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Optical Filters: Fabry-Pérot-Filter

Fabry-Pérot-Filter
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Material aspects Fabry-Perot-Filter / DBR's
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Comparison (A=1550nm): 1) SiO, (n=1.47,d=A/4) and Si,N, (n,=1.94,d=A/4) on Si (ny=3.6)
2) InP (n =3.17,d=3\/4) and air (n;=1.0,d=A/4) on InP.

- to achieve good filter properties -> DBR materials having high refractive index contrast advantageous
- selected channel depends on cavity length (cavity=air=>tunable)
- integration of active materials

=> InP / Air-Gap
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Filter design

DBR’s using InP (n=3.17) + air (n=1.0):

High index contrast (>1:3) Large stop-band (>500 nm)
High reflectance (4p: 99.9%) Semiconductor => electrostatic tuning
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Actuation / Tuning InP/Air - Filter

simulation of filter + tuning by central layers:
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Fabrication Process

Epitaxial structure
. MOCVD-InP/GalnAs

Deposition of n-contacts
= Ni/Ge/Au, Lift-off, RTA

Deposition of p-contacts
= Ti/Pt/Au, Lift-off, RTA

RIE of Mesa
. PECVD SiN, mask, e
= RIE CHF;, RIE CH,/H,

RIE of Mesa for n-contact
. PECVD SiN, mask, e
r RIE CHF,, RIE CH,/H,

Underetching by FeCl;
+ Removal of sacrificial
layers (GalnAs)
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Etching techniques for InP-based semiconductors

i
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N,/O,/Ar
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InP etching using CH,/H./Ar

advantages:

- well established process
(standard technique)

- neither corrosive

disadvantages:
- relative low etch rate
= high self bias
r. process induced damage

nor toxic - polymer formation
- high selectivity to masks - rough surfaces
higher rate [(CH,),In] formation lower rate [(CH,),In] formation
+ smooth surface planes + preferential remove of P

= rough surfaces

CH,/H; ratio > » ¢ physical etch required

<

increasing

: decreasing :
formation of polymers formation of polymers
= rough sidewalls suppressed
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Results: Etch rate of InP using CH,/H./Ar
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Results: SEM / AFM

SEM

1Sk BOaa el kY

Etching using Si;N,
mask:

CH, [20 sccm],
H,[70 sccm],
press.: 26 pbar,
temp.: 20°C,
time: 15 min
power: 250W

Inage Statistios

IMg.
Imyg.
Imyg.
Img.
Img.

Z range 2.778 nm
Rms CRgl 0.352 nm
Ra 0.276 nm
Rmax 2.778 nm
Srf. area BL1B3D nw’

Box Statistics

Rus

Max

Max

Max

2 range 2.679 nmM

Mean rouwghness CRal 0.271 nm

10 pt mean C[Rz] 2.084 nm
Peak count 109
peak ht CRp) 1.535 nm
fiv wax ht [Rpwml 0.506 nm
depth C[Rwl -1.062 nmM
fv wax depth CRvwl -D.479 nm
Surface area 0 nw?
® diMension 402.35 nm
y diMension 398.82 nm

[Rgl 0.345 nmM

height C[Rmaxl 2.597 nm
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Filter fabrication — critical process steps

Formation of polymer
layer (~200-300nm) on
: top of mask and at
SigN, sidewalls
- problem: removal of mask ~
=>usually: - aceton+ultrasonic / O,-ashing
- HF possible but:
=>but: - O, ashing -> high power=contacts removed s difficult + small yield
- HF -> etching of Ti v

- ultrasonic -> destruction of small MEMS ~ optimization ?!
- problem: underetching (deposition at sidewalls)
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Filter fabrication - process optimization

Photoresist

«— TI35ES (IR)

Photoresist
AZ1518

etched mesa

CH, [6 sccm],
H, [36 sccm],
press.: 15 pbar,
temp.: 20°C,
power: 150W

HEID41 18.8kY X3.58K B.57&m time: 10h

DIB21A 18.80kY X3.%90K 8.57sn

Reduction of gas flows / pressure / RF power

-reduced polymer formation

-only PR necessary
. mall etch r
(reduction of process steps) — small etc e}te
: (15nm/min)
-simple removal of PR by
aceton
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Characterisation: Tuning, Reflexion

InP/Air - Filter
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Characterisation: WLI, SEM

InP/Air - Filter

 scanning white light interferometry (WLI)
(200pm x 200pm x 100nm)

- evaluation of strain in top layer

« approx. flat membrane (ROC 5mm)

 unfortunately instable resonator
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Zusammenfassung / Ausblick

Herstellung eines vertikalen, mikromechanisch aktuierbaren, optischen
Bauelements (Fabry-Pérot-Filter) vorgestelit

Materialsystem InP/Luft
Herstellungsschritte
Trockenchemisches Atzen von InP
Optimierung des Herstellungsprozesses
Ergebnisse

Ausblick:

Weitere Verbesserungen der Filtereigenschaften
Integration von aktiven Materialien (Photodetektor, VCSEL)
Filter im Materialsystem Si;N,/Luft

Trockenchemisches Atzen von Si;N,/Si mit PR-Maske

PECVD von Si
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