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Linewidth enhancement factor (α-factor) 8� 2f 4� v «~~ 1.55µm 
[·¶Öb(Multi-Quantum Well; MQW)
&�' .�& 
�J�¢ B·~&
. B·B .�& 
�J�~ far-field G; Ö" α-factor 8� 4¢ r �
 2� ��ö
B >�~(Full Width at Half Maximum; FWHM)f j¢~r�~(filamentation)� 6²>î
. "«*~~ Ã&ö V¢ v
«~ Îv far-field~ FWHM~ Ã& *ç� ¾æÒ� �º filament spacing� 6²~&V r^b� J«B
.
"BÚ: semiconductor laser diodes, linewidth enhancement factor (α-factor), filamentation.

I. B �

�ÂK >êÚ .�& 
�J�(High Power Laser Diodes;

HPLD)º ÒÏ>º 2Ëö V¢ 7Û�ª¢öB~ EDFA

(Erbium-Doped Fiber Amplifier) 5 ¢òÃ�V~ ²wÏ 7

öb�, Òòª¢öB~ &�, Ï7, PCB soldering 7öb�,

~òª¢öB~ .�& >F, z~ò, �Ï �~ 7öb�, �

Ò� �Ú.�&¾ 7RF.�&~ ²wÏ 7öb� �Ï>º

� wÏª¢& &�® 9
.[1] HPLDº 7~ ßWö V¢

diffraction-limited ;(6º �¢Î�;)" non-diffraction-

limited ;b� �ªB
. *�~ G� ^�& >�öB > W

µmö ��º &�' .�& 
�J�º non-diffraction-

limited ;HPLD~ &�'� ���
. &�' .�& 
�J

�º B· �;� *�~� jv' £² �ÂKj áj > ®

º Ë6� ®º >�ö z~ ßW� �� .¾� .¢æº

'j¢~r�~'� �Z
º �6j >>~� ®
. ¢>'b�

��� j¢~r�~j ¢bÊº ö�j jF; z�î¾b�

J«�
.[2,3] Marciante �[2]f j¢~r�~j ¢bÊº jF

; z�î¾b� i) spatial hole burningö ~� *~Fê �

.� æz(carrier-induced index change)f ii) �Fê �.�

æzö ~� self-focusing� ®º�, � 7 *~Fê �.�

æz& �Fê �.� æz�
 Ö^~� *~Fê �.� æ

z& &�' .�& 
�J�öB j¢~r�~j ¢bÊº

"º ö��¢º ��' êÖj B�~&
. Marciante �f

6� *~Fê �.� æzö 'Ëj "º º²º linewidth

enhancement factor(α-factor)��, � α-factor& ·j>� j

¢~r�~� '² ¾æ¾�, � α-factor& 0.4¢ ãÖöº

aperture~ �V& 250µmræ j¢~r�~� ¢Ú¾æ pº


� ��'b� êÖ~&æò jç �¢ Ã«~º �Ú'�


þÖ"º ��B : ì
.

� ��öBº α-factor 8� &�' .�& 
�J�~ j

¢~r�~ö "º 'Ëö &� 
þ' Ö"¢ ���
. �

¢ *~� α-factor 8� 
� 2 «~~ 1.55µm 
[·¶Ö

b(Multi-Quantum Well; MQW) .�& 
�J� ��& B

·>î�, α-factor 8f '' 2f 4� G;>î
. B·B &

�' .�& 
�J�~ far-field G; Ö" v-factor 8� 2

� ãÖö >�~(Full Width at Half Maximum; FWHM)&

z ·² G;>î�, j¢~r�~ *ç� 6²� ©j &G

~&
. � ��~ Ö"º linewidth enhancement factor&

&�' .�& 
�J�~ j¢~r�~ö 'Ëj &
º �

�' Ö"¢ 
þj Û~� ç7'b� {�~&
º 6öB

~�& ®
.

II.  .�& 
�J� B·

α-factor 8� 
�² ~V *~� 2 «~(Q/Q ��, T/Q ��)

~ 1.55µm MQW .�& 
�J� ��& ÒÏ>î
. Q/Q �

�º Öb[" Ëã[� '' 4ö²z�b� In0.73Ga0.27As0.8P0.2

(ö.æS 2Ë: 1.7µm)" In0.73Ga0.27As0.57P0.43 (ö.æS 2

Ë: 1.3µm) ��Úê MQW ����, T/Q ��º Öb[�

âö²z�b� In0.60Ga0.4As(compressive strain)�� Ëã[�

4ö²z�b� In0.76Ga0.24As0.51P0.49 (ö.æS 2Ë: 1.25µm)

� ��Úê MQW ���
. Q/Q ��f T/Q ��~ ^¦

'� ÚÏf �â 1ö ¾æÚî
. B� 
� α-factor¢ <V

*� *~ v ��º Ò
 Zaho 6º Stohs �ö ~~� B

�B :f ?�, MQWöB Öb[" Ëã[ Ò�~ bandgap†E-mail: hikoel@kist.re.kr
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offset� �>�(̄  deep well), Öb[~ vþ& ­j>� α-

factor& ·jê
º *çö "�¢ v�®
.[4,5]

&�' .�& 
�J�º p-ohmic [ ö�, SiO2 .�ï

WË 5 p-metal ÃOj *� SiO2 ö�, p-metal ÃO, n+-

V6 lapping 5 �Ò�, n-metal ÃO, �Ò� RTAö ~�

�¾Ò Bb� Ûç~ .�& 
�J� �;j �Ï~� B·

~&
. SiO2 .�ïf PECVD »b� WË~&�, vþº

£ 200 nm Ú�&
. p-metal" n-metalf '' Ti/Pt/Auf

AuGe/Ni/Au¢ �Ï~&
. &�' .�& 
�J�~ aperture

�Vf ^�º '' 100µmf 1 mm� ~&
.

III. α-factor G;

.�& 
�J�~ spectral linewidthö 'Ëj "º α-

factorº 
r" ?� ;~B
.

(1)

�VöB xpº MQW~ complex susceptibility, n" Nf '

' MQW~ �.�" MQWö "«B ¶ÒÚ¢ ~�~�, g

º MQW~ B>��j ¾æÞ
. � (1)f Zhao[4] �ö ~

~� 
r" ?� �*B
. 

(2)

�VöB dλ1/dIº .�& 
�J�~ ^W*~ ç*öB *

~~ æzö &� 2Ë~ æz¢ ¾æÚ�, dλ2/dIº ^W*

~ çêöB~ 2Ë~ æz¢ ¾æÞ
. ∆λ(= λ2/2nL)º

Fabry-Perot Î� *Ï�
. V¢B � (2)~ ª¶º ^W*~

*Áêö *~~ æzö &� Bê 2Ë "*~ 2Ë æz¢

G;�b�B �~� ê
.

�â 2º T/Q ��� B·B ridge ; .�& 
�J�~

^W*~ *ÁêöB *~~ æzö &� Bê2Ë "*~ 2

Ëæz¢ ¾æÞ ©�
. Bê2Ëf 1558.044 nm� G;>î


. �âöB ��� Bê2Ëj 7�b� VÞV& :2º ©

j &V� > ®
. Bê2Ë *öB~ 2Ë~ æzö 'Ëj

"º º²º "«*~~ Ã&ö V� �.�~ æz, MQW~

Nê Ã&, �Ò� .�& �êV~ thermal expansion �b

� �ªB
.[4] �f ?� �� &æ º²º '' 2Ë~

blue 6º red shiftö 'Ëj * ©�� Ö� �
~ �� B

ê2Ë *öB~ 2Ë~ blue 6º red shift¢ &^R ©�
.

�â 2öBf ?� Bê2Ë *öB~ "«*~~ Ã&ö V

� 2Ë~ Ã&(̄  + VÞV)º *Ò~ �ò& "«*~~ Ã

&ö V¢ red shift~� ®rj J«�
. �Þ ^W*~¢ æ

¾B *~ö &� 2Ë æzº carrier clampö ~~�

MQW~ NêÃ& � Nêö ~� 'Ë� Ö^~² F ©�


. �â 2öB ^W*~ *öB~ /Ï� 2Ë~ red shiftº

�f ?f NêÎ"& Ö^~² >'>îV r^�
.

�Þ .�& 
�J�~ �� gº Hakki-Paoliö ~~� B

nB j¾~ � (3)" ?� ¶BOÂ Ê¿Þ"öB Fabry-Perot

�«~ æ�p�(modulation depth)�¦V Ö;B
.[6]

(3)

�VöB L" Rf '' .�& 
�J� �êV ^�f >Ò

Nj ¾æÚ�, γf 7^Vö &� ¶BOÂ Ê¿Þ"öB b

�� 7̂ V(peak valley)f �7� ê� 7̂ V(valley intensity)

~ j�B *~f 2Ëö V¢ æ~² B
. V¢B � (2)~

α=
Re xp( )
Im xp( )
-----------------= 4π

λ
------–

∂n/∂N
∂g/∂N
--------------- 

 

α= 2π
∆λL
-----------–

dλ1/dI d– λ2/dI

dg/dI
--------------------------------------

g= 1
L
--- γ 1–

γ 1+
----------------ln + 1

L
--- 1

R
---ln

�â 1. Linewidth enhancement factor(α-factor)& 
� Q/Q (a)
f T/Q (b) öb[ ��. öb[öB 1.1µm-, 1.25
µm-, 1.3µm-Q �f '' InGaAsP~ ö.æSö ��
~º 2Ë� 1.1µm, 1.25µm, 1.3µmªj ~��
.

Thickness Layer Doping

100 nm  Ga0.47In0.53As P+ > 1.5Ü1019 cm−3

600 nm InP
graded doping

p=2Ü1017 � 1Ü1018 cm−3

10 nm InGaAsP (1.3µm-Q) p=1Ü1017 cm−3

400 nm InP p=2Ü1017 cm−3

10 nm InGaAsP (1.3 µm-Q) p=1Ü1018 cm−3

50 nm InGaAsP (1.3 µm-Q) undoped

10 nm InGaAsP (1.7 µm-Q) undoped

10 nm InGaAsP (1.3 µm-Q) undoped

10 nm InGaAsP (1.7 µm-Q) undoped

10 nm InGaAsP (1.3 µm-Q) undoped

10 nm InGaAsP (1.7 µm-Q) undoped

10 nm InGaAsP (1.3 µm-Q) undoped

10 nm InGaAsP (1.7 µm-Q) undoped

50 nm InGaAsP (1.3 µm-Q) undoped

1000 nm InP n=5Ü1017 cm−3

Substrate InP n+

(a)

Thickness Layer Doping

200 nm  Ga0.47In0.53As P+>1.5X1019 cm-3

1200 nm InP
graded doping

p=5Ü1017 � 1Ü1018 cm−3

20 nm InP p=2Ü1018 cm−3

700 nm InGaAsP (1.1 µm-Q) p=1Ü1017 cm−3

10 nm InP p=2Ü1018 cm−3

20 nm InGaAsP (1.25 µm-Q) undoped

3 nm  In06Ga0.4As undoped

20 nm InGaAsP (1.25 µm-Q) undoped

3 nm  In0.6Ga0.4As undoped

20 nm InGaAsP (1.25 µm-Q) undoped

3 nm  In0.6Ga0.4As undoped

20 nm InGaAsP (1.25 µm-Q) undoped

3 nm  In0.6Ga0.4As undoped

20 nm InGaAsP (1.25 µm-Q) undoped

700 nm InGaAsP (1.1 µm-Q) undoped

1000 nm InP n=5Ü1017 cm−3

Substrate InPn+

(b)
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ªÎº � (3)b�¦V ^W*~ j¾öB, *~~ æzö &

� ��~ æz¢ G;�b�B �~�ê
. 

�â 3f T/Q ��� B·B ridge ; .�&~ ^W*~

j¾öB ¶BOÂ Ê¿Þ"öB "Úê 2ËöB *~~ æ

zö &� ��~ æz¢ ¾æÞ ©�
. *~f ��*ö �

~ F;' &ê& ®rj r > ®�, V¢B dg/dIº �â 3

~ VÞV�¦V Ö;>� � 8
f α-factor¢ G;~V *

� � (2)~ ªÎ�� B
.

�â 4º �â 2f �â 3~ ";j >¯~� áÚê 2Ë

ö V� α-factor¢ T/Q ��f Q/Q ��öB �� ©j ¾

æÞ ©�
. �âöB T/Q ��~ ãÖ α-factor& £ 2��,

Q/Q ��~ ãÖ £ 4� G;Nj r > ®
. �º 
�

α-factor 8j <² ~V *~� MQW ÚöB Ëã[~ ¸�

º α-factorö 'Ëj &
º Zaho �~ ��[4]f, MQWöB

Öb[" Ëã[ Ò�~ bandgap offset� �>�, Öb[~

vþ& ­j>� α-factor& ·jê
º Stohs �~ ��[5]ö

V.¢ v� �n� T/Q, Q/Q ��& .G�&� >îrj

J«�
. ¢>'b� InP¢ V>b� ~º 1.55µm &�öB

~ .�& 
�J� ��º Q/Q ��¾" £ 4~ α-factor

8j <º >�, GaAs¢ V>b� ~º 2Ë &� 1 µm �

~~ .�& 
�J� ��º £ 2~ α-factor 8j <º
.

T/Q ��~ α-factor 8� 2¢º Ò
f InP¢ V>b� ~º

1.55 µm &�öBê GaAs V>~ ��¾" Ôf α-factor

8j &î > ®rj ~��
.

IV. α-factorf far-filed

�â 5~ (a)f (b)º '' Q/Q ��f T/Q ��¢ <º

&�' .�& 
�J�~ far-field¢ "«*~~ æzö V¢

¾æÞ ©�
. �âöB pump parameter� r (ò I/I th, I: "

«*~, Ith: ^W*~)f ^W *~ö &� "«*~~ j¢

¾æÞ ©�
. �â 6f �â 5ö ¾æÞ far-field~ FWHM

� Ã&~º ©j pump parameter� r~ æzö &~� ;Ò

� ©�
. ÿ¢� 7ÂKöB α~2� ãÖö α~4� ãÖ�


far-field~ FWHMf £ 64% ;ê '² &V>æò, v ��

Îv r� Ã&~�B far-field~ 'ê& 9Úæº ©� �Û'

b� ¾æÂ
. Far-field~ FHWM 'ê& 9Úæº ©f j

¢~r�~� Ã&~V r^�
. G. Agrawal ��~ &�'

.�& 
�J�öB~ êÖö ~~� z j¢~r�~" α-

factor Ò�ö &7� �&W� ®rj J«~� ®
.[2] ¢>

'b� α-factor& 4� .�& 
�J�öB aperture �V&

10µm �ç� >� z~ j¢~r�~� ¢ÚÂ
. ��¾ G.

Agrawal ��f ò¢ α-factor& 0.4 �~& >� aperture �

V& 250µm� ãÖöê n;B z ßWj Fæ~� ®
�

J«�
. V¢B ÿ¢� aperture(100µm)¢ &ê v ��~

&�' .�& 
�J�~ far-filedöB FWHM� N�& ¾

º ©f α-factor 8� 
�V r^ö j¢~r�~� ¢Ú¾

º ;ê& 
�V r^b� J«� > ®
.

j¢~r�~� ¢Ú¾º ;ê¢ ;ï'b� J«� ��º

Marciante �ö ~~� ��B : ®
.[7] Marciante �f

pump parameter� r~ Ã&ö &� filament spacing~ æz

¢ α~2f α~4� ãÖö jv�: ®
(̂ �¢^ 7öB �â

�â 2. T/Q ��� B·B ridge ; .�& 
�J�~ ^W*~
*ÁêöB *~~ æzö &� Bê2Ë(1558.044 nm)
"*~ 2Ë æz. Bê *" êö 2Ëæz VÞV& 

ªj r > ®
. 

�â 3. T/Q ��� B·B .�& 
�J�~ ^W*~ j¾öB
~ *~~ æzö &� B> ��~ æz. "Úê *~ö
B ��f Hakki-Paoli »ö ~~� ¶BOÂ Ê¿Þ"~
b��f ê�~ 7^V jNö ~~� �~� r
.

�â 4. Q/Q ��f T/Q ��~ 2Ëö &� linewidth enhancement
factor(α-factor)~ æz. Q/Q ��f T/Q ��~ α-factor
º ^W*~öB '' α~4f α~2� G;>î
.
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1). �VöB filament spacingf &�' .�& 
�J�~ "

7Ë(near-field)ö ¾æÂ b��f ê� Î·(modulated near-

field)öB b��(ê�)f b��(ê�) Ò�~ �Ò¢ ~��


. ^�¢^ 7ö ®º �â 1~ Ö"& GaAsf InGaAs .

�& 
�J�öB áÚê Ö"¢ ~z¢ê v &æ 7º�

;�¢ �¢V~� ®
. Ñ�, pump parameter� r� Ã&�

ö V¢ filament spacing� ·jê
º ©�
. �º �^~

�â 5f 6öB r� Ã&�ö V¢ j¢~r�~� Ã&�


º *çj �J� r, r� Ã&�ö V¢ "7Ë~ filament

spacing� ·jæ�, V¢B j¢~r�~� Ã&�
� Ö�

j ò
 > ®
. ?f ¢Ò� j¢~r�~� Ã&� r far-

field~ FWHM� Ã&~º ©f �� filament spacingb�

�J>Ú¢ �
. ¯, r� Ã&�ö V¢ filament spacing�

66 ·jæ�, �f �þ FWHM� Ã&~V r^ö,

filament spacingf &�' aperture nö �Ò~º ·f sub-

aperture� �J�¢ �
º Ö�� áÚê
. Filament spacing

� r~ Ã&ö V¢ §jæ�(̄  sub-aperture~ �V& §j

æ�) Ö¦². ��ö ~~� ². 'êº 66 9Úæ² >

� V¢B far-field~ FWHMf 9Úæ² B
. �f ?f Ö

�f &�' .�& 
�J�& "«*~~ Ã&ö V¢ ��

B~ sub-aperture� ¾Fæ² B
º ~�¢ &
. ~�,

filament spacingf α~2� ãÖ �
 α~4� ãÖö z §j

ê
º ©�
. �º α-factor& ·j>� j¢~r�~� '

² ¢ÚÂ
º ©j *7'b� Ã«~º 6 ~¾~ Ö"&

>� �â 6ö ¾æÞ α-factor~ 8ö &� FWHM~ ßW

" ¾ ¢~�
.

V. Ö �

Linewidth enhancement factor(α-factor) 8� 
� v «~

~ öb��� 1.55µm MQW &�' .�& 
�J�¢ B

·~&
. Hakki-Paoli »ö ~� G;B α-factor 8f

InGaAsP/InGaAsP� �WB MQW ��(Q/Q ��)~ ãÖ 4

&�, InGaAs/InGaAsP� �WB MQW ��(T/Q ��)~

ãÖö 2� G;>î
. &�' .�& 
�J�~ far-field

G; Ö", α-factor 8ö ç&ì� *~~ Ã&ö V¢ j¢

~r�~" far-field~ FWHM� Ã&~º *ç� ®b¾, α-

factor 8� 4� ���
 2� ��öB, j¢~r�~� '²

¾æ¾� FWHM� '² >º ©j &V~&
. 

6Ò~ &

� ��º "�VF¦ �&æ;��
(NRL) Òë" "�Þ

Ï(DUT) Òëö ~~� æö>îÛî
.
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Filamentation and α-factor of broad area laser diodes
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1.55 µm multi-quantum well (MQW) broad area laser diodes with different linewidth enhancement factors (α-factor) of 2 and 4
were fabricated. The far-fields of the laser diodes were measured. It was observed that the full width at half maximum (FWHM)
of the far-fields and the filamentations were reduced in the laser diodes for which the value of the v-factor was small. As
injection current increased, the FWHM of the far-field also increased regardless of the α-factor. This phenomenon was explained
by reduction of filament spacing as injection current increased.
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