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ASTUDY ON THE PERFORMANCE OF A DIODE LASER
DRIVE CIRCUIT

ABDDELAZIZ HAGAR ABDELREHAMAN', HUSSIEN ALI
JAWAD?, KHALEEL IBRAHIM HAJIM®

ABSTRACT

A suitable drive circuit for a diode laser (670nm) was designed and
constructed The drive current was designed according to the
specification  of a real optical fiber communication system. The
performance of the constructed drive circuit was tested The effect
of temperature on the output optical power of the diode laser was
investigated The temperature is vared from 15°C-30°C- five
degrees for each step The optimum threshold drive current was
detected a1 15°C.
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INTRODUCTION:
I'he semiconductor diode Iaser{SDl } has come to dominate the

laser field in its technological importance and has become the key
element in an increasing number of applications, most notably in
optical fiber communication and optical data storage. This success is

"Instite of Laser . (SUST)
“Institune of Laser. (SUST)
Institute of L;lscr (SUST)

Vol 4(1) 2003 15 2003 (1)4 das




Journal of Science & Toechnology Sy a gkl alae

due to the fact that semiconductor lasers are simply pumped by
passing a current through them at a voltage (and current) levels that
are compatible with ﬂmcnfimcyudcirmh.wlhﬂ they can be
modulated directly ar ﬁ'eqm'rm n at 20 GHz The
important  fight ' source 15 semic n  laser
Sessiconducior Tasérs " " d&3a: Tl it coberent light by
stmulated emission. They consist. of p-n. junction inside a slab of
ST of that is typically less than a millimeter in any
dimension  Excitation is provided by current flow through the
device, and the cleaved ends of the diode provide the feedback
mirrors It employs a similar mechanism 1o that of LED! bur
operates with laser-type stimulated emission, and this produces a
different output charactenstic. The general relationship between the
output optical power auainst input drive current, is shown in fig(1).
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Fig)
Schematic relationship between output optical power and
input drive current for a typical laser diode. BraonT

 We can note three features First, the curve has two distinet
sections, ang below threshold and one above (he threshold The'
threshold level is closely related 1o the structure of the device
Below threshold, the action of the device 1s similar to that of an
LED, and the output huuhruad spectral width Above threshold.
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the device operates under stimulated enussion and the spectral width
is very much reduced The second notable feature is the steep
gradient above threshold This makes the device very fast, and this
speed 15 exploted i high- speed digital systems The output
nonlinear features, are called kinks

These kinks which are thought to result from slight changes
current path through the active region of the device. Bv using a
stripe configuration it is possible to 'diuﬁ:ug-theln.
In telecommunication the choice is the laser diode as the source
because of the following.
I- Its configuration 1s compatible with launching the light into the
optical fiber Ideally light mmudtuuﬂhnhghly:ﬁrmm 5o that
couples sufficient optical power, which is useful to overcome the
attenuation in the fiber
2-Linear light - current curve over a wide current range
3-Emit light at wavelength where fiber has very low loss and low
dispersion
4-1t has a very narrow spectral wadth

This work is devoted to the performance characteristics of
semiconductor lasers In addition, some discussion is provided on
fabrication and designation of diode laser drive circuit

EXPERIMENTAL PRUCEI}UﬂE

The ‘main oumponmts of the symcm are the diode laser ﬁ'!ﬂ om, the
PMMA optical fiber and a PIN photodetector The specification of
the diod= laser is shown in table (1) In the present work transistors
switchng' “urrent developed for optical fiber telecommunication
system wa. employed.

FARLE (1) THE SPECIFICATIONS OF THE IHODE sk i
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The designed circuit is shown in figure (2) This circuit is capable
of producing pulses as short as 10ns at a pulse repetition rate above
100khz
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Fig (2)
A transistor switching circuit developed for optical
Fiber telecommunication application .
The circuit components could be specified as follows. Two
capacitors (0.2 uf-0 01 uF) were supplied by Rs company. -
Several resistances are employed (two resistors3-3€ with:

power SW-one resistor 3-9 Q with 3W-one resistance 51 Q with
3)

A IN4OGT diode is used A PNP transistor of (65mV-64mA-
20MHz) 15 used for the operating current and frequency
respectively

The temperature should be controlled on the semiconductor
diode laser to set a suitable operation term thus the diode laser is
connected with athermalinemic cooler dnive (Melles Girot 06 DTC
101 with AD $90/592 sensor)
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RESULTS AND DISCUSSION:

The results showed that the output power as function of the drive
current  depend on the tempesature investigated The temperature is
vaned from 10°C to 25°C, in steps of 5°C

First of all, the behaviour of the diode laser at room temperature
was studied. Fig (3) represents the output optical power of the
diode laser as a function of the input drive current It is clear that
the relation is linear because the output power increases as the drive
current increases This curve shows that the diode laser acts as a
light emitting diode at low drive current until it reaches a certain
value, which is called the threshold drive current (48 mA) After
threshold current the diode laser lases.

The output power increases with a critical value of the current, so
the relation between the output power and the input dnive current i1s
not hincar

Fig (4) shows the output power as a function of the input drive
current at different temperatures It seems that the output
charactenstics of the diode laser are strongly dependent on the
operating temperature where the output power decreases when the
operating temperature mcreases. There 1s an obvious mcrement in
the threshold currént ar increasing the temperature. However, the
behaviour of the curve could be changed when the operating
temperature is vaned.

CONCLUSION:

The performance of the diode laser depends mainly on the drive
current. The relation between the nplluloutpmpuw:ruldlhe mput
dnive current is nonlinear
The nonlinear is due to the diode laser emitting a coherent light after
the threshold current .

The operating temperature affects the outpul characteristics of
the diode laser It was observed that there was an obvious increment
in the threshold curremt when ﬂ'le operating mwalure was
increased
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FIG (3) : RELATION BETWEEN THE POWER OUTPUT & THE
INPUT DRIVE CURRENT AT ROOM TEMPERATURE
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FIG (4): OUTPUT POWER AS Aﬂ]ﬂﬂ‘lﬂﬂ OF THE INFPUT nmvt
CURRENT AT A DIFFERENT TEMPERATURE

Val 4th :'mﬁ 20 2003 i .1.'|....



http:OIl'n:Rf.NT

Journal of Seacnce & Technalogy 1 11 0 o s A b gkall Alas

REFERENCES: SO

1. Jeff Hecht (1986). The laser Guide Book (United State of
America- pnnted and bound by RR Donnelley and Sam
Company -)

2 Geofl Lewis, (1997). HandBook l-second edition

3 Course 4 Module 6- Diode Laser Pmr Supplm-lm:rhlﬂ
Explorer ;

4 John M, (1984), Senior- Opm:ul Fllur{‘nmnummnm Principes
And Practices- Academic press -

8. Course 3 Module 13-Diode Laser - Inter Net l:.npiom -

6 Amnon Yariv (1988). Quantum Electronics- 3rd ed Library of

~ Congress Catalowing USA

i

UMY Y MMM S

Vol 4(1) 2003 21 2003 (1)4 s



