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Oscillation characteristics of electrically-pumped vertical external
cavity surface emitting lasers
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Abstract: The oscillation characteristics of 980 nm electrically-pumped vertical-external-cavity surface-emitting laser
(EP-VECSEL) with periodic gain structure active region of InGaAs/GaAsP quantum well was analyzed theoretically and
experimentally. The relationship between the DBR & external cavity mirror reflectivity and the oscillating characteristic
characteristics of the EP-VECSEL with coupled cavity was simulated. Furthermore, based on the results of simulation,
the device structure was optimized. EP-VECSEL devices with different external cavity reflectivity were fabricated and the
continuous-wave ( CW) oscillation output characteristics were studied. The results of experiment indicated that the
threshold current of the 300 wm-device with 90% external mirror reflectivity was 1.2 A and its output power was 270
mW while under injected current of 4A; the output power of the 300 wm-device with 95% external mirror reflectivity
was 150 mW at 4 A of injected current and the threshold current was 0.9 A. The experimental results were in good a-
greement with theoretical analysis, indicating that the model using in this article is suitable for the optimization of EP-
VECSELS oscillation characteristics.
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Fig.1 Schematic of 980 nm EP-VECSEL (a) device
structure, and (b) active region
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Fig.2 The coupled cavity of EP-VECSEL and its e-
quivalent cavity. The feedback of laser oscillation is
provided by the three mirrors of the coupled cavity
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Fig.3 Schematic of internal power circulation of EP-
VECSEL
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Tablel Parameters of device structure & material

B3 £ HifE Hf
n FRX IR 3.5 -
A oMK 980 nm
Qi & IR U B 10 cm~!
d, BFUUEE 0.006 pm
ny BEFOAE 3 -
an RS RE 2100 cm ™!
m; HRFHR 1 -
N BRBRRFEE 1.7x1018 om ™3
P SRR AR 0.85 -
WaFEARY 1.0x10°10 cm’/sec
Tost AEBULIRE 130 K
Vi T B 1.5 \Y
o ORGSR 400 Wem~'K-!

B4 HEXEZD (pm) 435154 100,200,300,400 K
500 BF (TR L) , BfEHE R 1,55 N-DBR iR R, Z

FAMEGIR SR R Z 81K R
Fig.4 The relationship between threshold current 7, N-

DBR reflectivity R,, and external cavity mirror reflectivity
R, the active region diameter D (pm) =100, 200, 300,
400, and 500 (bottom to top)
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B W EME AIEM N-DBR . # 4 HitHE 1S
B A RFA X B4 EP-VECSEL 2% 44 %& A= 0%
P& B B (B L 5 N-DBR I 38 K A0 s 5 I 33
RZEEXRME. AEHITLUE S, ARXERR
KIEE( =400 pm) i FRHEEE S RES R, H
I L R F % F N-DBR 2 5 38 e S s 6% I 8 3
MAEALTE Ry R A, X4 N-DBR Ut AR 2 85% K,
400 pm K 500 pm #¥AHRMELERIEHEL 2 A,
T 2ok R P R 1L P 9 T R 3 O 1 ) A Pl U B R AR Y
SR, T 2T 3K Y E A B AR AN B BB AN
AT A e e ™ R, S AR A IR
fEH Wi, EP-VECSEL WA B X ERER AT HE I
400pm, A& 4 HF ] L4 N-DBR % §f % W 86% ~
88% ZZ JA]AT 100 pum.200 pwm % 300 pm S R(E
HLU FE A S B ST F R 90% ~ 99% B B K F
1.5 A.

HTESHE WL ERNIE, FERS EP-
VECSEL (53 FRUE, X 75 B REARIME B R
SR (HX B SR SRR RE R . B S Finh
HEBAEILMINEER T REAMHT AR ER
300m EP-VECSEL 2844 By £2 1% (CW) Lk
RS N-DBR ST Z H 5 R B HA] I
B MAM EBE I SF R E N-DBR 5 Z i Al 4



348 g5 Z KW FH 2%

) RN RS
e
RS
e
o o eres
e

ARSI,
o i
:

;
:
i S
e
o

et
s
&g’.:.:*
ST
R
XRAANGS
%

ol

2
s

2

2
e

./ffl.,%# !u i

0.90
R,

0.85

(3) R=90%

BS AMESERATE R 30K 99% 95% \90% ,AIRX E
& D =300 pm, K3 LN AT, 8 S AR
HIhR P, (W) 5 N-DBR 4R R, BRIEARBGT I(A) 1
IR FR

Fig.5 The calculated relationship without consideration of
thermal effects between external cavity coupled output power
P, (W), N-DBR reflectivity R,, and injected current /
(A). The reflectivity of external cavity mirror R is 99% ,
95% , 90% , the diameter of active region is 300 wm
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Fig. 6 The calculated injected current dependence of
the external cavity mirror coupled power of the EP-VEC-
SEL devices with different active region diameters when
the reflectivity of external cavity mirror is (1)95% and
(2)90%
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Fig.7 980 nm EP-VECSEL device with monolithic external
cavity
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o
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Fig.8 The CW oscillation output characteristics and
spectra of EP-VECSEL with 300 pm-diameter-active
region and 30% of external cavity mirror reflectivity
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Fig.9 The CW oscillation output characteristics and
spectra of 300 wm EP-VECSEL devices. The reflectivi-
ty of external cavirty mirror is (a) 90% and (b)
95% , respectively
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