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ABSTRACT

Uncooled operation of the laser diodes up to -45~85 C is an
important requirement, because in low-cost transmitter modules
thermoelectric cooler of the laser is too expensive and therefore has
to be avoided.

We have theoretically investigated a 1.3 mm InGaAsP/InPFP (Fabry-
Perot) PBH-LD(Planar Buried Heterostructure-Laser Diode) for high
temperature operation with low threshold current. Based on the rate
equations, we proposed the electrical equivalent circuit of PBH-LD
with p—n-p—n current blocking layer. The leakage width and the
concentration of p-InP blocking layer can be expressed by a resistor.
Consequently, the resistor must be large to reduce leakage current
through leakage path. The electrical equivalent circuit was simulated
with PSpice circuit simulator.

The PBH-LD is fabricated by using the vertical type LPE (Liquid
Phase Epitaxy) system. The simulation results were as follows. For
300 pm cavity length at 25 C, the threshold current and the output
power were respectively 6mA and 33 mW with the leakage width of
0.1ym. Here, the concentration of p-InP blocking layer was 5x10"
em®. In order to reduce the leakage current in the electrical
equivalent circuit of PBH-LD, we need to decrease the concentration
of p—InP blocking layer because it means the increase of the resistor.

The output power of the fabricated PBH-LD was measured. From
the measurement, low threshold current of 6 mA was obtained in 300
um cavity length PBH-LD at 25 C. Also, the output power of 29 mW

was obtained at about 100 mA.



From the comparison between simulation and measurement, we
confirmed that the threshold current has same value of 6 mA and the
output power of the simulation was larger than measurement because
the electrical equivalent circuit wasn’t been considered with the
dependence of temperature.

Hence, if we consider the temperature parameter in the electrical
equivalent circuit of PBH-LD, we will achieve more accurate analysis
compared with the measurement.

In addition, if we could control the precise growth time and
temperature in the fabrication of LD, we may fabricate LDs which
operates with very low threshold current, high output power, and

stable transverse mode at high temperature up to 8 T.
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<Fig. 2-12> The variation of threshold current according to the

leakage current with respect to the number of well layer
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<Fig. 3-2> The temperature program for MQW crystal growth
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<Fig. 3-3> SEM cross section of grown DH-MQW wafer
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<Fig. 3-4> The formed mesa SEM cross section by wet etching
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<Fig. 3-5> The temperature program for the 2nd regrowth
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<Fig. 3-6> SEM cross section of the 2nd
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<Fig. 3-7> The temperature program for the 3rd regrowth
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<Fig. 3-8> SEM cross section picture of the 3rd growth
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<Fig. 3-9> The fabricated PBH-LD SEM cross section by LPE

_29_



equipment

A 4 % PBH-LDY 54 2 Z2434#4

4.1 PBH-LD9 A7) - @4 54

<3 4-1>¢ A#E PBH-LDY [V 54& Jed Aot &ug
QA 0.8 Voli, guat #BAGe 58 VAR U AAAGe

5 QAT oA A82 1.3 mm InGaAsP/InP LD7} 7}A+= I-V

54 vl Aoz A4® LD W 54 ARS & 5 9

+

I[MA]

20—+

10 +

<19 4-1> AF" PBH-LDY I-V E4.

<Fig. 4-1> I-V characterisctic of fabricated PBH-LD

o2
U
oot

o= A TolA A= Joule &9

o

LD I-L 54 544

_30_



S Z017] Hste] HA F7) 1oms, A Z 10 usE 1 % duty cycle?l
7

ARrd22 LDE +eAzAY. 13 42 'L SA4S 5467 93 %

(A7 80 mm)E AF-&32 2 Optical Powermeter(Anritsu, ML9001)Z

Abgkol B A8 AN AS FA6r] Hsto] AFER ER7I=
Fastie-Ebert mount el 2, 32 1 mmY 600 grooves®] i 600 nm ol 4]
20 m7hA 9] 54 F9E THAH, AL G ol EALEEMA 9] 237
© 275 mm, &4F2 6 m/meolth. FALEE Fo E ZFlTe EALEE

Zoh @ikl Fom % 25 m £uS AgHE o 1 AJEY ¥

Temperature
controller

power line thermistor Ofl 2| s

221

Thermo Electric Cooler

N
Heat Sink
0 W (G )

Ge APD
40Q

for
spectrum Ge_PD

Driving Pulse
;19 ——»(Monochromato *»
Comuter
Computer Locking Amp

<Y 4-2> I-LY 2HEf]SAS fleto #AT FA=

——e

<Fig. 4-2> The schemetic diagram of I-L characteristic and

_31_



spectrum measurement
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<Fig. 4-3> I-L characteristics according to the temperature
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<Fig. 4-4> The temperature dependence of threshold current
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5 1. PBH-LD9 A7]13 F713 2 =4 %

RiLeak DL
R4 1 61 2
1 VWV 14
l6o
D2
1310nm_LD
d
vi
o = o
- F1 N >
3 1 3
2 4 = c1
4 ERAfwd, . 1 3.84e18
) 1
20
43 2
0 RR1fwd
4 2 cout
EPOLY ey 42 0
[5] | O _42
40
[
1 ERL EPOLY
43 36 43
< RRL 0 Q 0
> eo 7
, 42 0 3 TCOPY 44
0 40 4 2 21 = o
EPOLY GAIN =1

25 2. PBH-LD9 #7713 F713 22 PSpice netlist.

SUBCKT NDL7004 1 2 3 4 50

.model 1310nm_LD D ( CJO=10PF EG=.95 N=1.2 RS=5 )
.model D1 D

.model Monitor_PD D ( CJO=10PF EG=.8 R5=0.1)
.model n0 RES (TC1=0.018 TC2=0.00015)

.model tp RES (TC1=0.006 TC2=0.00006)

D2 6 7 1310nm_LD

V1720V

F1 020 V11

C1 20 0 1.442e-17

R1 20 0 1.387e8

E3 (20,21) (22,0) 1
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1 0221

R2 22 0 n0 1.0e6

E1 (31,32) (20,0) 5e-3

E2 32 0 POLY(2) (36,0) (20,30) 0 0 0 0 2 0 0 -1.2E-4
E4 (30,0) (22,0) 1

D1 31 33 DIN4496

R3 33 34 tp 3.333e5

L1 34 35 1luH

V2 350 0V

H 360 V2 1

E5 (50,0) (36,0) 2.1e-5

VRIlref 41 0 1

RR1ref 41 0 1e9

ER1fwd 42 0 POLY(2) (41,0) (43,0) 0 1E9 -1E9
RR1fwd 42 0 1E9

ERlrev 43 0 POLY(2) (36,0) (42,0) 0 0 0 0 2.884E-10 0 0 -1.73E-14
RRlrev 43 0 1e9

Rlref 40 0 1

eout 0 44 POLY(2) 42 04000000 1

fcopy 0 40 vsence 1

vsence 44 21 0

.Monitor PD

F_F2 34 V2 3e-6

D_D3 4 3 monitor_PD

DL 61 2 Dbreak

RLeak 1 61 100

Q1 1 68 Dbreak

Q2 67 68 Dbreak

R5671 1

.END
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