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Antistatic Techniques for Suppressing Charging in FIB-SEM Combined System
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ABSTRACT

Focused ion beam (FIB) technologies are now routinely used for circuit modifications during the
debugging phase of ULSI development. However, FIB-induced charging causes electrostatic discharge
(ESD) damage and changes transistor parameters. Thus, for ULSI makers, achieving successful circuit
edit without the FIB—induced charging is one of the most critical issues to reduce the development costs
and time—to—market of new devices. We have developed three antistatic techniques for suppressing the
FIB-induced charging in a FIB-SEM combined system. In this paper, the effectiveness and mechanism of
our antistatic techniques were investigated and discussed. We also proposed an application criterion of
the three methods to realize successful and efficient circuit edits of various devices without FIB-induced

charging in the same FIB-SEM combined system.
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Fig.1 Schematic diagram of FIB-SEM combined system.

. 500eVIRBFE—LZRWEFE
EiIES 200

RN DOBEF V¥ V—TCTIELEDOE T ZemA—
S —DJREFAIZ PRI 5 72, FIBAN LAEI LIS O &
TN AR LS ECLE S RERDS. B
W E PR T, PR Ao e B OKT=x L
F—E - ZFBIN LEROAMHGT 2 Z ENEETH
5. 27T, FIBSEMBEGIEEDSEM % F v —
Za— 7 T4 P =L LTHWHZI LT, ZOMEY
R % = L BB RFETIE, IEEEL00V
TE—ABEHM0mIZK - 72E T — 2L (FEB :
Focused Electron Beam) # FIBJN T A3 Z [RIREHE -
5.

3-1 By 7ILE L UEREFIE

+12VEBZ HEEN 2 hr—L 7 — 1k (CG) 2
FnEAUIEIEEE (V) 7 F& LTRIHATRET
% %5 EEPROM ( Electrically Erasable-Programmable
Read-Only Memory) 7 /34 A% AT, FIB, FEBM
FHZ XV AU D HEEEM AT Lz, ERICHWY
YNV, F— hE06nm, 28 A Z T ut A CcRbE
ENz U = — VREEOEEPROMEAE L THDH.
250pm i@ CHLE S 4172 3 O EEPROM AR E /L 0 9
b7 u—7 4 U IRREICH HCG/N v REMOD1-ICFIB,

Ricoh Technical Report No.34

62

DECEMBER, 2008



FEB% MR L, ZOBA U LRBIERMOHEBNN 23
fliL7=. FIBIZCG~/<y REM: - D20x20pm>fElE 4 =4

L7-. FIB, FEBORRHIEILIATI00MTH S
3-2 FEBESHICKZHEEN

P, SEFv—V=a— FFILF—E LTH

7-FEBD Z & BB U 7= BRI A U A ¥ B 22 L7~

MRET RA 2B L OEBT AL ADV,> 7 S EDOFEB
7a—7 & () KFEEEZFig2l2R7d. FEBIZXD
MRS S 7ZEEPROMT /3 A A DV ld 7 v — 7 Eif &I
bbb 77227 hLTWD DI L, 2D
(BEHE - 250pm, 500pm) 7 /34 ATV, & 7 MM
HTEDLLD, b LLIE~ATATHD. 2DV,
7 MEMNBFEBIZ LV S Z4U72EEPROMT /31 A
DCGSy REMIIL = 0.5nADKHIFIIEV, L= InAF &

UMnADRFIAIBVT T ZTHEL TWD LT 5.

—J, ZDRBIT A ADCG/S v FEMOHEBLLIL
I.= 0.5nAR L ONnADKI+12VEL FTH S A, .= 4nA
DOFFIKIOV~ A T RAITHEL WD I Ttx 5.

° == I[rradiated

2r =P€= Neighboring (250 pm apart)
—_ == Neighboring (500 pm apart)
> Ir
ot
= Of K=K
wv
ﬁ
~ -l f

21+ 2.4

A
3 . . L .
0 1 2 3 4 5

Probe current (nA)

Fig.2 1V, shifts of irradiated and the neighboring

(250pm and 500pum apart from the irradiated
device) EEPROM devices as a function of
FEB (500 eV) probe current.

EREOREREZFAT 57012, B — L BERO
BT EZ IRE B KOO FRE D =W TE
295 (Fig3@EM) . s ZRE 1O
BERIEIZ R EINDGEGE, Ehve: ZIRE O ALY
RS, TWRE TR 6) IXE T E— A0 MRESA:
(BTr=xLr¥— (B, BHEMAE) ICkh R&E<EML
L, E.L8& DEMREIFFig30)D &k 512725%. 0 < E. <

Eu, F7013Ew < EOHA, §<1THDHZ &bkl
I~ A FRCHEL, HEBM (V) 1TEhEny, =
-E./q V,=-(E.-Eu) /qCREMIT 5. 22 Cqidk
BATTHD. —F, Egi <Ee <EpDHANE, §>1ThH
L2 ENBRENIT T ACHEL, TOREIRmIEE
I RE TR U COEE R S 5 L IRE T
DO %5 & 2720, REORFEBMIL10%V
PUFCz bnZEd 5.

Primary-electron

Ie Secondary-electron

® d /’:
.7 # Redistribution
/ K

Y

Negative  Positive

charging  charging
1

Negative
charging

(b)

Secondary-electron yield &

>
>

E.; Electron energy E,

0 E

‘erl

Fig.3  (a) Emission and redistribution of secondary-

electron and (b) dependence of secondary-
electron yield on electron energy for electron
beam irradiation.
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Fig.4 Tlustration of surface potential distribution on
insulator for electron beam (secondary-
electron yield & > 1) irradiation.
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Fig.b W shifts of irradiated and the neighboring
(250pm and 500pm apart from the irradiated
device) EEPROM devices as a function of
probe current ratio (Z/£) of electron (500eV)
to ion (30keV) beam. The probe current £ of

ion beam was kept at 50pA.
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Fig.6 Scanning electron micrographs showing

procedure of microprobing and FIB-assisted
deposition method: (a) after touchdown of
microprobe on sample surface and FIB
deposition to form carbon line which makes
current path from gate pad to microprobe
(GND) and (b) after FIB irradiation to
bonded-wire to gate pad of NMOS transistor
and lift-off of microprobe.
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Fig.7  Pre- and post-FIB f vs V; curves of NMOS

transistors for FIB probe current of 6.9 nA:
(a) without or (b) with microprobing and
FIB-assisted deposition method.
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Fig.10 Tlustration of collisions of gas molecules or
atoms  with  secondary-electrons  (A),
sputtered particles (B) and Ga* ions (C)
during FIB gas assisted etching with XeF,.
These collisions induce ionization of the gas
molecules, atoms and sputtered particles.
Redistribution of secondary-electrons is also
shown.
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Table 1 Features of three antistatic techniques for

suppressing FIB-induced charging.
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Table 2  Application criterion of three antistatic methods

to realize successful and efficient circuit edits of
various devices without FIB-induced charging
in same FIB-SEM combined system.
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