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litho = too slow
optical litho=too coarse
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p UV lithography

on tolerances and reproducibility
~ exposure energy
ariety of sizes possible

Dense holes (photonic crystals)

+ Base material for advanced CMOS
+ Good base material for high-contrast photonics

® Low material loss at 1.55mm

® Top (guiding) layer: ns;=3.45

® Buffer (cladding) layer: nsio,=1.45
+ Compatible with standard CMOS processes
« Available in 200mm (8") wafers  |Seqg
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« Our choice: SOITEC Unibond® \ /

Deep UV Lithography at IMEC

« Deep UV stepper: ASML PAS5500/300
(being replaced by a PAS5500/750 step-and-scan)

. 248nm (Ki
« Field size: 2 x 2 cn? on wafer

laser)

* Reduction mask® wafer: 4X
« Wafer size: 200mm (8")

« Future planning: 193nm

Optical proximity effects
« Dense structures (e.g.photonic crystal lattices)

Isolated lines ( photonic wires)

® neighbouring structures influence each other

of the design size)
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ize increases with energy

FEET,

different than structures in the bulk of the lattice

® effects are coherent

= Optical proximity effects
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dth with energy]

to get both right together T

Corrections should be applied during the mask
design stage (optical proximity corrections)

AR Coating
40 nm NEC

Development

Measurement Setup
« Incoupling with lensed fibre into broad waveguide
+ Outcoupling to high-NA objective
+ Adiabatic tapering into photonic wire (500nm wide)

lensedfibre for

Measurements

« Spectrum should be corrected for substrate losses
« This measurement: a = 432nm, @ = 232 nm

« Very high overall losses

+ PBG: Band edge around 1560nm® Dipin
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Corrected for substrate loss
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Interpretation

objective for

Silicon etch
CL/HBr/He/O,
chemistry

wet oxidation

Substrate losses

« Light leaks through oxide buffer
® Current wafers: dsop = 0.4nm: 8dB/mm loss
® New wafers: dsop = 1nm: 10° dB/mmloss

« Calculations are for slabwaveguide:
Situation is (much) worse for narrow waveguides

® structures at the boundaries and near defects print
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« Very high propagation losses:

® Main mode: y-even mode above light line
(very lossy. coupling to radiation modes)

® Secondary mode: y-odd guided Bloch mode|
(only losses through substrate leakage)
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Wafer layout
« Multiple dies on 1 wafer
® Use different Ilmography conditions for each die

® Cl i p
« e.g. Exposure sweep Z2Slges
® Increasing energy m]’ T ]“
® different feature sizes A B8 B8 A
Large parameter space on 1 wafer (= -
E
B ) 1

Bulk hole = 420nm

Border hole = 380nm

Gorner hole = 350nm

(OPE exaggerated)
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through straght waveguides and a double 60-degree bend.

Conclusions
« Deep UV lithography is suitable forphotonic IC fabrication
® Large throughput
® Adequate resolution
« Process characterisation is needed
® Print different structures together
® Optical proximity corrections
« Good wafer structure required
® Buffer layer should be thick enough
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