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Investigation on the priming efrect of a CVD diamolld
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Abstract CVD di舭nond IIlicrod08iHletcr is an ideal 8ubstitutc of colnnloll Si、

GaA8 detcctor foT旺tremely stroIIg radiation e。perimental cnvironment due to lts

h噜h band 98p ene。gy’fast chargc collection．10w diele“ric const舭1t and hardIless IIl

order to impr。ve i七s characterl a CVD diamond microdosiIllctcr was irra(1hted l’y n

proton【lose of 46 G弧and a lateral micr0．ioIl beaIn indllced cha‘ge(IBIc)慨}ml‘lⅥ．’
was utilized to chara“erize it in low beam current(～fA)．It was clcarly shown th rLr

charge coIJection e商ciency aⅡd energy resollltion wer。greatIy improv刊after p工of．oIl

irradiation of that dosc．More“ver，the hoⅡlogeneitics of hoth its countiIlg pcl forⅡl；ul(：t、

and collcction etHciencv were eIlhanccd Proton irradiatioll of 46 Gv has been Drovt·d

to 1)c an e舶ctive way to prime a CVD diamond．
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1 INTRoDUCTIoN

Sohd state tracking devices have become one of the mainstays of general purpose

hjgh energy physics detectors． In the future，detectors for a 1耵ge hadron coUider or

new syncllrotron wiu be exposed to Iligh radjation 1evels in the beam interaction regi011

B0r ex卸叩le，detectors at the Large Hadron C01Iider at CERN aTe expected to receive

aⅡuence of above 1015 particles／cm2 iIl the beam interaction area dllring 10 ye”s。f

it8 operation． Therefore，researc}I on the advanced detector technology is becoTmng an

emergent field fbr hjgh energy physics

h comparis。n with the properties of silicon and gamum arsenjde(in Table 1)，

(1iamond proVides fast charge couection due to its hjgh electron and hole mobilities The

}ligh band gap energy of diamond resll工ts血a negligibIe intrinsic carrier density and thus

in a very low bull【cllrrent．This auows the detector operation of undoped material with

OhlIlic contacts．Furthe珊ore，its low diekctric constant reduces the detector c印acitance
and its low leakage current Ieads to a good noise performaIIce of the detector systelll
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These behaviors of di啪ond haⅣe been arosed great interest for physicists to expl()1t o
its synthesization，characterization and it8 priIIling e抒色ct【1】in order to reaUze it as a

ideal detector for hjgh ene。gy physical experiInent8

Table 1 Difhrcnt quantities of dianloIld，Si all(1 GaA8

chernical vapor deposition(cVD)is an attractive method in diamond synthesiza“。1112

due to jts facileness and low p“ce． CVD synthesized diarnond displays its foature of

c。l咖ar structure Wj亡h it5 gr撕n size ir【creasing出ong it8 growth directjoll The graln
size is i工ltimately correlated with the performaⅡce of CVD出甜rlond．

The performance of CVD djamond is primar订y judged by charge c01lection e币cleIlcy

and its homogeneities．hl addition to improVing the cheIⅡical conditions durillg it8 grow rll

process，there e】【ist two ad山tional approaclles to prime di唧ond One way is to lal)aw町
the Idw qua“ty mterid oⅡthe substrate．However，t11is is restricted because the lapped
sa唧le is thmner than befbre．Another eff毛ctive waⅣis to“pump—up”the diamond by
e】rposing it to radiation．It has been adopted by the RD42 reseaTch gToup of CERN

Fig．1 Experimental 8etup for hteral

micro—ion beam induced charge(r工1icr0-IBIc)

2 EXPERIMENTAL

using a stand甜d priIrdng treatment with

irradiation dose from 10 100 Gy of x—rays

or electrons．【3J In this paper，CVD dia—

rIlond was irradiated by a 46 Gy proton

beam A lateral rnicro—ion beam indllced

charge(nⅡcro·IBIc)technique，in w11lcll

a IIlicro—bea肌radiates the sample in the

direction paraUel to the electrode吼Lrfacc

(see F培1)，was introduced to study nle

priIn：hg e艉ct of CVD diamond by com—

paring the IBIC reslllts with or wlthollt

irradiation to the diarrlond samDle

IBlC measllrements were carried 0ut at the IIlicrobe咖facilitjes of Shanghaj IIls￡l
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tute of Nuclear Research and the Ruder BoskoVic Instltute of Zagreb(Croatia)．It js of

great importance to keep the beam c11rrent as low as the level of fA to avold saturatl011

of the electronic chain and space charge creation．H A sllitable procedure for producti。n

of a beam cuⅡent of about 1 fA is as f0110ws：

(1)The si sllrface barrier detector is s上lielded from the be砌(by moving it ofr th
beam axis or us证g a shutter缸rangement)and a beaIn c11rrent of～loo pA is 11sed L()

fbcus the beam by obserVing the beam spot on a丑uorescent material with a stereo z0011l

optical商croscope．

(2)The object aperature is closed to reduce the beam current from 100 pA to～1 pA

(3)The aperature is closed so that no beam at all is entering the 111icropr。be chaIIl

ber．

(4)The detector is placed on the beam axis，and aIly shutter arrangemen“s。pene(1

(5)The aperature is slowly opened until～1000 ions per sec。nd are being recorded

by the detector by obVersing the c0111lt rate on a rate meter connected to the amphher．

(6)Finiauy the detector is replaced by the analyzed sample．
The CVD di锄ond saⅡlpks were suppUed by Norton Dianlond Co (Ma)．A typica】

sample cross section of 200 pm×500 pm area with 200 pm thickness，clamped wjth two

Ti／Au electrodes on both the growth and substrate side，was丘rstly studied by nlicr。

IBIC technjque． Then the sarrlpk was irradiated by a 46 Gy proton beam and later

analyzed byⅡdcro—IBIC technique again For a 900d cornparision o仃BIC results betwe eIl

nonirradiated and irradiated diamond，the ekctrode on the growth side was added by

a矗xed bias of一300 V，the other one referenced to the屠round aIld IBIC measureIllents

were m越ntajned in the same experimental conditions．The cllarge pulse was generate(1

by the mo“on of the chⅪge carriers towards the electrodes due to the presence of t11e

applied eIectric 6eld． The dlarge pulse and its corresponding beam hit position werP

recorded in a list mode by a data acqllisition system．【5]Tb evaluate the charge collecti。ll

emciency(ccE)，defined as the ratio between the charge couected on the electrodes an(1

the charg。generated iIlside the sample，charge pulse was normalized to the response
of a si surface barrier detector(nomin al 100％ccE)on the basis that the energy for

creating a electron—hol8 pair is 3．6 eV in Si and 13 2 eV in di锄ond CCE maps a11(1
counts distribution maps were obtained by rneans of omline data processing

3 RESUITS AND DISCUSSIoN

Fig．2 displays ccE maps for a nonjrra山ated(top left)and irradiated sample witll

46 Gy dose(t叩right)under the bias of一300 V，re8pectively The pixel size in maps is

4pm×4pm．The left side 0f CCE maps is the growth one of diaInond aIld the oppome
side is the substrate one．Charge coIkction emciency range is shown on the right of CCE
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maps in％llllit The darker the pixel i工1 CCE maps displays，the higher
the(：(：E Ifl

the maps is．It is obvious that after 46 Gy proton irradiation the CVD dianlond is morc

homogeneous with h培her CGE Counts rnaps are also shown at the bottom of Fjg 2

Fig．2 IBIC elperimental re8ult8 for nonirradiated and irradiated CVD diaInolld

Top：Collection emciency map’BottoIn：Count map

In order to see how the grain afrects CCE，CCE maps are projected onto the y

a虹s．Here we took a b血box with 200 pm by 4 pm，whicll divided 500 pm into 128 blIl

col咖s．CCE prome along the y direction can be obt出edby averaging CCE in each
binbox F培3 gives a始11re oftheCCEpro砌e alongy axis 0fCCEm印s，wherethe s曲d

circk curve is for the noIIirradiated s锄ple a工ld the open circle cIlrve for tlle i“adiated
s啪pk By ta】【ing a 0．02 emciency interval to count c01umn numbers，F唔3 can be
transformed to F培．4 which exlIibits a diagra工rl 0f c。11】Inn nlmlbers at certajn efficieIlcy

intervals versus CCE for the nonirradiated and irradiated samDle It is of interest tn

note that the solid circle curve can be矗tted by a continuous line with the addjtion of

two dot Gaussi缸c11rves With two CCE centers(theh co玎esponding啪pbtudes)of o 1 5

(18．61)and o．29(3．62)；in the irradiated case it is enough to矗t the experimental data of

an open circle curVe by a dash Gaussian c11rVe With its center of 0．29 and its amplitude

of 17．19．It reaUy seems that in tlle irradiated case the peak with an aⅣerage value of

0，15 CCE disappears and it is‘‘transferred”to the peak at 0 29 CCE．In other words，it

cotlld be concluded that primiⅡg caⅡcels out the“phase”of the moderate CCE jn CVD

diamond by“transforn曲g”it into a high CCE“phase”．Takjng into account only the

rrmst promiILent peaks in Fig．4，erLergy resolution iⅡlproves from 50％in the nonirradiated

case to 33％in the irradiated one according to the energy resolution demlitjon．
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CVD diamond prirlljng also j工lcludes￡he homogenejtjes of GCE and counts出s⋯一

bution：By grouping now the c01unms in bins of di艉rent sizesl it is possible to obtajll

the homogeneity。f CCE and of count as a function of the bin siz8 q by the following

8quation：

^，：l一<圣!竺：!!!，!二三!三!：!三!竺，!，
<竹>

where<叩>is the oVeraU average CCE，研，，is the average CCE of the bin z with tIle

bin size indicated by J，肌．j is the number。f bins with the bin size indjcated by J w11lcfL

have an average CCE哺．j．

Fig．3 Collectio工l e砸cicncy pr曲le alo“g y

direction for nonirradiated and irradiated

CVD diaⅡloⅡd
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Fig．4 C011ectioIl c伍cien‘y I)ro矗le ver刚IH 1儿IL

sizc at a certaiⅡcoUection cffi(1en‘v

The results of tllis analysis is shown in Fig．5 both for the noIlirradiated(sohd circle)

and irradiated case(open circle)：particlllarly in the 1atter case the uniforrnjty ls already

good just at lower bill sizes，for exaInple，at the bin size of 24 pm CCE 1uⅡ10rInjty has

reached up to 85％，but it does not go to the v甜ue of 100％even at a bin size of half of tlle

region width Anyway，at the saIne bin size the homogeneity of CCE is improVed afteT

the irradiation of diamond． Data reported in Fig．5 qualitatiVely agree with analogolls

data expefimentally ob￡ailled wjth the strip detectors．川Same conclusi饼ls can be drawjl

with respect to the counts homogeneity． Fig．6，which is analogous to Fig．5，shows the

counts homogeneity behavi011r as a function 0f bin size 0btained fr0Ⅱl counts maps or

Fig 2． It c a工l be cIearly seen that in the irradiated case it 0vercomes 90％just at the

smallest bin size while it is Very low fbr the nonirradiated case even up to very large bin

sizes It can be concluded that the iⅡ1provement of the homogeneities due to prirnlnE llas

its major eff色cts in counting homogeneity more than iIl the CCE homogeneity，as can h。

observed fTom Fi95 and Fjg．6．

●cE：一8宕善Ejz
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Fig．5 Pro矗le of collection e盎cieⅡcy

llomogeneity verslls bin size

4 CoNCLUSIoN

V【'l

Bm‘函《pm)

Fig．6 Pro“k of∞1Ints homogmlcityⅥ、rslls

biTl sizc

Some conclusions can be made through the analysis mentioned aboVe：

(1)Later甜rnicro-ion beam iⅡduced ch甜ge tecmque is aIl e箍ctiVeⅡ1ethod to an
alyze the electrical properties of se血conductors materials．

(2)The charge couection emciency and energy resolution 0f cVD di姗ond were
greatly improved after 46 Gy proton beam irradjation to the sample

(3)IIl additi。n，the homogeneities of couection emciency and counts were jIlcrease(1

after the irradjation． EspeciaUy for the c011Ilts homogeneity，eVen at 10wer bin size it

reaches over 95％．

In summary 46 Gy proton iⅡadiation to CVD diamond is an efI色ctiVe way t。prinle

the sample．
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