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6. 3D Interconnect Metrology
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COSEMATECH Symposium JapanIZT

“Current Requirements for Metrology in fab-lite and beyond” &L Short Presentation

6.8 TSV etch depth

6.9 TSV etch profile

6.10 TSV liner, barrier, seed
thickness

6.11 Shape and stress

6.12 3D metrology for Cu nail
and pillars
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2012 Metrology

Roadmap Table

STRI
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2010 2013 2016 2019 2024
Flash 1/2 pitch (nm) 24 18 14 11 8.0
DRAM % Pitch (nm) 40 28 20 14 8.0
MPU Printed Gate Length (nm) 41 28 20 14.0 6.0
MPU Physical Gate Length (nm) 27 20 15.0 12.0 7
Wafer Overlay Control (nm) - 20% DRAM 8.0 6.0 4.0 2.8 1.3
Wafer Overlay Control Double Patterning (nm) 6 4 2 1 ?
Lithography Metrology
Physical CD Control (nm) 58
@ |Allowed Litho Variance = 3/4 Total Variance )
®© |Wafer CD metrology tool i 3o, nm) at P/T =
& [V ay uncertainty (3o ) 0.55
Etched Gate Line Width Roughness (hm) <8% of CD 2.1
¢ |Printed CD Control (nm) 25
= |Allowed Litho Variance = 3/4 Total Variance '
O
§ Wafer CD metrology tool uncertainty (3s, nm) at P/T = 0.2 0.6
Double Patterning Overlay Metrology
Double Exposure and Etch - Process Range (nm) 6.4 5.1 4.0 3.2
Double Exposure and Etch - Uncertainty (nm) 1.3 1.0
Spacer PEE process
Core Gap Line CD Control (carrier Line) (nm) 1.9 15 11 0.9 0.64
First pass CD control (after etch) - Uncertainty (nm) 0.4
Front End Processes Metrology
High Performance Logic EOT
equivalent oxide thickness (EOT), nm 0.65 05
Logic Dielectric EOT Precision 35, nm 0.0026 0.002
Interconnect Metrology
Barrier layer thick (nm) 3.3 2.4 1.7 13
Void Size for 1% Voiding in Cu Lines 4.0 2.8 2.0 14
Detection of Killer Pores at (hm) size 4.0 2.8 2.0 14



ERM Metrology
- Graphene Metrology -

e 20114E[XCDV Graphened;xH

« CVD Graphene®Grain Size, Grain
Boundary &, BEE¥, EEUT1—
FDFHAZERIAREIL

o INEMIERHRETEMIZKLSGrain
Boundaryf8iE D ERERH oI &E

- BBHIL. Ramany ¥, LEEMZFIZ&
AHEHRIA AT BE

2D Band . :
P CVD Garphene®Grain MDark Field TEME{§

g A A—erR—0RRSEED
o LS (Nelson, College of Nanoscale Science and
:_—-i_l;ﬁ_“_z:h Engineering)
EE _2./_/__ NG
E :".:2lB-LB!
- LEEM: Low Energy Electron Microscope

nl /N TEM: Transmission Electron Microscope

Raman Shift [cm-)

Raman%¥, LEEME{RICEDGraphencRikE
Ref; Ferrari, A. C. et al. Raman spectrum of graphene and graphene layers. Phys. Rev. Lett. 97, 187401 (2006).
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FEP. Lithography Metrology

 FEP Metrology

— Alternate Channel Material (Ge, 11I/V) &3D T /734 X Metrologyhi¥—

— Fin FET#8E&E TIXEFHRI/ AT A—2 DB KX HERRE = Hybrid Metrology
~ D PREK

— Advanced 3D Memory (Non Planer 3D Structure)l3#itt T22nm1t
RERIBFHICERRSN S AEEMENHY . MetrologyH it D Ble HhE

« Lithography Metrology
— 2011 X KIFEEZL
PIEIOWebi8HREFNDETIEHY

Bit Line

Phase defects’ Amplitude defects”

gates fins it o ' S
Fin FET 3D Structure Advanced Memory EUV Mask Metrology
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— 12 NGA=BICEB LS BEREE
=3k (top corner rounding,
footing, or etch recess under fin,

etc)
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7—REHADIEERHY)
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Hybrid Metrology
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Multiple Parameters Profile Characterization

- Top Width

Bottom
Corner

Sidewall

SE profile

W profile

Footing Index ! Sidewall Top
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(Model Based Libraries Technique)

Monte Carlo Simulation

Simulated

Library

i :[I
Primary Profile r; =A_ L_

beam

s = A rz -_'In\'_‘
T . :.I"_._.; |_
¢ .-'_-'-;.'.j;"‘- ; Matc hing
4 :l Results
K ry :T“' L Shape &

— Edge positions

* Proposed by U. 5. National Institute of Standards and Technology (MIST).

Image model
1, (x) = scale x

A B

AU ol s
_Ff_.-" "1':-‘\.,_ e affeet
Gaussian X X,

filter

-

Tool parameters

- Beam landing energy V...
- Beam width w,,

- Scale scale and offset [, g

Y

-~

Sample parameters

-Material, Height, width, rounding
-Edge position x, x,

- Sidewall angle &, &,

o
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4. Hybrid Metrology A 2011 ERESN ., BHIICHDFETRETES
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Table 10 TSV Etch Depth and Profile Metrology Assessment

5t i . Destructive | « SAMTvoids
TSVORESHAE, -
R THNIERIE  fecn defect, InspectAT4E

mL. |Backside IR intererometry
aCKS nienaraome
JERIRDIZEIE. White Light Intederometry

RARNGRTSE |= :
AU E=SHIT1ium ‘IR Inted erometry
ﬂ"fXd)TSV&*T |¢§gz Based IR Reflectometry

Lk
AJHE et o — e Table 1 SAM Supplier Landscape
TSVHZARERIICES

Overlayld # S S5M
$RCrIEE

LTE. kRIS Scanning Acoustic
R \77)\“ Microscope ’ . = e

. . Manual SAM . =
2{;&%2%%;%5 Auto SAM (dry infdry out) . Green = Yes
KREELLLY, Table 2 IR Supplier Landscape Yellow = Maybe
“BEIRIEET
EOT*SB?%*EEI IR Microscope
HEMEIERTE

IR defect review tool

IR microscope overlay tool

SAM: Scannini Acoustic Microscoie| TSOM: T ih-Focus Simulation-based Oitical Microscoie
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3D Interconnect Metrology <

2011 ITSR Metrology RoadmapTl&Through
Silicon Via (TSV)DEMER LR

Overlay — IR Microscopy X-Ray Microscopy (Tomography)

Width[um]
4.3603
2.2896

4.368
2.3057

Width[pm]
4.1033
2.2913
4.1334
2.3796

Bonding Defects — SAM Stress Metrology (Raman Microscopy)
( Scanning Acoustic Microscopy) R r— '

25000~ Raman 488 nm

—— Raman 532 nm
— Raman 633 nm

-2000H —
EBSD O

(MPa)

-1500r
@

Stres:

-1000r

-500r

Qs o
0 20 40 60 80
Probe position (um)
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Global Roadmap for 3D Integration with TSV

”
. -~
i Logic only interposers % Lowend ASICs Full ‘3D IC’
I\ Logic & Analo _
y YOLE [ EVE LOPPEMENT “SD.SOC]SiP” \
First product on -
Qualification thy _m
v EE ogic + Baschas 'KPE B8 | APE
Memor R fedododuiogoguaniogels]
eDRAM
% “wide 10 interfaces” CPU [ GPU | Mem || LD'-?I'C| T | o | o -
~ 1 year [ MCM 1 [ Al
e -
HB-LED modules i Silicon Multi-chip e
[T mdmg modules ] I!I.‘I!I []
f Stack
A Stacked
B Stacked Memories « ! : Ll it NAND Flash / NV
‘\Iﬂ_ _I'I = 168Gk
RE-SiP Embsddad
Power, Analog & RF rﬂﬂf‘.ﬁ.ﬁf N[ [ Embedded PD  Hipert. Ao et
; | ParicaTr] WD ROy | friu W00 ) e
T SOO0B000000 ""
Sensor 3D interposer
MEMS & P MEMS cawty

Opto WLP Glass Vi Multi-ASIC

CMOS /| MEMS

I\ Senser 0 i [l_asic_]I
i

([ AnaizgiRE

Sensors I” ﬁﬂ% n-:-'_"n

HE ©omEe -
WLOptics
TSH.-' I WLP FJ High-end BSI

Consumer BSI

ShellOP “Edge”

CMOS
imagers \(Seea/

W 3D integrated CIS
". soccis || @ o=l [ +WLAuto-focus

2006 T 2007 T 2008 T 2000 Y2010 T 2011 T 2012 7 2013 ¥ 2014 7 20151 2016

A
@2010 - 14 L e
Copymghts & Yols Développement SARL AN nghts resenved.

Suss MicroTec Workshop, July 2010
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Microscope for
pattern positioning
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Wafer I
L ] D
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XY-Stage \
\202( Objective lens \
Control Unit IR optical unit
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IR illumination
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Ref: http://cweb.canon.jp/pdf-catalog/indtech/zygo/pdf/las.pdf
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ref: http://repository.dl.itc.u-tokyo.ac.jp/dspace/bitstream/2261/37090/1/K-02041.pdf
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A. Momose et al., SPIE Proc. 6318 (2006)
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LVP (Laser Voltage Probing)
LVI (Laser Voltage Imaging)

JR R

L—H—RIL5—o 7 a-E2 7 (LVP)RE

o g, " * LASERE—L
AL (1320nm) = E &
/ e (/4 FYREL. s
: BI)7ICERE
nt [~ n* Ehtd,

s p—3/) \\FLaboum
e ) #l
s "-1 * FEMEENMNS
DREIEBS,

L—H—RIF—oTa-E2%5 (LVP)EE

REFRIZT A ZOBEREIIKEL-. TRANELS,
FNEEIZ, 7)—FVI)VDIRDBWVIIKETET S,

B An=- 55—

8 coggn, | m, m, |

2ok q is the electron charge
4rc,en, m, 1, | 1 is the wavelength

el is the permittivity of free space
¢l is the speed of light in vacuum
1 is the mobility

AN.a:_‘,_.:;_#__vu'?a)ﬁg m is the effective mass.

228
w j'ﬁ{%ﬁ Aa — ﬂ' q [@+ _] n is the index of un-doped silicon
m, K,

AN is the changes in charge carrier densities.
s and

The indices h and e stand for hole:
electrons.
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off state on state — saturation

GND oV GND % 1.2V
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® Inverter chain . TT s I == S
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® Chip is 40nm CMOS Graphics Processor Unit (GPU)

® The failure was identified on a production compressed shift

pattern

® A 11001100... repeating pattern was cycled through the scan

chain
— Scan clock =11 MHz

— Scan data = Y. scan clock = 2.75 MHz

® LVI was captured for both clock and data frequencies

® LVI was captured for both failing die and a good die

Good/Bad Comparison of LVI

Chain Overlay on 50x LSM Image

® Scan Chain has ~ 500 flops
* In a good chain, each flop should have LVI activity

®* The area in blue is where LVI activity was missing

® LVI captured on the good die confirms the “dead
zone”

Bad Die
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LVI captured High Magnification LVI for Clock in Same Area

® LVI here is captured with 220x Solid Immersion Lens (SIL)
® Data shifts from flop<highest> (Scan In) to flop<0> (Scan Out)

® LVI captured for the clock frequency

* Flop overlay shows data signal “breaking up” in flop C49 ®* The clock is reaching all flops, including “data-
. starved” flops

C49TH®RYUIN
TWSEMN
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C49 Fanout to Define PFA Area PFA Results

® Physical Failure Analysis confirmed

* Fanout of flop C49 is shown overlaid on LVI data image
* Fanout: random logic (green), buffer to flop C48 (purple), flop

C48 (blue) that the defect was inside flop C49

®* This fanout defined the area for destructive physical analysis

(MEFRITOFBR. CAORNIZREMNF 1=
EAERESIT)

®* The defect was cited as “hard mask
remain” at the output of this flop
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Animation showing the TSOM image construction method

using a conventional optical microscope
TSOMIZ. through focus®REIKDSimulation libraryERMARIMVORBE

tu;%ﬂ‘%ﬁiﬁ’i'taa
(a) (c) (d) (e)
Optical Schematlc 2D optical Optical intensity
Microscope showing through- images at profiles extracted Constructed TSOM
o focus scanning of different from the optical image using the
Digital the target through-focus images optical intensities
camera positions

[ %]

N
%55

-

=

i

D-staru:a i
Color scale
/ represents the

optical intensity

o Py =

o, == :

Motor for , Y D

- . 4

ocusing - RSN
&‘_:

Computer Cumputer algorithms
acquires multiple ;0055 the acquired digital
digital images of * ;,5465 and produce the

targets TSOM images

Work in Progress - Do not publish STRJ WS: March 2, 2012, WG14 Metrology

35



TEMO)Tomography Q)[R SIRY
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Gl-SAXS (nondestructive)Q)[RiE I

220 Q, diffraction profile
---- Q, diffraction profile

Analysis of 2D diffraction
image to obtain cross—
sectional view of the
sample
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