large as 1 [M5ZJ and the
capaci tance of the capacitors ?4 and 76 is set to be equal to the

capaci t ancegéB@rEREH 8 thensemF Q%%dgg,ﬂrcw(f%%e ?Ias r%%{?’[‘lt%&{]ﬁ
rom 1 ow e
t

current generated by the Xray pulse is prevente

resistor 10 (219 so that [dRgitgnrertynai f j sem conduct or
sensor 21 and the capaci to? 76r]equa}1’I I y.l@'%grﬁg% rﬁg@é&ﬁs{% es and 75 are

cl osed, so measucemeents corresponding to the electric charges stored in
the capacitors 74 and 76 flow into posterior 15 circuits through the
switches 73(&hd 75 re¥fectiVel ynpAn amplgef i(@axifivn GoRsid tng18tdy) a

conbi nati on of an operational anplifier 81, a resistor 82 and a capacitor
83 i s cohneffellPEorrReconvesner314an anplifier unit constituted by a

conbi nati on 95 an operatjonal anplifier 20 84, a resistor 85 and a

capaci tor 86%1s conneBt éBit8]l¢hEeqwired T8sothgione amd ifier units anplify
i nput signals,by the sa mplification factors respectively and supply the
anmplified si(ghal s to ngEB?r aEYSheSP?rHBGnOf-ec",(eﬁtab’oﬁuéfset-he out put signals
of the two 25 anplifief gﬂgtg t6hehsubt gﬁctgr 87 subtracts one signal from
the other and supplies a resaft-of 'FhE 506t Fa&RYoRUL§SaRog&NBIE/ hol d

circuit 88.pdbhatth e b r87 | cul ates the difference between a
vol t age 1©9 MAtR %%l)gn-tég I’%@%gs%bnﬁﬁﬁgOP PYtcq rSﬁf:,h P%cltﬁ§i ve of a

dark cuwor ensempesedatesri § em cppdyct of_ 21 i nci dence of
X-rays and a voltage correg%gﬁ(rj?ngltget ﬁg g%’?éﬁg%rp@ﬁf‘. gé@n& € the out put
of the subtoacpor 871isqererideraspdnd;Ne! bAGSLOLRESPORLENG LY.L he
current generated in the sem conductor sensor 21 by 1 ncidence oOF X-rays.
Upon receptéorcwits hElbutpullsignet bt torcsslt tREL Ohp8Y, rhAS.SoRR! €/ hol d
circuit 88 holds the signal and supplies the signal to the A°D converter
14. Upon r Repthoo? cdrvddteutbut signaheof the sapphe/ Bohfagircuit 88,
the A-D converter 14 A-D converts the signal. According to this enbodi nent,
a vol t age Yok fondi Ry Tor e REREMNS gemer af ethdyfinst denageof Xrays can be
cal cul ated acgur, teléijﬁecause t he subtractor 15 87 cal cul ates the

di ff er Rce ‘Detwee 1ALl R APY s o R HgeR @R e d Lk @ et vahee usove of a dark
current ge rﬁ;&d ‘él’ﬂ'me cthc,le the sem conductor sensors 21 to 2n by

i nci dence of X-rays and a VoliHYETorT RPAHRNGE? ot hher eiankredr rent so t hat

the vol t age-LynasRANd| ng, t9, 24 L he dark curre enerated in each of the
sem conduct or sensors%lqglto nOcllstere’ld Vet THT <2 (R hiR qefel$s effective

regar dl ess eadfbddienditybes ifn i-rg:ildeqﬂg-lﬁé]i)t Incidental l the switch 71,
the capacitor 74, the switch l73 and the at?r%%?]%el elrn%%n%esi‘?\:ﬁ the 25

oper at i onalnextplXfragr il zan be omtted. In this case, a voltage
corresgondi ng to the dark current is neasured wi thout X-ray irradiation and

stored??n the nenory The wefoment hervmas weleds ofadie phiget starts. Wen
t he i
integrators is determined by the following expression 2.

Vmax = Qmax/C (Expression 2)

The relation Vmax = Vfs must be established
because Vmax over the input range Vfs of the A-D

converter 14 cannot be measured.

25 Hence, the following expression 3 is deduced



~ g MAR 2002 - 32 stored voltage corresponding to the dark current is
subtracted fromthe neasured value at the tinme of the neasurenEnt1ngARe2mn
object, a voltage corresponding to the current generated by incidence of
X-rays can be 5 cal cul ated accuratel y. 28l though the aforenenti oned

enbodi nents have shown the case where capacitors are used for renoving dark
currents, tdig nugNtd grdmy; e Applied also to the case where the
capacitors are replaced by filters so 10 long as the filters can renove DC
conponents. Although the aforenenti oned enbodi nents have shown the case
where sem conductor sensors are used as X-ray sensors because X-ray CT
systens using hi gh-erergyoXakdyfpul ses are provi ded gExpulejsedos af) the
enbodi ments, the invention 15 may be applied also to the case where
phot odi odes, or the like, for nmeasuring scintillator [ight or fluorescence
are used as the sensors. In addition, the signal processors in the

enbodi ments may be applitdiero rtryssythek D heenTeetarrby CIdeyseens so

| ong as the 20 systens can enit pulse-like X-rays_and neasure the Xrays.

1 ~ MAR 200uffirignt. resplysion fo measyyq asmallefayadefshy Bi gnal

processor for  processing an output. signal of an X-ray,K sensor for detecting
bul so- pi ke S5 T OHER 1 Gt LY T SXPTESHHOR A4 SBUSE HPBUgh an

i t j ect., .ch terized In that sajd,_ X- i anal
conpr1 s8e ST b T R oTE e | S Rar SR ERh R si bl of |
id X-. . i nt . int . . k | ¢
sl d X1y CEERes AILA AL AH ROl o B BhE M- BRLInPLlpUE R OnAl ©

wherein saifs ifdeUAM LM PSS SROULPUL oAl cipiggcordance with a tine
constant; and said tine constant is set to a value by which said out put

signal o~ said integrator is nmade zero in a period between em ssion of an
X-ray pul se fromsaid accel erator and em ssion of the next X-ray pul se from
sai d accel er at orvmax XAM “X-=+ QmaefGHN 0ST ghatf graicessor(Expeersdiiog 40 C aim 1,
characterized by further conprising an A-D converter for A-D converting
said output signal of said integrator, and neans for correcting said out put
signal of said integrator obtained by A-D conversion by said AD converter
on the basis of a tirn nideesesthrsr frandai shareopvereErthe performthe A-D

conversion after em ssjon of said output signal fromsaid integrator and a
time 19 MEEegyptor is attenuated on the basis of the time

10 constant 7 = RXC. Hence, the maximum output Vmax of
the integrator is attenuated as expressed by the

following expression 5 at time t.
V(t) = VmaxX exp(-t/ 1) (Expression 5)

When measurement resolution of o [bits] is
required, V{(t) must be attenuated to be not higher than
15 a voltage corresponding to the required resolution in
the time Tp before incidence of the next X-ray pulse.

Hence, the following expression 6 must be satisfied.

V(Tp) = VmaxXexp(-Tp/t) = Vmax/2" (Expression 6)



- 34 constant of said inted4rator. 3, An X-ray sensor signal processor
according to C ~aim 1, characterized by further conprising a !gol d‘ i“ﬁRi 2002
* for holding said output signal of said integrator. An X-ray sensor' §i gnal
processor according to Caim3, characterized by further conprising a

|l ogarithm c transformation circuit for transform ng said output signal of
said integrator hel dpbycsaiidhel,d the Gline Id¥MBt@idt00ar ishgigenabye. 5. An
X-ray sensor signal processor for processing an output signal of an X-ray
sensor for téet factliondnpulex@reskd ok 7ays emitted froman accel erator and
passed t hrough an inspection object, characterized in Lhat said X-ray
se-~sor signal processor conprises a first resistor with one end connected
to said X-ray sensor and the ether end connected to the ground, a first
capacitor with one emd goRMettEd Tro’ (@4t i on poi nt (Bepreeaisni @) X-ray
sensor and said first resistor, an operational anplifier with an inversion
i nput connected to the other end of said first capacitor, and a conbi nati on
of a second resistor and a second capacitor connected i arallel to said

operational anplifieFiT&hekn Xroqy WendGladiighn 3JttEe according to
Claim5, character.ized by furt nprisin n A-.D converter for A-D
converti ng SRR ISTEFT SsiSgndl a&f;]géli g:o 1519331\%&% %@’th-e 3%’[1]0%%% onal

anplifigr, §re%i rlo%a%acitance C of said second capacitor is set to be in a
range represent e Py an expression: Qmax/Vfis ~ C~ mn{ (QraxXl G""'X2")
[Vis, Tp/ (R (n+1n2) ) ) in which Ris a resistance of said second
resistor, Amax is a maxi num quantity of electric charges generated by said

X-ray sensemax7yfiss 2 dyEAMG { S Xa@ut xed) fofs TeRsSU{RENLnof ) X-rays, Vs
is a maxi num voltage input to saird A-D converter, nis a required

resolution, and Tp is a tinme between an em ssion of Xekpyeabfloangem ssion
of next X-ray. 7, An X-ray sensor signal processor according to C aim6,
characterized by fur tiheridsorgalilsi,ng heeanmdtororcdlntiid @t1 meansorrect ed

out put signal VO in accordance with an expression: - VO = VXexp (t/ ~ ) in
whi ch V i s seechdtoputcfsisgedllegf o dof@ctidamal Tnpihis eemtdiar ned by A-D
conversion by said A-D converter, t. is a tinme between conpletion of

eni ssi on ofMeRLrayidienfy Gieartimst Trhe ANy TohRitsieh RN RE KRD converter,
and ~is a tine CO”?; ant obtained as a product of the resistance R and the

capaci t anc EBS TN AR YA IEIM AN I Yn AT P ASHLFTRT P RERYTRY out put
ul se- 17 ke TRa e EE Frbmemt e G Gt Tt 9% St an
inspecticng@gggHJ When accuracy of 14-bit resolution (n = 14) is
required in use of a general A-D converter of 10 [V]
full range (Vfs = 10 [V]), it is apparent from the
expression 8 that C needs to be set in a range of 15
15 [pF] < C < 34 [pF) if the resistance R is 10 [MQ)]
because the maximum quantity of electric charges in the
sensor in this embodiment is about 150 [pC] (Qmax = 150
[PC]). If the resistance R of the resistor 116 is
determined in the aforementioned manner, an appropriate
20 wvalue of the capacitance C of the capacitor 117 can be
obtained by calculation using the expression 8.

Fig. 4 is a flow chart showing the operation



characterized in that said X-ray sensor signal processor conprises: a
plurality of first-stage circuits provided to correspond to said pluralit

- of X-ray sensors respectively, each of said first-stage circuit 18 Bm{
filter for renoving a DC conponent frosppan output signal of a correspondi ng
X-ray sensor, and an integrator for integrating the output signal of said

cor respondi g Ker RYSeRsor IIaMWAICh e G GAMONENc sy, reoved by said

filter; an A-D converter for converting output signa sai d

plural i ty ghdbleESlingkaes Ghf Gy PHAGRS YnidlakiorA/ME JIANS: 1 G ecti ng
sai d out puf signals of said first-stage circuits obtained by the A-D
conver si on ryeSaed ArnCemeeida®la @t drigniRas s e dd e Dedyeem ess ssi on of
an out put signal fromeach of said integrators and conpletion of the A-D
conver si onnby .samtheAsR teRvN &f ahe &dutihe Prdsanio rancdvDfwisai d
integrators after all the output signals of the plurality of first-stage
circuits ardeAXBragnyerltsed emd ssaiocth Atld raorsdeyrtadr .igy.reeeXredy sensor si gnal
processor for processing an output signal of an X-ray sensor for detecting
pul se- | i kewkergps dfet Hadignearh dm sdeal érldt ors arepeRtssbwhenr duyh %m

i nspection object, characterized in that said X-ray sensor signal processor
conpri ses &2Y PYINEREIGGSLomptant HIpHdadit OY FHeTHie’ft atFTRP t he out put
si gnal of sai -ray sensor, when X-rays are not detected by said X-ray
sensor, n S0dna (BRI XrAY MUSEAETHE S R S o sal d X ray

sensor when X-rays, are bein et ect ed by. saifd X-ray sensor da

subt r act or 6F lsl)uélﬁjt %é’ctt’?ﬁg c‘%{%r@f}t pﬁhrcs lgthgléj’ofp $HY s)e‘-rll'gaydfs:%%eor

i nt egrag ed i dsfirst i iy +he Qut i id X-ray
sensorfé nt Sgl?éé’ﬁd%&?'nSZisd%gfgg‘g{r?&%?é‘%ﬁ or. %%S%%?}i c%gm%?ed

t omogr aphy st @MAGEY 125 i1 At AGHGIR] Allayf QiR {1d NP sPUlS@pliiske
X-rays,-a scanner for rotating or noving up and down an inspection object
i rradi at ed el ixendys i@Middsedd r@papiabgecel erator, a plurality of X-ray
sensors for detecting X-rays passed through said object irradiated with
said X-rays, an Xray FEensgr ssnrgralnduacessenday rumdsessi g dud put signal s
of said plurality of X-ray sensors, and a conputed tonography controller

f or reconstsugtEiatgdch trersigott el grneelg o rafces signd iioh st st doabl ect on the
basis of the output signals of said X-ray sensors processed by said X-ray
sensor18i gri@teyr ddSIsor Thewar act'arlioa’]' igrmumand sid dissued emsor signal
processor includes filters for renovi n&é_%(/: caonponents fromthe out put

si gnal s of Csog‘ﬁrc?s)‘?-%r%_r%’@ftscw dsPhe@’ ,m%ﬁfl?_]rﬁ’éﬁﬁ atdrSS¥R integrating

L SULPUL gl 3,01 5000 A SR LSBT LSLY ol L e o L

;:i”ggir ﬁfgy ISP ACGY d LS o%@Ja.i mﬁhoer} el aeterd ié‘iﬁaﬁa}% £ggh of
grators outputs an-output’ signal in accordance w time

constant; ant S drvlr CONSIAMoS &g ! e VA UE DY d0b£dathe ord put

signal of a corresponding integrator reaches zero in a time between an
en ssi 90 ofmeMbr¥ Nay (JtHp 6 antela atdfer@NeHinSid S5 Ols Ohedexd X-ray

f=om said accelerator. 12. An X-ray conputed tonography system according to
Claim 11, ofvsr astisrdiz B byw f whdamu lcoigiesse ndl Bn( Ffedd cOOVEr t EThéwy
A-D converting the output signals of said

a judgment is made as to whether i is equal to n or not

(whether measurement on all the semiconductor sensors 21

to 2n is performed or not) (step 408). If i is equal to

25 n, the situation of the routine goes to step 409. 1If i
is not equal to n, the situation of the routine goes to

step 410. 1In the step 410, the calculation i=i+l is

made and then the situation of the routine goes back to



integrators, and neans for correcting the output signals of said
i ntegrators obtai ned by A-D conversion by said A-D converter on t.]ﬁg ﬂﬁRi 9002

- of a tine between em ssion of an output signal fromeach of said

integrators and conpletion of the A-D ggnversion by said A-D converter and
time constants of said integrators.

CALCATh, R Ayl AR AR AS, . Ay3, . AyF?. AF? . AFNn?. A@Q?.AURAS A ,.AU A ,? A
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T fz<X{vql gb] X] ca] c"a] ca] ca] ca] ca] ca] ca] ca] ca] c$a] ca]ca]ca]ca]calc a]c

aU] ¢ a] ca] cadnea]yc dlx alre $d] « & ) ared ol erad ¢ aj@ajen) the output
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calr''' (=(?2(A(H(J(P(V)-*v++ ....%.:0, 1333\ 44<67999:
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ca] ca]calca]calc"alUc"a]c’ aU] c' a] ca] cajc

- <=S?2° ? 9@@%@9("5 effa R é,épp'pb are overwritten in
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the steps 408 and 411, the invention may be applied also
to the case where the data correction step is provided
between the steps 406 and 407. That is, correction may
25 be made whenever the output signal of one semiconductor
sensor 1is processed. The outputs of the integrators

are, however, attenuated while data correction is made.

Accordingly, higher accurate measurement can be made
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signals of the semiconductor sensors 21 to 2n are stored
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25

in the memory as described above in this embodiment.

As described above, according to this
embodiment, a dark current generated in each of the
semiconductor sensors 21 to 2n can be removed because
the capacitor 114 is provided for removing a DC
component from the output current of each of the
semiconductor sensors 21 to 2n. Furthermore, a value
proportional to the average number of photons in X-rays
can be obtained accurately by integration by a
corresponding integrator even in the case where a small
number of incident photons are given because the
integrator constituted by the combination of the
operational amplifier 115, the resistor 116 and the
capacitor 117 is provided.

Although this embodiment has shown the case
where the correction coefficient memory 16 is provided
newly, there is no fear that the hardware amount is
increased by addition of the correction coefficient
memory 16 because the memory 15 and the correction
coefficient memory 16 can be set in one chip suffi-
ciently. Hence, in comparison between the hardware
amount in this embodiment and that in the first
background art, the first background art requires three
IC's per semiconductor sensor for forming two
operational amplifiers and one sample/hold amplifier

whereas this embodiment requires one IC per
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number of semiconductor sensors are provided is
5 considered, the hardware amount of the signal processor
in this embodiment can be reduced by half as a whole
compared with the first background art. According to
this embodiment, the hardware amount of the signal
processor can be reduced in the aforementioned manner,
10 so that the production cost can be reduced.
Incidentally, the signal processor 1 described
above in this embodiment may be separated into a
plurality of circuit boards so that the throughput time
can be shortened by parallel processing in each of the
15 circuit boards. Fig. 8 shows a configuration in the
case where five signal processors la to le are used.
Incidentally, the signal processors la to le are formed
on separate circuit boards, respectively. Further, as
shown in Fig. 8, the bus 17 is provided in common with
20 all the signal processors la to le. In this case, the
signal processors la to le can operate in parallel with
one another except for data transmission to the data
transmitter-receiver circuit 3. Hence, signal
processing can be performed rapidly, that is, high
25 accurate measurement can be made before the output
signals of the first-stage circuits are attenuated.

Incidentally, because data transmission to the data

transmitter-receiver circuit 3 is made in accordance
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number of circuit boards can be increased arbitrarily if
addresses are allocated to the signal processors in
5 advance.

Although the aforementioned embodiment has
shown the case where the output signals of the first-
stage circuits 111 to 1lln are processed successively at
intervals of 5 us, the processing interval may be

10 shortened if the time required for the A-D conversion in
the A-D converter 14 can be shortened. Further, the
control circuit 12 may be produced in combination with a
digital circuit or may use a one-chip microcomputer.
Although circuits for supplying power to the respective

15 electronic circuits are not shown, it 1s a matter of
course that such power supply circuits are connected to
the respective electronic circuits in the first-stage
circuits 111 to 1lln.

(Embodiment 2)

20 Referring to Fig. 5, a signal processor as
another embodiment of the present invention will be
described below. This embodiment is different from the
embodiment 1 in that a data collection IC in which
sample/hold circuits and a multiplexer are incorporated

25 in an A-D converter is used in this embodiment. The
point of difference from the embodiment 1 will be

described below.

As shown in Fig. 5, the data collection IC 50
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data collection IC and held immediately by the
sample/hold circuits 51 to 5n respectively. The held
output signals are supplied to the A-D converter through
the switches 131 to 13n respectively. After A-D
conversion, the output signals are stored in the memory
15. 1Incidentally, the same method as in the embodiment
1 is used as a method for controlling the switches 131
to 13n, the A-D converter 14 and the memory 15.

Also in this embodiment, like the embodiment
1, a dark current generated in each of the semiconductor
sensors 21 to 2n can be removed by a capacitor 114 and a
value proportional to the average number of photons in
X-rays can be obtained accurately by integration in an
integrator even in the case where a small number of
incident photons are given. Furthermore, because the
output signals just after X-ray irradiation are held by
the sample/hold circuits 51 to 5n respectively,
correction of the output signals as described above in
the embodiment 1 is not required. Hence, the correction
coefficient memory 16 is not required. Alternatively,
the sample/hold circuits 51 to 5n may be provided on the
first-stage circuits 111 to 1lln.
(Embodiment 3)

Referring to Fig. 6, a signal processor as a
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are added to the data collection IC. The point of
difference from the embodiment 2 will be described
below.

In the data collection IC 60, the output
signals held by the sample/hold circuits 51 to 5n are
supplied to the logarithmic transformation circuits 61
to 6n respectively. Upon reception of the output
signals, the logarithmic transformation circuits 61 to
6n transform the output signals into logarithmic values
and output the logarithmic values respectively. 1In the
CT controller 9, the data required in calculation for
reconstructing a perspective image are logarithmic-value
data. Hence, because logarithmic transformation is
performed in the signal processor 1 in advance,
logarithmic transformation needs not to be performed in
the CT controller 9. Calculation in the CT controller 9
can be simplified. Although this embodiment has shown
the case where the logarithmic transformation circuits
61 to 6n are provided for performing logarithmic
transformation, such calculation may be made by a
software means in the control circuit 12 before data
transmission.

(Embodiment 4)
Referring to Fig. 7, a signal processor as a

further embodiment of the present invention will be
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5 switches 71 and 72 are connected to a junction between
the semiconductor sensor 21 and the resistor 119 so as
to be parallel with each other. A switch 73 is further
connected to the other end of the switch 71. A
capacitor 74 is connected to a junction between the

10 switches 71 and 73 while the other end of the capacitor
74 is connected to the ground. On the other hand, a
switch 75 is further connected to the other end of the
switch 72. A capacitor 76 is connected to a junction
between the switches 72 and 75 while the other end of

15 the capacitor 76 i1s connected to the ground.

The operation of the first-stage circuit 70
will be described. Before X-ray pulse irradiation
starts, the switches 71 and 72 are closed and the
switches 73 and 75 are opened. At the same time when X-

20 ray pulse irradiation starts, the switch 71 is opened.
On the other hand, the switch 72 is kept close during
the X-ray pulse irradiation and the switches 73 and 75
are kept open during the X-ray pulse irradiation.
Because the switch 72 is kept close during the X-ray

25 pulse irradiation, electric charges due to a current,
inclusive of a dark current, generated in the
semiconductor sensor 21 by incidence of X-rays are

stored (integrated) in the capacitor 76. Because the
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5 resistor 119 is set to be as large as 1 [MQ] and the
capacitance of the capacitors 74 and 76 is set to be
equal to the capacitance 100 [pF] of the semiconductor
sensor 21. As a result, the current generated by the X-
ray pulse is prevented from flowing into the resistor
10 119 so that the current is made to flow into the
semiconductor sensor 21 and the capacitor 76 equally.
Then, the switches 73 and 75 are closed, so
that currents corresponding to the electric charges
stored in the capacitors 74 and 76 flow into posterior
15 circuits through the switches 73 and 75 respectively.
An amplifier unit constituted by a combination of an
operational amplifier 81, a resistor 82 and a capacitor
83 is connected to the switch 73. An amplifier unit
constituted by a combination of an operational amplifier
20 B84, a resistor 85 and a capacitor 86 is connected to the
switch 75. The two amplifier units amplify input
signals by the same amplification factors respectively
and supply the amplified signals to a subtractor 87,
Upon reception of the output signals of the two
25 amplifier units, the subtractor 87 subtracts one signal
from the other and supplies a result of the subtraction
to an sample/hold circuit 88. That is, the subtractor

87 calculates the difference between a voltage
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Hence, the output of the subtractor 87 is provided as a
5 voltage corresponding to the current generated in the
semiconductor sensor 21 by incidence of X-rays. Upon
reception of the output signal of the subtractor 87, the
sample/hold circuit 88 holds the signal and supplies the
signal to the A-D converter 14. Upon reception of the
10 output signal of the sample/hold circuit 88, the A-D
converter 14 A-D converts the signal.
According to this embodiment, a voltage
corresponding to a current generated by incidence of X-
rays can be calculated accurately because the subtractor
15 87 calculates the difference between a voltage
corresponding to a current inclusive of a dark current
generated in each of the semiconductor sensors 21 to 2n
by incidence of X-rays and a voltage corresponding to
the dark current so that the voltage corresponding to
20 the dark current generated in each of the semiconductor
sensors 21 to 2n is removed. This technique is
effective regardless of the number of incident photones.
Incidentally, the switch 71, the capacitor 74,
the switch 73 and the amplifier unit using the
25 operational amplifier 81 can be omitted. In this case,
a voltage corresponding to the dark current is measured

without X-ray irradiation and stored in the memory 15

before the measurement of the object starts. When the
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5 calculated accurately.

Although the aforementioned embodiments have
shown the case where capacitors are used for removing
dark currents, the invention may be applied also to the
case where the capacitors are replaced by filters so

10 long as the filters can remove DC components. Although
the aforementioned embodiments have shown the case where
semiconductor sensors are used as X-ray sensors because
X-ray CT systems using high-energy X-ray pulses are
provided as subjects of the embodiments, the invention

15 may be applied alsc to the case where photodiodes, or
the like, for measuring scintillator light or
fluorescence are used as the sensors. In addition, the
signal processors in the embodiments may be applied to
other systems than the X-ray CT systems so long as the

20 systems can emit pulse-like X-rays and measure the X-

rays.
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prccessing an output signal of an X-ray sens

3 y atc ratc
Gececting pulse-like X-rays emitted from an accelera

; o jec terized
and passed through an lnspection okject, character:z

in that said X-ray sensor signal processcr comprises &
filter for remcving & DC component from said output
signal of said X-ray sensor, and an integrator for
integrating said output signal of said X-ray sensor
after reﬁoval of said DC component by said filter;
wherein said integrator outputs an output signal in
accordance with a time constant; and

said time constant is set to a value by which
said output signal of said integrator is made zero in a
period between emission of an X-ray pulse from said
accelerator and emission of the next X-ray pulse from
sald accelerator.
2. An X-ray sensor signal processor according to
Claim 1, characterized by further comprising an A-D
converter for A-D converting said output signal of said
integrator, and means for correcting said output signal
of said integrator obtained by A-D conversion by said A-
D converter on the basis of a time necessary for said A-

D converter to perform the A-D conversion after emission

of said output signal from said integrator and a time

9 MAR 2002
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3. An X-razy sensor signal processor accorcing to
Claim 1, characterized by further comprising a hold
circuit for holding saicd output signal of said
integrator.
4. An X-ray sensor signal processor according to
Claim 3, characterized by further comprising a
logarithmic transformation circuit for transforming said
output signal of said integrator held by szid hold
circuit into a logarithmic value.
5. An X-ray sensor signal processor for
processing &n output signal of an X-ray sensor for
detecting -pulse-like X-rays emitted from an accelerator
and passed through an inspection object, characterized
in that
sald X-ray sensor signal processor comprises a
first resistor with one end connected to said X-ray -
sensor and the cther end connected to the ground, a
first capacitor with one end connected to a junction
point between said X-ray sensor and said first resistor,
an operational amplifier with an inversion input
connected to the other end of said first capacitor, and
a combination of a second resistor and a second
capacitor connected in parallel to said operational
amplifier.
6. An X-ray sensof signal processor according té

Claim 5, characterized by further comprising an A-D

converter for A-D converting an output signal of said
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an expression:
Omax/Vfs £ C £ min{ (QmaxX10™X2")/Vfs, Tp/(R(n+ln2))}

in which R is & resistance of said second resistor, QOmax
is & maximum quantity of electric charges generated by
sai1d X-ray sensor, m is a dynamic range required for
measurement of X-rays, Vis is a maximum voltage input to
sald A-D converter, n is a required resolution, and Tp
is a time betweén an emission of X-ray and an emission
of next X-ray.

7. An X-ray sensor signal processor according to
Claim 6, characterized by further comprising means for
calculating a corrected output signal V0 in accordance

with an expression: -
VO = VXexp(t/ 1)

in which V is the output signal of said operational
amplifier obtained by A~D conversion by said A-D
converter, L is a time between completion of emission of
X-rays and start of the A-D conversion by said A-D
converter, and 1t is a time constant obtained as a
product of the resistance R and the capacitance C.

8. An X-ray sensor signal processor for

processing output signals of a plurality of X-ray
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characterized in that

said X-ray sensor signal processcr comprises:

a plurality of first-stage circuits provided to
corréspond to said plurality of X-ray sensors
respectively, each of said first-stage circuit including
a filter for removing a DC component from an output
signal of a corresponding X-ray sensor, and an
integrator for integrating the output signal of said
corresponding X-ray sensor from which the DC component
is removed by said filter; an A-D converter for A-D
cenverting output signals of said plurality of first-
stage circuits successively; and means for correcting
sald output signals of said first-stage circuits
obtained by the A-D conversion by said A-D converter on
the basis of & time between emission of an output signal
from each of said integrators and completion of the A-D
conversion by said A-D converter and a time constant of
each of said integrators after all the output signals of
the plurality of first-stage circuits are A-D converted
by said A-D converter.

9. An X-ray sensor signal processor for
processing an output signal of an X-ray sensor for
detecting pulse-like X-rays emitted from an accelerator
and passed through an inspection object, characterized

in that

said X-ray sensor signal processor comprises a
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first capacitor for integrating the output signal of

said X-ray sensor when X-rays are not detected by said

X-ray sensor, a second capacitor for integrating the

output signal of said X-ray senscr when X-rays are being

detected by said X-ray sensor, and a subtractor for

subtracting the output signal of said X-ray sensor

integrated by said first capacitor from the output

signal of said X-ray sensor integrated by said second

capacitor.

10. An X-ray computed tomography system comprising

an accelerator for emitting pulse-like X-rays, -a scanner

for rotating or moving up and down an inspection object

irradiated with X-rays emitted from said accelerator, a

plurality of X-ray sensors for detecting X-rays passed

through said object irradiated with said X-rays, an X-

ray sensor signal processor for processing output

signals of said plurality of X-ray sensors, and a

computed tomography controller for reconstructing a

perspective image of a section of said object on the

basis of the output signals of said X-ray sensors

processed by said X-ray sensor signal processor,

characterized in that

said X-ray sensor signal processor includes

filters for removing DC components from the output

signals of said X-ray sensors respectively, and

integrators for integrating the output signals of said

X-ray sensors respectively after removal of the DC

components by said filters.
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signal in accordance with a time constant; and

said time constant is set to a value by which

the output signal of a corresponding integrator reaches
zexo in a time between an emission of an X-ray from said
accelerator and an emissicn of next X-ray from said
accelerator.
12. An X-ray computed tomography system according
to Claim 11, characterized by further comprising an A-D
converter for A-D converting the output signals of said
integrators, and means for correcting the output signals
of said integrators obtained by A-D conversion by said
A-D converter on the basis of a time between emission of
an output signal from each of said integrators and
completion of the A-D conversion by said A-D converter

and time constants of said integrators.



