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A new detection method in studying penetration depth of
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Abstract A new detection method llas been applied to study the penctration

depth of low·ene。gy上eavy ions in botanic samples．Hi曲ly oriented pyrolyti。graphi托

(HOPG)pieces were plac耐behiIld tn target sampk8 with certain thickness to rcccivc

energctic penetrated ions durinE the irradiation． Afcer irradiation，stati8tic numbcr

density of protru8ioH—like damagc induced by ene。geti。pcnetrated ions caIl be ob—

tained t11rough scanning tu仰eling而croscope(sTM)observation on the s11rfaces of

HOPG．The reslIlt8 of test indicate that the detection 1imit can be as Iow as l 0×100

protrusions／cm2 with the method，the pcnetration depth of at least 60pm c址1 h【、

出tected iⅡkidney bcan slices irradiated by N+ion8 with dose of 0．3．3×1017ions／cm2

Keywords Low ene。gy ion hradiation，，nansrnisslon，BotaⅡic slice．STM observa-

tioIl HOPG(piece)

CLC numbers 0571．33．TN305

1 INTRoDUCTIoN

Low—eneTgy heavy ion implantation has found its new application in crop breeding

in recent years It has been reported that the implantation of 20～300 keV N十ions into

dry pl姐t seeds such as rice and wheat iIl the dose range of 1015—1017i。ns／cm2 produced

sigllificant iILheritable加utation eⅡ套cts⋯．The mutation e丹色cts are guessed to be 1nduced

by the direct interaction between energetic implanted ions and the DNA molecules in the

e皿IbTyo of seeds Ho、Ⅳever，based an the LSS theory【引，the Tange of such 10w—energy ions

in condensed materials is no more than 1“m，far 1ess than the distance from the embryo

to the sllrface of the seeds(100 pm at 1east)．

It is山fhclllt to clarify the problem because the measllrement requires hjgh sensj—

tivity．hl the croP breeding by hjgh-energy ion irradiation，ions can penetrate through

the eInbryo of seeds and produce penetration to DNA m01ecllles in the embryo，the dose

is no mDre than 1×108ions／cm2【引．Similarly，ifthe mutation eff毫cts were induced by

direct interaction in也e crop breediILg by 1aw—energy heavy ion inlplantation，the dose of
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energetlc i。ns whjch can produce damage。n the DNA molecules m embryo would als。

be low I工1 the formeT exper血ent，only hl曲sensltjve method such a5 part纠e】ndllfed
x—ray emission(PIxE)i刮and secondary i。IL mass spectrometry(sIMs)阳can detect 1m，

pIanted jons in the 100 pnl deep region below the surface of th。plant seeds While 1n thP

detection by the sc龇1r山19 electronjc ITlicroscopy with EDAX analysis，the concentratlon

d8pth of 90～200keV implanted V+ions is n。deeper than 30，zm below the surface 1n

wheat and peanut seeds㈦An。ther di伍culty is the reqllirement of the accLIracy 1n thc

hlgh sensitive measurement Because the botanic saIIlples are very tender，la。ge r11ea—

surement err。Ts may be induced by any treatment after i。n implantati。n，such as the

sputtering in SIMS detection[5】a11d the cLltti“g in PIxE detection㈠Besides the poss】-
ble measⅢement errors，another problem i】1 detecting the concentrati。n depth pro吊1e()f

implanted ions also needs to be t a】【en iIlt。consideration．D肌lse will become seVere hy
the accumlllation。f heat in the irradiation，and wnl induce tlle rIligratj。n。fimplanted

jons from the sllrface t。the deep regi。n of seeds Since the difruse ions or neutral atoIns

do not have enou曲energy to break cheTrLical bonds in DNA molecules)tlley ca上l iI。t

cause mutation efFects

Tb deal wi恤tlle above dimculties．the transmjssion measuTement is used 1n 0LII

experiment In the transmjssion nleasIlreInent，a cert缸n thick slices of botanjc samples，

such as seed c。ats，are used to be bombarded by lon beam，the energetic ion8 T)eTletrated

through the samples arc detected by high sensitiVe detectors The5e lons haVe cno“gh

energy to bTeak chemjc a1 bonds ln DNA m。lecules and are able t。pToduce mutati。n

e行色cts i11 the Tegidn deep盯than the thjckness。f the sampIes In our formeT transTrussi。n

measlⅡement experiment with a sernjcoIlductor detect。r，kidney bean slices of 120pm

t上Lick were irradiated with MeV F+ions aIld the penetrated energetic ions were detected

2n sttu【刊 The ion transrnjssion ratio kept at a very 10w level．It was at Inost lO刈even

after 1000 s irradiation But to tens of keV incidellt 11eavy 10ns，semiconductor dekct01 s

become incapable，because the 1。w—ene79y Penetrated ions fallin the hi曲noise reglon

and even lower than the detection Hrnjts ofthese detectors(usu“Iy 18 keV)Normal suud

track detect。rs，such as a hlghly sensitive detect。T CR一39，are出so ine行bctiVe befal】se

。f the short projectile range of 1。w—energy heaVy i。n In this article，we rep。rt a new

method to detect the penetration deptll。fldw—ene79y heavy iolls in botallic sanlples
wlth

tTansmi ssion nleasurement

2 METHoD

2．1 P rinciple of detection

According to the experimenta王set—up。f the metllod jⅡustrated in Fig 1，i洲s wm
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onthe surfa￡eoftheHOPG andtheHOPGbecomes amarphous[81．It meansthedetection

range can be no more thaIL 1013 protrusions／cm2

2．2 Detection emciency and the scale of doso

The mecha血sm of the d啪a譬e formation on the surface of the HOPG is thou曲t to
be the creation 0f djsplacement 0f botaIlic target atonlby the ion impact，followed by the

chaIlge oftopog’aphy ofHOPG or the i工lcre粥e of electronic density It has been r印orted

that one and only one protrusion can be produced by each incident ion that has nucleaT

stoppiIlg power in the range of 1．5～30 eV／nm at the irnpacting point on the surface of

HOPG【刮． Thjs hypothesis is justi矗ed in experiments such as the dmage production
probability of ea出Ga+ion with the energy above 250 eV is about 1，a11d the pTobab衄y
decreases as the energy decreases(1川．The simulation of TIuM pro盯am【11】indicates that

the nuclear stopping power of N+ions with the energy between 180 eV and 25 keV is just

in the range mentioned above． Therefore．the detection e伍ciency 0f low—energy heavy

ions such as N十ions is near l throu曲the STM observation of HOPG，aIld the dose of

ions bombarding HOPG is almost the s锄e粥the aVer89e n姗ber density 0f protrusion
in the detection．

2．3 Detection accuracy and background

The detection accuracy of the nlethod is deterHⅡned by the backgTound number

density of protrusigns．Gare“STM 0bs盯vation on the smface of HOPG pieces which
are placed in the锄曲ient withmlt direct irradiation verifles that sinⅡlar structllre Uke

the protrusion can not be observed except th。se Very close to the directly jrradjated

regions．The possible back口ound is thought to corne only丘om the scatter血g ions in the

iⅡadjation．This can be supported by two points：The scatteri工lg coe伍cient of ions with

energy of several keV is as h培h as o．5【12】，and the scatteriIlg ions have enou曲energy
to pr。duce protrusion-Uke damage on the nearby suTface of HOPG pieces if they impact

some steps away on the HOPG surface．Experhents for tests were designed to study
the in丑uence of scatteriIlg ions in iⅡadiation．

In order to study the e妇stence of scattering ions m the target，some HOPG pleces

were atta出ed on the back 0f t缸get cap or on the taTget board f缸away矗om the lon

wiILdows．The target was irradiated by 40 keV N+ions at the dose of 3×1016ions／cm2

After irradiation，the STM obserVation showed that the8e HOPG pieces attaclled 0n the

target cap and board both have the n血ber density。f protrusions near 3．0×101。／cm2．
The result demonstrates that there are ions scatteriIIg betw佻n the target cap and target

b。ard They can also inlpact on theⅡOPG surface aIld produce protrusions．

h the other test experiment，the target sanlples were almIlin恤foils They were
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chosen to be 30pIn娃dck Bo that aU the incident bw—energy he“vy ions would stop in

them Two ki工lds of HOPG set up were used．Fbr one kiIld，each HOPG was enVeloped

The spacer was a washer attached矗rⅡdy between the target sarrLpk holder and HOPG’s

substrate，each HOPG piece was put in the hole of the washer，just behind the alu—

m岫m“ls put below the ion wiIldow in the jrradiation． For the other kind，HOPG
were not enVeloped． The spacer was two pieces of shiⅡls attached on the two edges of

HOPG’s substrate Tar职ts h01der was attached 0n the shims The ion windows above

the s锄ples wtre covered by a lⅡlrn￡抽ck alumi工l啪pjeces，so the target sampjes wo山d
not be irradiated by血cident jons．After irradiation by 40 keV N十ions at the dose of

1．0×1017ions／cm2，HOPG surfaces were observed with STM It was found that the nllIIl—

ber density ofprotrusions on the enveloped HOPG pieces is no more than 1 0×10。／cm2，

indicating that no protrusions can be found on envelopedⅡOPG surfhces when ions can

not penetrate through target samples．For HOPG sllrface that were not enVeloped}the

nu如ber density of protrusions was f011Ild larger than l 0×1011／cm2．The reslllt demon—

strated that sorne energetic ions b伽：1barded HOPG sllrface in the irradiation thou曲

the target s锄ples 0ver them were not bombarded by ion beam， The protr旺sions on
them canⅡot be produced by the energetic ions penetrated through the s锄pks，but the

scattering ions in the irradjation．

Based on the above results．we conclude that it is necessarv to make each HOPG to

be envelopea to avoid the innuence of scatterillg ions in order to ke印low background

Ⅱthe HOPG pieces are enveloped，the scattedng ions can be successf珊y preVented
丘om impactiIlg on the HOPG s11rface The口mnber density of PT0trusions induced by

penetrated ions can be as low as 1．O×109／cm2血the detection．The protrusions wlth the

m呱ber density ofmoTe than 1．O×10。／cIn2 afe sure to be in“ced by the penetrated ions

t}Irough target sa皿【ples h the following experiment，each HOPG piece was enVel。ped

3 EXPERIMENT

The new transmit measllrement were applied to detect the possible penetra“on

depth of 10w—energy ions in ethylene terephthalate(PET)矗1ms and botalnc samples．

The botaIIic sanlples Were kidrIey bean seed shces with thjckness of 30，60 and

120 pm，prepared with traditional bi0109ic al technjques．The aⅣerage density of the slices

s咖ple5 is about 1．189／cm3．The t11icl【ness ofPET(cloH804)mms is 8 a11d 36pm and
the density of them is 1．397 g／cm3．

N+ion beam with the energy of 40 keV produced by ion i工玎【planter was used in the

i玎adiation exp盯iⅡlent． The c盯rent density of the ion be珊was about 8蛐～／cm2 and
the ion irradiation dose was 3×1016ions／cm2 and 3×1017ions／cm2．The vacum in the
irradiation cha耐ber was about 10—3 Pa． Under the s锄e ion beam condjtion，sever al
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samples were irradiated to meet the statistical requireIllent

The t。p。graphy of all the HOPG surface with叭1t nrther treatment wcre。|)seI ved

by an STM arterirradiation U sually，恤etunncb“g“Lrrentwas 2nA，andthe blas v。l L“ge

was一300InV STM tips were nlade by etchi“g tLLngsten wires with NaOH s。lLlIl(川rb

get the statistic al number density of protrusi011一like dam89e on HO J’G surnlfe，at lcast

tkee regions in eacll HOPG piece were selected randormy．In each regioII，6×6 matrlccs。f

100nm×100nm inlages，which was chosen as the unit area for pr。ttusion c。untlng，weIe

obtained．工mage of 100nm×100mn is a。quired at a pixel dellsity of4 pixelsjⅢ一L c】；L110w

nanomete卜scale featlLres to be detected and t。av。id rnjssjng protnLsi。n iIl colIntlllg h1

each sample at least one hundred unit images weTe colkcted

4 RESULTS AND DISCUSSION

On aU the HOPG behind PET矗IIns，the number densitv of口rotnlsioIl ls no IlI()rP

than the back口ound iIl the detection SiIlce the dosc of the ions to irradlate the PFl、

mms reachcs l 0×1017／cm2，the probabmty for thc 40kev N+ions to penetrate H an(1

36“m thjck PET行lms is no more than lO The resuIts nt the slnlLllation()f TRI、I

progranL This indicates that the method is feasible to detect the penetrated i。Ils thr叭lgll

a certajn thickness target and t11e sensitiVity of the detection can be Very high

F0r botanic saJnples，pTotrllsions have been 0bserved on the HOPG sampl皓㈤(】1 hp

n11mber densities ofProtrusions decrease wlth illcreasing thickness of botanic smllplcs A s

shownm Table．1，ontlleHOPG samples belLilld 30pTn and 60^untlli【=k slifes，thcIlLl上1l|)eI

“nsities are l o～8 0×1011／cm2 and 0 9～3 o×1011／cm2 respectively Ftg 3 s11。ws L}le

typical i111age in the obserVatloll_ Since both are much 1aTg盯than l 0×10。jcnl 1．t11c

Protrusl。Ils are sure to be pr。duced by the eIlergetic ion8 penetrated thro”gh the 30肛IIl

and 60肛m thick shces The ratios of protrusion(the ratio of the number deIl s】tv()f

protrusion to irradiation dose)are as 10w as 10 6～10—5 and 10 7～10 c，Tesppr¨voIv

for 30pm aIld 60 pm thick slices It indicates that t}le pTobabibty。f ioIls L(】pPn Ptratc

such deptll is very bttle，For 120“m thick slices，tIle densities are less t11an 1 0x 100+cIll=

It is stm uIlclear whether there are ene。getIc Ions penetrated through kidIl8y I)eell sllces

wnh tldckness 1arger than 120 pm．

Table 1 Thc uuII山er denslty of pro‘fusious ou HOPG#m1111lf，s

Th碍e‘saIllI)lcs Irradiati。n do∽／(皿2 N11mbcr deIlsi‘y()f I)rotrn sion／cm2 RatiI)(，f prn cru El

30“I¨ll⋯
30“IIl sIice8

60“I¨lices
60ⅡIIl sli【-r8

120“m slices

l×101
7

3×101“

l×10”

3×10l
6

3×】01
7

7 8×1n⋯

0 3×1 n川

l 3x101‘’

6 0×111。

<】×1【)。

7 8×l{)“

3 1．1(】一。

l 3×1【l

2【J×1f)’

<3 0×1(】一5’
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e五stence ofⅡdcroholes in the botanic s锄ples

5 CoNCLUSIoNS

V¨l_12

h s啪ary，with STM observation，nat HOPG piece c姐be used as a sensitive
counter for low-energy heaVy ions．IIl some energy range，each ion impact can produce

one aIld only on8 protrusion-1ike damage．The protmsions c砒I only b8 produced by im—

pact of energetic ions． The characteristic of HOPG s11rface make it suitable to detect

penetration depth of low-energy heavy ions in botaIlic sanlpks with traIlsIIlissi0Il mea—

s址ement．The background can be as low as l 0×10。protrusions／cm2，when each HOPG

piece is enveloped so that n。scattering ions can bonlbard it iIl the irradiation．With the

high sensitiVity of the method，penetration depth of at least 60 pm has been detected in

l【idIley bean shces．
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