Etch assisting agents for focused ion beam (FIB) etching of copper for
circuit editing of integrated circuits both prevent | oss of adjacent
dielectric due to sputtering by the ion beam and render sputtered

r e- deposi @ B INIERRREIONAD ABﬂJI@&ﬁON PERIIS A LSNDIRFHEPANENICE OMERA PICAVIREA TY (PCT)

‘(alNeggir hgﬁﬁv({r?dolrn&njnh @mﬁlOrﬁantlzﬁgonr 1/_ .. ﬂﬂﬂl I@ﬁﬁﬁlﬂﬂmﬁlw MMJQIWMHIIQWMMMMHI

about 70C and about 2200 and inclu i azi ng,\g \9@; f Hll
hydr azi ne @8y inteanatipwd Pulilicatioo DAl ne /./ | ves(%) Eltgm [pud 8 ﬁlﬂﬁber

hydr ocar bon Mougs20éI@et311x om Mt Et hyl |

Ni trosAnm ne rel ated conmpounds, and Nitrogen TetrOX| de Pr eferred agents are
Hydrazi @g RAAYE bAhEcikstiMalon. Hy dr oXYEL hy |diy SLazdd Qeale T Dss ofeitte #BOEN s eve
BOCNEH, © R Mo VAP0 CNERA. NDW p nonm%%ﬁ’mémb@m %m%
and Car i NG i Nulubler COMDI NAt i 0N Wi t KOMTL AageEnBASBr IX BUEBR, ByeBagént s
are ef f(gltﬂ:"?ll51 t\f/:lggt]lo qlAgtlgltﬂ(l%nl\lg E%p@%szdna/omégh as%‘%:c?tH FlatNo-¢ (}SIB%E)} Chd)tekK, DM,

fC, EE, EG, ES /GD, GE, GH, GM, GT,

(22) International Filing Date: HN, HR, HU, ID, I, IN, IS, JP, KE, KG, KM, KN, KP,
24 August 2010 (24.08.2010) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

12/547,368 25 August 2009 (25.08.2009) Us (84) Designated States (unless otherwise indicated, for every
12/727,191 18 March 2010 (18.03.2010) Us kind of regional protection available): ARIPO (BW, GH,

GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

(71) Applicant (for all designated States except US):. TIZA ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
LAB, L.L.C. [US/US]; 1665 South Main Street, Milpitas, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

CA 95035 (US). EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,

(75) Tnventor/Applicant (for US only): MAKAROV, 21;/{, {/I[? &%P{\I(]]EBFS,I\]?J:FSF:FEG, CL €M, GA, GN, 6Q,
Viadimir, V. [RU/US]; 38623 Cherry Lane, Unit 166, » ML, MR, NE, SN, TD, TG).
Fremont, CA 94536 (US). Declarations under Rule 4.17:

(74) Agent: YOUNG, Barry, N.; Law Offices of Barry N. —  of inventorship (Rule 4.17(iv))
Young, 200 Page Mill Road, Suite 102, Palo Alto, CA Published:

94306 (US).
—  with international search report (Art. 21(3))

(72) Inventor; and
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(57) Abstract: Etch assisting agents for focused ion
beam (FIB) etching of copper for circuit editing of inte-
grated circuits both prevent loss of adjacent dielectric
due to sputtering by the ion beam, and render sputtered
re-deposited copper on adjacent surfaces non- conduc-
tive to avoid electrical short circuits. The agents are
characterized by having an N - N (N being Nitrogen)
bonding in their molecules and boiling points between
about 70°C and about 220°C, and include hydrazine
and water solutions, hydrazine derivatives, NitrosAmine
derivatives saturated with two hydrocarbon groups se-
lected from Methyl, Ethyl, Propyl and Butyl, Ni-
trosAmine related compounds, and Nitrogen Tetroxide.
Preferred agents are Hydrazine monohydrate (HMH),
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J— S S T, HydroxyEthylHydrazine (HEH), CEH, BocMH,
g2 BN Y R B84 BocMEH, NDMA, NDEA, NMEA, NMPA, NEPA,
NDPA, NMBA, NEBA, NPYR, NPIP, NMOR and Car-

mustine, alone or in combination with Nitrogen Tetrox-
ide. The agents are effective for etching copper in high
aspect ratio (deep) holes.
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