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Decision Making on Reliability

New mission objectives &

and types of satellites Need of
= device functionally MNT Components and
= payload requirements Devices

= environmental load profiles

Technology &
Product Development

v

Equipment Range of Feasible Materials
Reliability Goals
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Taking Advantage of Virtual Prototyping

J 3 3mo

sty
Virtual Charac-
Prototyping terization

rement

D. Vogel, J. Aue_rsperg, J.-P. Sommer enabiliy:
S. Rzepka, B. Michel Micro Materials Center Chemnitz
ﬁ FraunhOfer Heads: Prof. B. MICheI S. Rzepka Micro Materials
ENAS v

Cempar



Example of Design Optimization for Reliability Needs

-Low Loss Beam-Forming Networks
for Satellite Broad-Band Communication -
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Solder Interconnection between Honeycombs and Base Plate

single channel hexagon

CTE(LTCO) ~ 4.5 ppm/K
CTE(Baseplate) = 21 ppm/K

* Solder interconnects between LTCC honeycomb and base plate (dark blue areas)
e Challange: Manage the CTE mismatch reliably

D. Vogel, J. Auersperg, J.-P. Sommer
S. Rzepka, B. Michel Micro Materials Center Chemnitz

/ FraunhOfer Heads: Prof. B. MICheI S. Rzepka Mitro Materials
ENAS w




Slight Simplifications Allow 1/12 FE Model
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Geometry and Materials, FE Modell "inter-2"
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Geometry and Materials, FE Modell "inter-2"
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Geometry and Materials, FE Modell "inter-2"
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Geometry and Materials, FE Modell "inter-2"

solder

Au base
metallisation board

2 differently wide solder areas can be taken into
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Geometry and Materials, FE Modell "inter-2"

beam forming network of one channel
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Stress Analysis (Mises): Base Plate Top Metallisation

could be problematic

controllable

not crit/i‘cal

*  Au metallisation is most stressed at the interconnects to the neighbouring honeycombs

e Solution: Underfilling
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Investigate the Effect of Underfilling

Underfill (red material region) = particle-filled epoxy
Distributes forces across the solder gap

Stress relief at interconnects

RF contacts are not to be wetted
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Advanced Approaches of Finite Element Analyses

- Failure avoidance in semiconductor BEoL stacks -
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Multiscale Modeling Geometry

Packaged microprocessor
(eight symmetric model

Packaged microprocessor
(10 — 40 mm size)

BEoL stack region

BEoL-stack
(5—-10 um size)

pum

_ | Feature sizes: Solder interconnect with BEoL-stack

i some nm! K Transistor side (50 — 80 um size)
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3D BEolL Stack FEA — Simulation of the Cracking/Delamination Behavior

Submodel

Finite elelement
characteristic
size in BEoL-
stack
< nm

Substruétu re
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BEoL Stack of an IC — Die Edge Cracking - Interface Fracture Mechanics CPI
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Solder Fatigue, Bulk Fracture, Interface Fracture — RSM/DoE

VCCT-Elements, - _
CZM-Elements e = Parameterized FE-model
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Optimization based on a DoE-Model or direct FEA — Define the Goal

Single Goal of Optimization:

* Find the best pair of chip/substrate
thicknesses for lowest solder fatigue

— '

= Avoid delamination and chip cracking at the
same time.
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Robustness and Design for Six Sigma

Scattering results

11,97 11,98 11,98 11,99 11,99 12,00 12,01 12,01 12,02 12,02 12,03

Optimum for a deterministic model resides

often in a region near or directly at a boundary

of a forbidden region ( fracture toughness
exceeded, for instance).

Some of the potential solutions reside in the

forbidden region and will probably lead to failure.
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Local Mechanical Stresses — Initiator of Failure
e residual stress due to processing
e stress caused by operation of devices
e environmental stresses

- Advanced stress measurement techniques
with extreme spatial resolution -
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Local stress measurement concept — stress relief by FIB milling (fibDAC)

-
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Solution of the
mechanical stress relief
problem by
Finite Element Analysis
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Local stress measurement concept — stress relief by FIB milling (fibDAC)

Local stress relief
by ion milling

NODAL SOLUTION ANSYS 11,05P1

STEP=1
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TIME=3
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Extreme lateral resolution by fibDAC stress measurement

Research goals

= Analysis of stress development in Cu / low-K
BEoL systems

currently PECVD SiO2 and SICOH as low-K
materials

stress in dependence on technological
processes

stress development over time (after CMP,
tempering, Si;N, barrier deposition)
stress dependence of line / spacer gap

Ta / TaN (~ 10nm) Trench displacment  «
field for SiO o —
I idth: 1.6 ® Stress relaxation
. ine width: 1.6 um . at trench
|C_UM/PE-SIO (600 nm) line spacing: 1.2 um 5 =
Siz;N, (100 nm) R
Si0, (some 100 nm) “
Si (bulk) pasx
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fibDAC stress relief — example of multilayer measurement

Noncd flash coating layer 1
l layer 2
—
<« layer 3
<« Si

G ayer 1= 690 10 MPa
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TSV and BEolL-structure for 3D-IC-integration

i) Main obstacles of 3D integration
Basi bl ith Rl are reliability concerns related to
asic problems wit vt built-in stresses. Currently

insufficiently understood and non-

microRaman stress measurements BEoL stack
T controlled issues are

on TSVs:
- accuracy limit due to mutual

Raman shift compensation caused ® mobility changes of charge
by different stress tensor carriers due to stress
components ® stress driven delaminations
and Si bulk cracks
u respective implementations

0,05+
: into IC design rules

o
& 8
1 1
—a—a
-
g
»
* -
L]
.
L]
by
i
-
——
-
i
L]
L]
L

< -0
5 . % 1 } Examination of residual stresses
= 0107 ] ] caused by Cu-TSV
é 015 mangfactur:ng
S ] = Raman measurement Stress (microRaman
ini i measurement
-0.20- } *  Finite Element Anzlysis insi measurement for
0251 . ‘ . @_.__, validating finite
¢ 2 4 6 & 10 ST element modeling)

Pasition x [um] o

D. Vogel, J. Auersperg, J.-P. Sommer
S. Rzepka, B. Michel Micro Materials Center Chemnitz

/ Fraunhofer Heads: Prof. B. Michel, S. Rzepka
ENAS




y-coordinate [nm]

fibDAC measurements on Cu TSV’s

Cu TSV with stress
relief trench
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= Stress extraction by fitting FEA results to

experimental data

= Application of appropriate 2D & 3D stress

models for FEA



fibDAC measurements in Cu TSV’s — stress extraction far from trench rim

Trench opening/closing [nm]

Fitting of experimental and 2D simulation data

obtained stress value: -127 MPa (compressive stress)
3D FEA model lead to values: -66 ... -351 MPa (in dependence on material model

and stress-free temperature)

Stress levels computed by 3D FEA
(elastic, elastic-plastic with
kinematic strain hardening):

0.5 C

Distance from trench center [um]

0.5

425=RT=eIast: -351
425 RT el-pl: -158]
RT_425 RT el-pl: -66



Conclusions

= Finite Element Analysis (FEA) — a powerful tool to accelerate and ease MNT device
development

= Advanced FEA techniques to set up failure avoidance strategies

= FEA & failure modeling allows integration of reliability goals into device
development

= New local stress measurement techniques give access to patterned multilayer
systems on semiconductor and MEMS devices
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