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Failure Analysis on a 0.13um Cu Metallization Device for Multi Functional Printer
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ABSTRACT

PEM (Photon Emission Microscope) and OBIRCH (Optical Beam Induced Resistance CHange) have
sufficient performances as hardware failure analysis technique. However they have more challenge as the
number of interconnect layers of LSIs increases. Of course, LSIs which MFP (Multi Functional Printer)
employs continue to shrink and promote multilevel metallization, therefore the failure analysis on them
becomes very difficult. This article reports an example of successful failure analysis of a printing control
LSI fabricated by 0.13 um technology and eight-layer copper metallization. In this case, the fault was
localized with Failure Diagnosis as software failure analysis technique and with SEM based nano probing
technique and OBIRCH method. The subsequent physical analysis revealed the gate electrode breakdown

caused by the penetration of copper in silicon substrate.
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#symptoms=1 #suspects=1 CPU_time=2338.72sec fail_log=logs/SCANlog
#failing_patterns=49, #passing_patterns=3452
#unexplained_failing_patterns=0

=1
41 106 153 207 357 373 525 526 557 639
685 713 891 1150 1191 1273 1935 1628 1670 1713

suspect score fail_match pass_mismatch type value pin_pathname cell :_pathname layout_status
1 100 49 0 Stuck 1 /U_TOP/U_ vs/pzcons/musn/usz/o KA23D
/U_TOP/U_YE/ P2CODE/ INNER/docedX2X LOCATION_IN_LAYOUT

m ntialopen_segents=1, ftotalsegments=3, f#potential_bridge _aggressars=3, #otal_nelghbors=35
ssssss re fai_match pass_mismatch type value location layout_layer critical_a

11 100 49 0
12 100 49 0

CHL 1
OPEN 1

/U_TOP/U_YE/ P2CODE/ INNER/ U93
B1&B2 metall 2.45E-03
via  116E-02
metal2 6.27E-02
/U_TOP/ U_YE/ P2CODE/ INNER/ LAD/s3 NET690 m 12
tal3
/U_TOP/U_YE/ P2CODE/ INNER/ DCE/s9732  metal lz

13 100 49 [} DOM aggr

14 100 49 0 DOM aggr

XMAP_TABLE_BEGIN
1.0

UNITS_DISTANCE_MICRONS 2000
BRANCH_INFORMATION_BEGIN
symptom st pe:tbanchmt pin_pathname cell_name
TUTOP/ /1, YEJ PICODE/ INNER/ LAD/ ULB/A1 CSOF
1 1 BZ F /U_TOP/ /U_YE/P2CODE/ INNER/ DCE/ M83/I CS0F
BRANCH_INFORMA TION_END
BRIDGE_LOCATION_BEGIN
symptom s pe:tlnyo«tlav category critical_area x_coord1 y_¢ < A
1 1o et $25  148E01  6002.100 8294.000 6002.300 8295.560
1 a0 e S25 865601  6004.100 8294.840 6004.300 8295.100

coordl x_coord2 y_coord2

Fig.1 An example of the failure diagnosis result.
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Fig.2 Schematic diagram of failure suspects.
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Fig.3  An example of the most adjacent parts extracted

by FA-Navigation system.

I3.&EEM%E(¥W@)

s R~ MW TR O & 2 HEE — R
Stuck-at-1# s, Openi#f, BridgefifEttkx TH Y,
M PR RE T S Bridge MU D M 4 5 0D 7= 2D & T A3 e
e LTHEF D, YR AT SR R >

kB EOEFT, EOFE— FTHEL TWH D0 EH
MEIC L CRL MEND D20, JRER 72 S & iR
ETHEE U CRINFERE & OBIRCHIE 2 FIH L CHE 72
DRGAIE AT o Te. W ETEEIZOpeniiifE & Bridge
F%, OBIRCHiAIZStuck-atiif& & Bridge & 2 £ E 9 5
T ERHR DI TN B2FEE T D 2 & Tl
Ay MBI L TRV OH 52 TOHEE— FIZxHi
T5HZEMHRD . WINENRIEIZSEMA S/ e —tE
VIV AT REFIALTTH 72910 pmEL FOViaTh
FEHE FIRE T & 5 MOBIRCHIE D FE i 2 B & LT, R
72MebJBLA LD I JE B MR 2 AT EE AL BRIZ L D BRE L

Ricoh Technical Report No.36

87

DECEMBER, 2010



Viad/g bz 7' n —7EMAEER LT-. BMER CTAEL
HEMEEDT T A R U 7 O], B 7aViaft] A
NR—=RATOEMIKDT-DEMBY A X2 umX2 um
L TER L.

3-1 RN EBFRIE

W BRI ISEMEEE NICIEH SN -7 e —r v o
VAT LER—AL LTEY, SEMEENTEEIN

T B A MROWINEN 2 il 2E L T/ e —7 TR L,

AR ANEN SRS U 7 I R LAl 0> 25k & B =2
Y ETFARNTERTDHIETTr—E 7 ENTER
DEEIREE & Eif5/b L Openiif fE-°Bridge i F o> i [ 5
T % 22 fiRRE CTREET 5 2 & D3 K 2 AT H i
ThH5[3]. FigdlTWINERRBGO—Hl % ~7.

Fig.4  An example of the (a) SEM image and (b)

absorbed current image.
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Fig.5  Schematic diagram of (a) open fault model, (c)
stuck-at fault model and absorbed current
image corresponding to respectively is shown

in (b) and (d).
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Fig.6 (a)OBIRCH image of failure suspect net
versus VCC and (b)layout image of failure
suspect net for reference.
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Fig.7 (a)SEM image of contact layer at isolated

fault and (b)layout image at SEM image.
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Fig.8 (a)TEM image of defect and (b)EDX mapping
of Cu in TEM image.
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