An Iterative Model of
Current Distribution in Oxide
Vertical-Cavity Surface-Emitting Lasers

(VCSELS)

Student: Joy Chuang
Advisor: Dr.J.R. Biard, Dr.Gary Evans
Department: Electrical Engineering
June 11, 2004



The VCSELS

® Applications:

m Optical fiber networks, optical storage, printing, optical
sensing and display systems.

® Advantages:

m Optical: Fiber coupling, single longitudinal mode and ultra low
threshold current

m Electrical: 10G modulation and compatible with CMOS driver
m Manufacture: On wafer testing, small planar area and reliability

® Challenges:

m Higher power

m [ong wavelength and higher order mode

m Thermal control



tity edge -

Cavity center i >

p-contact

p DBR mirror

aluminum oxide

(ALO,) 3 GaAs QWs

n DBR mirror

n type GaAs

n-contact substrate

Schematic diagram of an index-guided VCSEL

at 850nm lasing wavelength




The Iterative Model

B A model for current distribution in VCSELS

m Design engineers : better performance
m Process engineers : improve process

® [terative model solution

m Circuit concept: p-mirror for resistance and active
region for the diodes

m Optical property: above threshold operation with two
optical mode consideration

m [terative algorithm: changing the
voltage parameters to match

the desired stimulated/measured total
current
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Schematics of the Iterative Model

® 46 nodes of diodes are for the active
region

® N-mirror 1s assumed to be equal potential

B The resistances accounts for the p-mirror



Resistance and Optical Parameters

B Resistance

m Known/measurable parameters
m Adjustment: V/H and T/B anisotropy
m Results: conductance

® Optical parameters

m Mode profile: solution to Maxwell equation in a dielectric
cylindrical wave guide

m Two modes consideration




Current Parameters

® Perimeter current (1)
m Only present in the edge node because of high trap density

® [ ateral diffusion current (I,,.)
m Carrier density gradients between diodes

® Spontaneous current (I )
m Radiative recombination
m Consideration of degeneracy for conduction or/and valence band

® Stimulate current (I )
m Stimulated current for different optical modes
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Voltage Parameters

® Applied bias voltage

m Voltage at anode node=applied bias voltage

® Resulted bias voltage

m Bias voltage distributed in the cavity area nodes
=f(neighbor V

neighbor top conductance, vertical conductance, bottom voltage)

® Bottom voltage calculations

m The resistance under oxide (for some nodes)

m f(neighbor V,, V,... vertical conductance

neighbor bottom conductance

m For each node: V

bias bias?

bias?

,current parameters)



Iterative Algorithm

# By changing the mode fraction for the stimulated current, we can find
the voltages and current for each diode.

® We can see the optical mode migrate from the fundamental mode to a
higher order mode

Calculation of voltage and
current for each diode )

l Adjust bias voltage and
change mode fraction if
two modes operation

The resulted stimulated current
match the desired current?

Program Converge
|




#+ vesalin - [¥eselil)

FEX

|
- 2 X

“d File Edit ¥iew BN Device Data AdEnvironment Window Help
DM | " 2R
| General Paramelars =
Apeke Current vs. Hadius Cuwrrent Density vs. Radius
: : 00001 65692 . — , 291256 — —
5 i Moo ! Spontanenus E : Spontaneous
P Mumor Sheet I - 3 j
Cavity Radius [um] |5 HES‘!ST;E briin O 45 = 0000132553 | Symuiated § 233005 | by v
Tetsi T . \
Delta W fum Buttorn/top Resistor [3_5 T ||| 91518005 | podet s = 174754
223 Riatio 5 i = '
Puype Mitor ]35— A — || 3 esarsTe00s | ~ G 18502 ;
Thickness fuml UnderOxidelomega./sqg) 5.54%64a.008 |- - san =19
Muriber of Wetical/Horizantal ' F;)-:\L 0 S ;
13 : : 6.8 P ) : "
Quantum Well Anisatropy R atio | o Leer ' : 0 - : -
Individual QW QW Accepior Cone 0 2171 4342 6513 562410855 0 2171 4342 6513 B8EB4 10855
Thickness [em) e 007 fem™-3) A Radius{um) Radius{urm)
~ Diffusion and QW Gain - Oiptical- - | Normalized Gaussian &Jstim vs. Radius Voltage vs. Radius
Ambipolar Diffusion  [15 P Muror Reflectivity [0.9‘9521 495 g 11 = T — 1715 s — e
Densiy (om2/s) | i | ® Top Node
P Mirror Transmissivity |0.00378504% | | o 088 1 B2 1 pinde Node j
Jth Unifomiddemz] [543 67 c e
| N Minor Reflectivty  [0,939379 5 082 %1-559 -
W
= B i L
' Lagar 038 = 1.498
[ Gain 380 EEEd] 0] ; = !
Coefficient{cm-1) | Wavelength[nm = < _
£ 014 1423 |
Ei;nhmmm[w g‘m o e = 125 b =
e g ] 2171 4342 6513 8684 10855 i 2471 4342 6513 BE84 10855
Fluoritii Patacisters BESULTS Radius{um) Radius(um}

Desired Stirnulated
Cuarent |28 [mti]

1
Iritial Guess for
| Mode Faba - Beta b
Mumber of [teration |B0
for Yoktage Loop
Mumber of [terstion |10
for Beta Loop

|stirn ESP 1e-008

| Aesulted Stimulsted 10000002000
| Cumart It [rmé)

Resulted Beta 5.3453367=-001

RAesulted Yhias[V] 1.615004 =+ 000

Resulted M1 Istim{a] 4 E50374e-001
Desred M1 [stim{A] 465001 32-001

Resulted M2 Istim{4] 5 3496262001

Gain vs. Radius

B18.097 = — — —
- Gainfy]
aa 484470 | ThresGain
E 370858 |-
-‘Eﬂ 247 233 | 1
AR hd

¥ Inbox - Ou,

‘4 Start

& C=bug & FesearchD..

E fdobe Fea.,, =X http: v, .

11:33 8M

Lovesdin-v.. | BN @D



== veselin - [Veseli1]

File Edit %Yiew Build Device Data EhiEtin=-rs Window Help

D=EE

S 7N

F-tvpe bimaor ]

Thickness fum] o

Mumber of ]“—
[(usantum Well :

Indridual G
Thickness [om] ki

[niffuzion and W Gain

Ambipolar Diffusion 17
Densmity [cmiz]

Jth Uniform&/cm2}  (R43 51

[ Gan o1
Coefficientfcm-1]

[ Enhancement
Al 1.7581

- Runtime Parameters
Deswed Shmulated [
Cument |zt rmd)]

Initial Guess for 0.5ME
tode F atio - Beta
MHumber of lkeration |50
for Yoltage Loop
Humber of lteration (10
for Beta Loop

|ztim ESP 1e-006

T1DM1 ESF 1e-006

Yoltage change 1|:|_ (T
corsk

[ Mode2 P cucify

e L=

Twi poink series resistance =
UndeDidelomegasa) |-

WerticalHaonzonkal EE
Anesotropy B atbio .

@' Acceptor Conc,

fem™3) g

O pfical

P iirror Reflectity |EI.EIE’BE'I 455
P iirrar Tranzsmassivitp |EI.EI[!'.:'!?BED-EIE

M Mirror Reflecinity 0.9%3379

Laser
Wavelength(nm 950

-RESULTS

Resulted Stirmdated 1 000000000
| Cusrent Ist [md]

Resulted Beta 53495870001

Resulted Whias¥]  1.615004e+000

Resulted M1 lstim[2) 4 GR0374e-001
Desired M1 |simf) 4 B5007 3=-007

Resulted M2 lstim[4) 5343626001

Desired M2 [shmfd] 5 349997001

Reference-
Compaszite todel Mode2

1. 000000e+000

1.000072e+000

9.933325:0M

i T T R
L]

331 554e-005

Current

0 2471 4342 6.513 5684 10,855

L (oa0L

sa2512 |

|:| i - . F i .
0 2171 4342 6513 5684 105!

Radius{um)

ﬁuma]i:md Gaussian &Jstim vs. Radius

Voltage vs. Radius

E 1715 , e .

2 F Top Mode

o TESZ 1 et Mocle i

= .

= % 1.569 |- !

i = |

= s L

L S 149 | |

0 o !

o n ] } -

E 1423+ g

@ i

= : ' e 135 ' — :

ZD 21T 4342 6513 ©664 10855 0 2171 4342 65513 ©684 1088

Fadius{um]
,_ .......................... G ajn VS_ Radi“s
I S L E18.097 S— . . —
Gainr}
494878 I pescain i
370858 | g
= 2472 | :
123619 | g
':I [ 2

0 2171 4342 6313 6634 108

Radius{um)




Conclusions &
Future Improvements

® Conclusions:

m Higher current excites the higher order mode

m A physical model for understanding of the current
distribution in VCSEL

® Current works:
m Add proton VCSEL
m Doped quantum well and gain coefficient calculation
m Optical properties with DBR
® Future Improvement:
m Apply to edge emitting laser



