Through-Wafer Vias (TWV)
and their Applicationsin
3 Dimensional Structures.
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Through-Wafer Via (TWV) Technology

Applications

e Interconnects in circuits.
(e.g. Low Z connection to ground in mixed signal circuits.)

3D packaging.
(e.g. chip stacking, monolithic packaging of sensors and actuators.)

* Novdl 3D dlectrica and MEMS structures.
(e.g. 3D integrated inductor.)

NEVARSTES

* Via Size must be small.
(viasize must be comparable to a contact pad ~ 30 mm x 30 nm.)

 Low Resistance.
(vertical connection should have < 100 mWresistance.)

» Compatible with standard semiconductor processing.
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Processing Challengesin TWV.

Etching of TWV.

High Density Low Pressure (HDLP) RIE using SFes / CaFs chemistry at 15 mTorr.
Uses alternating etch / passivation process to achieve high aspect ratios.

Etched 30 mm/side square trenches through 525 um thick wafer.

Aspect ratio ( ~ 18: 1), etch rate of 2.2 nm/min ~ 4.5 nm/min.

| solation and Metallization of TWV.

Thermal oxideisolation layer.
Chemical Vapor Deposition (CVD) of Tungsten or Copper with polysilicon sticking layer.
Conformal electroplating of thick Cu for high conductivity applications.

Double Sided, Conformal Resist Processing.

Can not use standard spin on resists to pattern the metal and protect the metallized vias.
Used Electro-deposited Photoresist for double sided metal patterning.
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Process Flow of TWV:

a) Photolithography of thick resist.

a) ﬁ’ C) El Eé b) Through-wafer etching. (HDLPRIE)

c) Thermal oxidation and polysilicon
deposition. (LPCVD)

il ol o

H e) Electro-deposited resist deposition.
f) Resist patterning by photo lithography.
9 I!? 2l IE?
g) Metal and polysilicon etching.

h) photoresist removal.

on oA P

Quate Group, Stanford University.




|solation and Metallization of Deep Trenches

Cross Sectional SEM Micrograph

CVD Metal
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Double-Sided Lithography using
Electro - Deposited Photoresist.

Requirements:

Double sided patterning of metal
layers while protecting the metal in
the vias.

Electro-Deposited Resist:

Commercially available Shipley
PEPR 2400 resist.

Conformal coating on both sides of
the wafer with no spinning.

Nominal resist thickness of
3 -10 mm, with patterning
resolution of ~ 10 nm.

Adheres well to Cu and W surfaces.

Capable of protecting the metallized
TWVs.
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Application of TWV:
3 Dimensional Integrated |nductors

2 Dimensional Planar |nductor

Frequency : 1-2GHz

/¢A3/7; | nductance: 1-10nH
ﬁ Quality Factor: 3-10

3 Dimensional Inductor
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3 Dimensional Integrated Inductor

Optical Micrographs

3D Rendering of 2-turn inductor

Back side of wafer
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RF Performance of 3D inductors
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RF Performance of 3D inductors
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e Qmax = 18.5 @ 900 MHz (1 turn inductor)

*Q>10 @ 300 MHz

 Low seriesresistance ( 100 mWfor 1 turn inductor)

 Performance is limited by the high permitivity and low resistivity
of the silicon substrate.
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Conclusions:

Developed TWV Technology.
— High Vertical Wiring Density (30 mm viasize).
— UltraLow Resistance (> 50 mWresistance / vertical connection).

Fabricated Integrated, 3D Inductor on Silicon using
TWV Technology.

— Maximum Q of 18.5 @ 900 MHz.
— Q>10at 300 MHz.

Future Work.
— High density packaging by chip stacking.
— High Q inductors for low frequency applications (micro-NMR).
— Monoalithic packaging of sensors and actuators.
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