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MITSUBISHI OPTICAL SEMICONDUCTORS

ORDERING INFORMATION

Ordering Information

ML776B1F
t—r -

ME : Light emitting diode
PD : Photodiode

Wavelength code* 2

Device type {ML : Laser diode

*1
Package type (old = 2digits, new = 3digits)

Chip series No.

Pin connectiorTs (fixed only to the monitor PD)
* incorporated laser diode

* 1 Applicable from Jan. 1991.
* 2 Wavelength code classification

Device type|Wavelength code|Wavelength range (nm) Device type|Wavelength code|Wavelength range (nm)
2 ) ME 1 700 <A =900
3 800 <A =900 7 1250 < A =1400
S ; 500 <A =900
ML ‘é 700 <A =800 PD =
7 1250 <A = 1400 8 1000 <A =1600
8 900 <A =1250
9 1400 <A
* 3 Pin connection (for Laser)
Stem Stem Stem Stem Stem e Stem
2 V4 7 V 73 Vi 173 7 74 Y 73 M
PD S LD PD S LD PD S LD. PD S LD PD S LD PD S LD
N type C type R type F type E type S type
(LD : Anode Common )(LD : Cathode Common)( LD : Cathode Common)( LD : Anode Common )( LD : Cathode Common)( LD : Floating )
PD : Cathode Common /\ PD : Cathode Common/\ PD : Anode Common PD : Floating PD : Floating ) PD : Floating
MITSUBISHI
ELECTRIC 1-3



MITSUBISHI OPTICAL SEMICONDUCTORS
APPLICATION DIAGRAM I

Application Diagram

Laser Diode (LD)
Light Emitting Diode (LED)

50

20

10

Optical Power

Po (mW)
CW \

< % New product )
%% Under development

Wavelength 2 p (1 m)

High Responsivity Photodiode (pinPD, APD)

AlGaAs InGaAsP
v / — \ /
i MLBXX14** |
[ / . | MLOXX4**
ML5XX5
’ ML5XX3A
L @ |ML5XX4
\ .| MLBXXTA
_Ogé\’t\;%a;hz)lsk Memm..‘. -
Rewritable o ; ML7XX3 MLOXX3
|~ Laser Printer (High speed) ML2XX1 / ML7XX1A MLOXX1A
MLBXX3A
ML8XX1 /
| \ ML3XX1 > B I
maoe ||| | MLTXG | Meoxt
MLaXX2A i || « , -
MLAXX3 bt .\ o r’ ML7XXE™ 1@ | MLoXX5*
[ ML4XX10 ! \ |1 -
ML4xX14 i |f / —
MLaXXTS -
ML4XX i A
| miaxxier -
l— . ) LED K Opucal communication LED T
CD,VD ME1XX3
CD-V,CD-ROM ME1XX4
Laser Printer . )
| ! ] ] I ! ! I ! I 1 I
0.6 0.7 0.8 09 - 1.0 1.1 1.2 1.3 14 15 16 1.7

Si-pinPD InGaAs- pinPD
PD2XX1 PD7XX5
PD7XX6
PD7XXT*
Si- APD " InGeAs-APD
PD1XX2 PDBXX2*
PD1XX5 .
MITSUBISHI
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MITSUBISHI OPTICAL SEMICONDUCTORS
APPLICATION DIAGRAM I

(PULSE OPTICAL OUTPUT)
Application Diagram
Laser diodes for OTDR applications
‘InGaAsP
/ \
200 200
5
% 150 ML7XX3
[e]
8
g 120
3
3
o 100 -
Po(p)1oo -1 AlGaAs o
— MLOXX3
ML5XX4
50 )
40
ML7XX1A
MLOXX1A
0 ——f et -

0.6

0.7

+
0.8 0.9 1.0 1.1 1.2 1.3 1.4 15 1.6

Wavelength 2 p (¢ m)

MLBXX4 ~ -ereememeeseeemeeienees Pulse width 2 z's, duty 0.2%

ML7XX1A ' v

ML7XX3  § el ; 9
MLOXX1A Pulse width less than 1 u's, duty less than 1%

MLOXX3




MITSUBISHI OPTICAL SEMICONDUCTORS

NDEX BY APPLICATION

Index by Application

[Application]

Information
processing &
instrumentation

. Wavelength Rated' optical output Series name
Main use] [ "l%0mN" ] [ “Forward current) [ (Features » Structure) )
ML4XX3 (low droop) |
Laser I I - -
bqartvw { 780 { Po=5mW ML4XX14 (low droop, small dlspersmn)l
printer
= + (medium output, small
Po = 8mW ML4XX19 dispersion)
Po= 15mW MLEXx3A (higher output, for high-speed
850 |——Po()=80mW |— ML5XX4 (pulse high output operation)|
Po(p)= 100mW}-—{ ML7XX1A (pulse high output operation)[
OTDR 1310

Po(py = 200mW

}-——' ML7XX3 (pulse high output operation)]

Po(py= 40mW

— MLOXX1A (pulse high output operation)]

Po(py= 120mW MLOXX3  (pulse high output operation)]
POS |—— 750 {Po=5mW  |— ML4XX5 (shortwave length) |
Po=5mW  |— ML4XX15 (read only) |

Po = 20mW H MLBXX1A (for mass-produced machine)|

MLBXX10 (small dispersion) |

ML6EXX11 (low lop, small dispersion) I

Po=60mW  — MLEXX14** (low lop) |

Po=25mW  |— MLSXX3A (for mass-produced machine)|
Po=35mW |— ML5XX5 (small dispersion) |
% : New product
%% : Under development
Y_ MITSUBISHI

ELECTRIC



MITSUBISHI OPTICAL SEMICONDUCTORS
INDEX BY APPLICATION

Iﬁdex by Application

Series name ]

[Application] [Main use] [ Wavelength] [ Rated optical output ] [ (Foatras - Strrccure)

typ.(nm) (Forward current)

ML4XX10(higher reliability, multi- mode)

| 780 |—Po=5mw

ML4XX16(higher reliability, pulsation) |

Po=35mW |—— ML3XX1 (higher reliability) |

Po=10mW |—— ML2XX1 (higher reliability) |

850

ME1XX3 (AlGaAs-LED, ¢ 100 u m lens) l
(If = 75mA) -

ME1XX4 (AlGaAs-LED, ¢ 200 xm lens) |

1200 I__I Po = 6BmW I_ ML8XX1 (Ei'gpiée)mperatufe operation,

ML7XX1 (high-temperature operation,
ML7XX6** FP-LD)

Transmitter

Po = BmW
ML7XX2 (for digital use, DFB-LD) |
1310
j Po = 12mW l——l ML7XX5 (for analog use, DFB-LD) ]
Communication] (= 120mA) |—] ME7XX2 (InGaAsP LED) |
MLIXX1 (thl-_lt)e)mperature use,
' ’ Po = 6mW
1550 MLOXX2 (for digital use, DFB-LD) |
Po=12mW |—— MLOXX5* (for analog use, DFB-LD) |
PDIXX2 (4200 ¢ m Si- APD) J
600~900 PDIXX5 (4500 ¢ m Si- APD) |
PD2XX1 (0500 #m Si- pinPD) |
Receiver
PD7XX5 (480 £ m InGaAs-pinPD) |
1000~1600 PD7XX6 (4300 #m InGaAs-pinPD) |
PD7XX7* (440 um InGaAs- pinPD) |
PD8XX2* (450 um InGaAs- APD) |
~'l;irk%epr“ﬁer || 1480 |l : MLOXX4**(high power, high reliability) l

% : New product
%% : Under development

MITSUBISHI
ELECTRIC 1-7



MITSUBISHI OPTICAL SEMICONDUCTORS
INDEX BY FUNCTION

M AlGaAs Laser Diodes :

Mitsubishi laser diodes are high-performance light sources that offer extremely stable single
-mode oscillation with a low threshold current. High reliability and long-service life make these
devices suitable for use in a broad range of applications, including such areas as optical com-
munications and optical data processing.

“© Type . |Material [ T [ Ten S
S (mw) C) |- (e) Typ. |Max:| Min.
-40 | -55
ML2XX1 AlGaAs | 10 15 ~ ~ 8 30 [ 50| 55|90 (18|25|830(850|870( 12 | 35 |03 |08/ 20
+70 1+ 100
-40 | -55
ML3XX1 AlGaAs | 3.5 6 ~ ~ 3 20 {40 | 30 (50|18 [25|830(|850{870( 11 { 30 (0.1 | 03|07
+60 | +100
-40 [ -55
ML4XX2 AlGaAs 5 6 ~ ~ 3 30 {6040 | 70 | 18|25 |765|780|795| 11 | 33 (0.15|0.35| 0.7
+60 | +100
) -40 | -55 .
ML4XX2A AlGaAs 5 6 ~ ~ 3 40 (60 | 50 | 70 (1.8 | 25|765|780|795| 11 | 33 {0.15| 0.4 | 0.7
- +60 | +100
-40 | -55
ML4XX3 AlGaAs 5 6 ~ ~ 3 35 60|50 |8 |18|25|765|780(795| 11 | 33 |04 10|20
+60 | +100
-40 | -55
ML4XX5 AlGaAs 5 6 ~ ~ 3 35| 70| 45|80 (20|3.0(735|750|765| 11 | 33 [0.15/0.35| 0.7
+60 | + 100
-40 | -55 .
ML4XX10 AlGaAs 5 6 ~ ~ 3 45 | 60 (63 | 70 | 1.8 | 25 |765|780|800| 11 | 33 |0.15| 0.4 | 0.7
+60 [ +100 .
-40 | -55 .
ML4XX14 AlGaAs 5 6 ~ ~ 3 30|50 | 50|70 (20|25 |765|780|795| 11 | 33 |0.25] 1.0 | 20
+60 | +100
—-40 | -55
ML4XX15 AlGaAs 5 6 ~ ~ 3 45 {60 (58 | 70 | 1.8 | 25 (765|780 |795| 11 | 38 |0.15{0.35| 0.7
+860 | +100
—-40 | -55 -
ML4XX16 AlGaAs 5 6 ~ ~ 3 45 | 70 | 55 [ 80 | 1.8 |25 (765|780 |800| 11 | 38 |0.15| 0.4 | 0.7
+60-| +100
-40 | =55
ML4XX19* AlGaAs 8 - ~ ~ 5 30 (50|45 (702025 |765|780|795( 11 | 33 (03|07 |17
+60 | + 100
-40 | =55
MLSXXTA AlGaAs | 18 | 30 ~ ~ 15 | 30 |50 | 60|90 |18|25|830(850{870| 11 | 30 | 05| 10| 3.0
+50 | +100 i
-40 [ -55
ML5XX3A AlGaAs | 25 - ~ ~ 10 | 40 | 60 | 65 (100} 20 | 25|800|820(840| 12 | 30 | 03| 08 | 1.7
+60 | +100
%2 -40 | -55
ML5XX4 AlGaAs | 20 ol ~ 15 | 25| 50 | 50 | 90 | 1.8 | 25 | 830850870 11 | 30 |0.04|0.12| 1.0
45 +50 | + 100 v
-40 | -55
ML5XX5 AlGaAs | 35 | 45 ~ . 30 (50 | 70 |125{150| 20 | 25 (810825840 11 | 26 [ 20 | 40 | 6.0
+60 | +100
-40 | -55
MLBXX1A AlGaAs | 20 | 25 ~ ~ 10 | 40 | 60 | 65 {10020 |25 [765|780|795| 12 | 30 | 0.3 | 08 | 1.7
+60 | +100 .
. -40 | -55
MLBXX3A AlGaAs | 15 - ~ ~ 10 | 40 | 60 | 65 (100| 20 |25 |765|780|795| 12 | 30 | 0.3 | 08 | 1.7
+60 | +100
—-40 | —55
ML6XX10 AlGaAs | 35 | 45 ~ ~ 30 | 70 | 85 [140|160| 20 | 25 | 770 | 785|800 |10.5(26.5| 1.0 | 3.0 | 6.0
+60 | +100
| -40| -85
MLB6XX11 AlGaAs | 35 | 45 ~ ~ 30 | 60 | 75 {120|135| 20 |25 |770|785|800|105|265| — | 09| -
+60 | +100
—-40 | -55 .
MLEXX14** | AlGaAs | 60 | 70 ~ ~ 50 | 85| - |135| - |20 |25 |770(785(800| 95| 25| - | 03| -
+60 | +100

%1 : Duty less than 50 %, pulse width less than 1 us.

% 3:Im value depends on package type.

% : New Product

%2 : Forward current

%% : Under development

max.

rating, duty = 1 %, pulse width less than 4 us.

1-8
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MITSUBISHI OPTICAL SEMICONDUCTORS
INDEX BY FUNCTION

H InGaAsP Laser Diodes

N Max. Ratings- |~ | kb’ lop Vop Ap 6y 6] mowz | SMSR
e starial- | Fo TPoXT] —@Po| ma) | mA | W | om o feeDlesd)] Ay | @R
- Type Material - C\j’"P?J'“ Tc | Tatg {(mw) 5 ) eg)l . (m/ S O
s T mwo | owy €9 | €O Tayn Tax | Tve. | x| Tvp. [ Max | Min. | Tye. [ Max | Tvp. | Tvo. | Min. [ v, [ Max. | s | ve.
-20 | -40
ML7XX1 InGaAsP 10|10 | ~ | ~ | 5 |10]3|25|850]|12]16[1280]1300/1330| 256 | 30 |02 05| - | - | -
+70 | +100
. -20 | —40
ML7XX1A InGaAsP 30 40’32 ~ | ~ | 2510|3070 |130] 15| 20 [1280[1310[1330] 25 [ 30 |02 |05 | - | - | -
mA|
+50 | +100 ‘
0 | -40 }
ML7XX2 InGaAsP 6 | - | ~ | ~ | s |15]|40|3 |8 |12]|18] - [1310] - | 25 | 30|01 |025] - | 30| 40
(DFB laser) +60 | +100
+20 | -40
ML7XX3 InGaAsP 30 |.*¥2 | ~ | ~ | 25|20 |50]80]|150]15]20|1280[1310{1330] 25 | 30 | 0.1 [02]| - | - | -
” 900mA|
+30 | +100
] +20 | —40
ML7XX5 GaAsP | o9 | — | < | ~ | 10| 15|40 |45 |80 |12]18] - [1300] - |25 |30] -] -]~ ]30]40
(DFB laser) +30 | +100 i
ML7XX6** InGaAsP Not specified (under development)
20 | —40
ML8XX1 InGaAsP 6 [ 10| ~ | ~ | 5 |15|30|30|60]{1.2]16][1180[1200{1230{ 25 { 30 |02 (05| - | - | -
+70 | +100
-20 | —40
MLOXX1 InGaAsP 6 10 | ~ ~ 5 | 15| 35|40 | 60 | 1.3 | 1.7 [1520|1550|1580| 30 | 35 |02 |05 | - | - | -
+60 | +100
-20 | —40
MLOXX1A InGaAsP 20 4(?;2 ~ | ~ | 15| 15| 35|75 |120] 15| 20 [1520|1550(1580| 30 | 35 {01 [03 | - | - | -
mA
+50 | +100
0 | -40
MLOXX2 E;:gafsp 6 - ~ ~ 5 [ 20|40 |45 |9 [12|18] - [1550| - | 30 | 35 | 0.1 |0.25] ~ | 30 | 40
¢ aser) +60 | +100 )
+20 | —40
ML9XX3 InGaAsP 30 | X2 | < ~ | 25 | 25 | 50 | 120|180 1.5 | 2.0 |1520[1550[1580| 30 | 35 |01 |03 | - | = | -
300mA
+30 | +100
MLOXX4** InGaAsP Not specified (under development)
+20 | —40
MLOXX5* MGaAsP | o9 | = | ~ | ~ | 10|20 | 40| 45| e0|12]18] - [iss0| - |30 |35 | - | - | - | 30|40
(DFB laser) +30 | +100

%1 :Duty less than 50 %, pulse width less than 1us

¥ 2: Forward current max. rating, duty = 1%, pulse width less than 1 us

% : New product

%% : Under development

% 3:Im value depends on package type

The Mitsubishi communication LEDs are high — performance optical sources which provide wide modulation band

. LEDs : width, optical output with excellent linearity, high coupling efficiency, high reliability, and long service life.
oo |- L Max Ratings Con | 22 a2 | PoDO) | PoGuisk1 | fo (MHD |
Toes | et [FOITERL T e [ m |G| 00 |om| Tow | G | e
- B L T Gy (@& 0 O Miin, | Max | Tye. | Min. | Typ. | Min. | Max. | Min. | Typ. |

| —40 -55 .
ME1XX3 AlGaAs 75 120 ~ ~ 50 |'820 | 880 | 45 10 { 15 | 20 | 30 15 30
+100 | +125
- 40 -55
ME1XX4 AlGaAs 75 120 ~ ~ 50 | 820 | 880 | 45 05| 15| 1.0 | 30 10 30
+100 | +125
-30 - 40 % 3
ME7XX2 InGaAsP | 120 | - 2 <~ | 100 (1280|1340 | 130 | ¥2 | X2 _ | _ | _ |50
+80 | +100 15 | 20
%1 :Duty =50%,f=100kHz 2:Pf(z W,Gl 50/125 Optical Fiber)
x MITSUBISHI
ELECTRIC 1-9



MITSUBISHI OPTICAL SEMICONDUCTORS
INDEX BY FUNCTION

Mitsubishi SI pin photodiodes are high- performance opt»cal detectors for standard short-
W Si pin Photodiodes * waveband applications offering high-speed response

+T10 +750

Mitsubishi Si avalanche photodiodes are high-performance optical detectors for
Il Si Avalanche Photodiodes : short-waveband applications offenng high-speed response, wide band width and
low noise

-55
PD1XX2 Si 200 10 ~ ~ |$200|{ 100 | 150|200(0.12( 1.5 | 20 | 0.3 | 1.0 | 0.4 |0.45| 1000 2
+110| + 150
: X -40 | - 55 '
PD1XX5 Si 200 10 +T10 +;-50 ¢ 500| 100 | 150 | 200 /0.12| 50 | 70 | 0.3 | 1.0 | 0.4 [0.45| 1000 0.4

. Mitsubishi InGaAs photodiodes are high-performance optical detectors for long-
M inGaAs pln Photodiodes : waveband applications offering high-speed . response

oy

. -30 | -40

PD7XX5 | InGaAs | 500 2 ~ ~ ¢ 80 1 2 1000 (1000~1600, 0.6
. +80 +100

‘ -30 [ -40 : ' '

PD7XX6 | InGaAs | 3000 2 ~ ~ ¢ 300 3 15 200 [1000~1600] 0.6

+80 | +100
- S -30 | -40 #1 %1 #1
PD7XX7 | InGaAs | 500 2 a0 | +700 ¢ 40 03 p 1500 [1000~16000 06

%1:@VR=5V

Mitsubishi InGaAs avalanche photodiodes are high- performance optical
W InGaAs Avalanche Photodiodes : detectors for long-waveband applications offering high-speed response,
wide bandwidth and low noise

*
PD8XX2 InGaAs ‘500

+ 80 +TOO

%: New product

| * MITSUBISHI
1-10 | W ELECTRIC



MITSUBISHI OPTICAL SEMICONDUCTORS

INDEX BY SERIES TYPE
Index by Series Type
Type Series Name Page
ML2XX1 ML2701 2-3
ML3XX1 ML3101 ML3411 2-10
ML4XX2 ML4012N ML4102 ML4402 217
ML4412N ML4442N
MLAXX2A ML4102A ML4402A ML4412A 2-25
ML4XX3 ML4403 ML4403R ML4413N ” 32
ML4413C
ML4XX5 ML4405 ML4445N 2-39
ML4XX10 ML40110R 2-44
ML4XX14 ML44114N ML447114C ML44114R » o1
ML40114N ML40114R
A'Gfgs ML4XX15 ML40115C ML40115R 2-58
ML4XX16 ML40116R 2-64
ML4XX19 % | ML44119N ML44119R 271
MLBXXTA ML5101A ML5401A 2-73
ML5XX3A ML5413A 2-80
ML5XX4 ML5784F 2-87
ML5XX5 ML5415N ML5415C MLB415R 2-93
MLBXX1A ML6101A ML647T1A ML6411C 2-100
MLBXX3A ML6413A ML6413C 2-108
ML6XX10 ML64110N ML64110C ML647110R 2-114
MLBXX11 ML60T11R MLB4TTIN 2121
ML6XX14 &% | ML64114R ML60T14R ‘ 2-128
ML7XX1 ML7011R ML720A1S ML7701
MLT74A1F ML776B1F ML7781 2-130
ML7911 :
ML7XXTA MLT781A ML7911A 2-138
ML7XX2 ML774A2F ML7922 2-143
nGanep | MLTXX3 ML7783F 2-149
- ML7XX5 ML7925 2-152
MLBXX] ML8701 MLB74ATF 2-154
MLOXX1 ML9701 MLO74ATF ML9911 2-160
MLOXXTA ML9781A ML9911A 2-166
MLOXX2 MLO74A2F ML9922 2171
MLOXX3 ML9783F 2177
MLOXX5 % | ML9925 2-180
AlGahs METXX3 ME1013 3-3
LED METXX4 ME1504 ME1514 3-8
InGarsP | meTxx2 ME7022 ME7032 3-12
Si PDIXX2 PD1002 PD1032 -5
APD PDIXX5 PD1005 49
S
onpp | PORXXT PD2101 4-3
oA PD7XX5 PD7005 PD7035 2-13
e p | POTXX6 PD7006 4-17
PDTXXT % | PD700A7 2-21
InGaAs
ey | PDBXX2 * | PDBOBA2 4-25

% : New product

%% : Under development

* MITSUBISHI
' ELECTRIC
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MITSUBISHI OPTICAL SEMICONDUCTORS

PRINCIPLES OF LASER OSCILLATION

1.PRINCIPLES OF EMITTING DEVICES

Excitation level

(a) ENERGY level (b)

status

Fig. 1

Electrons accompanying atoms and molecules have
individual energetic values at specific intervals, as
shown in Fig.1-(a). This status is called energy
level. The lowest energy level is defined as ‘base
level’, and the higher one is called ‘excitation
level. When electrons transit from level Ez to level Ei,
electrons absorb or emit light which has a wavelength
related as described in the following formula.
C 1.2398
AT TESET /R - TE-g1 @
C : Velocity of light (2.998 x 10°cm/ sec)
h : Planck’s constant (6.625 X 10"*Joule.sec)
E:: Energy before transition
E.: Energy after transition
The termal equilibrium status on Fig. 1-(b) considers
that excitation is balanced with the spontaneous
emission process. The transition process consists
of 3 different modes as shown Fig. 1-(c)-(e). The
first is defined as ‘absorption’, where electrons
transit from low energy level Ei to higher level Ez
by absorbing. The second ‘spontaneous
emission’, in which electrons transit from high
energy level E2 to the stable low level Ei and emit
the energy | E2-E1 | as light. (Fig. 1-(d)). In this
case low energy electrons located at energy level
E> are moving at random relative to each other.
A light that is generated under such conditions is
called incoherent (not in phase) and it is a
distinctive feature of sponteneous emission. The
emitted light of LED’s belongs to this category.

is

> 77N P =~
2| 0 —@— E ’ =
&
>
E—@—@— 2 A~ AV e
g oht 4
W Electron Ligh Light
Eo @ Base level E, —

Thermal equilibrium

‘have

(c) Absorption (d) Spontaneous (e) Stimulated
(Excitation) Emission Emission

Energy level and transition processes

The third transition process is defined as
‘stimulated emission’. Fig. 1-(e) explains that when
photons of ligh with energy almost equal to | E2-E1 |
incidence on electrons located at E2 the
electrons move by compulsion to the Ei level.

The light generated in this way is called

stimulated emission light, or in other words,
coherent light.
Light is emitted in this way on the condition that
it is resonant with the incident light, therefore both
photon energies (wavelength) are equal and the
phase relationship is constant. This phenomena has
been applied to laser diodes.

The stimualted emission is only realized when the
number of electrons after excitation on Ez gets
larger than those on the low level Ei. Such a state
is called ‘population inversion’. An electric current
should be applied to a laser diode, in order to create
this condition. Once stimulated emission occurs, the
strength of the incident light should be increased
and thereby achieve optical amplification. Then, it
becomes be possible to cause the optical oscillation
by making an optical resonator. ‘LASER’ 'is an
acronym of Light Amplification by Stimulated
Emission  of Radiation.

1-12°
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MITSUBISHI OPTICAL SEMICONDUCTORS

PRINCIPLES OF LASER OSCILLATION

2.STRUCTURE OF AlGaAs LASER

Laser Beam AlyGayAs (y<x)
{} (Active layer)
2]
o
n—AlxGaixAs |4 © | P-AlxGaixAs
(Clad layer) O | (Clad layer)
%o
° (a) Structure of
° Cross section
n-GaAs 0© Layer
Substrate o
o]
(=) o Jo (+)
_____ O_{ ‘o)

Energy band

Energy
n (C) Injection carrier
density (Gain)
Lo
I |
| |
| |
‘nr i———‘ (d) Refractive index
[
| |
| |
| ]
I
: I ) .
P(y) 17\ (e) Distribution of
1 ! light intensity

Fig. 2 Operationalrprinciple of double hetero junction laser

A laser diode can’'t oscillate if amplication has
occured. Laser oscillation never happens unless it
has feedback. In order to achieve this a “Fabry-
Perot” oscillator is often used. (See Fig. 2-(a)).

The operation principles are : use the two_ cleaved
facets as reflection mirrors. At first the beams go
in every direction within the active layer. However,
only selected beams that correspond to the Fabry
- Perot oscillator’s direction would be confined
between these mirrors and the result that optical
oscillation occurs.

AlGaAs laser diode for example, has a double
hetero junction structure, where an AlyGal- As
active layer is sandwiched between n and p-AlxGal
-xAs cladding layers (y < x). (See Fig. 2-(a)). The
amplifying media is a double hetero junction narrow
band gap layer (AlyGai-yAs active layer). By making
the p-clad layer ® and the n-clad layer ©, and
adding forward directed bias, electrons and holes
will be injected from the n and p-cladding layers.
Carriers will be confined to the active layer and
create ‘population inversion’. The result is that a
high gain will be obtained, because the band-gap
of the cladding layer is larger than that of active
layer and a barrier will be produced in the junction.
(Fig. 2-(b), (c)). Light has a characteristic that it
gathers to the area of high refractive index. The
refractive index of the activation layer is higher
than that of cladding layer, in an AlGaAs LASER.
(Fig. 2-(d)).

The light will therefore remain in the active layer.
This is called ‘optical confinement’. In this way,
stimulated emission will be performed effectively,
because carriers and light are confined in the active
layer.

MITSUBISHI

ELECTRIC
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MITSUBISHI OPTICAL SEMICONDUCTORS

PRINCIPLES OF LASER OSCILLATION

3.Longitudinal mode

On the condition that laser oscillation occurs, beams
run both ways in the optical resonator and there
is an optical standing wave produced whose phase
front is parallel to the reflection mirrors. Power
output will be obtained by the wave's penetration
from the reflection mirrors. This standing wave is
shown in Fig. 3-(a). Letting the vertical length of
optical resonator equal L, the equivalent refractive
index of the wave in the wave guide equal n, and
the wave length of the standing wave in the wave

guide equal 1, then it will be clear that the total

length L equals a multiple whole number of half
wavelengths for the media 1/2n, and the

3 Refractive index : n q

Reflection
mirror
N

Reflection
mirror

L 4

(a) Standing waves of longitudinal mode

following formula will be derived :

—)\—-q=L(q:Integer) sesescees (2)

2n

In the case of A =780nm, n=35 and L=2504um,
the integer q becomes 2.244 resulting in a very large
number. Even if q changes by up to * 1, the
resonant . wavelength changes by only a small
fraction, and in the above case the wavelength
balance A A will be | AA|=3.5A. A laser resonator
having resonator length L which is far longer than
the wavelength allows the resonating of many
waves having slightly different lengths.

(b) Resonance spectrum for longitudinal mode

Fig. '3 Longitudinal mode generating mechanism

4.Transverse mode

The standing waves at laser oscillation consists of
a wave generated between both reflection surfaces
shown earlier (the longitudinal mode), a wave
generated in the direction perpendicular to the active
layer (the vertical transverse mode), and a wave
generated in the direction in parallel to the active
layer (the horizontal transverse mode). Normally the
transverse mode of a laser diode is required to be
a basic mode where just one luminous point exists.
The perpendicular transverse mode will be a basic
mode on the normal double hetero structure laser
which has a thin active layer. In order to achieve

stable oscillation on a basic parallel transverse
mode, the expanding electromagnetic fields will be
restained by inclucing optical waveguide using the
existing refractive index. Stripe structure, that makes
the width of optical waveguide as oscillation other
than a basic mode is insulated, is fully worked out.
These modes have a grat influence on the optical
longitudinal mode, linearity of current-light output
power characteristics, modulation speed, threshold
current, aberration of laser beam, and so on.

1-14
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MITSUBISHI OPTICAL SEMICONDUCTORS

TECHNICAL TERMS AND CHARACTERISTICS

TECHNICAL TERMS AND SYMBOLS FOR LASER DIODES

TERM

SYMBOL

DESCRIPTION

Threshold current
Operating current
Operating voltage
Slope efficiency

Light output power
Pulse light output power

Droop

Monitoring light output power
Monitoring output current
Peak wavelength -
Spectral half width

Beam divergence angle

Parallel
Perpendicular

Near field pattern
Rise time

Fall time

Cutoff frequency
Astigmatic distance
Polarization ratio

Relative intensity noise

Composite Second Order.
Composite Triple Beat

Signal to Noise ratio

Interferogram

Side mode suppression ratio

lth
lop
Vor

n
Po

Po )
AP

Pm

Ap
A2

6

6L

NFP
tr

tf
fe

P//PL

RIN

CSO
CcTB

S/N

SMSR

a, B

Current at which laser oscillation begins (Fig. 1)

Forward current to obtain specified light output (Fig. 1)

Forward voltage to obtain specified light output (Fig. 1)

Change of light output per unit of applied forward current

A Po/Alor=n(mW/mA)

Output power from the front facet of the LD (Fig. 1)

Pulsed output power from the front facet of the LD

Characteristic of dropping of light output caused by heat generated when a constant
current in pulse is applied to semiconductor laser. It is expressed as follows :
PA : Light output initial value of 600Hz, 10 % duty AP= PA - PB x 100 (%)

PB : Light output final value of 600Hz, 90 % duty, T PA

Output power from the rear facet of the LD (Fig. 2) (ref. 1-31)
Output current of monitor photodiode (Fig. 1)

Wavelength of peak longitudinal mode in emission spectra (Fig. 2)

Full width at a half maximum of enveloped profile of emission spectra (Fig. 2)
The beam from semiconductor laser spreads as shown in Fig. 2. This angle refers
to the width (full angle) at the point which is 1/2 of peak intensity in intensity
distributions parallel and perpendicular to junction. Parallel direction is expressed in
/1 and vertical direction in @ L. The intensity distribution concerned is called far field
pattern (FFP).

This pattern refers to the intensity distributions parallel and perpendicular to junction
at the front facet of semiconductor laser chip (Fig. 2).

Time taken for the optical output to increase from 10% to 90 % of max output.
Max optical output means the steady state value attained after relaxation oscillation.
Time taken for the optical output to decrease from 90% to 10% of max output.
The frequency in which the sine wave amplitude of the modulated light output
obtained by intensity-modulating small signals with a sine wave at the specified light
output bias point drops to 1/2 of the low frequency amplitude.

There is a difference of the focal point in the parallel and perpendicular direction to
junction when the laser beam is focused. This distance is called astigmatic distance
(Fig. 3)

The laser beam consists mainly of parallel polarized light output.

This is the retio between parallel polarized light and perpendicular polarized light.
The parameter to indicate, like S/N, the intensity fluctuation of laser beam.

Let the average light output of semiconductor laser by DC drive be Po, the intensity
fluctuation of light output be & P,and the band width under test be A f, then,
RIN = 10log ({8 P)?/Po%+1/Af) [dB/Hz]

CSO(Composite Second Order) refers to the intensity difference between the secondary
harmonic distortion component and the signal component generated when a semiconductor
laser is driven by current modulation (analog modulation) with a multi-channel sine
wave signal. CTB (Composite Triple Beat) refers to the intensity difference between
the tertiary harmonic distortion component and the signal component.

Intensity fluctuation of laser beam. If the average light output power is defined as
Po and the intensity fluctuation is defined as & Po, the signal to noise is defined as.
S/N = 20log (Po/ & Po) [dB]

Mainly, a semiconductor laser has (1) mode hopping noise in which the mode jumps
at the temperature change in the junction and(2)the returen beam noise in which
the laser beam reflects from the externalresonator (a  composite resonator).

Ratio of spectrum intensity of maximum mode (main mobde)to side mode.

The parameter to indicate the singularity of the longitudinal mode of DFB (Distribution
Feedback) laser. (Fig. 4)

The damping pattern of the interferogram obtained when the laser beam is made the
interference beam through the Michelson interferometer. For details, see "Measuring
Oscillating Wavelengths”on page 1-24.
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- N
s Ap N
Light output N A AN
|\ 1
ISERN -
I , Longitudinal
L \ /' mode
I . N //
) (Emission spectra)™~ _ __~
I
I Parallel \ .
! T TN (Monitoring Light
! e N ' output Pm)
! )/ \ ! z >
itori tput current / \ i i
Monitoring output cur ! Forward :Perpendlcular i
Im current Current
R =t i~ Clad layer
Po = iActive layer
\ Clad layer
or 1N ¥ T Oscillating
Vi v, field (Stripe)
[ ] OP . -
-5
: v, Front facet

Perpendicular
Forward voltage

Fig. 1 Electrical and optical characteristics of laser diode
(with a Monitor photodiode)

(Far Field Pattern)

Parallel
Astigmatic distance As Fig..2 Optical characteristics of laser diode
Active layer
L. Tc=25C
2Gb/s NRZ
I Sttt B Ppeak = 5SmW
-~ Ib=Ith

Fig. 3 Astigmatic distance

Relative intensity (10dB/ div)

1305 1310 1315
Wavelength 2 (nm)
Fig. 4 Spectral Side Mode Suppression Ratio
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‘TEC\HNICAL TERMS AND CHARACTERISTICS

TECHNICAL TERMS AND SYMBOLS FOR LEDs

TERM SYMBOL DESCRIPTION
Forward current IF Standard operating - current (Fig. 5)
Forward voltage VF Forward voltage when IF is suppiied (Fig. 5) )
Rise time tr Time taken  for the optical output to increase from 10% to 90 % of max output
Fall time t Time taken for the optical output to decrease from 90% to 10% of max output
Cutoff frequency fe The frequency (Hz) in which the sine wave amplitude of the modulated light output

obtained by intensity- modulating small signals with a sine wave at the specified
operating point drops to 1/2 of the low frequency amplitude.

Beam divergence angle 6 Full angle at a half maximum of far field radiation patterns.

Optical output Po The total optical output value to be obtained when the specified forward current is
: applied.(Fig. 5)

Fiber coupled power Pt The optical output value which can be coupled with optical fiber when the specified

forward current is applied.(Fig. 5)

Optical output :BJ< PO

Po

=|]J<@=z Pt

Pt \ Optical fiber

Forward current

VF

Forward voltage

Fig. 5 Electrical and optical charactristics of LED

*' MITSUBISHI
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TECHNICAL TERMS AND SYMBOLS FOR PHOTODIODES

Reverse voltage

TERMS SYMBOL| DESCRIPTION ‘
Dark current Ip The current which flows when the specified reverse voltage is applied without light
incidence.(Fig. 6)
Responsivity R ‘Output current per unit of input optlcal power of a specified wavelength
Quantum efficiéncy n Percentage of number. output of electrons per number of input photons
Rise time tr Time taken for the incident light to increase from 10% to 90 % of max power
Fall time tf Time taken for the incident light to decrease from 90% to 10 % of max power
Cutoff frequency fe The frequency in which the sine wave amplitude of the signal output obtained when
the intensity modulated light of small signal by sine wave is introduced at the
specified operating point drops to 1,2 of the low frequency amplitude.
Total capacitance Ct The capacitance between the anode and cathode lead terminals, which is obtained at
the specified reverse voltage and frequency
Breakdown vdltage V(er)R | Breakdown voltage refers to the voltage to be obtained when the specified reverse
current is flown in the area.(Fig. 6) )
Multiplication rate ° M Ratio of the output current multiplied by avalanche muiltiplication to the output
current without any multiplication
Excess noise factor F Indicates the scale of noise produced in the avalanche multiplication process.
Excees noise factor may be represented in excess noise index X shown in the
following relation :
F =M )
Breakdown voltage B The change rate of breakdown voltage to the temperature with the breakdown voltage
temperature coefficient at Tc=25°C as standard
Forward current
!
1
|
|
I
V(BR)R No incidence of light /)

I}
/,’ iVopen (open voltage)

g
. 4

LID i

Avalanche
breakdown

\%
Forward voltage

' Zero bias high
/ load straight line
Ish (Short circuit current)

incidence

/--. .

Reverse bias high
load straight line

/ ZERO bias low load straight line

Reverse current

Fig. 6 Operating figure of Photodiode
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MEASURING PROCEDURES

<Measuring Methods>
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18
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MEASURING PROCEDURES

Optical output vs. forward and monitoring current

| XY recorder
50Q . LD + - .
FiLTER Slow ey W - & KQ__S.W_g P—Im P—Ir
starter \ _ GZ/ 100 2 T o P
Detector ~=- ] +i|m -
57
A
5Q g Iey Im

_Fig. 1 P-Ir and P-Im characteristics measuring system

Fig. 1 is an example of a measuring system that
traces P-Ir and P-Im characteristics on an XY
recorder. A noise filter and the slow starter are
implemented in order to avoid degradation of LD
_ by surge current. A silicon or germanium photodiode
is used as a detector, and the output is previously
adjusted by the load resistance RI1.

i) P-lr.

Turn SW to “IF"connect the LD to the power supply
at minimum volatge switch the power supply on
and gradually iyncrease current from DC power
supply. The P-Ir curve will be traced. Then before
disconnecting, set the power supply to the minimum
voltage, disconnedct the LD then turn the power
supply switch OFF.

(i) P=lm

The load resistance R2 is adjusted to the PD bias
voltage to get an object scaling. SW is turned to
“Im” and operated as above P-Im characteristic will
be traced on the XY recoder. Please take care not
to operate the LD over the maximum optical power
rating of the LD. ‘

’ _ MITSUBISHI
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MEASURING PROCEDURES

Impedance

1. Reference (SHORT) .

Measuring substrate (50 Q Micro strip line)

Network analyzer H?t»l

Fig. 2 Reference measuring system

2. Measurement

o—

il

4

LD

Fig. 3 Impedance characteristic measuring system

Fig.2 and 3 are examples of circuits used to
measure the input impedance characteristics. At
first the network analyser should be referenced by
placing at the outpﬁt a SHORT (0 point on Smith
chart), as shown on Fig. 2. Next, connect the circuit,
measure the return-loss and phase at this time and
plot these on a Smith chart. By repeating this
operation at every frequency, the input impedance
will be calculated. ‘

Typical impedance characteristics of the ML40110R,
with lead lengths of 2mm, are shown in Fig.4 with
the bias currents as the parameter.

Test frequency is swept from 100MHz to 1300MHz
with 100MHz steps. )

Above the threshold current, the impedance can be
approximated by a series connection of a resistance
of 3.50hm and an inductance of 2.3nH.

Bande 5705,

Fig. 4 Example of impedance characteristic
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MEASURING PROCEDURES

Measurement of thermal resistance Next, introduce a forward current (If < Ith) for

electric power application for 50msec, and measure
the forward voltage drop (Vf).

”('<'m) | I Repeat the first step and measure Vm2.(Fig. 5)

- Using the voltage values (Vmi, Vmz, and Vf) thus

_,—\l—l/l—_ obtained, the thermal resistance (Rth) is calculated

v II as follows: ‘

SAMPLE v Vi Ve < Vmi —Vmz >
Rth = o

Im(1mA) J 1 I 1

B (C/W)

, where m means previously measured temperature
Thermal resistance is measured by measuring the coefficient of junction voltage

Fig. 5 Timing chart

temperature change in the junction surface by using dvf .
m=\g7 ) (VT
the temperature dependence of the forward voltage
drop of the PN junction of LD. An example (ML40116R, ML44114R) of thermal

At first let a small current (Im = TmA) with a resistance is shown in Fig. 6.
negligible temperature rise‘to flow in the forward |
direction of the LD, and then measure the forward
voltage drop (Vmi) at that time.

o ML40116R (¢ 5.6mm pkg)

Please use a heatsink of good thérmal radiation
because the junction temperature of a laser
influences its life time.

*? Rthj-a
200 dE
g
S ]
£ 100
x
§ 80 ) Sm o & % IJL
8 ) Rthj-c
é 60
]
T 4 §
E ®
£ 20
107 107 102 107" B 10 102 108
Pulse input time (sec)
ML44114R (¢ 9.0mm pkg)
200
g ) i Rthj-a
£ 100 &
s ]
e 80
s
g oo nﬂ__l
H @bhl g )ﬁ
= 40 3 w;_lé Rthic
g N
g J o8
= 2
@
1074 1073 1072 107" 1 10 102 103

Puise input time (sec)
! Fig. 6
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Far Field Pattern(FFP)

Laser chip

A1
1
|
|
|
'

Horizontal /
Plane

g
AN
° W

Turnig y
hovy ,
direction

Photodiode (PD)
Center axis

Fig. 7 FFP measuring system

Optical intensity of laser beam

1.0
61
0.5
6/
0 Angle (6//, 81)
Center axis

Fig. 9

~1tmm

Turning PD

direction

Plate Slit

Fig. 8 FFP measuring photodiode

Direct the PD in a horizontal plane (parallel to the
laser junction surface) toward the luminous surface
of laser chip and turn it along with circumference
(Length ; 100mm) of which center is luminous
surface, and can be measured.(Fig.7) At this time,
the PD receiver surface is larger than the luminous
surface of the laser chip, so it is necessary to fully

enlarge the length from the laser chip and settle

~ a slit on PD, in order to improve resolution (Fig.

8). To measure the 6 . direction, turn the laser chip
90° from the center axis and measure in the same
way as 9//.

The measured result is shown in Fig.9 . Figures of
6/ and 6 1 are hanging-bell type symmetrical to the
center axis, as angles from the center axis, get
larger. This is called Gauss disfribution, and the
sharpness of beam direction depends on the width
of this distribution. Generally the width of angle
(full angle at half maximum)in the parallel (8//) and
in the perpendicular (6 1) direction of which the
intensity gets down to 0.5 of the maximun optical
intensity is specified as the beam spreading angle.
Resolution by this measurement is 0.10° .

The angle of gap between the center axis of 6//and 6 .
in FFP is defined as the angle gap, A 8 //A 6 Lrespectively.

' g MITSUBISHI
ELECTRIC
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Emission Spectra
1. Measurement by diffraction grating
The measurement ' of thé Emission spectra with a
spectrometer , in which the light from the device
is scattered by diffraction
grating is shown in Fig. 10.

The light comes through the slit into a photomultiplier.

under measurement

The oscilloscope indicates the spectra which can be
measured. )

2. Measurement by Interferogram

To measure the Emission spectra with interferogram,
the light from the device under measurement is
represented as interference light with a Michelson
interferometer (Fig. 11).

Performing ah inverted Fourier transformation on
this interferogram vyields the spectra.

If the peak value corresponding to the zero
position of movable mirror is defined as 1 in Fig. 12,
the first peak ratio is defined as interferogram
damping ratio a.

The minimum value between the peak value of
optical path difference O and the primary peak value
is defind as 8.

Fixed mirror

Beam splitter

Movable mirror

—z~+e
LD
/
Interference light
Michelson
interferometer .
Fig. 11 Michelson interferometer-

Spectrometer

Diffraction
grating

Photomuiltiplier

Oscilloscope

b

Fig. 10 Emission spectra measuring
principle by diffraction grating

1
Inverted Founer
« transformahon

(a) (b}

Wave|en§th

Interferogram Spectrum

Fig. 12 Measuring by interferogram

1-24

MITSUBISHI



MITSUBISHI OPTICAL SEMICONDUCTORS
MEASURING PROCEDURES

[d Pulse response

oy 79 I Sampling
Pulse t " O Oscilloscope
generator 50Q Micro strip line 502 Mico strip line
PD or APD
Fig. 13 Pulse response characteristic measuring system
Fig.13 indicates an example for measuring
seriesPulse response characteristics.
Let the time required for the pulse rising (10%-
90%) from the sampling oscilloscope output waveform
be tr, and the time for falling be tf.
Polarization ratio
Polarization Prism
" Lens PD
Slow oser dlode P-output
starter (to XY recorder Y)
APC circuit
NA=0.5
IF- output

(to XY recorder X)

A laser beam is oscillated almost in TE mode (Beam
polarized horizontally to hetero junction). The beam
strength is shown as P/. TM mode (Beam polarized
vertically to hetero junction)is just as strong as
natural light (beam). This beam strength is shown
as P.. The Polarization ratio is the ratio between
the optical strength of the TM mode and the TE
mode (P;//P 1). Fig. 14 shows an example of the

Fig. 14 Polarization ratio measuring system

required to measure the
the

collimated one by using a lens with NA=0.5 and

measurement set- up

Polarization ratio. Turn laser beam to a

resolve the polarization prism, to measure the
maximum power (P//) and minimum power (P 1).

Obtain the ratio of P//to P.at each optical output
from the curves of P/-Ir and P 1-Ir. The ratio thus
obtained is the polarization ratio.

AMITSUBISHI
ELECTRIC.
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B Astigmatic distance

Camera
“- Qo
o
‘g °
854
B
o
£3 \
x 50 ELWD (%)
N

7 - LD NA=0.7
Z-axis motor

x 5000

Monitor TV
___‘r_ (Near field pattern)

Camera controller

Display
(Astigmatic difference)

Personal
[ computer

LD power Source

'Z-axis motor power source

XYZ stage

(%) LD window glass thickness correction lens

Fig. 15 Astigmatic distance measuring system

Figure 15 shows a sample measuring system. Move
the LD in the optical axis direction in steps of 2
«m by driving the Z-axis motor. Read the spots
parallel and perpendicular to hetero junction surface
in the intensity diameter of 1/& of the peak value.
Plot the spot diameters (parallel and perpendicular) in
the direction of LD movement as shown in Fig. 16.
Then, approximate this data with a curve to obtain
the LD position at which the spot diameters in
parallel and perpendicular directions are smallest.
The difference in the distance of the movement
is the astigmatic distance. A measurement example
(ML4403) is shown' in Fig. 18.

[ Near Field Pattern

In Fig. 15 please observe the near field pattern of
LD by a real image of 500 magnification and
camera of 5000 magnification.

ML4403
10 —T
1Po=3mW CW
/ NA=0.7
!
~
€ )
= |\ . # Perpendicular
g3 | ,/ direction .
% '3 (3 Ly .
R S I e
&\ N / -
o LR r’--""k\\
\ T Paralle!
“w L direction
!
Astigmatic
0 distanc‘e 36 um
0 10 20 30

LD moving distance (u m)

Fig. 16 Example of astigmatic distance measurement
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Wave front distortion

Beam Splitter 2

Beam Splitter 1 y L_________
\
[N ===t
Detector array
Collimate
NA=0. 30

LD

Fig. 17 Wave front distortion measuring system

. Equiphase surface of a laser beam without any
aberration is spherical. However, in general, the wave
front has a distortivon. Most of this distortion
consists of ah astigmatism. The astigmatism for
parallel direction to the hetero junction has a
different value from that for perpendicular direction
to the hetero junction, because the curvatures of
wave front for the two directions are different to
each other. '

The wave front distortion is measured by the
equal-path Mach-Zehnder interferometer shown in
Fig. 17. Various aberrations are calculated by Zerniyke's
polynomial approximation for the interference fringes
observed by the Mach-Zehnder interferometer. The
relationship between the astigmatism (A ¢) and the
astigmatic distance (see page 1-26) (AZ)is shown
in Fig. 18.

NA=0. 25, Po=3mW CW

Ad.,:0.129

Adpys:0.014

—0.5 0.0 1.0
Distance on Surface Parallel direction

Fig. 19 Example of wave front distortion

Perpendicular

//Astigmatism

/A ‘I)o(p

parallel

[ [}
Lo ]
! Astigmatic distance [}
1

|
H—lAZ—>|

1

4
Acbm's=41—m-Az~NA2

AZ-NA?

ADop=

Fig. 18 Relationship between astigmatic
distance AZ and astigmatism A ¢

The sample measurement (ML5415N) is shown in
‘Figures 19 and 20. o
Fig. 19 shows wave front(bhase fronf) of ML5415N
when the laser beam is collimated.

NA=0. 25, Po=3mW,CW

X A® Aberration (Note)
Type of aberration
RMS P-v

ML54 Spherical aberration 0.011* 0.130
§2 Coma_aberration 0.011* 0.128
=
¢ Astigmatism 0.014 0.129
ZE Curvature of field 0.011* 0.128
£2 Distortion 0.014 0.129
3 (% 0.011 is a measuring limit value)
ol
8§~ ‘ —0.071
= 0.5 )

Fig. 20 Example of wave front distortion

x MITSUBISHI
\ ELECTRIC
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Harmonic distortion characteristic

50~450MHz

Multi- channel

Spectrum analyzer -

Amplifier

s % Q A > L
7 |

Fig. 21 Harmonic distortion measuring system

Figure 21 shows a harmonic distortion measuring
system. When a semiconductor laser is directly
modified with a multi-channel sine wave signal fn
(n=1~) of 6MHz intervals, the secondary harmonic
distortion component s éeherated on the
frequencies of fn+1.25 and fn*0.75 against signal
frequency fn. The tertiary harmonic distortion
component is generated on the frequency same as
signal frequency fn (see Fig.22). The intensity
difference between the signal component and the
secondary harmonic distortion component is defined
as CSO, and that between the signal component
and the tertiary harmonic distortion component as
CTB.

Cso
(Composite
Second Order)

il

fth-125 | arerra
! '
fn - 0.75 fn + 0,75
CcTB
(Composite
Triple Beat)

e ———

Fig. 22 Example of spectrum at 40ch modulation

s
3
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S/N characteristic

Length of external resonator (variable) |

L2 (object lens)

I:> DC (Signal

spectrum analyzer

Effective NA =0.15
- Filter
APC circuit ‘A BS )]
L - /] -
1
A Uy
(Collimator lens)
LD(D.U. T )
( ) A./4 board
Pelche (TC control) \ 0

BS PBS

Detector (Noise)
(MERET MDA438)

Fig. 23 SN ratio characteristic evaluating system

The noise of a laser produced in Optical Disk
Systems is mainly optical feedback noise. The
optical feedback noise is generated when the beam
from a semiconductor laser is reflected from a disk
surface or the like and gets in the laser again. Let
the mean optical power by CW drive be Po and
fluctuation be & Po, then the S/N value is as
follows :

P
S/N=20 log——

5 Po [dB]

Optical feedback noise is measured by the set-up

as shown in Fig. 23. Optical feedback ratio will be
changed from 0 to 5% by using filters.

For the noise at each optical feedback ratio,
measure the worst value to be obtained when the
case temperature has been changed. Make this
measure by specifying the measuring frequency and
the measuring band width. Figure 24 shows a

measuring example with a measuring frequency of

20kHz and a measuring band width of 300Hz.

S/N (dB)

ML4402
f=20kHz, BW=300Hz, Tc=25—50C
70
80
s e,
<O —_—— 1mW
PP .
oot o B ol --O-—2mw
RS E e SR e = 3MW
== —4mW
110 @ BIW

120
0.01 0.1 1 10

Optical feedback ratio Rf (%)

Fig. 24 Examplg of S/N characteristic
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Relative Intensity Noise (RIN) characteristic

LD Lens PD T = Amplifier

gemeen

Fig. 25 RIN evaluating system

The analog communication light sources such as
the cable TV ( CATV) require the low noise
characterisric up to several 100MHz. RIN can be
obtained as follows with laser's mean optical output
being Po, the optical output fluctuation being ¢ Po,

Spectrum
analyzer

ML7925

Tc=25°C, Af=3MHz,Rt=0%

and the band width under measurement being Af:

-100 |-

2
RIN = 10log {iiop—?-. A'f] [dB,/Hz] -1
‘ -140 |

For measuring the RIN characteristic, the optical
system shown in Fig.25 is used. Figure 26 shows
a sample measurement with Tc=25°C, the band
width under measurement = 3MHz, and the optical -180

Relative intensity noise RIN (dB/Hz)

CW, Po = 10mW

feedback ratio Rf=0%. N 0

0.2

L 1
0.4 0.6
Frequency (GHz)

0.8

1.0

Fig. 26 Example of RIN measurement

¢ MITSUBISHI
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Droop characteristic
(Thermal characteristic)

P ¥
Oscilloscope | = | 1Q g
I 1
lop monitor | i ! )
- be” . 1 pD bias
® ov
330 $33Q PD 00
5 Oscilloscope
2.2pH Mi Im (PO) Monitor
308 MZ304
o———g—_ Tr Tr
Pulse
G ] ¢
-5V 560 Q
Sso0Q 2.2kQ Tr:25C1324
Q
100 MZ304
27Q
A t—o0 —12V
0.47#FI 3.3/‘,:1_'_

Monitor output
(Optical output)

Pa ._1§

Fig. 27 Droop characteristic evaluating system

The droop characteristic indicates the dependance

- of the optical output power with temperature.
Pg

Fig.27 is and example of the measuring circuit.
The measuring condition which shows in Fig.28
should be at a frequency of 600Hz, duty 10% and
duty 90 %.

Time When Pa is the initial light output at a 10% duty
pulse and Ps is the final light output at a 90%

10% duty

duty pulse, droop (AP) is defined as following formula.

Pa—Ps
P X 100

90% duty — ——
600Hz AP (%) =

Fig. 28 Definition of droop ) Example (ML4403) of droop characteristic is shown
in Fig. 29.

| I 0.5mwW/div ! l 0. 5mW/div
omw — [
AP=6.0%
0. 333me/aly L4403 0.333ms/div

Fig. 29 Example of droop characteristic evaluation

‘MITSUBISHI
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Cutoff frequency
Tracking T.G. 50Q Micro strip line 47Q 509 Micro strip line Spectrum analyzer
generator : ‘ - "‘_O

LD 1 APD

Fig. 30 Cutoff frequency evaluating system

Fig.30 is an example of the measuring set-up for
frequency characteristics.

The Cutoff frequency fc (MHz)is the frequency
at which the signal level falls by 3dB.

@ Pulse response characteristic of a monitor

photodiode
oulse P.G. 50Q Micro strip line 47Q 50Q Micro strip line Sampling Oscilloscope
generator

Fig. 31 Monitor PD pulse response characteristic

Fig.31 an example of a measurement system for
monitor PD pulse response characteristic.

To minimize .the losses use micro strip lines for
the .connection on PG/LD and PD/OSC.

- MITSUBISHI
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Measurement of Pf (fiber coupled power of

4

LED)

G150/125 OF

Fig. 32 Pf measuring system

When using optical fiber in communication systems,
it is important to know how much of the output
light from the LED is efficiency cdupled to the fiber.
Fig. 32 shows a Pf measuring circuit. Let constant
current flow through the LED, and moving the end
of fiber to X, Y and Z direction near the emitting
point until the measured light is a maximum.
Fiber used is normally G150/125 OF.

PD spectral response characteristic

Monochrometer
Halogen lamp

lens

@ o

Fig. 33 PD spectral response measuring system

Fig.33 shows an example of a system used to
measure the PD spectral response characteristic.

Using a halogen lamp etc. as a light source, and
taking only light of a single wavelength by using
a monochrometer, focus the light and irradiate the
PD. '

The responsivity R for that wavelength (1) will
be the calculated as the ratio between Iph  (optical
current flowing through. the PD) and P (the input
power) R = Iph/P (A/W)

‘ * " MITSUBISHI
ELECTRIC
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DRIVING CIRCUITS

Il Example of a slow starter circuits
@ Common Anode type (— Power drive)

L1820 u H Q2 2SA850-D L2820 u H L1820 u H

@ Common Cathode type (+ Power drive)

022

28C1735- D L2820 uH

JZC2
+
47 u F-'-

N

C7 3
0.068
F

i (+)
R1 021 2SA
C3 C6 10K\ _A1735- D
= Q zi
F

l Example of an APC circuits
QN type

6069133 & F + - ooss ooesssuf
uF " T°°47 014 ATuFl  uF| oF
—0B ATO—* Tuf . OB’
(GND)  (GND) (GND)

Laser diode Photodiode
Lo —t

GND 1kQ ?—w
2SA1309A Laser
28C1735 diode
L |+
R,S m
0.1 .F 10kQ722{C AGI5
o + 25C | 55A952
! 44QRe 0_2 :Z,
T : ’_‘ MZL306 s W\ T F|MZ303
Tk —lllll_-t: 0. 022,1F —9v (Rating 22k Q)
S Rs 44Q
®C type ®R type
% ” % A
. < o PD < LD
+5v
15v 50 @ 500 MI308
v TorT Wr—pHp
4.7k Q |' 0.1uF] .
o UV 1284
1 A AN ZSA
c--—- 7 ms22aprlo. 0'_'\
47 uF
161\/42 47k Q ‘47kQ 01|:T
OkIQ R L aser
Wit MZL306 diode
- +rsoal 4|
M 0022uF
oo 12v

GND 7 Photodiode
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M APPLICATION(LASER BEAM PRINTER)

M37450 (8-bit MCU) ' OMHz Reset 1€
M37451 D I"
Control Board
16bit Timer CPU CPU Interface
Serial 1/0 UART
16bit Timer 8bit
Baud rate
16bit Timer generator
ROM
- 4K /8K 716K
D- A 8bit A-D O
D-A 8bit RAM
128,256,384
1/0 Port PWM generator A-D 7 DC Motor
I PWM Output
M66510 ()
(Digital ASSP)
LINEAR Compa;ator
Amp. (Vref = 1.2V)
} P—T
VL1 f]\
2

Current source|
an

Max. 60mA

Current source 1
aL2)

Max. 30mA

Current source
IL3)

Max. 30mA

Differential

Switching

(*) Note: M66512 is available for N type.

IL=IL1T+IL2+IL3

- 15~—- 6
LD DATAX  VOFF
-
/K/lL4XX3 Data stream
{m}j§§‘1|9( Series Control Signal
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RELIABILITY

As the operating life time of optical devices, especially laser diodes, is important for reliability, it is explained
at this page. We sincerely hope that the “Mitsubishi semiconductor reliability handbook” will be of value
for basic concepts for quality, quality assurance system, reliability theory and reliability tests of Mitsubishi
semiconductor devices.

1. Definition of life time

The life time of laser diodes is defined as the
change of the light output power P versus forward
current Ir characteristic because the P-I characteristic t=to
is the most important factor for laser diodes.

In Fig. 1(a) shows P-I characteristic under initial
condition.

The laser should be operated continuously and
its light output power (Po) should be kept constant
by the APC drive.

Operating current lor(o) at initial condition
increases until loe (to) that is caused by decreasing VAN
slope efficiency and increasing threshold current as lop(0) lop(to)

a result of degradation of the crystal. (Fig. 1 (b)) Current IF
As degradation increases, a constant light output Fig. 1 Light output power vs.

R . forward current characteristic of laser diode
(Po) can’t be kept. (Fig. 1(c))

Fig. 2 shows an example of operating current lop
(t) vs. operating time t.

Life time is defined as the time at which the
operating current lop (t) is 1.5times as large as the
initial operating current lor (0).

In Fig. 1, the life time of laser diodes just
corresponds to condition (b).

(c)

Output power P

|
|
1
)
'
1
|
|
)
1
!
&

N
=}

—_
(o]

Top (0)

Iop (t)

_.
Q

0.5

Normalized operating current

Time t

Fig. 2 Change in time of operating current
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2. Occasion of influence on lifetime
In the operating condition a large injection current density~kA/cm* and a large optical density~MW/cm
exist in certain areas of the active region of laser diode, so their permitted quantity is not large for excessive
current injection and excessive light output power.

So for practical purposes do not use the absolute maximum rating of the individual laser diodes.

Under the maximum absolute values the case temperature influences the operating lifetime of the laser
diode. Increasing case temperature causes the injection current to increase the temperature of the active
region, this results in accelerated degradation. Increasing the light output power causes the optical density
to increase resulting in accelerated degradation.

Acceleration of degradation caused by temperature and light output power is expressed experimentally as
follows.

108

(1) Accelerated life time due to temperature increase
Arrhenius formula can be applied to the failure rate
of a laser diode just like almost any other
semiconductor. Life time acceleration factor AL
between case temperature To(K) and Ti(K) is
indicated as follows.

_BE [ 1 4
AL=6 F (To ™ =g '8%LETo T

where A E(ev) is the activation energy,k is
Boltzmann's constant.

For example, in the case where AE=1eV, and the
temperature rise is 10°C from room temperature
(300k), the lifetime acceleration factor is 2.8.

Fig. 3 shows the example of mean time to failure
(MTTF) vs. case temperature Tc(°C).

Defect criterion

107 ;AIoP>50%—7

10°

Po=7mW,CW /

108 s
AE=1.leV/

10¢ /

10° /

102 /

10 1 L 1 A i

300 200 150 100 50 25

Case temperature Tc(°C)

Mean time between failures MTTF (hrs)(609% C.L.)

ul
@

. 3 Life dependency on case temperature Tc

(2) Accelerated lifetime due to increased light
output power.

Case temperature

There is no qualitative formula for accelerated 107 Te=907%C
lifetime due to increased light output power, but it
is expressed experimentally as follows. 10°
_ (P2\n \
BL = (ﬁ‘) 1 05

where BL is the lifetime acceleration factor between
the light output powers Pi and P2

In the case where n =2, and the light output
power change from 2mW to 4mW, the life time
acceleration factor is 4.

Fig. 4 shows the example of mean time to failure
(MTTF) vs. light output power (Po).

\ n=2.4
" \
10°

102 L " .
1 3 5 7 10 15

Mean time between failures MTTF (hrs)(60% C.L.)

Light output power (mW)

Fig. 4 Life dependency on light output power Po
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- SAFETY CONSIDERATIONS

B Safety considerations for laser diodes
Mitsubishi laser diodes are all put given operating
aging tests at high temperature and have high
reliability.
In order to keep this reliability, take care with the
following points. Max. Rating

Beam output

® Maximum rating
Laser is a semiconductor device which has high
current density and high optical density of
about 2.1 £ m X 0.7 ¢ m near field (ML4000
series). Degradation of devices should be con-
sidered more carefully than silicon semiconductor . ;
devices. Therefore, the absolute maximum ratings forwarsigéu:renl-tig:r:a;zttz:tstizo‘gferla:} diode
should never be exceeded even for a short time.

® Surge current and heat radiation
In operating laser diodes, sufficient surge protection
measures are required. Surge current is easily
produced during bower switching and output
adjustment.

Referring to the example of connections for

laser operation, and make sure that sufficient
care is taken.

Current

m * Prior light output adjustment should be done by load resistance from
= several Q to over ten Q. : .

SPD111 - Turn the switch of APC(ACC) circuit to regulated light output. If there is
any influence of optical feedback from solar battery, slant it a little and
let it receive the beam.

- Heatsinking (The life of laser diodes depends on the case temperature.

Soldering ) ;
will be the Fix the laser to heat sinking and , make the operation temperature as low
best. as possible.)

~—————— - The beat way is to make a light output adjustment checking both current
and light output.

APC circuit (ACC) = - Refer to the drive circuit on page 1-34

Slow starter circuit<——

DC Power supply .

- Keep power ON before setting up the laser diode, in-order to protect it
from surge current produced by switching (ON-OFF) the power supply.

-—

AC100V ‘"————— - AC noise filter for protecting against su}ge current from AC 100V.

Fig. 2 Example of surge current suppressing and heat releasing circuit

' - MITSUBISHI
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SAFETY CONSIDERATIONS

@ Safeties

The laser beam from the laser ( diode) mainly
consists of near infrared rays and is very harmful
to the human eyes though it is invisible. Take great
care not to look directly into the luminous point
when the laser is in operation. The laser beam can
be observed by with an IR viewer, ITV camera or
a simpler, IR phosphor device (made by KODAK
corp.), which can all detect infrared rays. '

% Looking into the output beam condensed
by the lens is strictly prohibited.

For each device, each of the labels shown right
are attached to the individual laser container.

They are illustrated to comply with the requirements
of DHHS standards under the Radiation Control for
Health and Safety Act of 1968.

(DANGER)

INVISIBLE LASER RADIATION-
AVOID DIRECT EXPOSURE TO BEAM

PEAK POWER mw
WAVELENGTH nm

CLASS M b LASER PRODUCT

Warning Label

SEMICONDUCTOR LASER

AVOID EXPOSURE -Invisible

Laser Radiation is emitted

from this aperture.

Aperture Label

TYPE ML No.

l(h mA IOP wa Po mw
Ap am Im mA @ c
MANUFACTURED

This product conforms to DHHS regulations
21 CFR Subchapter J.

MITSUBISHI ELECTRIC CORP.
2-3, Marunouchs 2chome.Chiyoda ku, Tokyo 100 Japan

Identification and Certification Label

,
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MITSUBISHI LASER DIODES

ML2XX1 SERIES

FOR OPTICAL COMMUNICATION

TYPE

wee | ML2701

DESCRIPTION FEATURES

ML2XX1 is a high-Power AlGaAs semiconductor ® Single longitudinal mode

laser which provides a stable, single transverse mode
oscillation with emission wavelength of 830-870nm
and standard light output of 8mW.

ML2XX1 uses a hermetically sealed package incorpo-
rating the photodiode for optical output monitoring.
This high-performance, highly reliable, and long-life
semiconductor laser is suitable for such applications
as short-distance optical communications.

ABSOLUTE MAXIMUM RATINGS

® Short astigmatic distance

® Low threshold current, low operating current
@ Built-in monitor photodiode

® High reliability, long operation life

APPLICATION

Optical communication systems

Symbol Parameter Conditions Ratings Unit
Po Light output power CW 10 mW
Pulse (Note 1) 15
VAL Reverse voltage (Laser diode) — 3 \
VRD Reverse voltage ( Photodiode) - 15 \Y
IFD Forward current ( Photodiode) — 10 "mA
Tc Case temperature — —40~+70 °C
Tstg Storage temperature - - 55~+ 100 °C
Note 1: Duty less than 50 %, pulse width less than 1 us.
ELECTRICAL/OPTICAL CHARACTERISTICS (Tc = 25°C)
Symbol Parameter ‘ Test conditions Min L1|'r:‘|)t‘s Mok Unit
lth Threshold current CW - 30 . 50 mA
lop Operating current CW, Po = 8mW - 55 20 mA
Vor Operating voltage CW, Po = 8mW - 1.8 25 \Y
n Slope efficiency CW, Po = 8mW - 0.32 - mW/mA
Ap Peak wavelength CW, Po = 8mW 830 850 870 nm
87/ Beam divergence angle (parallel) | CW, Po = 8mW - 12 - deg.
6L Beam divergence angle (perpendicular)) CW, Po = 8mW — 35 — deg.
Monitoring output current CW, Po =8mW, Vro = 1V,
I (Photodiode) RL = 10 Q (Note 2) 03 08 20 | mA
Io Dark current (Photodiode) VrD = 10V - - 0.5 @A
Ct Total capacitance (Photodiode) | VrRo =0V, f=1MHz — 7 - pF
Note 2:RL is load resistance of the photodiode.
~ x MITSUBISHI
Fl FCTRIC 212
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MITSUBISHI LASER DIODES
ML2XX1 SERIES

FOR OPTICAL COMMUNICATION

SAMPLE CHARACTERISTICS

Light output vs. forward current

Typical light output vs. forward current characteri-
stics are shown in Fig.1. The threshold current for
lasing is typically 30mA at room temperature.
Above the threshold, the light output increases
linearly with current, and no kinks are observed in
the curves. An optical power of about 8mW is
obtained at Ith + 25mA.

Because lth and slope efficiency 7 (dPo/dIf) is
temperature dependent, obtaining a constant output
at varying temperatures requires to control the case
temperature Tc or the laser current.(Control the
case temperature or laser current such that the
outputcurrent of the built-in monitor PD becomes
constant.)

Temperature dependence of threshold current(ln)
A typical temperature dependence of the threshold
current is shown in Fig.2. The characteristic tempe-
rature To of the threshold current typically 65K in
Tc=50°C, where the definition of To is Ith &< exp
(Te/To). ‘

Temperature dependence of slope efficiency

A typical temperature dependence of the slope
efficiency n is shown in Fig.3. The gradient is
- 0.002mW,/mA/C. '

Fig. 1 Light output vs. forward current
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MITSUBISHI LASER DIODES
ML2XX1 SERIES

FOR OPTICAL COMMUNICATION

Forward current vs. voltage

Typical forward current vs. voltage characteristics
are shown in Fig.4. In general, as the case
temperature rises, the forward voltage VF decreases
slightly against the constant current Ir. Ve varies
typically at a rate of —2.0mV,/C at Ir=1mA.

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

E Temperature dependence of peak wavelength
A typical temperature dependence of the peak
wavelength at an output of CW 8mW is shown in
Fig.6.

As the temperature rises, the peak wavelength
shifts to the long wavelength side at a rate of
about 0.25 nm,/C typical.

Fig. 4 Forward current vs. voltage
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Fig. 5 Emission spectra under CW operation
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MITSUBISHI LASER DIODES

ML2XX1 SERIES

FOR OPTICAL COMMUNICATION

Far-field pattern )
ML2XX1 oscillates in the standard transverse mode

Fig. 7 Far-field patterns
in plane parallel to heterojunctions

S

ELECTRIC

(TEoo) regardless of the optical output level. They el Lo
: . . . m
have a typical emitting area(size of near-field pattern) .
of 2.1 x0.7 um. Fig.7 and Fig.8 show typical <
farfield radiation patterns in “parallel” and .§
“perpendicular” planes. °
=
The full angles at half maximum points (FAHM) 2
are typically 12° and 35° . 2 Smw
| 3
2.5mw
—30 0 30
Off-axis angle (deg.)
Fig. 8 Far-field patterns
in plane perpendicular to heterojunctions
o 10mwW
&
H
3
5
= 5mw
s
K]
& / 2.5mw
—30 0 30
Off-axis angle (deg.)
Pulse response waveform . Fig. 9 Pulse response waveform
In the digital optical transmission systems, the
response waveform and speed of the light output I
against the input current pulse waveform is one of Input pulse
the main concerns. t=270
. . . Ps
In order to shorten the oscillation delay time, the 3 tF=250ps
. . . [ =4
laser diode is usually biased close to the threshold S 4+ N L
current. Figure 8 shows a standard response waveform é .
obtained by biasing ML2XX1 to Ith and applying Light output
a square pulse current (top of Fig.9) up to 8mW.A _
. . . siL e . tr=320 tf=320ps
quick response is obtained with rising and falling ps ’
times being both 0.3ns typical. o/
0 1 2 3 4 5
Time (nsec.)
' MITSUBISHI



MITSUBISHI LASER DIODES
ML2XX1 SERIES

FOR OPTICAL COMMUNICATION

E Light output vs. monitoring output characteristic
The laser diodes emit-'beams from both of their
mirror surfaces, front and rear surfaces. The rear
beam can be used for monitoring power of front
beam since the rear beam is proportional to the
front one. Fig.10 shows an example of light
output vs. monitoring photocurrent characteristics.
The monitored photocurrent linearly increases  with
the light output.

m Polarization ratio vs. light output characteristic
The main polarization of ML2XX1 is made in the
direction parallel to the active layer. Polarization
ratio refers to the intensity ratio of the light polarized
in parallel to the active layer to the light polarized
in perpendicular to it. Figure 11 shows the
standard polarization ratio vs. Total light output
characteristic. ‘

The polarization ratio increases with the light power.

Impedance characteristics

Typical impedance characteristics of the ML2XX1,
with lead lengths of 2mm, is 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 current, the impedance of
the ML2XX1 is nearly equal to a series connection
of a resistance of 5 ohm and an inductance of
5nH.

Fig. 10 Light output vs. monitoring output current
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ML2XX1 SERIES

FOR OPﬂCAL COMMUNICATION

Astigmatic distance
There seems to be a difference in luminous point

Fig. 13 Astigmatic distance

10— - —
in the parallel and perpendicular direction with the - .\\ :i:gm7w T / |
laser beam. This distance betweeen the two points £ \ \ '/ Z?’e":t',‘:r:"“""
is the’ astigmatic focal distance. Therefore, when . ; “\. \‘J v ) Il;
the laser beam is focused, there is a difference in g \. M ! l/
focal point in the two directions.Therefore, when w5 \ \‘ 2 ,
the laser beam is focused, there is a difference in N \ w ¥ }"
focal point in the two directions, making it difficult E ‘r\ ;’"‘" :::‘c':ln
to converge the beam spot to the diffraction limit. .Z. “;r"
The typical astigmatic focal distance at NA=0.7 & Astigmatic
of ML2XX1 is shown in Fig.13. . distance 6.842m
The LD position which minimizes the horizontal and 10 20 30 40
vertical spot diameters is obtained. The astigmatic o
. . . . . LD moving distance.(u m)
distance is the difference in moved distances thus
obtained.
MITSUBISHI
ELECTRIC 2-9



MITSUBISHI LASER DIODES |

ML3XX1 SERIES

FOR OPTICAL INFORMATION SYSTEMS

™PE | ML3101, ML3411

ML3XX1 is an AlGaAs semiconductor laser which
provides a stable, single transverse mode oscillation
of a standard 'light output of 3mW around
emission wavelength of 850nm.

ML3XX1 uses a hermetically sealed package
incorporating the photodiode for optical output
monitoring. This high- perfomance, highly reliable,

@ Single longitudinal mode

® Short astigmatic distance (1 £ m standard)
® Low threshold current, low operating current
@ Built-in monitor photodiode

® High reliability, long operation life

APPLICATION

and long-life semiconductor laser is suitable for
such applications as optical information processing

and precision telemetry.

ABSOLUTE MAXIMUN RATINGS

Laser

beam printer,
alignment, and optical

telemetry,
communication

instrumentation,

Symbol Parameter Conditions Ratings Unit
. cwW 35
Po Light output power Puise (Note 1) 5 mW
VRL Reverse voltage (Laser diode) - 3 \%
VRD Reverse voltage ( Photodiode) - 15 Vv
IFD Forward current (Photodiode) - 10 mA
Tc Case temperature - - 40~ + 60 C
Tstg Storage temperature - . - 55~+ 100 °C
Note 1: Duty less than 50 %, pulse width less than 1 ¢s.
ELECTRICAL/OPTICAL CHARACTERISTICS (Tc =25°)
- Limits .
Symbol Parameter Test conditions Mim Typ. Mox. Unit
Ith Threshold current CW - 20 40 mA
lop Operating current CW, Po = 3mW - 30 50 mA
Vop Operating voltage CW, Po = 3mW - 1.8 2.5 \%
n Slope  efficiency CW, Po = 3mW - 0.3 - mW/mA
Ap Peak wavelength CW, Po = 3mW 830 850 870 nm
6/ Beam divergence angle (parallel) | CW, Po = 3mW 8 1 18 deg.
61 Beam divergence angle (perpendicular)) CW, Po = 3mW 20 30 50 . | deg.
Monitoring output current CW, Po = 3mW, Vro = 1V,
Im (Photodiode) RL= 10 Q (Note 2) 0.1 0.3 07 | mA
Ip Dark current (Photodiode) VrD = 10V - - 0.5 uA
Ct Total capacitance (Photodiode) VrD = QV, f = TMHz - 7 - pF
Note 2: RL is load resistance of .the photodiode.
o ' g MITSUBISHI
2-10 ELECTRIC



MITSUBISHI LASER DIODES
ML3XX1 SERIES

FOR OPTICAL INFORMATION SYSTEMS

OUTLINE DRAWINGS
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MITSUBISHI LASER DIODES
- ML3XX1 SERIES

FOR OPTICAL INFORMATION SYSTEMS

SAMPLE CHARACTERISTICS

Light output vs. forward current

Typical light output vs. forward current characteristics
are shown in Fig.1. The threshold current for
‘lasing is typically 20mA at room temperature.
Above the threshold, the light output increases
_linearly with current, and no kinks are observed in
the curves. An optical power of about 3mW is
obtained at lth + 10 mA.

Beacause lth and slope efficiency n (dPo/dlf) is
temperature dependent, obtaining a constant output
at varying temperatures requires to control the case
temperature Tc or the laser current. (Control the
case temperature or laser current such that the
output current of the built-in monitor PD becomes
constant.)

Temperature dependence of threshold current (th)
A typical temperature dependence of the threshold
current is shown in Fig.2. The characteristic
temperature. To of the threshold current is typically
65K in Tc =50°C, where the definition of To is lth
< exp (Tc,/ To)

Temperature dependence of slope efficiency
A . typical temperature dependence of the slope

efficiency 7 is shown in Fig.3. The gradient is
- 0.0015mW,/mA/C.

Light output Po (mW)

Fig.

Threshold current Ith (mA)

Fig.

Slope efficiency 7 (mW,/mA)

Fig. 1 Light output vs. forward current

4
3 /
-20°C fj25°C
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, /[ s0c
I /
0 J —4::—’
0 10 20 30 40 50
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2 Temperature dependence of threshold current
40
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v
A

e
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. 3 Temperature dependence of slope efficiency
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MITSUBISHI LASER DIODES

ML3XX1 SERIES

FOR OPTICAL INFORMATION SYSTEMS

Forward current vs. voltage

Typical forward current vs. voltage characteristics are
shown in Fig.4. In general, as the case temperature
rises, the forward voltage Vr decreases slightly against
the constant current Ir. VF varies typically at a rate
of —2.0mV,/C at IF=1mA.

Optical output dependence of emission spectra
Typical emission spectrum under CW operation are
shown in Fig.5. In general, at an output of 3mW, single
mode is observed. The peak wavelength depends
on the operating case temperature and forward
current (output level).

E Temperature dependence of peak wavelength
A typical temperature dependence of the peak
wavelength at an output of CW, 3mW is shown in
Fig.6. ' )

As the temperature rises, the peak wavelength
shifts to the long wavelength side at a rate of
about 0.25nm,“C typical.

Relative intensity (arb. units) Forward current Ir (mA)

Peak wavelength A p (nm)

Fig. 4 Forward current vs. voltage
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25C
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1.0

2.0

Fig. 5 Emission spectra under CW operation

Te=25°C
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. 6 Temperature dependence of peak wavelength
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MITSUBISHI LASER DIODES
ML3XX1 SERIES

FOR OPTICAL INFORMATION SYSTEMS

Fig. 7 Far-field patterns
. Far field pattern ‘ in plane parallel to heterojunctions - 6//
ML3XX1 oscillates in the standard transverse mode 1.0
(TEoo) regardless of the optical output level. They
have a typical emitting area(size of near-field pattern) : Smw
of 22X0.8 um. Fig.7 and Fig.8 show typical farfield
0.5 / \

9//

radiation patterns in “parallel” and “perpendicular”
planes. '

The full angles at half maximum points (FAHM)
are typically 11° and 30° .

3mw

Relative light output Po

Tmw

—30 0 30

Off-axis angle (deg.)

Fig. 8 Far-field patterns.
in plane perpendicular to heterojunctions 6 1

1.0
“ 6, 5mw
&
§ 3mW,
5
o
: os /[
5
2
5 Tmw
8 //.
o= '
—30 - 0 30
Off-axis angle (deg.)
E Pulse response waveform ‘ Fig. 9 Pulse response waveform
In the digital optical transmission systems, the response - =R oot puise
waveform and speed of thelight output against theinput 220mV.
current pulse waveform is one of the main concerns.

In order to shorten the oscillation delay time, the ty=270 t=250ps
laser diode is usually biased close to the threshold . ps ‘ | ‘
current. Figure 9 shows a standard response waveform fo:' ™\ I
obtained by biasing ML3XX1 to Ith and applying 3 \ Lisht output
a square pulse current (top of Fig. 9) up to 3mW.

A quick response is obtained with rising and falling ty=300 tf=400ps
times being 0.3ns and 0.4ns typical respectively. ps
0 3 4 5

Time (nsec.)

' , B x MITSUBISHI
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MITSUBISHI LASER DIODES
ML3XX1 SERIES

FOR OPTICAL INFORMATION SYSTEMS'

E Light output vs. monitoring output characteristic
The laser diodes emit beams from both of their
mirror surfaces, front and rear surfaces. The rear
beam can be used for monitoring power of front
beam since the rear beam is proportional to the
front one. Fig.10 shows an example of light
output vs monitoring photocurrent characteristics.
When the front baeam output is 3mW, the monitor
output becomes 0.3mA.

Polarization ratio vs. light output characterlistic
The main polarization of ML3XX1 is made in the
direction parallel to the active layer. Polarization
ratio refers to the intensity ratio of the light
polarized in parallel to the active layer to the light
polarized in perpendiculat to it. Figure 11 shows
the standard polarization ratio vs. total light output
characteristic.

The polarization ratio increases with the light power.

Impedance characteristics
Typical impedance characteristics of the ML3XX1, with
lead lengths of 2mm, is 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 current, the impedance of
the ML3XX1 is nearly equal to a series connection
of a resistance of Sohm and an inductance of
5nH. '

Fi

g

Light output Po (mW)

Polarization ratio P//1/PL

. 10 Light output vs. monitoring output current
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11 Polarization ratio vs. light output
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Fig. 12 Impedance characteristics
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MITSUBISHI LASER DIODES
ML3XX1 SERIES

FOR OPTICAL INFORMATION SYSTEMS

Astigmatic distance

Fig. 13 Astigmatic distance

There seems to be a difference in luminous point 0w o= 3mW oW
in the parallel and perpendicular direction with the T ‘\ JNA=0.7
laser beam. This distance between the two points 2 ’::_ L
is the astigmatic focal distance. Therefore, when 2 " -y
the laser beam is focused, there is a difference in "g " ; . Parallel
focal point in the two directions, making it difficult % 5 oy o A= direction
to converge the beam spot to the diffraction limit. é N F\-..'-é’,"ﬁ

The typical astigmatic focal distance at NA=0.7 of 8 * ,*= Perpendicular
ML3XX1 is shown in Fig.13. 5 T-pqe  direction

The LD position which minimizes the horizontal & Asﬁgn!,aﬁc
and vertical spot diameters is obtained. The 0 distance 1.2 m
astigmatic distance is the difference in moved 0 10 20 30
distances thus obtained. LD moving distance (i m)

¥ MITSUBISHI
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MITSUBISHI LASER DIODES

MLA4XX2 SERIES

FOR OPTICAL INFORMATION SYSTEMS

~e | ML4012N, ML4102, ML4402,
nave | ML4412N, ML4442N

ML4XX2 is an AlGaAs semiconductor laser which
provides a stable, single transverse mode oscillation
with emission wavelength of 780 nm and standard
light output of 3mW.

ML4XX2 uses a hermetically sealed package
incorporating the photodiode for optical output

monitoring. This high- perfomance, highly reliable,

® Single longitudinal mode

® Low threshold current, low operating current
@ Built-in monitor photodiode

@ High reliability, long operation life

APPLICATION

Audio compact disk player, laser beam printer,

and- long- life semiconductor laser is suitable for optical distance meter, Bar code reader, optical

such applications as optical disk reading and  alignment

optical information processing.

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Ratings Unit

. CW 5

Po Light output power Puise (Note 1) 6 mW
VAL Reverse voltage (Laser diode) — 2 \
VRD Reverse voltage ( Photodiode) — 15 \%
IFro Forward current ( Photodiode) - 10 mA
Tc Case temperature - - 40~+ 60 °C
Tstg Storage temperature - - 55~+ 100 °C

Note 1 : Duty less than 50 %, pulse width less than 1 i s.

ELECTRICAL/OPT ICAL CHARACTERISTICS (Tc =25°)

. . Limits . .
Symbol Parameter Test conditions Min. Typ. Max. Unit
Ith Threshold current CwW - .30 60 mA
lop Operating current CW, Po = 3mW - 40 70 mA
Vor Operating voltage CW, Po = 3mW - 1.8 25 Vv
n Slope efficiency CW, Po = 3mW - 0.3 - |mW/mA
AP Peak wavelength . CW, Po = 3mW 765 780 795 nm
61/ Beam divergence angle (parallel) | CW, Po = 3mW 8 11 15 deg.
6.1 Beam divergence angle (perpendicular) | CW, Po = 3mW 20 33 45 deg.

Monitoring output current CW, Po =3mW, Vro = 1V, ;
Im (Photodiode) RL= 102 (Note 2) 015 | 035 0.7 | mA
Ip Dark current ( Photodiode) Vrp = 10V - - 0.5 u© A
Ct Total capacitance (Photodiode) Verp =0V, f= 1MHz - 7 - pF
Note 2: RL is load resistance of the photodiode.
R
ELECTRIC 2-17



MITSUBISHI LASER DIODES

ML4XX2 SERIES

FOR OPTICAL INFORMATION SYSTEMS

OUTLINE DRAWINGS
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MITSUBISHI LASER DIODES
ML4XX2 SERIES

FOR OPTICAL INFORMATION SYSTEMS
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MITSUBISHI LASER DIODES
ML4XX2 SERIES

FOR OPTICAL INFORMATION SYSTEMS

SAMPLE CHARACTERISTICS

Light output vs. forward current

Typical light output vs. forward current charac-
teristics are shown in Fig.1. The threshold current
for lasing is typically 30mA at room temperature.
Above the threshold, the light output increases
linearly with current , and no kinks are observed in
the curves. An optical power of about 3mW is
obtained at lth + 10mA.

Beacause lth and slope efficiency n (dPo,/dIf) is
temperature dependent, obtaining a constant output
at varying temperatures requires to control the case
temperature Tc or the laser current. (Control the
case temperature or laser current such that the
output current of the built-in monitor PD becomes
constant.)

Temperature dependence of threshold current (ith)
A typical temperature dependence of the threshold
current is shown in Fig.2. The characteristic
temperature To of the threshold current is typically
140K in Tc=60°C, where the definition of To is lth
< exp (Tc/To)

Temperature dependence of slope efficiency

A typical temperature dependence of the slope
efficiency 7 is shown in Fig.3. The gradient is
- 0.0014mW./mA/C.

Fig. 1 Light output vs. forward current
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Fig. 2 Temperature dependence of threshold current
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Fig. 3 Temperature dependence of slope efficiency
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Forward current vs. voltage

Typical forward current vs. voltage characteristics
are shown in Fig.4. In general, as the case
temperature rises, the forward voltage VF decreases
slightly against the constant current IF. VF varies
typically at a rate of —2.0mV,/C at IF=1mA.

Optical output dependence of emission spectra
Typical emission spectra under CW operation are
shown in Fig.5. In general, at an output of 3mW,
single mode is observed. The peak wavelength
depends on the operating case temperature and
forward current (output level).

ETemperature dependence of peak wavelength
A typical temperature dependence of the peak
wavelength at an output of CW, 3mW is shown in
Fig.6.

As the temperature rises, the peak wavelength
shifts to the long wavelength side at a rate of
about 0.26nm/°C typical. -
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Fig. 5 Emission spectra under CW operation
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Fig. 7 Far-field patterns in plane
Far-fleld pattern parallel to heterojunctions 6/

ML4XX2 oscillates in the standard transverse mode o7
(TEoo) regardless of the optical output level. They Smw
have a typical emitting area(size of near- field o
pattern) of 2.1 X 0.7 um’. Fig.7 and Fig.8 show ;
typical far-field radiation patterns in “parallel” and - £
“ " » o
perpendicular” planes. ) & Reflected light 3mw
The full angles at half maximun points (FAHM) 2 from monitoring
are typically 11° and 33° 2 Photoiode
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Fig. 8 Far-field patterns in plane
perpendicular to - heterojunctions 6 .
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EPuIse response waveform _ Fig. 9 Pulse response waveform
In the digital optical transmission systems, the ) T T
response waveform and speed of the light output P“'S‘Z d':‘:;
urr
against the input current pulse waveform is one of |
the main concerns. : =270 =250ps
In order to shorten the oscillation delay time, the g 