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DESCRIPTION

Mitsubisht ML6XX1A are AlGaAs laser diodes emitting light
beams around 780nm wavelength. They lase by applying
forward current exceeding threshold values, and emit light
power of about 10mW/facet at an operating current of
around 25mA in excess of the threshold current. They oper-
ate, under GW or pulse conditions according to input cur-
rent, at case temperatures up to 60°C.

MLBXX1A are hermetically sealed devices having a Si
photodiode for monitoring the light output. Output curcent of
the photodiode can be used for automatic control of the
operating currents or case temperatures of the lasers. They
are well sulted for optical information systems and other
optical systems.

ABSOLUTE MAXIMUM RATINGS

FEATURES

® High power (CW 20mWw)

® Fundamental transverse mode oscillation

® Small astigmatism

® Low nolse

® Low threshold cutrent, low operating cutrent
© Si photodiode is Installed in the laser package
® High reliability, long operation life

APPLICATION

Writing and reading memory disks, laser beam printers

Gonditions Ratings Unit

Symbol Parameter
Po Light output guv:lse (Note 1) zg W
VaL Reverse voltage (Laser diode) — 2 \Y
Vao Reverse voltage (Photodiode} - 15 \
Ifo Forward current (Photodicde) — 10 mA
To Case temperature = —40~-60 C
Tstg Storage température - —55~-100 C
Note 1 : Duty less than 5§0%, pulse width less than 1us.
ELECTRICAL/OPTICAL CHARACTERISTICS (1c=25C)
Symbeof Parameter Test conditions Limits Unit
Min. Typ. Max.
Ith Threshold current cwW : 16 40 60 mA
lop Operating cufrent - CW, Po=10mW -~ 65 100 mA
Vor Operating voltage (Laser diode CW, Po=10mW — 2.0 2.5 v
Po Light output CW, lg=Iih+25mA — 10 - mwW
Ap Lasing wavalength CW, Po=10mW 765 780 795 nm
Gu Full angle at half maximum CW, Po=10mW 10 12 17 deg.
8. 20 . 30 35 deg.
GW, Po=10mW ]
Im Monitoring output currént V=1V 0.3 0.8 1.7 mA
R.=100(Note 2)
o Dark current {Photodlode) Vao=10V - — 0.5 uA
Ct Gapagitance (Photcdiade) Vap=0V, (=1MHz — 7 — | pF
Note 2 IR, Is load resistance of the photodiode.
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Fig. 1 Light output vs. forward current i

Light output vs. forward current

Typical light output vs, forward current characteristics are 2 /J
shown in Fig. 1. The threshold current for lasing is typically . *Pulse 7/
40mA at room temperature. Above the threshold, the light 20

output increases linearly with current, and no kinks are
observed in the curves. As can be seen in Flg. 1, the
threshold current and slope efficiency (dPo/dle) depends
on case temperature of the lasers. This suggests that auto-
matic control of temperature or current is necessary to
keep the light output constant since temperature variation
Is inevitable in practical systems. The automatic controls
should be such that the maximum ratings for the light output
and the case temperature are not exceeded. “OPERATING
CONSIDERATIONS." gives an example of an automatic 0 30 60 90 120
light output control circuit.
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Forward current I (mA)
* Duty less than 50% pulse width less than 1us.

E Temperature dependence of threshold current (Ith) Fig. 2 Temperature dependence of threshold current
A typical temperature dependence of the threshold current
is shown In Fig. 2. The characteristic temperature To of the 70 w
threshold current is typically 140K in Tc<60C, where the 50 c
deflnitlon of Tg is Ith o exp (Te/To). ’g |
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E Temperature dependence of slope efficiency (7o)
A typical temperature dependence of the slope efficiency

Flg. 3 Temperature dependence of slope efficiency
7 o Is shown in Fig. 3. The gradient is —0.001mW/mA/C.
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Fig. 4 Forward current vs. voltage characteristics

n Forward current vs, voltage

) . 40
Typical forward current vs. voltage characteristics are
shown In Fig. 4. In general,. as the case temperature rises,
the forward voltage V¢ decreases slightly against the con- z 30
stant current Ir. Ve varies typlcally at a rate of — 2.0mV/C E
at i =1mA. =
<
g 2
3 To==50C
e
g 25°C
u§_ 10 j
0 ] .
0 1.0 2.0
Forward voltage Vg (V)
B Emission spectra Fig. 5 Emission spectra under CW operation

Typical emisslon spectra under CW operation are shown in
Fig. 5. In general, at an output of 10mW, single mode is
observed. The peak wavelength depends on the operating
case temperature and forward current (output levei).

Relative intensity (arb. units)

%160 Ith

764 774 784

Wavelength A (nm)

E Temperature dependence of peak wavelength
A typlcal temperature dependence of the peak wavelength Fig. 6 Temperature dependence of peak wavelength
at an output of 10mW is shown in Fig.6. ’ .

781
The peak wavelength of the beam shifts and jumps to adja- . Po=10mwW
cent longitudinal mode by varlation of operating tempera-
fure. T 78
Averaged temperature coefficient which includes the shifts 5;
and Jumps is about 0.25nm/C, T 79 f
s 78
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Fig. 7 Far-field patterns in plane parallel to heterojunctions

Far-fleld radiation pattern

The MLEXX1A laser diodes lase in fundamental transverse 8 20mwW
(TEge) mode and the mode does not change with the cur-
rent, They have a typical emitting area (size of near-field °
pattern) of 0.7 X 2.0u2m? Fig. 7 and Fig. 8 show typical far- 5
field radiation patterns In “parallel” and “perpendicular" g
planes. - 2
The full angles at half maximum points (FAHM} are typically % 10mwW
12" and 30" =
g
SmwW
—30 0 30

Off-axis angle (deg.)

Fig. 8 Far-field patterns In plane perpendicular to heterojunctions
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n Pulse response waveform
[n the digital optical transmission systems, the response Fig.9 Pulse response waveform
waveform and speed of.the light output against the input )
current pulse waveform (shown in Fig. 9 upper) Is one of [ Driving pulse
the main concerns. 220mv
The speed depends on the osclllation delay time, rise and .
fall times. In order to shorten the oscillation delay time, the ty=250psec|

laser dlode is usually biased close to the threshold current
since the delay time is a time for char.glng the junction up L\ - L
to the threshold, Fig. 9 shows the typical response wave- Light output
form when rectangular pulse current {s applied.

The output power is 10mW and blas current Ip= lth. The

t==400psec|
rise time and the fall time in Fig, 9 are typlcally 0.3ns and tr=
0.4ns, respectively. They are limited by response speed of .|220psec
the detecter. S~——

0 1 2 3 4 5

Time (nsec.)
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u Monltoring output

The laser dlodes emit beams from both of their mirror sur-
faces, front and rear surtaces (see the outline drawing). The
rear beam can be used for monitoring power of front beam
since the rear beam is proportional to the front one. In the
case of ML6XX1A lasers, the rear beam powers are
changed into photocurrent by the monitoring photodiodes.
Fig. 10 shows an example of light output vs. monitoring
photocurrent characteristics. Above the threshold current,
the monitored photocurrent finearly Increases with the light
output.

Polarization ratio -

The polarization ratio (P,,/P 1), which is the ratio of the pa-
rallel polarized light output and the perpendicular polarized
one, vs. total light output characteristics is shown in Fig. 11.
The polarization ratio increases with the light power.

Impedance characteristics

Typlcal impedance characteristics of the MLEXX1A, with
lead lengths of 2mm, are shown in Fig. 12 with the bias
currents as the parameter. Test frequency Is swept from
100MHz to 1300MHz with 100MHz steps.

Above the threshold, the impedance of the MLBXX1A is
nearly equal to a series connection of a resistance of 3 ohm
and an Inductance of 3nH.

T-4/-05

Fig. 10 Light output vs. monitoring output current
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m SIN vs. optical feedback ratio

Fig. 13

T-41-0S

S/N vs. optical teedback ratio

=20kHz, BW=300Hz, Tc=25~50C
S/N vs. optical teedback ratio, where the frequency Is 60
20kHz and the bandwidth is 300Hz is shown In Flg. 13.
That where the frequency is 10MHz and the bandwidth is 70k ?\- o)
300kHz Is shown in Fig. 14, / /
S/N ratlo Is worst on CW driving and on HF superimposed ~ a0 ' ‘\- i /
driving, when case temperature is 26 ~50C and atmos- a I/ Ky /’
phere temperature Is 25°C respectively. The frequency and ; ; \ e
input level of HF superimposition are about 700MHz, P 90;_‘_ __}(f’
35mAp—p. O )
100 hd e~ —O~ — 3mW CW
. ~= = -=20mW CW
| ——— 3mW HF
1104 -
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Optical feedback ratio Rt (%)
Fig. 14 S/N vs. optical feedback ratio
f=10MHz, BW=300kHz, Tc=25~50C
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mAstlgmauc focal distance
There seems to be a difference in luminous point in the pa- Fig. 15 Astigmatic focal distance
rallel and perpendicular direction with the laser beam. This
distance between the two polnts is the astigmatic focal dis- 10f Po=3mW, OW
tance. Therefore, when the laser beam is focused, there Is . NA=0.7
a difference In focal point in the two directions. < ' . -
The typlcal astigmatic focal distance at NA = 0.7 of = \ h
MLGXX1A Is shown in Fig. 15. £ LN H 3
:on ol
e 5 (" T BN
~ \ ;’- paralle!
2 b direction
g i K perpendicular
& LRt direction
. Astigmatic focal distance
L I 4,0pm
0 ]
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Fig. 16 Wave front distortion "

Wave front distortion characteristics

Typlcal w'ave front d.istortion -(mf:xinly astigmatism) of RMS:0.018 - . P-V':0. 155
MLEXX1A is shown In Fig. 16. This figure shows wave front Po=3mW, CW
(phase front) when [aser beam is collimated. NA=0.25 PO e

- Varlous aberrations are calculated by Zernike's polynomial

approximation for the Interference fringes observed by the 55
Mach-Zehnder intetferometer, S g
0 8

~1.0  —0.5 00 0.5 1.0
parallel direction
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