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BBuay skonormyeckux mpo0ieM ¢ XMMUYECKHMMHU TPaBUTEISIMHA BEAYTCSl aKTHBHBIE HCCIICIOBAHUS aJbTEPHATHB-
HBIX METO/IOB BBISABIICHHUS NE(EKTOB B MOJIYNPOBOJHHKAX M MeTamiax. B pabore paccMaTpuBaeTcs S5KOJIOTHUECKH
0€30TacHBII METOM «CYXOTO0» JIa3epHOTO TpaBieHHs. YcnemHo ucnonb3oBad Nd:YAG na3zep (TpeTbs rapMOHHUKA,
JUTMHA BOJHBI A = 355 HM, IUTUTENbHOCTH uMityibca T = 10 He, yactora f = 100 I'u, pasmep msaraa 100-200 mxm). OH
ObUT arIpOOMPOBaH MPH BHIIBICHUH AUCIOKAIMHA B MOHOKPUCTAIITIAX TePMaHus, a TAKXKe I BU3yaIn3aluy TPaHuI]
3epeH B OecKUcIopoaHoi Meau U ciutaBax - Cu-Cr, Cu-Zr, Cu-Cr-Zr, u natynu. Pe3ynbTar nony4eH B peskume OnTH-
KOIIACTHYECKOro 3(deKTa (IIOTHOCTL SHepruy ummyibca We ~ 0.1-1.0 JIx/cm?).

Knioueswte cnosa: >xonorus; 1azepHoe TpapieHHe, MOAU(HKAINA TIOBEPXHOCTH; XMMHYECKOE TPaBJICHUE; HAaHO-
cekyHAHbII YD na3ep; repMaHuii; CIUIaBbl MEAM.

LASER ETCHING OF METALS AND SEMICONDUCTORS
AS AN ALTERNATIVE TO CHEMICAL ETCHING

V.Yu. Zheleznov, T.V. Malinskiy, Yu.V. Khomich, V.E. Rogalin, S.A. Filin
Institute of Electric Phisics and Electric Power Engineering, RAS,
18 Dvortsovaya Quay, 191186 St. Petersburg, Russia,
vyuzheleznov@ieeras.ru, tmalinsky@yandex.ru, ykhomich@yandex.ru,
v-rogalin@mail.ru, safilin@mail.ru

In view of ecological problems with chemical etchants, there is active research into alternative methods for detect-
ing defects in semiconductors and metals. The paper considers an environmentally relatively safe method of "dry"
laser etching. A Nd:YAG laser was successfully used (third harmonic, wavelength A = 355 nm, pulse duration T = 10
ns, frequency f = 100 Hz, spot size 100-200 um). The frequency-pulse radiation of the laser was scanned over the
surface of the sample along a raster trajectory (“'shake") in accordance with the program specified by the computer.
Neighboring spots overlapped by 98%. Each sector was exposed to ~30 laser pulses. Laser etching was implemented
to detect dislocations in polished n-type germanium single crystals (crystallographic plane {111}), as well as to visu-
alize grain boundaries in oxygen-free copper and its alloys - Cu-Cr, Cu-Zr, Cu-Cr-Zr, and brass. The result was ob-
tained in the optoplastic effect mode (at the pulse energy density We ~ 0.1-1.0 J/cm?). Such surface treatment showed
intense thermomechanical processes in the near-surface layer of the samples heated to premelting temperatures. Sharp
heating and rapid cooling markedly affected the behavior of structural defects. Before and after exposure, the surface
structure of the samples was studied using a Zygo NewView 7300 multibeam optical profilometer and a JSM-7001F
JEOL scanning electron microscope (SEM). Laser etching, in addition to ecological attractiveness, has a number of
technical advantages, namely: high efficiency; no need to make images for research; the ability to take measurements
on an unused area of finished details. To obtain such data in a metallographic laboratory, it is sufficient to have a
microscope and a commercially available Nd:YAG laser or another laser with similar characteristics.

Keywords: ecology; laser etching; surface modification; chemical etching; hanosecond UV laser; germanium; cop-
per alloys.

Beenenue IIPUMEHSAETC XUMHYECKOe TpaBieHue. B

B nocnenHee BpeMs 9KOJIOTMUYECKHE IMIPO- HaCTOsIIee BPEeMS 3TO OOLIETPUHSATHIN METO
OJleMbl CTali OJHOM U3 BaKHEWIINX TEM BBISIBIICHUSI CTPYKTYPHBIX J1e()EKTOB TONy-
Hay4yHbIX pa3paborok. B Mertamtyprum u IIPOBOJTHMKOB U MeTaJIOB. J[aHHBIE O edek-
AJIEKTPOHHOM  IMPOMBIIIJIEHHOCTH aKTHUBHO Tax - BAKHAas1 XapaKTEpPUCTHKA MaTepuana, Ko-
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TOpasi yKa3bIBa€TCs B MACTIOPTE HA BBITyCKae-
MYIO MTPOAYKIIHUIO.

PaboTa ¢ XUMHYECKMMHU PEaKTHBAMU U UX
NOCJICYOIIAsl YTHUIIN3AIUS SIBJISIETCSI HETIPO-
CTOW M Joporocrosimien 3agadeid. ITo oco-
OEHHO 3aMETHO B CBS3U C NOCTOSIHHO Y>KECTO-
YAFOIIUMUCS HKOJIOTUYECKUMHU TpeOOBaHH-
amu. [TosTomy ceifuac BeyTcs akTUBHBIE HC-
CJIeZIOBAaHUS ATbTEPHATUBHBIX METO/I0B BBISB-
JeHUsl e(PEKTOB B TOJTYIPOBOIHUKAX H ME-
TaJjax.

W3BecTtHa 00paboTKa MaTepwaioB Ja3ep-
HBIMH UMITyJIbcamu [1] ¢ 1enbpro Moxuduka-
i noBepxHoctH. CymecTByeT Hambolee
UCTIONB3YEMBIN a0JIAIIMOHHBIA PEeXUM o0pa-
6otku. [lpu BO3IEHCTBHHM HAHOCEKYHIIHBIX
Y@ umnynscoB oH nposiBisiercs npu We > 1
Jx/cm? [2] u xapakTepeH MOsIBIEHHEM ONTH-
YecKoro npo0osi Bo3ryxa BOJIU3U TOBEPXHO-
cTH 00pasia, COMPOBOXKIAEMBIM TUIABICHUEM
U UCTIApEHUEM MaTepualia Ipy 3aMEeTHOM Kpa-
TEpPOOOPaA3OBaAHHH.

Bosiee nHTEpECHBIM NIPEACTABISETCS ONTH-
kortactudeckuid 3pdexr. OH HegaBHO 0OHA-
pyxen [3], mposBisercs nmpu We ~ 0.1-1.0
Jx/cm?. Ceiidac 3heKT akTUBHO HCCIeLy-
€TCs, TaK KaK B 3TOM CJIyJae elle B KOHJCHCH-
POBaHHOM COCTOSHHHM B KPHUCTaJUTMYECKOM
CTPYKTYpE TPOUCXOAAT WHTEHCHUBHBIE IPO-
IIECChI MpeoOpa3oBaHus Ae(PEeKTOB.

B nmannoit paborte cooOmraercss 0 HEKOTO-
PBIX SKCIIEPUMEHTAX IO UCCIICIOBAHUIO OTITH-
KoIutacTudeckoro 3¢ (dekra, MpeacTaBIIsIo-
IIUX ONPECIICHHBI UHTEPEC ISl KOJIOTHH.
OOHapy>XeH peXHUM JIa3epHOTO TPABIICHUS.
BbIsSIBIIEHBI TUCITOKAIIMM B MOHOKPHUCTAJLIAX
repMaHus ¥ BU3yaJTU3UPOBAHBI IPAHUIIBI 3€-
PEH B 3arOTOBKAX W3 CIJIABOB MEJIH.

MeToanka 3KcrnepuMeHTa

UccnenoBanuch noaupoBaHHbIE MOHOKPH-
CTaJIIbl TepMaHusl N-Tuna (Kpucrtamiorpadu-
yeckas Tiockocth {111}), a Taxxe monupo-
BaHHBIE 00pa3Ibl OECKUCIOPOIHON ME/IU U €€
crutaBoB - Cu-Cr, Cu-Zr, Cu-Cr-Zr, u natyHu.
Bo3znelicTBoBanu Ha 3TH MaTepuaibl CKaHU-
pytomumu norokamu usnydeHuss Nd:YAG
na3epa (TpeTbsa rapMOHHKA, IJTUHA BOJIHBI A =
355 uMm, pnutensHOCTH UMMyJbea T = 10 Hc,

yactota T = 100 I'u, pasmep msarHa 100-200
MkM, We ~ 0.1-1.0 JIx/cm?).

B HenmoaBmxHOM Jnyde oOpaser] mnepeme-
IaJcs Mo pacTpoBoil Tpaekropuu ("3meiika"
I10 3a/IaHHOM KOMIIBIOTEpOM Iporpamme. [le-
pekpbiTue coceqHux msateH - 98 %. Kaxaprit
y4acTOK mojaBeprajics Bo3aeicteuro ~ 30 ia-
3€pPHBIX UMITYJIbCOB.

Jlo m mocne BO3AEUCTBHS CTPYKTypa IIO-
BEPXHOCTH 00pa3lioB UCCIIE0BANIACh IIPU IO-
Moty npodumomerpa Zygo NewView 7300 u
pacTpoBOro  3JIEKTPOHHOTO  MHKPOCKOIA
(POM) JSM-7001F, JEOL. Bonee noapo6HO
METOMKA U3I0XKeHa B [3-7].

Pe3yabTaTrsl M UX 00Cy:KIeHHE

Ha puc. 1 noka3zana noBepXHOCTb MOHO-
kpuctamia Ge {111} mocne yna3epHOro BO3-
neiicteus (We = 1.14 JIx/cm?) [8]. Ananoruu-
HBIC Pe3yJbTaThl OBUIM IMOJyYeHBbl HA MOHO-
kpucrayuiax Si [9].

ada
Puc. 1. [ToBepxuocts Monokprcramia Ge {111} mocne
Boszeiicteus (We = 0.6 JIx/cm?): a — TpexmepHOe
n3obpaxeHue; 6 — onTHyeckass MHUKpodoTorpadus;
(Zygo NewView 7300)

()

Takast 00pab0TKa OBEPXHOCTH MPOSIBUIIA
UHTCHCUBHBIE TEPMOMEXaHUYECKHE IIPO-
LIECCBI B HATPETOM JI0 MPEATIIaBUIbHBIX TEM-
nepaTyp NpUIOBEPXHOCTHOM CJI10€ 00pa3LoB.
Pe3knii HarpeB M CTPEMHUTEIBHOE OXJIAXKeE-
HUE 3aMETHO MOBJIMSIIN Ha OBEJCHUE CTPYK-
TypHBIX JedekToB. B moHokpucrammax Ge
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BBISIBJICHA JMCIIOKAIIMOHHAs CTpyKTypa. Ilo-
JTy4eHHbIC SIMKH TPaBJICHUS MJICHTUYHBI BbI-
SIBJISIEMBIM TIPH XUMHYECKOM TPABJICHUH.

['paHuIB! 3epeH, NPOSIBUBIIMECS Ha TOJIHU-
poBaHHOI moBepxHOCTH crutaBa Cu-Cr mocie
BozaeiictBuss 30 ummynscoB ¢ We ~ 0.6
JIx/cM?  TokasaHbI Ha MuKpogoTorpaduu
(puc. 2). AHaloruMuHbIE PE3yJbTATHI IIOITY-
YeHbI KaK Ha MEJIH, TaK U Ha IPYTHX UCCIIE0-
BaHHBIX CIUIABaXx.

©)

Puc. 2. Kpaii o6yuennoii 30861 00pasia Cu-Cr, We ~
0.6 JIxx/cM?, &) mpoduib MOBEPXHOCTH, 6) MUKPO(OTO-
rpadwust (Zygo NewView 7300)

(a)

3akiiroueHue

Jlist mosrydeHust moIOOHBIX JaHHBIX B Me-
Tajorpagudeckod  nabopaTopuu  A0CTa-
TOYHO MUMETh MUKPOCKON M CEPUMHO BBHIITyC-
kaemblidi Nd:YAG nazep uinu apyrou, umero-
il moI00HbIe XapakTepucTuku. Ero xkena-
TeNbHBIE TAapaMeTpbl: TPEThsl TapMOHHUKA,
JUTHHA BOJIHBI A = 355 HM, IJINTEIBHOCThH UM-
nynbsca ~ 10 e, gactota 10-100 ', sHEprus-
HeckoJibko M/x. Mcrions3oBanue Y® nuana-
30Ha KeJaTeNbHO, TaK KaK OOJIBIINHCTBO Me-
TaJUIOB B 3TOM JIMAMA30HE TEPSIOT 3HAYUTEb-
HYIO JIOJTIIO OTpaskaTeIbHOM criocobnocTH [3].

DHepreTHYecKuid Juamna3oH, B KOTOPOM
HaOmogaeTcs 3P ekt ma3epHOro TpaBiIeHUS,
BeCbMa Y30K, U IOATOMY TpeOyeTcs TIIaTelb-
HOE cOOITI0/IeHrEe TPEOYyEMBIX MapaMeTPOB U3-
nydenus. [{ns kaxgoro warepuaia OHH
JOJIKHBI YTOUHSITHCS.

JlazepHoe TpaBieHUe, TOMUMO 3KOJIOTHYE-
CKOM MPUBIICKATEIHPHOCTH, UMEET PSIT TEXHU-
YECKUX MPEUMYILIECTB, & UMEHHO:

BBICOKAsI ONIEPATUBHOCTD,

OTCYTCTBHE HEOOXOJIMMOCTH HW3TOTOBJIE-
HUs 00pa30B IJIs1 U3MEPCHHUI,

BO3MOKHOCTh IPOBOJUTH M3MEpPEHHUS Ha
HEHUCTIOJIb3yEMOM y4aCTKE TOTOBBIX JI€TaJIEH.
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