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Applications of Mid IR Lasers
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- Gas detection
Absorption spectra of various gases - Free space communication
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Wide ridge vs. Narrow ridge lasers

Lateral direction
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Characteristics Characteristics

-Wide mesa width ~ 100 um -Narrow mesa width < 10 um

-High power -Low threshold

-Lateral multimode operation -Lateral single mode operation

-Relatively easy fabrication -Relatively difficult fabrication

-Necessary step for the longitudinal
single mode operation



Crucial points to fabricate the narrow ridge

1. WG width control
2. Etching depth control I" """""""" 'I

< Typical GaSb based mid IR laser QW laser structure>

Lateral single mode requires the precise refractive index step (n,-n,) control
together with the mesa width.0



Fabrication of narrow ridge

<Dry etching> <Wet etching>
Advantages Advantages
= Precise control of etching depth = Cost effective
= High degree of Directivity = High throughput
= High degree of non-selective etching = Relatively easy implementation

=High degree of material selectivity
Disadvantages

= High cost Disadvantages
= Low throughput = Low degree of directivity
= High degree of material selectivity

¥

Could be preferred to industrial process.



Implementation challenges using wet etching

Material selectivity Isotropic etching profile

Al, ;-GaAsSb

Al, ;-GaAsSb

/

< Etching test with HCI based solution> < Etching test with Tartrate based solution>

—Fast etching rate for Al-rich material —Fast etching rate for non Al-rich material



Two major points of this technique

Complementary Etching Etch Stopper
- Role: - Role:
To compensate etching selectivity To control precise etching depth

between the GaSb and AlGaAsSb layer.
- Requirement:

- Procedure: 1. Slow etching rate with HCI
1. Etching GaSb with Tartrate solution 2. Need to minimize carrier
2. Etching AlGaAsSb with HCI solution transport problem

Proper material selection

2

AllnGaAsSb



Preliminary wet etching result
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<Etching test with the etch stopper>



Processing detail:

<Tartrate based solution>

Tartrate : DI Water : H,0, : H;PO,
=5g:90ml:30 ml:30 ml

!

Under stirring for 2 days

<Etching rate of etch etchant>

Etchant preparation

<HCI based solution>

HCI : DI Water : H,0,
=50ml:50 ml:1ml

!

H,0, was added just before used.

Material Gasb AlGaAsSb AlinGaAsSb
Role Cap Cladding Etch stopper
Etching rate of Tartrate 16.6 5 )
(nm/sec)
Etching rate of HCI 3.2 30 1.1
(nm/sec)

X
AN Highly selective!




Processing detail: Etching Procedure

PR
Metal Iayer Etching cap+gradin
Gradmg ‘ﬁg P*e 8
<1. Metal deposition> <2. Etching with the Tartrate solution>

PR

Etching
the p-clad

<4. Photo-resist removal> <3. Etching with the HCI solution>




Vertical wall narrow ridge with wet etching

Cap + Grading
overhanging

Metal alloy

Etch stopper

< SEM image of the complete laser device>



Mesa width control

Various PR widths

WD= 9mm 1pm File Name = 110410-012.tif

Signal A=RBSD Date :4 Nov 2010
Mag= 3000KX |— EHT = 5.00kV  Time :12:27:26

<2.4 um (10 um) >

WD= 9mm 1um File Name = 110410-028.tif Signal A= RBSD Date :4 Nov 2010
Mag = 30.00 K X EHT = 5.00kV  Time :13:17:53

<4.2 um (12 pm) >

WD= 9mm 1um  File Name = 110410-013 tif Signal A=RBSD Date 4 Nov 2010
Mag = 30.00KX |— EHT= 5.00kV Time :12:32:45

<0.5 ym (8 um) >
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Laser performance

b 730_S#1

T=20°C, CW

coated(HR95%, AR5%)
L=2mm
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Summary and Future work

<Summary>

* The lateral single mode laser has been fabricated by cost effective wet
etching technique.

 Complementary etching with the etch stopper demonstrated effective
mesa width and etching depth control.

* This technique can be used for sidewall smoothing, standing free 2D
wire, etc. consisting of Al-rich and InGaAsSb sequential layers.

< Future work>
» Optimization of the etching process for precise etching control.
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