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STRIPLINE MOUNT FOR SEMICONDUCTOR LASERS

Background of the Invention
1, Field of the Invention

The present invention relates to a stripline
mount for semiconductor lasers and, more particularly,
to a stripline mount for high frequency applications
which is capable of compensating the impedance of a
semiconductor laser to provide improved impedance
control between the laser and a high frequency
modulation current source.

2. Description of the Prior Art -

Semiconductor laser devices are used in a wide
variety of applications due to their compactness,
relatively high efficiency, and well-controlled output.
However, a number of requirements are imposed upon these
semiconductor laser devices. For durability, cooling of
the laser element is necessary, since prolonged high
temperature operation of such‘a laser can seriously
damage and even destroy the device. Further, since the
output light intensity from a laser is a function of the
junction temperature of the device, the supporting
structure of the laser must be able to absorb the
tremendous amount of heat generated by a laser in its
operating state. There exist many arrangements in the
prior art for solving these probl :ms, related to the
inclusion of a thermo-electric cooler (TEC) as part of
the mounting structure of the laser. U.S. Patent
4,338,577 discloses one such exemplary arrangement.
While it is relatively simple to solve these temperature
related problems, other problems develop when the laser
is operated at extremely high bit rates, for example, in
the range of 500Mb/s and above. At these speeds, the
low impedance of the laser relative to that of the
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signal source and the parasitics associated with the

interconnecting network become critical factors.
Minimizing these parasitics and matching the impedance
of the interconnecting network to the laser impedance
over a broad bandwidth must be performed in order to
achieve acceptable performance. It is well known that
semiconductor lasers exhibit an impedance in the range
of 5-8 ohms, wﬁile most high frequency modulation
current sources, used in typical high bit rate laser
transmitters, have a very high output impedance.
Without control, this mismatch would cause a strongly
frequency dependent coupling from the input sigBal
source to the laser. Severe waveform distortion would
result from multiple signal reflections. Additionally,
since every laser will exhibit a slightly different
impedance, an empirical solution to this problem is
inadequate. Therefore, a need remains in the prior art
for an arrangement which allows a laser diode to be
connected to-a higH frequency input signal, and
preferably, allows the laser to be coupled uniformly to
the signal source over a wide bandwidth.

Summary of the Invention

A stripline laser mount is provided which is
capable of compensating the impdeance of a laser diode
to provide improved impedance control between the laser
and an external high frequency modulation current
source.

In one embodiment of the invention, a
stripline is provided with a mounted resistance element
located close to the laser, where the value of the
resistance element is chosen such that the combination
of this resistance with that of the laser will match the
characteristic impedance of the stripline. This
provides a frequency independent load impedance for the
modulation current source, thus facilitating uniform
coupling over a wide frequency bandwidth. The value of
the load impedance may be chosen to be substantially
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lower than the source impedance, thus limiting the

necessary voltage output requirement on the current
modulation source.
Brief Description of the Drawings

FIG. 1 is a view in perspective of a stripline
mount for semiconductors lasers formed in accordance
with the present invention;

FIG., 2 is a cut-away illustration of the
embodiment illustrated in FIG. 1; and

FIG., 3 is a cut-away illustration of an
alternative embodiment of the present invention
especially suited for extremely high frequency i
applications.

Detailed Description

A high frequency laser diode mount 10 formed
in accordance with the present invention is illustrated
in FIGS. 1 and 2. An exemplary laser 12 is illustrated
in these figures as a double heterostructure junction
laser including a p-contact surface 14 and an n-contact
surface 16. Throughout the course of the present
discussion, reference will be made to "contact
regions/layers” and "wirebonds". These "contact
regions/layers" are defined as metal layers, which may
comprise any suitable material well known in the art,
for example, aluminum. The wirebonds may be formed with
any conventional wirebonding material, where gold is
commonly used for this purpose. In accordance with the
present invention, laser 12 receives a high frequency
input signal I, via a stripline input connection. This
stripline input includes a first metal contact 18 and a
second metal contact 20, separated by a dielectric
material 22. As shown in FIG. 1, dielectric material 22
may comprise the external package material, if this
material exhibits the required insulating properties.
For the purposes of the present explanation, first metal
contact 18 will be referred to as an n-contact and

second metal contact 20 will be referred to as a p-
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contact. It is obvious, however, that the polarities of

these two connections could be reversed.

Referring to FIGS. 1 and 2, n-contact 18 and
p-contact 20 are connected to laser 12 via a stripline.
24 included on the mounting surface with laser 12.
Stripline 24 includes a p-contact surface layer 26, a
dielectric layer 28 disposed over a portion of p-contact
layer 26, and an n-contact layer 30 disposed over
dielectric layer 28. As shown in FIG. 1, p-contact 20
is wire bonded to p-contact surface layer 26 and n-
contact 18 is wired bonded to n-contact layer 30,
Although illustrated as a single wire bond, in ;ctual
practice a number of parallel wirebonds may be used. By
using multiple wirebonds, the parasitic inductance of
each separate bond, added in parallel, result in a lower
overall parasitic impedance, an important factor in
improving higﬁ frequency performance. This technique is
applicable to all of the illustrated wirebonds. Layer
32 comprises a resistive element which is sized to 7
provide the necessary impedance matching between laser
12 and stripline 24, as explained in detail hereinafter.
In particular, resistive element 32 may comprise a
conventional film (thin or thick) resistor deposit used
to provide a resistive element in integrated circuits.
For example, a thin film tantalum resistor may be used
to form layer 32.

Stripline 24 is connected to laser 12 through
a laser mounting structure (also referred to as a
submount) including an n-contact mounting layer 34 and
p-contact surface layer 26, where n-contact mounting
layer 34 is separated from p-contact surface layer 26 by
a dielectric layer 36. N-side 16 of laser 12 is
directly bonded (for example, indium bonded) to n-
contact mounting layer 34 to complete the negative
polarity electrical connection. P-side 14 of laser 12
is wire bonded to p-contact surface layer 26 to complete

the positive polarity connection.
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In this embodiment of the invention, mount 10

also provides for the connection of low frequency (less
than 500 Mb/S) input signals to laser 12, where this
input does not require using stripline 24 and is, in
fact, electrically isolated from stripline 24.
Referring to FIG. 1, contact may be made directly to
p-side 14 of laser 12 via a wire bond connection P,
extending to layer 26. Layer 26 is connected (FIG. 2)
by a wire Lfp to an input signal source (not shown). An
additional n-contact region 38 is included in mount 10,
wherein region 38 is wired bonded to n-contact mounting
layer 34. Like the p-side contact, n-contact région 38
may be wire bonded by a connection denoted Lfn to the
external signal source. During high frequency
operation, a dc bias signal may be connected via wire
bond Lfn to n-contact region 38, through n-contact
mounting layer 34 and layer 36 to the power supply (not
. shown).

When activated, the main output light beam
from laser 12 travels the path 35 indicated in FIG., 1.
In order to maintain a constant output signal from laser
12, a feedback monitoring arrangement may be used. One
such exemplary arrangement is illustrated in FIG. 1. A
PIN photodiode 40 is used as a monitoring element and is
located behind laser 12 in the manner illustrated in
FIG. 1. Since laser 12 will emit light in both
directions, it is not necessary for the monitoring
arrangement to be directly in the path of the output
signal. A reflective groove 42 comprising an angle of,
for example, 45°, is included in the portion of mount 10

holding PIN photodiode 40 so that the backface light
from laser 12 may be redirected into the front major

surface of n-layer 44 of PIN photodiode 40. Utilizing
this reflective groove structure allows PIN photodiode
40 to be attached to mount 10 along a major surface area
as shown, providing a much more rugged contact than if
the major surface of n-layer 40 had to be positioned
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directly in the light beam path of the backface of laser

12. P-contact 46 of PIN photodiode 40 is wirebonded to
a p-contact mount 48, for subsequent connection to an
external monitor (not shown), where this external
monitor, in response to the output signal from PIN
photodiode 40, is used to control the operation of the
input source.

It is well known in the art that the output
intensity from a laser is a function of the device's
junction temperature. Therefore, it is usually
desirable to be able to monitor the ambient temperature
as close to the laser as possible. To this end: a
temperature sensor 50, for example a thermistor, may
also be formed on mount 10, Further, operation of a
laser may cause the internal package temperature to rise
to unacceptable levels, if not controlled. Therefore,
laser mounts may include a thermo-electric cooler as an
integral part of the mount. One such cooler 60 is
illustrated as the base of mount 10.

As described, and particularly as shown in
FIG. 2, n-contact 18 is connected to n-contact layer 30
by a wirebond denoted n, (where as discussed above, a
multiple wirebond would be used in practice).
Similarly, p-contact 20 is connected to p-contact
§urface layer 26 by a wirebond Py. P-contact surface
layer 26 extends fully under the portion of the mount
supporting laser 12. 1In order to form stripline 24, as
discussed above, a dielectric layer 28 is positioned
between contact layers 26 and 30, so as to form a
three-level parallel-plate stripline structure. It is
well understood that the characteristic impedance Z, of
stripline 24 is a function of the thickness t, width w,
and dielectric constant ¢ of dielectric layer 28. 1In
forming the stripline to comprise the given impedance .

Z,, the value for ¢ is defined by the material and the
necessary thickness t and width w are determined by

)

standard methods well known in the art.
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From many studies, it has been found that a
laser diode capable of operating above 500 Mb/S has an
impedance in the range of 5-8 ohm. Most input signal
supply sources, conventionally current sources, capable
of generating these high frequency signals have a high
output impedance Z. In order to provide frequency
independent coupling and minimize waveform distortion,
therefore, an impedance controlling network must be
used. It would appear that the ideal solution would be
either to decrease the impedance looking back from the
laser to the source, or vice versa, to increase the
resistance the supply sees. For many reasons, Bowever,
these alternatives are impractical, if not impossible.
In particular, decrease to 5 2 would require the use of
an extremely thin dielectric layer in stripline 24
(making the device too fragile for practical
applications). Working at a high impedance would
greatly increase the necessary voltage swing of the
modulating current source to deliver thes same current.
Accordingly, impedances in the range between these two
values have been found to be a satisfactory compromise.
Therefore, since the source impedance will not be
matched to that of the interconnecting transmission
line, it is essential that the best possible impedance
match be achieved between the transmission line and the
laser to avoid multiple signal reflections and the
resulting waveform distortions.

In accordance with the present invention,
frequency independent coupling and minimum waveform
distortion will occur when the device's impedance 1is
matched as closely as possible to that of stripline 24,
where for the purposes of the present discussion, this
value will be denoted as Z. Since the impedance of a
laser diode is known to vary between 5 and 8 ohms, a
means of compensating this variation is required. '
Therefore, resistor.32 is included in stripline 24 to

control the resistance seen looking from the high

PCT/US86/02305
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frequency modulation current source into laser 12. The

inclusion of resistor 32 not only serves to increase
this internal resistance, but also provides a means of
providing an impedance between the current source and
laser 12 which is independent of the actual impedance of
the laser used. That is, after a particular laser is
mounted, its impedance can be measured and the required
additional resistance added. For example, a given laser
exhibits an impedance of 6.25 ohms. A resistor 32 of
value Z-6.25 ohms may then be formed on stripline 24 to
provide the desired value of Z ohms. Likewise, if a
laser exhibited an internal resistance of 8 ohﬁ;, a
resistor 32 of Z-8 ohms would be formed on stripline 32.
This ability to control the input resistance is an
important aspect of the present invention.

As previously described, stripline 24 is
connected to laser 12 using a pair of (multiple)
wirebonds. In particular, p-side 14 of laser 12 is
connected by a wirebond p, to p-contact surface layer
26, N-side 16 of laser 12 is directly soldered to n-
contact mounting surface 34, where mounting surface 34
is connected by a wirebond N, to n-contact layer 32.

The alternative low-frequency connections are connected
as shown FIG. 2, where a third wirebond Ny is used to’

connect n-contact mounting surface 34 to n-contact

‘region 38. As stated above, this third connection

allows for the dc bias potential to be connected through
the various n-contact layersrback to the high fregquency
signal source. As shown in FIG. 2, n-contact mounting
surface 34 is separated ffom p-contact surface layer 26
by a dielectric surface layer 36. Layer 36 funétions
not only to keep the p-contact away from the n-contact,
but also allows the combination of layers 26,34 and 36
to form another stripline, thus allowing the stripline
transmission quality of the input signal to be passed
directly to the laser. 1In fact, by wirebonding p-side

-14 to layer 26, it can be imagined that the stripline

)
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actually continues and surrounds laser 12, contacting
p-side 14. Additionally, surface layer 36 comprises a
material which is capable of absorbing the heat
generated by laser 12 and passing this heat along to TEC
60. Beryllia is one such material that may be used to
form layer 36. In fact, it would be possible to utilize
one continuous layer of dielectric material to form both
layers 28 and 36. This would result in eliminating
wirebond n, and thus reducing the parasitic inductance
of the structure. However, since beryllia, or any
alternative heat-sinking material, must be used under
laser 12, is more expensive than the common dieiectrics,
for example, alumina, which may be used for layer 28,
Further, since the dielectric constant of beryllia is
less than that of,alumina, a much thinner layer of
beryllia would be required to provide the characteristic
impedance of Z ohms. For all of these reasons,
therefore, the preferred embodiment of the present
invention utilizes two separate structures for stripline
24 and the submount of laser 12.

For extremely high bit rate (for example,
greater than 5Gb/s), it may be required to shorten the

length of wirebond p, (even though, as stated above this
may be a multiple wirebond arrangement). This may be

‘accomplished by using an alternative embodiment of the

present invention, illustrated by a cut-away view in
FIG. 3. As shown, an additional p-contact mount 72 is
included to raise the level of wirebond P> to coincide
with the level of p-side 14 of laser 12, where this
level is indicated as d in FIG. 3. For example,

mount 72, may include a metal spacer element 74 (which
may be aluminum) that is soldered directly to p-contact
surface layer 26 to provide electrical connection. A
top surface contact layer 76 is soldered to spacer 74

and wirebond p, is attached between p-side 14 of laser
12 and elevated p-contact 76.
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Claims

1. Mounting apparatus for a semiconductor
optical device having a predetermined characteristic
impedance 2 comprising

a stripline transmission path (24) of a
predetermined characteristic impedance Zo for connection
to a high frequency signal source;

CHARACTERIZED BY

resistive means (32) connected to stripline
transmission path, said resistive means having a
predetermined resistance value such that the combination
of said predetermined resistance and said semicgnductor
optical device impedance is substantially equal to said
stripline transmission path characteristic impedance.

2. Mounting apparatus as defined in claim 1
wherein the stripline transmission path comprises

a first conductive layer (26);

an insulating layer (28) disposed over and in
contact with said first conductive layer, said
insulating layer being of a predetermined thickness t
and a predetermined width w, and having a predetermined
dielectric constant ¢, where said predetermined
thickness-width and dielectric constant determine the
characteristic imp2dance of said stripline transmission
path.

3. Mounting apparatus as def@ned in claim 2
wherein the insulating layer comprises alumina (A1203{
having a predetermined dielectric constant in the range
of 9 to 9.5. ,

4, Mounting apparatus as defined in claim 2
wherein said first and second conductive layers are
connected to said high frequency signal source.

5. Mounting apparatus as defined in claim 2
wherein the resistance means comprises a film resistor
deposit disposed over and in contact with a portion the
second conductive layer of the stripline transmission.
path.
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6. Mounting apparatus as defined in claim 5
for use with a semiconductor optical device having an
impedance Z in the range of 5 to 8 ohms, the film
resistor deposit being formed to have a resistance value
in the range of Z,-5 to Z,~8 ohms such that the
combination of said resistance with said semiconductor
optical device is essentially Zo ohms.

7. Mounting apparatus as defined in claim 2,
wherein said mounting apparatus further comprises a
semiconductor optical submount structure including

an insulating layer (34) disposed over and in
contact with the first conductive layer (26) of the
stripline transmission path; and

a conductive layer (34) disposed over and in
contact with said submount insulating layer, wherein
said semiconductor optical device is electrically
connected between said submount conductive layer and
said stripline transmission path first conductive layer.

8. Mounting apparatus as defined in claim 7
wherein the submount insulating layer is a portion of -
the stripline transmission path insulating layer and the
submount conductive layer is a portion of the stripline
transmission path second conductive layer.

9., Mounting apparatus as defined in claim 1
wherein said mounting apparatus further comprises low
frequency input connection means electrically isolated
from the stripline transmission path.

10. Mounting apparatus as defined in claim 1
wherein said mounting apparatus further comprises
optical device monitoring means (40) for monitoring
optical emission from a backface surface of said optical
device, said optical monitoring means comprising

support apparatus, including a reflective
groove (42) formed through a sidewall and a top surface
thereof, disposed behind said optical device such that
backface emission enters the sidewall portion of said
reflective groove; and

PCT/US86/02305
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a photoelectric monitoring device disposed on

and in contact with the top surface of said support
apparatus such that a major planar surface of said
photoelectric monitoring device is exposed to the top

wall portion of said reflective groove.
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