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Abstract

The characteristics and reliability of implanted VCSELs are greatly influenced by the thickness of the semi-insulating
layer made by ion implantation for the current confinement. We propose a simple and purely electrical method of

estimating the optimum implant depth, and find that the implant front should be located 2-DBR periods above the 1 — A
cavity in order to obtain simultaneously the low threshold current and high reliability.

Keyword: VCSEL, semiconductor laser, implantation

I.M & gl AMgE T ok B Be A7 A3, 84
VCSEL 7|&& 48 #9202 Als7)d 228 4
YZHEY Vertical Cavity Surface Emitting =2 ¢&Egon VCSELY $HE 07/\] 7+ o]ako]

Laser(VCSEL)E Azt F4o] JA3=9} g A o AlGaAs® A43ke VCSEL 729 24 542
A (planar technology)elil, ¥H W&do]7] ujid e AHEE v wF $43l2E AlGaAs
dol= Adefolx BEHA B4 FAo] rhedirh T u VCSEL o] F43 AsAst 4L FE g4YYge=
< BEHAFR, ¥ AR, A7t Fdol Utk ol e A& Akl AH8HE dEUES 93 4

3 ¥ W VCSELS Fast Ethernet, Gigabit /\éE] AA Astolt). wald VCSELY F&3 454
Ethernet, 10 Gigabit Ethernet, Fiber channel, HIPPIL, #2 Fal7] geiMe dZdE Mol A=o] ¥
VSR Interface $9 SA1E0k} o8, AS5E WX =2A go] Q& 1—A cavitydd 2 % distributed

=

Bragg Reflector (DBR) mirror o 9 x\5tedof g}

T, Tt A4, ol g AAE Sy i olZAlE Xtlo] 1 — A cavityollAl el "ol
(Department of Electronic Eng., Ajou University) _ o
W57k 2004919129, 3SR D: 2004979299 e, doid g4 orel AFdsel Az el

(657



46

g Aol Faskth E AR AHAF ol ol
£ Basa Az Zes W YA, JEAE 2
g BASE £48 Wil Bas, o AToNE
A7 EE4S BAsle] JSAE ol Ao
£ JEFAE Ay Lo $ATY g Aw Lo
32E FUYE AF S Lopieh o ABHQ
RozRE A7 YEUS Hee) AT Yopd £ 9
Atk E, YFAE Zolel folo] uhg VCSELY 4

A Aol HlwEAL, ol2FEH HH YEJE
°|& AT o] A7 2}, FHE F e W)
A BHoziE HH YEUE ol 41 W2A
gobd 5 SIAl HA

I. YEME ZJojol| oz =m0} oFMEo)
HH <o|

1. YZUE Zolo WE EJ|SA W}

39 1& APl AHEF VCSELY S o)t 850
nme] W& BHAIE 3 7 GaAs FAHSEE o]F
42 Y2 A= FRoIW TA7Y BeE Pole
1—Aolth FA7]= 1—A cavity®dh 2 $d 9=
215 49 Al0.15Ga0.85As/Al0.95Ga0.06As p3d DBR
mirror, °}efell &= 3949 n¥ DBR mirror2 74 €
t 2% ATE ¥/ £99 p¥ GaAs:H nd B
o BEolAH, 2zt AwZnst AwGe/Nig AHEET}
YEAE w239 WAE 7T 1lpm, FEHEF
2o WS r,0E 8 pmolTh.

AZAE U E WA HUA AR M 21§
9] VCSELE 19 20 Yehiligith. 9% VCSELY
gd 2z2 Ueghd AxANR ARom, 9EE:e
electroluminescence (EL) #v]7% A}dolth, 91&9] A
0173 AR 3§ A, BeE YERE MHdo
1— A cavityl4l DBR mirror 45 281 25%¢ F
AR YTo] X, 1F Ct YSTAE Mol
1—A cavitysl 2o} 9t} Q. EZe] EL )74 A4
dN BW 1§ A B: I rMixte 22 sley
BEoA 2% Wo] o, F9 RN Yo
E WS JZJE MY Qo saE dw@A AR
g Aoz HolAe WA 7|odatd] Raks whw

A9 FReddA deE 9 #HolA @R r]od=

(658)

Ot E 2|
contact metal
implanted
region \ p-DBR layers
+1-2 cavity
> n-DBR layers
|/
GaAs substrate
a8 1, YEME VCSELS HHHT

Fig. 1.

Cross-sectional view of an implanted VCSEL.
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Fig. 2. Cross—sectional scanning electron micrographs
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electroluminescence  microphotographs  of  the
implanted VCSELs at the forward current of 0.1
mA: (@) group A, (b group B, (©) group C
devices in the sequence of increasing implant
depth,
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Table 1. Parameters used in the current component
analysis.
Group-A| Group-B | Group-C
In (A) | 3.2e-25 | 2.6e-26 2.2e-25
Diode
n 1.12 112 112
Constant
W O R @] 18 2 22
resistance
Nonlinear | Reo (@) 80 3 36

resistance | T, (A) | 00043 | 0.0052 0.004

Ie (A) | 12e-21 | 18e-21 | 54e-18
Diode
ny 1.2 1.24 15
Constant
I . Riaterat (@) | 120 140 750
resistance
Nonlinear | Rno (@) 250 300 1600
resistance | I (A) | 0.00065 | 0.00065 | 0.000058
Inro (A) | 25e-16 | 5e-16 3.3¢-16
Il Diode
DNar 1.84 19 1.88
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Table 2. Parameters used in the current component ana
-lysis of group C device after 250 hour aging.
0 hour 250 hour
In (A) 2.2e-25 7.2e-21
Diode
ni 1.12 1.38
Irl CO,nStant Rvert.ical (Q) 22 21
resistance
Nonlinear Ruo (@) 36 48
resistance Lo (A) 0.004 0.0028
Ip (A) 5.4e-18 1.6e-17
Diode
nz 15 155
Irz CO.nStant Rlateral (Q) 750 750
resistance
Nonlinear Ruo (Q) 1600 1600
resistance Ino (A) 0.000058 0.00065
Inro (A) 3.3e-16 2.1e-16
Inr Diode
Nor 1.88 1.85
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