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Motivation

Cost-effective, chip scale & generic

Standard processes, IC Fab

Comply with standard Packaging 

Feasibility, both at Wafer-level & Package-level

Wafer-level cap?

BAW is taken as a vehicleBAW is taken as a vehicleBAW is taken as a vehicleBAW is taken as a vehicle
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Project flow
Specification

Select capping flow(s)

Flow B Flow C

Select flow on best result

Moulding

Mechanical
simulations

Failure analysis

Electrical analysis

Process 
tuning
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top TEOS

SiN capping

SiN sealing

BAW

Flow B (Thick Silicon Nitride)

Capping routes

top TEOS

SiN capping

BAW

InterVia sealing

Flow C: Intervia sealing (50 um)
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Design

top TEOS

SiN capping

SiN sealing

BAW

SiN sealing

top TEOS

BAW

Release holes outside active

CS

d d

CS

Release holes above active

Design matrix àààà f (d, CS)

CS = release hole opening

d = distance release holes to active
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Modules

To study cavity touch down To demonstrate feasibility

Bond pads

1500 nm AlN

Al

TiN

TiW

SiN

Al

Platinum

TEOS

Platinum
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Mechanical Simulations

(80 bar)
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Deformation vs Thickness plot 
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Results: Electrical Analysis
Release  holes around resonator

∆Fa shift is independent of the release hole distance

Larger the release hole size, larger becomes the ∆Fa shift

Fa shift (before and after WLCSP)
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Packaging reliability Analysis

Why?

Package-level reliability testing

What?

impact of moulding on the wafer-level cap

(Cracks, delamination and chipping)

How?

Cross section & decapsulation analysis

Wafer/ substrate

MEMS

Silicon Nitride Capping

Glue

Carrier/laminate

bondpad

Electrical

connection

Mould compound
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Structural Analysis
Polished areaEpoxy resin

RS

Air cavity

Pt

BAW

Chipping/delamination Debris Cavity
Re-deposited layer

~ 1.2 um
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Risk: detaping

Number of good samples
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Impedance - Frequency plot
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Electrical measurements: post-Moulding

Fa shift after wafer-level processing

Fa, Real : 1.828 GHz

~ 6 MHz deviation (large without tuning)
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Conclusions: Mechanical

• Polishing results in debris and chipping off

• In FIB, re-deposition takes place in cavity

• Capping survives moulding

“BAW is electrically functional after moulding”
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Summary 

• Two capping routes have been tried 
Thick Silicon Nitride,
Thin Silicon Nitride + Thick Intervia polymer

• Capping route B -best option
(Only release holes outside active, to avoid mass loading) 
small release holes

• Only standard wafer fab tools required

• Capping withstands moulding without collapsing


