#50% % 10H#/2023 F£ 5 B/HEEL

HEXE-HRILEX

H2)% DBR it X119 1.3 pm 55 3 B2 4] InGaAlAs/
InP DFB ¢ 23

RIS AR, B, 3RS, A, T, g
R E R B SR TIT R SARRR R S R, T 1000835
O E R A B R A MRS S R, dEET 100049
LR SRR S A T R A SR R, dEst 100083

WE O T U InGaAlAs Z 5 T-BF A RS InP 35 1.3 pm 8 B w3 5 4298 6 40 4 2 it (DFB) o6 %%, 20 7 4
BT 5 DFB #OG# IX 2L R 2 F B ARG 43 A XA s S 2% (DBR) Ui X . IR T DFB A IR XK 4 200 pm
B #5419 3 dB /NG 5 BB A 98 K T 29 GHzo FE# % h 25 Gbit/s IR A% (NRZ) B 84 98 il b5 5 &
10 km K (9 B G LF AL 5 5 AR5 107 VBRI SR 1 T AR AN 72 30 e 80 'CTF ¥I/NF 1 dB, #OGH A R X KJEE K,
AT R CRCR I LA B T8/ B SO B S R R BT BIE ) A e R O Y e R A G A

R R Gr oy B IR , BAT T i 49 T 5

KR BOGE; CPREEOLE; SEEEEN; InGaAlAs/InP & FBF; 1.3 pm BB

FESFEES TN248.4 XERFRERS A

1 5 E

SR AE SR, 25 IR T WU Sl 5 1 R R 4
B 62T 3 135 190 26 B P 2 B P R MEPE R I, ke
S O S R ke A B O £ 3 £ 2R 5 B AR
UL ELAT R BUN IR AR S48 4107 2 B
S 28 T £ 5 A S R A 2
Ryt Fh S0 7 3t R B AR 4y
{38 60 2 1 0, LiNDO, B T8 1 287 J% o G fk ey
O g 0 S T 9 ) 7 2k £ B
B WO B IR R AR T AN
R e B LA IR R AR R S TR T R
[ 52 2 A

WROEL S R AR R — 7 R Bk
O B TR B GE . — ROk L SRR B 3 dB
R A T ) 5 0 R 5 R () O 6 R T 2R
W fn= 1557 B T HE A T ER
FH 25 488 26 A5 VB DX R SR 7 2 S MO 280 EX 7
. InGaAlAs Z ik T-BF (MQWs) b A — /> BA (1) i
B LR B B 26 TR U BE 42 SR IR 22 B ) T
LR WOR IR ERE L 5 — 7 T /N B £ K T L
PN B8 I I Y B T 75 o WA T B4R 5 0k
5% BB S

DOI: 10.3788/CJL220827

L N A N (N = I e o el
(DFB) 2 5 4 O #5 2 B N A1 5 3806 i 25 14 40030
BIBFIE I 22— HANTT 2wl #F il 7 4 6 JC U 3k
S 1.3 pm P B InP % InGaAlAs & 1 B % 8 3k &
DFB #0O6 #% , B 3 7 #7798 15 34 GHz"' . £ H
Lumentum 2 & 2021 44 i T N A TR 3% 2 2 A
(CWDM )G {5 1 1.3 pm 3k BE e 3 B8 08 1 Os %
%O A% R FH S R T InGaAlAs &1 BE AR K
2 50 W M 45 H , 7E 2 km BT P st T
106 Gbit/s B &5 o B A SEHLIY TR 2 T 4
KWEgE, o A v B K RGE TR A IR R 25 4
19 1.3 pm 3% B InGaAlAs & T BFOE &8, SC P T 96 iR
FESE Y 25 Gbit/s 8l k™ . A T kS EH
JH A TE L O RIE W 2 BB SR 0 TR XK R
150 pm, #£ % 100 pm""* " B/ A IR XA B 45 06
A 00 T S Al R Ok T — S A ) . — T R
B 45 8 AH 24 T 30 T SEO%G A8 00 I R EE R R T 4R
ORI R . S — i KO ORI
AR IR F L BR K, TR B R 7 A I BB 2 S T g
FE R S A E AR X R 44 0 R R AT R R AE AN
FIFE M

£ 153 A XA A B G 2 (DBR) B2 15t X2 1R 1
BV BEOE 8 R 7 £ DBR B IX 45 DFB #0%

Wi B . 2022-05-07; EEHH. 2022-06-06; RABH. 2022-06-27; MEBHEZBH: 2022-07-07

EEWB . FHEELH AT (2018YFB2200801)
BIE1EE . liangsong@semi.ac.cn

1001001-1


https://dx.doi.org/10.3788/CJL220827
mailto:E-mail:liangsong@semi.ac.cn
mailto:E-mail:liangsong@semi.ac.cn

2505 F 10 H9/2023 £ 5 B/ E N

HEAXE-FREX

i DR 7Ol S 5 - — T TR B o B B R A L AR
T8/ B FL A T R O B R s — T s T
fifk 34 iy T A A7 AN i 2 P S I, AT DL 3 R O AR
1 A I R . AR SCHGEE TR 42 DBR R IX )
fo 3 B InP 3 1.3 pm P Bt InGaAlAs & T B DFB #%
Jew , HDFB X & DBR S 5t IX B A AH [A] (1 4 5 BF AF
B, TCAUE R 2 A A5 B AR R, PRIt 2 24 I
T A8 T AR AL . E AN BTG A SOG4
76 DFB A i X K B Ky 200 pm B BV AT #8453 K F 29 GHz
F4) L3 R A B, 6 3 R R 25 Gbit/s BYAEIHZE (NRZ)
504 W T, 615 5 4 10 km K Y B 6 £ 1%
J&E AR AT 1052 Y D) AT M A E R M 80 TR
/INTF1dB,

2 fefhEi b S

A A4 R A FER ML (MOCVD) ¥ 18
n-InP & i LA K EOE AR, B8 — K MOCVD i

L (@)

Intensity

-1500 -1000 -500 0
Diffraction angle /(")

500 1000 1500

340
©
335

330  GRIN

3.25

Refractive index

3.20

B AR ZETFHAEME, A& 9N 4 nm BEHE
MAS(+1.2X10 ) InGaAlAs BFFI 104> 10 nm J& 19 5%
MAF(—2X10 ) InGaAlAs 22, £ 8 T4 BT
1k B JELJE R 100 nm Y InGaAlAs BkHZ | #8445 — 14
50 nm J& Y InGaAlAs 97 4 #6728 (GRIN-InGaAlAs)
JZ B —4 50 nm JE 1 InAlAs BB HZ o 7F InAlAs # 8
A TR M 60 nm B9 InGaAsP AR #I 4 DEB Y6
W # . & 1(a) b i 7 BiF A VR R X 4R AT g
(XRD) il & , ¥ B (4 /=5 B 177 569 0 100 BH & 7 BIF 2 5%
AR AR TR . K 1(h) MR E IR T OB EUE ot
T, HAE I K o 1300 nm, S A4 21 06 42 58 4 40 nm .,
FE G B4 L P9 SR H R B (EBL) A 3% 20 4k
Fo AR GIAE T 6 S5+, 6B 20 0l %R SR 50 nm, JE
9204 nm. FEH R MOCVD i 72 b R Y TR p AU
InP 35 2 F1 p Y InGaAs # il 2, 52 1 T #8 1F #il 1 T 75
Y 58 B A RE S5 R, AT S R A a5 1 (e) o, Herp
x 3R AT IS I U 1) S ZE R R TR

| (b)

Intensity

S = N W ke Ut N 0 ©
T T T T T T T

1200 1250 1300 1350 1400 1450
Wavelength /nm

quantum well

/

GRIN grating

InGaAs-contact

1 1 W 1 Iy I
T ALY

3.15 — :
0 1.0 1.1

1.3 14 3.0 3.3

2 /um

E1 InGaAlAs/InP Z & TPk (a)XRD Hh£k; (b) Y68 E G ;s (o) #1551 50 7

Fig.1 InGaAlAs/InP multi-quantum wells. (a) XRD curve ; (b) photoluminescence spectrum; (c) refractive index distribution of device

P 2 g il 4 0 BT 3 98 R DFB B0 2% A5 18 45 4 7
B R = BB (OM) B R, Horp A A hiAk
Lops 278 DFB X & B, AR RRPUR . #81FR
A B S 250 4G — B K 200 pm 38 150 pm 1)
DFB B0t a% X 2 — B K 22 130 wm 19 DBR Ui X,
BT YN 1.7 pms WE 2 () BTR B — K
MOCVD i # 1 4= K B9 InGaAlAs & 1 BF 1 81 H) B 1

b DFB X 1 35 4B Sz DBR S 658 X (09 S 41k, 2%
A 8 A DX 3P ) S A L A A T g o 400 22 o R
T B A AR Y R 3 7R DEB XY o ] A
YT 1/4 0% KARRS 454 . DFB X A1 A B I # ad 9 1
WO I 32 DX AR O R0 DBR B DX B Ol A
S 2 B2 A5 X N B B S T DFB X, A2 3 1 O
DAMAPEH] o 1A, DBR B 5t DX k)N 1 fifk 38 iy 180 A o7

1001001-2



HEXE-MRIEX

2505 F 10 H9/2023 £ 5 B/ E N

@ Ivrs
i

DFB region —>§<— DBR region

-

A
<~ grating

/4 phase shift

AR coating AR coating

2 A PFas i . (a) I 2548 75 B A5 (b) oG W I
Fig.2 Device structure. (a) Structural diagram of section;
(b) OM image

AN E PR B R, AT LA AL B TR IO &% B 5 A
A5 R AN e A R AR AR B R R DBR S5 X
{1 A L AR SCBEH Y #8F DFB X & DBR R 45 IX
KT R R A4 T B RE A O AR B T 245 2R Ak
A o TR T 1Y Rt X B i A HL Ak, o T s/ DFB
DR VAL [8) 05t DX A T B, e BR T RO X U T R Y
InGaAs % fil 24k, BOL &8 B B B2 9 80 pm,
DR T /N T A R I A A O Y S R 7R R A
TJRJE R 2.6 pm B R B A RHE o AEROC S P i

AT 9% 1) 384 378 M5S0 08 e 1 AIN AT 1 i A7 I
3 #nfftEne
& 3(a) R 20 CHF OGS KGR (P)FEE A H
MDAt 2 . T LLUE H, DFB X K B2 200 pm
I 2% 7F (8 F 70 12 mA |, 100 mA HL 3 R 19 & 6T
Rl Uik 18 mW . i 1 6 I Bt X Al 77 7 & T Bk 44
¥, 7E DEB X & 62 %8RI, DBR 2 i X 48 41k % 2
i, TR 7= A — 2 I i, B 25 DFB X &Gk
JEE (R 3G, R XX ' 1 R A AR PR AR R, 22 R A it
SRR XA RS BT P-IIZ H 20 mA H B
PERPBR G E B, FF 60 mA B A BB, &I R
B4 A0 T O pl RO RN SRS . DFB XK R
150 pm A 2% 124 B (B L R 48 0 2 17 mA |, 100 mA HL i
T EJETR S DFB X & B4 200 pm 1 #% 14 41 kb
WH TR, R\ EAERXKEAARNFZmE. & 3(b)
S AE AN 6] HL R A5 9 DFB X K BE Ry 200 pm 1Y 28
PR B ST o AT UL 28 R 3 D K 7E 1320 nm BT,
ST I3 F R 3 9 R P A AR I B 2K F 50 dB ) B
AT R REEEE . 2 H I 30 mA BT E 90 mA
IF 85 B K Hy 1317.82 nm 3 fin & 1319.91 nm , H Ff
HL VR 19 728 4k 3 28 0.035 nm/mA . 1 3(b) W] 41,
H i 1R Y O 3 nm, H 5 MR A R B (k) 1K
N Ay
K= Y (1)
oA AR A BT B R e R 322 W K AL
1320 nm. ] IR RO E MR & R ECh 175 em s

18
(a) (U ) — 30 mA
L . )
16 Lige b T ioma
14k -10f 'I': s <« - 50 mA
PEE Y —-e0mA
- 12 | -201 :: o on ~---70 mA
g 10} g oo oo ==== 50 THIA.
£ 5 30 JAp B e 90 mA
) ! e e
= B 2w} Wi
= o6t MY
-50 o
4 -
9l -60
0 /, 1 1 1 1 1 1 1 _70 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100 1316 1317 1318 1319 1320 1321 1322
Current /mA Wavelength /nm
3 v i ith 2 S 3% - (a) %R T AN IR DEB XK TR 9 231 3t ith 265 (b) AR ] HL 3 T DFB XK JEE 2 200 pom #9485 14 1Y
e IPIR
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Abstract

Objective  High-speed modulated semiconductor lasers are important light sources for high-capacity optical communication
systems. Compared with externally modulated lasers, such as electro-absorption modulated distributed feedback (DFB) lasers,
directly modulated DFB lasers have several advantages, including a simple structure, low cost, and low power consumption. A
higher speed of data transmission of an optical communication system can be obtained using DFB lasers with a higher direct
modulation bandwidth in the following ways. First, high-gain active materials such as InGaAlAs/InP multi-quantum wells (MQW's)
can be used for the fabrication of lasers. Subsequently, a short laser cavity length can be used to realize a short photon lifetime in the
cavity. Because of their important applications, high-speed directly-modulated InGaAlAs/InP MQW DFB lasers have been widely
studied. However, to obtain a high modulation bandwidth, the length of the active region for most reported lasers must be less than
150 pm. A small active length leads to a high facet loss, and thus, a low optical power output. In addition, a small length results in
high resistance, which leads to a strong self-heating effect. In this paper, we report high-speed directly-modulated DFB lasers
integrated with a distributed Bragg reflector (DBR) section working at 1.3-pm wavelength. For the cavity length of 200 pm, the 3-dB

small signal direct modulation bandwidth of the laser is larger than 29 GHz.

Methods This device is fabricated via two-step lower pressure metal organic chemical vapor deposition (MOCVD) growth. In the
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first step, the active layer, a multi-quantum well structure comprising nine 1.2% compressively strained InGaAlAs wells and ten

0.2% tensile-strained InGaAlAs barriers, is grown. The thicknesses of each well and barrier are 4 nm and 10 nm, respectively. A
50-nm-thick InGaAlAs graded index layer and a 50-nm-thick InAlAs laser are grown on both sides of the MQW layer. A 60-nm-thick
InGaAsP layer is grown on the upper InAlAs layer for grating fabrication. After a uniform grating is fabricated using electron beam
lithography and dry etching, an InP cladding layer and an InGaAs contact layer are grown in the second growth step. Figure 2 shows a
schematic of the cross-section structure and an optical graph of the fabricated laser. The laser has a 1.7-pm-wide ridge waveguide
structure and consists of a 200-pm-long DFB section and 130-pm-long DBR section. The gratings of the two sections have the same
period and etching depth. To obtain a high single-mode yield, a 2/4 phase-shift structure is placed in the middle of the DFB section.
The light emitted from the DFB section is reflected back by the DBR section, which helps increase the optical power. Moreover, the
feedback from the DBR section can further increase the yield of single-mode emission. As shown in Fig. 2(a), the two sections of the
device have the same InGaAlAs MQWs, which greatly simplifies device fabrication.

Results and Discussions The threshold current of the laser at 20 °C is 12 mA. The optical power is 18 mW at the injection
current of 100 mA [Fig. 3(a)]. The emission wavelength of the laser is approximately 1320 nm. The side-mode suppression ratio of
the optical spectra is larger than 50 dB when the DFB current increases from 30 mA to 90 mA [Fig. 3(b)]. At 20 °C, the 3-dB small
signal direct modulation bandwidth of the laser is 20 GHz at the injection current of 60 mA and increases to 29 GHz when the current
increases to 90 mA [Fig. 4(a)]. By fitting the experimental modulation response curve, the intrinsic modulation bandwidth is found to
be 35.4 GHz at the current of 94 mA , indicating that the modulation bandwidth of the laser can be further enhanced by optimizing the
laser design and fabrication process. The frequency of the relaxation oscillations, which is also obtained by fitting the experimental
modulation response data, increases with the injection current at the rate of 0.25 GHz/mA. 25-Gbit/s nonreturn to zero (NRZ) data
transmissions using the laser are conducted. Data patterns having a 2" — 1 length are generated by a commercial pulse pattern
generator. Clear open eye views can be obtained after 10 km transmission (Fig. 5). The bit error rate (BER) performance of the
transmission is also analyzed. The 10-km transmission power penalty of obtaining BER of 10™"is less than 1 dB at both 20 °C and
80 °C (Fig. 6).

Conclusions A high-speed directly-modulated DFB laser integrated with a DBR section working at 1.3- um wavelength is
fabricated using InGaAlAs/InP multi-quantum wells as the active material. For the cavity length of 200 pm, the 3-dB small signal
direct modulation bandwidth of the laser is larger than 29 GHz. Under 25-Gbit/s NRZ data direct modulation, the power penalty to
obtain the BER of 10" after single-mode fiber transmission of 10 km is less than 1 dB at both 20 “C and 80 ‘C. A longer active region
length of the device is beneficial for improving the output slope efficiency and reducing the adverse effects of current heating. The

fabricated device is a promising light source for short-reach, high-capacity optical communication systems.
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