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Ab8tract The pulBed working char越ter毗ics of the neutron tube ion source were

8tudied experimentally．The principle alld method 0f 8electiIlg the g越pre踞ure aIld

anode voltage were deter删ned．
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1 INTRoDUCTIoN

The cold cathode p毗ming ion soIlrce is usually used in sealed neutron tubes because

ithas the adV强tages 0f siInpk struc恤陀，10w electric power co璐umption，10ng 0perating

m，workiIIg at 1dw g稍pressllre，etc．The p吼niⅡg ion s011rce opeTates in a state maillly
deterInined by the foⅡowing factor8 such粥structure of ion source，ma譬netic induction

inteIlsity札d its distribution，如ode V01tage aIId int锄nal g箱pressure． h a neutron

tube，the first two factors are缸ed and n塘l拍t tw口factors a工e chanEeabk．Whether the

neutron tube emits contiImous or p11lsedⅡelltrons d印eⅡds on the Inode of anode volta程e，

DC or plllsed．h thjs pap盯，some dL盯acteristics of the ion sollrce in th。p111sed mode

were studied throtIgh the e坤豇inlents．

2 STRUCTURE AND EXPERIMEN’rAL CIRCUIT oF THE IoN

SoURCE

A cer锄ic neutron tube ofmodel NT501 with a driven．in t缸譬et is used in the present

experin坨nt． The ion source has a stmctllre a8 Bh0Wn in F堙．1．【1 J The inner dimension

of the anode cyhder is西20 mm×10 nlm and the iIIner dimension of the cathode cap is

≯38mm×22m札The c01u功n per】∞anent ma弘et(3 iII Fig．1)forms an inhomogeneous

ma弘etic舶ld．The inteⅡsity 0f ma弘etic induction is 0．27 T at the center of the maEnet

s11rface and O．14 T at 1 cm丘om nle maP沮et sudAce主n the a】【ial djrection．
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The experimental circllit is shown in F培．2．III the experiInent，矗Ist，an aIlode pulse

V01tage was 8ppUed to the neutron tl【be，then the heating voltage of the deuteriunl_

tritium reserVoir w稿increased to release Fadllally the deuterium·tritim gas wmch was

ionized at certain pressIIres to produce discharge pulSeg and the t钟get ekctrode of the

neutron tube出d not produce neutrons without hjgh voltage applied to it In Fig．2，

V1 is used for meas砒ing the heating voltage of the deuterillIn_triti岫reservoir，V2 for

measllring the average discharge cuⅡent，弧d the dual trace oscmoscope for me躺uring
the Volta98 p11lse wdVeform姐d the pulse triggering and quenchiIlg time．High、怕1ta98
w船not appUed toⅡLe target electrode of the neutron tube．

Fig．1 Structural scheme 0f the ion

source for the neutron tube

1 Cathode，2 Anode，3 Ma驵et，

4&Bervoir，5 Ta。get

3 EXPERIMETAL RESUI厅S

3．1 Trigger delay ch盯acteristics

Fig．2 ExperiHlelltal circun

1 Neu‘ron tube，2 Ion source，3 DeuteriuIn．tritium

reservoir，4 Heating pow℃f s“pp】y for￡he reservoir，

5 PoWer supply for the anode，6 Dual tr8cc

oscilloscope，7 Vacuum gaugc，8 Vacuometer

WheⅡan anode Voltage is appHed to the ion source at a certain gas pressure，the

trigger tinle for electric discharge is always later than the starthg time 0f power-on

for a time interval，called the dis出arge trigger delay time，whose magIIitude is at the

rnjcrosecond k砌，wKch can be ignored in亡he DC operatj工Ig mode．In the oper8ting

mode of high丘equency pulse，due to the existence of djsch缸ge delay time，the tr培ge‘

垃【Ile of electric djscharge always lags behind the starting tiII璩af vo“age in a Voltage

period．The disclI缸ge cuⅡent reducesⅡedy simllltaIleously to zero粥the anode voltage

reduces． So，血a voltage pulse period，when the plllse width does not change，the

discharge c11rrent has a sma】】er plllse耐dth than the v01tage．The delay time influences

the discllarge cllrr蛆t plllse width，古he gverage djscharge current，如d亡he neutfon yjeld

Fig．3 shdws the relations between the pe a：k anode voltage and the dday time at
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di矗brent pressures- The period of the anode pulse V0ltage used in the experiment is

50ps，the bottomplllse widthis 14．7ps and both the risiIlg a丑d f棚jDg edges are 1．8，正s

It is seen from the curves in Fig．3，that with the same anode Voltage，while the gas

pressure血cre船es，the delay tiI】1e decre酗es孤d so the disdlarge cuⅡent puhe width

jncreases． TlIis time span is赶毫cted m亦ly by such factors邵the rise tirne of plllse

丘ont edge，the plllse peak value，aⅡd the gas pressure，because these di擂erent conditions

1ead to dj仃盯髓t electric』ield jnten$iti鄂T di抒打eⅡt average矗ee paths of the electrons，aIld

di船rent times needed for self mainta鼬d djsch甜譬e When the pressllre is too hj西，the

‘nscllarge is instable．Therofore，de“e硝iⅡg the delay time by resorting to the increase

of the gas pressure is limited．

>
、
， ．。。抓

f，us

F．g．3 Relation curve8 betWe朗Pea】【anode voltage and

di8charge del8y time at d诳brent pre88ure

1 0．8Pa，2 1．2Pa，3 1．33Pa，4 1．6Pa

3．2、rolt·ampere ch神孔teristic cuwes

The characteristjc cllrves of djff毫rent peak voltages姐d disch缸ge currents at dj抒h．

ent pressllres are given in Fig．4姐d Fig．5．Fig．4 shows the DC mode while Fig．5 shows

the p11lse mode in whi出the current is an average djsch缸ge cllrrent．Comparing the

curves in Fig．4 and Fig．5，it is seen that(1)to get the same djsch缸ge c11rrent both m

the DC mode and in娃幢plllse mode，the neutron tube sollld work withjn two diff毛rent

g豁pressttre r姐gesi(2)ilI地e Dc mode，meandering occnrs血a cert8i丑section of￡he

ch盯acteristic cllrve，whi出means an 1mstable workiⅡg region，where舳血the pulse Inode，

the n塘眦dering doesⅡ0t occllr；(3)稍th risjng jn the姐ode pulse peak vahle，the average

discharge current in廿e舳es more s1‘)W1y in the p1118e mode than jn the DC mode mainly
bec肌se in the pIll8e mode the in暑t弛taneous dis出盯ge c11rrent is several斑nes Mgher

than the a船rage disch甜ge cu玎ent(assodated wi七h the duty ratio)．Hence，due to an

increa8e m both the intemal re8istance of the pldse sollrce and the eqIlivalent resist姐ce

of the ion s011rce，the aⅡode vohage rise has a 1ess powerfIll eⅡ电ct oⅡenh舭lcement of the

丑eu圩on yjeld than纽the DC mode．
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V，V

Fig．4 y—J curv怕in the 8tate ofdirect current

1 0．12Pa，2 0．133Pa，3 0．2Pa，4 0．227Pa

3．3 Relations between the heat-

ing、，oltage of“地deuterium-tr“ium

reservoir and the ga8 pres8ure iIl the

ion source

Changing the he砒ing vohage of the

deuterjunl．tritium resemir win lead to a

change of the internal g拍pressuJe 0f the

ion source and the relationB bet帆en th锄
缸e given iII Fig．6．It 8hdws that a very

smaⅡ血Ⅻge ofthe heating voltage will

cau8e a sig枷ca丑t出ange of the g懿pres．

sure and the reservojr’8 heatiⅡg voltage

adoptesd is u8uany、rery 10w，so it is easy

to reaUze the change 0f the g酗pressure．

4 CoNCLUSIoNS

O．

1哪“∞ 趣∞22∞2鲫
V，V

Fig．5 y—J curve8inthe pul8ed 8tate

1 0，8Pa，2 1，2Pa，3 1．33Pa，4 1．6Pa

Fig．8 G∞pf船su弛intheion source as a

function“the heating voltage 0f the

deuteriurrl．tritium re8ervoir

The ion source fbr the neutron tube has a Imlch hj西er Eas pressuz电when wor恼nz in

the口11lse mode thaⅡin the DC mode．When the jon s011rce Ibr the neutron tube works jIl

the pulse mode，an incre雒e in the ano“voltage or血the g舳pressure reslllts in earner

disclI甜ge tri鲳ering，leadiIIg to an increase in the discharge cuⅡeⅡt pllIse width and the

average djscharge c11rrent．h the p11lse operathg mode，the孤ode v01tage rise leads to

a less obviaus incre抽e in the discharge cⅢTent than血the DC加ode and to a decrease
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in the operating reliabmty'so the anode Voltage should n。tbe too h追h．UsuaⅡy a丘xed

anode voltage is used and both the djscharge current p11lse wjdth and average disch盯ge

current are changed by regulatiⅡg the gas pressure．

On the occasion of the speci矗ed neutroII Pulse width，if the higher anode voltage

is selected，the shorter voltage pulse width is selected．It fbⅡows the prindple that the

越蜘瑚nm pube width of anode voltage is the sm of the neutron plllse width越m the

ⅡliIliⅡ删【Il delay time whi出c孤be sear出ed out from Fig．3 after the peak aIlode voltage

is determmed．

When the peak anode Voltage and the pulse而dth are both determ洫ed，the neutron

pulse width is adju“able and the discharge triggering tiIIle can be changed witllin a

cert血range by regulatiⅡg the gas pressure，when the quenchjng tiⅡle for the dis clIarge

cllrrent pulse does not ch甜唱e．

5 EXAMPLE oF APPLICATIoN

It is needed fbr C／O spectral 1099ing of petrokm that the pulse neutron eⅡ正ssion

frequency is 20 kHz and the p1Ilse Width is 6～8 ps，wldclI can be adjusted to the maxiII】um

of 12肛s．The IneasllremeIlt ofthe ga衄a rays WitlliⅡa perjod is diVided into two parts．

The inelastically sca“ered 7 rays缸e recorded血the缸st 15ps蛆d the captllred 7 rays

are recorded iIl the last 35 ps． The neutron p11lse鲥ssion time is reqllired to be set

witMn the 15 ps inel赫tic gate．That is to say，the time spectrm of MCS plllsed neutron

is requjred in a 5pecified timiⅡg position．例Here two probleIIls are put forw篮d，one is the

pulse width of IIeutron eInjssion and the other is the starting tirrle fbr neutroⅡeIllission．

Fbr ex剖npk，the anode voltage is selected as 2000 V and the ma血nlm work血g

g船pressllre 1．33 Pa，th吼we丘Ⅱd from Fig．3 that the discharge trigger dda，is 5．3 ps．

IⅡorder to ensure that nle p11：Ise width of disdlar薯e current is 8 ps，theⅡ山1iⅡIm time

needed sholdd be 13．3肛s．Tb improve the emciency of the neutron tube and to pr010ng

its service m，when the netltron yield decreases，the neutron emission time can be

lengthened to 12 ps． At this time，the voltage pulse width(bottom)sh0111d be more

than 17．3 ps．Ordinarily，the Wo凼ng g酗pressllre c衄also be 10wer and the discharge

delay time may be increased to 7～8 ps．h this c船e，the voltage p111se width shollld

be lengthened 2～3肛orⅢ0re．The st盯ting tiⅡle of the neutron pulse caⅡbe rou曲ly

reglllated with a monostable circuit relating to its 8ynchronous plllse，and then矗nely

re9111ated by clI姐gilIg the gas pressllre．
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