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Analysis of Optoelectronic Characteristics of Short Wavelength Transistor
Laser

Behzad Hakkari®, Hassan Kaatuzian®, and Iman Taghavi'?

! Photonics Research Laboratory, Electrical Engineering Department, Amirkabir University of
Technology, Tehran, Iran
?Electrical and Computer Engineering Department, Kashan University, Isfahan, Iran
Abstract- This paper deals with analysis and simulation of optoelectronic characteristics of transistor laser, which is capable
of operating at short wavelengths. A charge control model based-on rate equations is utilized. Simulations show that the
device has 12.3 kA/cm? threshold current density and 10.6 current gain. Also 30 GHz optical bandwidth, a resonance peak

below 5 dB and 53.4 GHz maximum frequency in the case of 15 nm quantum-well width and a cavity length of 500 pum is
yield.

Keywords: Optoelectronic, Optical Bandwidth, Threshold Current, Quantum Well, Transistor Laser.
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! Transistor Laser (TL)
2 Hetero-junction Bipolar Transistor
% Quantum Well (QW)

* Resonant cavity


http://opsi.ir/article-1-460-en.html

[ Downloaded from opsi.ir on 2025-11-19 ]

s Sl o e 2 e U s sl
ol adlo )5 eslanal (F) abal 5l pletee 5 gmm 515
alal) zr 5 )0 99250 Wh 5 ogdle a5 =olls az g
(¥) abasly jo a5 jshailen 35 alaly & g0 ;0 T o5 ()

il o Wy ool Lleie gV sl s ous - hae
B) S oy ot Lo 5l aneds 5l ookl L

g5 3l 35 55 ()9 (omdlS 58 Fmly -Y-Y
e 5l edile gy Bl 5 6595 (il 8 el
o JWd el 5 ol e le 8 S Ol

Wby 3 dalyy (g

AN, (® 1 A
S() = @) _f — ®
Al(o) | 1Hiot, Jo;f -0 +ioy
A=QUN T, / qegp *
o= }QNpo/rp )
yzllth+QNpO \)

I Npo 5595 (5 2 ly S(0) (0) atail, 5o
oy Qo 58 e Job Ty Bale b o Leigid
Jail o gl angly il S8 @ 5 Juslmo 0 g
M G a0 43, IS (sl el b oo (@=2rf
Sl olS 3 sl an S(0) (mowse ol oo g yis
0a—s 03,91 (F) UK 10 Lo 4l 5,0 calises ypolie
LS Sa 695 (o5 el (e o (F) S
WS il S8 5o il 8 S ol el 4 )05 Gy
>l oe Gli8l L aS aes oo lid jloges oo yle
Gl s 3 (sl 5 RIS 2z l5ee
A Ol o0 a5 e oo LS (g5l el LS b (o
ol> L olisS 79 Job TL sy (5,88 Wb sl 30GHz
20GHz ls 3 ,05dB 51 juaS ojlasl 4y (Lig,9)
09....: < oo lice

DO S (e=ttie 45 390 oo odpline amd oo lid |
e g0 dzed (F) S0 51 4 ol (gl aes

St S e oKssls N YAY oLo..{O YO LYY

V =Won(L/Wy-Xqu/Wp) g amils o 26 Cm’s™ Ll g
= ot 5 02 Wh g (oag5ilsS ol (2,0 Wow o5
Jlas S aS 0gn e oamlive (¥ JS2) 3l il
SregL YV (pye )5 G Gz S8 Gln i
99 .03l o BKAICM? ailiu] L o JLS> Jlais
b i lisee slo SIS Job syl 0 b 500 jloges
b Glidl L aS 098 (oo omlie g wdl (o0 Jlud
S ole ol il gl alinl ol JE
12.3 KA/ICM? sga> cul 1iogils YYO oy (o ,e

35 . . . . — %%
axt
ot
4y
301 4 L=400 micron DA
- a4,
#*  L=500micron & )
L . x *
23 *  L=600 micron “*s.‘
4
N; ! K’
g 20 R
a4 %
a 1“x":‘.
15 e
= L x"’:’.
4 Pl
10 < %%+
x o
X M
* R +
St * * .o‘..
*ooappest??

0 S0 100 150 200 250 300

i (Sl (29,5) Ly ope —V-Y

B 5 ygsm 3l 5
Lol (5953l 5 sl o oy o)
Ol 4 eSS by Cand b (daBas gl st il
1l ey ol oo 5 99ten o po5 oy

B=1, /T, ™
a5 Sl o Slpdols joe Jobs T adaly pl yo

1 1-v v

—_— =t \»)

Trb TrbO Tcap

b L 48 el s s S ol T
iy kel 5 osliial Uy e i 03 SlgiSs
T T e T =W,7/2D A 0 wwd

B=t,,x2D/W; )

AN


http://opsi.ir/article-1-460-en.html

[ Downloaded from opsi.ir on 2025-11-19 ]

v 3375 (5o e (s il iy iny ol
o b, sl 0oy o1 55 Jlss 000 45 sl ilS 3
el 25 O)g0 K 5giS 5 fra
frax = 2421/K Ov)
Kosse b 5 05 wib sl L TL S (b 6
aS aes o lis b sla (gile and adl Jlas b

sl g 5 Lo (g askd gl 53/4 GHz _uils

S5 Azt =Y

Slasiie 38 (g5l dd g Jolod jolate a4
e b S5 Joe S eoleiin TL Sesg Sl
slayiahly bl 2 o5 de Jae sl yielyly a0
Gl A 4ol )0 0l dpwloee azhad sl S6508
a8 ols las golgiing askd 5, aC s DC slo Lo Lo
Sl woat sl iy oL5sS 90 Jsb (8550t 55
ot 912.3 KAICM® 1l ol asbiul ol ,> JLS>
ac Jdoo jo pimen il 50 10.6 0g0> 0 L >
623 b (sligg B0GHZ (ool 3 el (oo 1 yslai &
ol gl V0 (oye slm 5B 5 (oilg)) o g

el Gy og,Sn B0 STl Jsbo 5 (so5lyS

&=

O Sl iaio olKiils il el g Al ¢ gt (e clssls [V]

[2]

(3]

[4]

[5]

(6]

[71

(8]

AYAA o0 il g
Huang, Y., Ryou, J., Epitaxial Structure Design of a Long-
Wavelength InAlGaAs/InP Transistor Laser. IEEE J.
Quantum Electron. 47(5), 642-650, (2011).
Mojaver H. R. and Kaatuzian H., Analysis and
Improvement of Optical Frequency Response in long
wavelength Transistor Laser, Optical and Quantum
Electronics, 2011.
Shiaro, M., Sato, T., Takino, Y., Sato, N., Nishiyama, N.,
Arai, Sh., Lasing Operation of Long-Wavelength
Transistor Laser Using AGalnAs/InP Quantum Well
Active Region, IRPM 2011 proceeding, 2011.
Feng, M., Holonyak Jr, N., Walter, G., & Chan, R, Room
temperature continuous wave operation of a hetero-
junction bipolar transistor laser, Applied Physics
Letters, 87(13), 131103, 2005.
Then, H. W., Feng, M., & Holonyak Jr, N., The Transistor
Laser: Theory and Experiment, Proceedings of the IEEE,

2271 — 2298, 2013.

Zhang, L., & Leburton, J., Modeling of the transient
characteristics of hetero-junction bipolar transistor
lasers, IEEE ~ Journal ~of  Quantum  Electronics,
(2009),45(4), 359-366

Nagarajan, R., Ishikawa, M., Fukushima, T., Geels, R.S.,
Bowers, J.E., High speed quantum-well lasers and carrier
transport effects, Quantum Electronics, IEEE Journal of
28(10), 1990-2008 (1992)

bF

St S e oKssls N YAY oLo..{O YO LYY

Frnax ‘oiﬂ-ﬂ ug-H&Y5M Nb 6'«.@ max -¥-Y

Sty g Yode Sl i sl GolS S S

:[/\] »\JT (0 e ) ‘\J"‘.‘) )‘ 9 040 (0 oolaztul S

€
K=4n’| 1, +— *)
vealy
X=14Teap / Te )
o6
E sttte,
g A o
z 5 ”,:. petthayd
2 [ [] 1933433
2 (334 ry
£ O»b”““’b !",,
- + .
E 2 + ‘p
T 4 ',
= + Wb=225nm + .”
é -6 t e
- gt + W =230nm ¢ o
g v ! ’;
g -10¢ » Wb=240nm ., M
0,12 w s . \ \ P S
0 5 10 15 20 25 30 35 40
Frequency (GHz)

g JUEE! B o o (o8 5551 g VU Ll o
Lol 0ls= s s abul 5l conl (16 yoe J5b Te
:0)5 gT:L..«.>

Te:

2n rn*qu

w

oEalkeT

QR

kgT

e 65 B 5 L T ogmilyr <ol Ka (3 o s

l_: Sl )_a‘).’ 9 Sl ‘549_.9‘95 ol_> 3o 6))_:| S—w
axkd (oY uilS,8 0 Sles . Eg=n®h? /2m "W},

Resonance peak (dB)
-

220 240 260 280 300
Base width (nm)

wwhua)cwof@ub”)&uubw&‘_}iu


http://opsi.ir/article-1-460-en.html
http://www.tcpdf.org

