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Diode Laser Active Region Evolution
Peter Zory — University of Florida

1962 to 1970

Diode Lasers: Diffused & Epitaxial GaAs P-N Junctions

Heterojunction Structures: Single SH & Double DH
1970 to 1980

Two Dimensional Waveguides 2D

Corrugated Waveguides

Distributed Feedback DFB / Grating Coupling GC

1980 to 1990

Compact Disc CD / Digital Video Disc DVD

8th Transatlantic Communications Cable TAT-8

Quantum Well QW / Photonic Integrated Circuit PIC

Vertical Cavity Surface Emitting Laser VCSEL



1st Diode Laser — Diffused P-N Junction 1962

US Patent 3,245,002 filed 24 October 1962 R. N. Hall General Electric
P Zorv



? Useful Power @ Room Temp 300°K 1963

Replace Diffused P-N Junctlons
Liquid Phase Epitaxy LPE i

Graphite Cylinder

l N-doped GaAs
substrate

Liquid Gallium
-.( GaAs chips
Zinc P-dopant )
Equilibration Tipping Growth



Epitaxial Laser Material 1966
Active Region Thickness d = 2um

p-GaAs

n-GaAs

“Average” threshold current density
J,,= 30,000 Amps/cm? @ 300°K

Commercial Products
pulsed diode lasers & high power laser arrays



1966

GALLIUM-ARSENIDE INJECTION-LASER DioDE [R..2RCA.
” FOR PULSE OPERATION TA2628
RS R RS e kit e e R N s S

RCA Dev. Type TA2628 is a p-n junction gallium- RCA

arsenide injection-laser diode which emits radiation,
when forward biased, in the near infrared region of the f
spectrum. It is supplied in a modified TO-46 package '94:1

with a low-absorbing glass window. It has alloyed con - /,/‘ 'V_/ G aAS P u Ise d La Se r
tacts in both regions of its junction to provide good re - a4l

liability and high thermal conductivity. 4

g 2 Times
/ ,'/ Actual Size

The TA2628 is designed especially for pulse /

operation with high modulation rates at room tempera - L-314

ture. However, it may be operated in such service

within the temperature range of —196° C to +50° C. It 0
will have high power output and high power efficiency. o Wavelength of Peak Emission 300 K
The TA2628 is well suited for communications, ranging at 27° C — 9050 +50 R
and guidance systems, instrumentation, control equip- -

ment, and other applications utilizing nanosecond pulse
widths at high repetition rates. e High Peak Power Output — ! W o u t 3 O A
2 Watts Typical at Peak

Radiation from the TA2628 is emitted ina direction
- . Pulse Current of
perpendicular to the plane of the header. Beam spread
30 Amperes

. O .
at room temperature is 15”7 in a plane parallel to and
=0 - . ¢ "
57 in a plane perpendicular to the junction. Although
beam spread increases slightly with increasing oper- L
o High Power Efficiency —

degree at all temperatures by means of a suitable Typically 0.5% at 27° C and

optical lens. ' Peak Pulse Current of 30 Amperes p u I S e Wi d t h < 2 OO n S

DATA

ating temperature, it may be reduced to a fraction of a

General:

Wavelength of Peak Emission at +27° C (300° K):
Peak.. cesses ceees 9050 + 50 angstroms

Line width at half-power points (Energy Spectrum) ............0.. 5to 10 angstroms W a Ve I e n t h 9 O 5 n I I l
Emitting Area .vveesnsenssnnns P . 1 x 1075 em?

For further information or application assistance on this device, contact your RCA Field Representative or
write RCA Solid State Optical Product Marketing, RCA, Somerville, N. J.

INFORMATION FURNISHED BY RCA IS BELIEVED TO BE ACCURATE AND RELIABLE. MOWEVER, NO RESPONSIBILITY IS ASSUMED BY RCA FOR ITS USE; NOR FOR ANY INFRINGEMENTS OF PATENTS
OR OTHER RIGHTS OF THIRD PARTIES WHICH MAY RESULT FROM ITS USE. NO LICENSE IS GRANTED BY IMPLICATION OR OTHERWISE UNDER ANY PATENT OR PATENT RIGHTS OF RCA

RADIO CORPORATION OF AMERICA

ELECTRONIC COMPONENTS AND DEVICES HARRISON, N.J.

®
T 506-1 366 Trodemork(s) ® Registered TA2628 12-66
Printed in U.5.A Marcols) Registradals)




%% TYPE
SPERRY RAND LA OB00-01

DEVELOPMENTAL

800 WATT
GALLIUM ARSENIDE LASER ARRAY

Sperry Rand
GaAs Laser Array
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ISLC-1

Sands Hotel

Celebrities

Las Vegas, Nevada, USA 1967

u

Howard Hughes Sammy Davis Jr.



ISLC-1 Las Vegas  Discussion topics 1967

Epitaxial GaAs P-N Junction lasers
turn-on delay and modulation speeds

Stripe geometry lasers
beam instabilities with current change

Homojunction laser theory
peak optical gain g vs current density J

? Is Continuous Wave CW operation possible @ 300°K ?

Paper V-1 IBM Research
“Stimulated emission from Ga,_ Al As diodes”

A =750 nm at 77°K
J. Quantum Electronics v4 p68 January 1968



Single Heterojunction SH Structure 1968
Material grown by Single Layer LPE

~ -l
~ -

P-AlGaAs

Active Region

d= 2 um

n-GaAs

o

(4 ¢

Typical threshold current density
J,, = 8,000 Amps/cm? @ 300°K



? Double Heterojunction DH Possible ? 1968

? How Does One Make a Multilayer Structure ?

))
(<

1)
«

p-AlGaAs cladding layer

n-AlGaAs cladding layer

L
(a4

1)
(

Carriers confined in photon amplifying layer - thickness d

Photons confined in 1D waveguide mode - width w__

Active Region: d enclosed in w_



1969

Substrate Slider Design for Multilayer LPE Growth

Liquid Gallium

Graphlte Boat l

7
AlGaAs | / _

Slider - ; o

US patent application filed on above design in February 1969 RCA
P Zorv



ISLC-2 Mexico City Discussion topics 1969

ingle Heterojunction asers: turn-on delay and reliability issues
* Single Heteroj tion SH | t delay and reliability

* Close Confined Lasers - (DH acronym not yet used)
Active Region: gain layer of width d enclosed in 1D mode width w_
problem: “rabbit-ear” modes perpendicular to junction plane

p-AlGaAs

d= X um

=Y um
n-AlGaAs W M

DH structure used in first 300°K CW diode laser
Early Summer 1970

loffe Institute, Russia Bell Laboratories, USA
P Zory



ISLC-3 Boston Discussion topics 1972

*Lifetime - DH lasers operating CW at 300°K
self pulsing (= 500 Mb/sec) - bad for com laser
1D waveguide with 3 layers

1D waveguide with 4 layers
Large optical cavity LOC structure

1D waveguide with 5 layers
Local Gain Region LGR structure
or Separate Confinement Heterostructure SCH

2D waveguide: Carriers & Photons Confined in 2D
Mesa-Stripe-Geometry DH Laser



ISLC-3 Mesa-Stripe-Geometry DH Laser 1972

METAL

2D waveguide

ISLC-3 Boston paper PD2 Hitachi Ltd

“Optical Characteristics of Mesa-Stripe-Geometry DH Lasers”
Applied Physics Letters v20 p344 May 1972



ISLC-8 1St mass-produced laser-CD players 1982
CD wavelength standard A = 780 nm

Au-Ge-Ni
——r T —1¥SJ'§—!—I—I-H_!_H_!_I_P(—'/’

ZD'waveguide n-GaAs

N-Gag 5;Alg 49AS

«— Gaj Al ;cAs d = 80nm

~
N\R\WF"G%MNOMAS |

2 um n-GaAs CBL
F— 4um — «—— p-GaAs substrate
S - — — — — — — — W Au-Zn

ISLC-8 Ottawa paper 12 Sharp Corp.
Applied Physics Letters v40 p372 1982



ISLC-10 Red DH laser operating CW 300K 1986

DVD AuZn/hAy

2D waveguide p- Gols (2n)
6 R - p-Golx (Mg}

d—- - n-Goks (Se}
—/Sum T p-inaZP Mg)
- wndoped - InGoP
“n-inALP {Se)

n- GaAs |Se!
d— n- GoAs (5i) substrate

d=70 nm

wavelength A = 650 nm

o AuGe/Ay

ISCL-10 Kanazawa paper A-1 Toshiba Corp.
“Low Threshold Current InGaP/InAIP Transverse Mode Stabilized Laser”

Applied Physics Letters v48 p207 1986
P Zorv



ISLC-4 Atlanta Discussion topics 1974
* DH laser reliability: dark-line-defect DLD / transient effects

* DH & SCH laser performance: optimal active layer thickness d
* Cryogenic Lead-Salt lasers operating in the mid-infrared

* New 2D waveguide structure
buried heterojunction BH

* New 1D active region
corrugated waveguide
narrow spectral band operation
single longitudinal mode SLM
Distributed Feedback DFB Laser



ISLC-4 DH laser - corrugated active region 1974
Distributed Feedback DFB Laser

pulsed operation 80°K /‘/5‘::3,.,/,.,4

corrugation period
A 2347 nm

p-GaAs active layer d =1000 nm

ISLC-4 Atlanta paper B5 HitachilLtd / Cal Tech
“GaAs-GaAlAs DH Injection Lasers with DFB”
Jrnl Quantum Electronics v11 p436 July 1975



ISLC-9 Buried Heterostructure BH-DFB 1984

Laser type used in first transatlantic fiber optic cable
TAT-8 1988 ‘

wavelength A = 1300 nm

IhGaAsP { Buffer)

InGaAsP d =100 nm
InGaAsP (guide)

ist order corrugation

ISLC-9 Rio paper A-1 Hitachi Ltd

“Optimization of Device Parameters for Low |,,, DFB Lasers”
P Zorv



TAT-8 1988

15t TransAtlantic Cable providing telephone service via pulsed laser light

Rhett Butler
Director, IRIS Ocean Cable




ISLC-4 Atlanta Discussion topics 1974
* DH laser reliability: dark-line-defect DLD / transient effects

* DH & SCH laser performance: optimal active layer thickness

* Cryogenic Lead-Salt lasers operating in the mid-infrared

* New 2D waveguide structure
buried heterojunction BH

* New 1D active region
corrugated waveguide
wide aperture surface emission
Grating Coupled Surface Emitting Laser GCSEL



ISLC-4 DH laser - corrugated active region 1974
Grating Coupled Surface Emitting Laser GCSEL  300°K pulsed

surface laser beam

corrugation -
A =245 nm W E—
—— Y ///////,ﬁjy// 200 nm

T

edge edge
beam substrate laser beam beam

ISLC-4 Atlanta paper PD-2 |IBM Research
“Grating Coupled GC AlGaAs DH Diode Lasers”
Jrnl Quantum Electronics v11 p451 July 1975




GC Substrate Emitting DFB Laser 2010
GCSEL

COMPOUND
PHOTONICS Laser Beam

73 Watts CW
- A =980nm

CW Current
110 Amps

IEEE Photonics Society Summer Topicals paper MA1.1 9 July 2012
SPIE Proceedings v7686 p76860J-1 2010 Alfalight



1st quantum well QW laser 1975

MULTILAYERS BUFFER SUBSTRATE

.&7 ev
{a)
.9536 ev 1.509 eV
d=8nm 807 nm 822 nm
80A LAYERS(50) Ga As quantum size effect
\ / BUFF‘EF\’]
n=2— 0.22 eV
n=1— § ial
Alo»Gag gAs I Laser Matefrla
Eg=1765eV gqas Grown using
1.546 ev Eg=1.519eVv .
N ° l Molecular Beam Epitaxy
ML Lo __.__ 5 [

f 3%

MBE

i
O.03 eV

Applied Physics Letters v26 p465 April 1975 AT&T Bell Labs

P Zorv



Nemu-No Sato




ISLC-5 Nemu-No-Sato Discussion topics 1976

* Elimination of “Kinks” in Output Power vs Current Profiles
AlGaAs/GaAs Structures for stabilizing 2D waveguide modes
“Simple” very narrow stripe 2D waveguides:
gain/loss, implanted ions, dielectric layers
Complex structure 2D waveguides:
transverse junction stripe TJS, embedded, loaded

* Corrugated waveguide structures:
single frequency DFB lasers / surface emission GCSELs

Long distance fiber communication potential
Paper L-V-7 Lincoln Lab USA
“(InGa) (AsP) / InP DH structure Lasers”
A=1.1um @ 300°K
Applied Physics Letters v28 p283 1976



ISLC-8 Ottawa Discussion Topics 1982

* Long Wavelength InGaAsP lasers: ~ 30% of total papers
9 general type papers
O papers directly related to temperature sensitivity

* Reliability issues:
now mostly InGaAsP/InP lasers  AlGaAs/GaAs proven

* Mode hopping noise in single longitudinal mode SLM lasers
stabilized 2D waveguide mode AlGaAs lasers

* New type of active region
“Surface Emitting Injection Laser”
later to be known as the VCSEL



ISLC-8 Vertical Cavity Surface Emitting Laser 1982
VCSEL

Light output Au/Sn electrode (-)
Au coated mirror

t j/ n-InP sub.
\ Light res{nance //H-GOIHASP

LI n-InP
=== =

= - = 4——GalnAsP d = 2900 nm

Active Region7 \ \S\'O p-InP

20pum@ Au/Zn circular 2
mirror and electrode ( +)

Schematic view of a surface emitting GaInAsP/InP injection
laser with short cavity length

ISLC-8 Ottawa paper 37 Tokyo Inst Technology
“SLM Oscillation of 10 um cavity-length Surface Emitting Injection Lsr”
Japanese J Appl Phys v18 p2329 1979

N

A 21.22 um @ 80°K

P Zorv



ISLC-9 Rio de Janeiro Discussion Topics 1984

* Most controversial issue
What’s the best SLM structure for long distance optical
fiber communication systems?  the CHIRP problem
present modulation bandwidth ~ 10GHz

* Most Popular topics: 15 papers each
high power and single longitudinal SLM mode lasers

* Quantum Well QW lasers: 9 papers
Temperature dependence of threshold T,

*High Power
Non-absorbing mirror NAM laser
1.5 Watt - 100ns pulse - high quality beam



ISLC-9 Hgh Pwr Non-Absorbing Mirror NAM Lsr 1984

ISLC-9 Rio paper C-2 RCA Labs

“Non-absorbing-Mirror NAM CDH-LOC Lasers”
|EEE Spectrum v22 p43 June 1985



ISLC-11 Boston Discussion Topics 1988

* Most Popular Topic

27% of papers had DFB/DBR acronym in title; popularity due to
both long distance telecom & coherent communications needs

* High Power:
first 100mW VCSEL - order of magnitude improvement
first strained QW laser paper at an ISLC conference

* Quantum Well QW lasers

* High Speed Modulation / Tunable lasers
high-speed, direct detection,
coherent heterodyne detection systems
wavelength-division-multiplexing WDM
photonic Integrated circuit PIC



ISLC-11 Tunable MQW DBR PIC 1988

lLASER brune
A=1.53 um
Complex p* InP
Active e S— e
Ves~ ¥l 1ST ORDER
Region -‘JM/EORHUGATION
/ — 13 um )\
>| |< InGaks?
4 InGaAs QWs 235 nm \
d=8nm ettt — nt Inp

ISLC-5 Boston paperlJ1l AT&T Bell Labs

“High Performance Tunable 1.5 um InGaAs/InGaAsP MQW DBR Lasers”
Applied Physics Letters v53 pl1036 1988

P Zorv



1990

Davos Switzerland

ISLC-12




ISLC-12 Davos Discussion Topics 1990

* The Big Question Not Answered at ISLC-12
Why aren’t QW lasers as fast as predicted?

* High Power: E2 facet treatment process “eliminates”
catastrophic optical damage COD

* Strained QW Lasers
sub-mA threshold in A = 1.5 um region
InGaAsP/InP laser performance enhanced
using tensile or compressive strained QW
tunable VCSEL
narrow line-width, single InGaAs QW VCSEL
sub-mA CW threshold at 300°K



ISLC-12 CW 300°K VCSEL single QW active layer 1990

Extra 1/4 23 ggréoga AlAs/GaAs
raded-barrier
wavelength GaAs @-dooed mirror

d=8 nm
Strained
InGaAs Qw

28.5 period

AlAs/GaAs
radeg-barner
i-doped mirror

AR Coating

ISLC-12 Davos paperB-1 UC Santa Barbara

“Narrow Linewidth, Low Threshold VCSELs”
Applied Physics Lttrs v57 p1605 1990

Light out



1st Diode Laser 1962

Active Region
d = 2000 nm

-
=
=
—f
-
=

US Patent 3,245,002 filed 24 October 1962 R. N. Hall General Electric
P Zorv
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1967 to 1990

Year

1967
‘69
"72
74
'76
'78
'80
'82
‘84
'86
‘88
90

Active Layer
thk ‘d’ nm
= 2000
= 1000

200

100

10

International Semiconductor Laser Conference

commercially available

CW Power
qguality beam

reliable mW

15
20

40
100

Digital Speed
Mb/s

0.01
45
275

400

1000



