
(19) United States 
US 2004.0076205A1 

(12) Patent Application Publication (10) Pub. No.: US 2004/0076205 A1 
Tatum et al. (43) Pub. Date: Apr. 22, 2004 

(54) APPARATUS AND METHOD PROVIDING A 
BALANCING LOAD TO ALASER 
DIFFERENTIAL DRIVE CIRCUIT 

(76) Inventors: Jim Tatum, Plano, TX (US); James 
Kenneth Guenter, Garland, TX (US) 

Correspondence Address: 
HONEY WELL INTERNATIONAL INC. 
101 COLUMBIA ROAD 
PO BOX 2.245 
MORRISTOWN, NJ 07962-224.5 (US) 

(21) Appl. No.: 09/803,821 

(22) Filed: Mar. 12, 2001 

Publication Classification 

(51) Int. Cl." ....................................................... H01S 5/00 

(52) U.S. Cl. ................................................................ 372/43 

(57) ABSTRACT 

A die having a Semiconductor laser driven by a differential 
drive circuit is provided. The die provides a matched load to 
the drive circuit by also having a balancing load with an 
impedance, including both resistive and reactive compo 
nents, Substantially identical to the load impedance of the 
semiconductor laser fabricated on the die. With the balanc 
ing load and Semiconductor laser pair, the die prevents 
impedance-mismatch-induced drive problems that occur in 
high frequency operation, e.g., above about 1 GHz. The 
Semiconductor laser may be a vertical cavity Surface emit 
ting laser (VCSEL), for example, as are used in high 
bandwidth applications like Gigabit Ethernet and Fibre 
Channel Applications. Furthermore, the die can form an 
array of balancing and Semiconductor laser pairs. 
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APPARATUS AND METHOD PROVIDING A 
BALANCING LOAD TO ALASER DIFFERENTIAL 

DRIVE CIRCUIT 

BACKGROUND OF THE INVENTION 

0001. The present invention relates generally to semicon 
ductor laser dies and, more particularly, to a die having a 
vertical cavity surface emitting laser (“VCSEL") and pro 
Viding a balanced output to a drive circuit for optimally 
driving a VCSEL. 
0002 Semiconductor lasers are employed in numerous 
applications Such as pumping Solid State lasers, forming 
laser arrays, Serving as Sources for optical pick-up in com 
pact disc (CD) players, and coupling to optical fibers in 
optical communications applications. Traditionally, the most 
common form of Semiconductor laser has been the Side or 
edge-emitting laser, though more recently VCSELS have 
been used in the above applications and indeed have become 
the dominant laser Source in numerous data communications 
applications. 

0003. In contrast to the edge-emitting laser, in which the 
active region is positioned within a resonance cavity defined 
by two reflective layerS positioned at opposing Sides of the 
active region, VCSELS, in one form, have a resonance cavity 
defined by two reflective layerS positioned at the top and 
bottom of the active region to produce a vertical emission, 
i.e., an emission normal to the junction plane of the active 
region. The junction plane may be a plane defined by the 
intersection of an AlGaAs layer and a GaAs layer in a 
multi-quantum well VCSEL structure, for example. In sum, 
edge-emitting laserS have a resonance cavity parallel to the 
junction plane and an emission through the Side of the laser, 
while VCSELS have a resonance cavity orthogonal to the 
junction plane and emit through a Surface of the laser. 
0004 Biasing a VCSEL is achieved through contact 
layers in the form of thin metal layers, where the contact 
layers, being photo-opaque (i.e., photon absorbing, over the 
emission spectrum of VCSELS), are positioned at specific 
locations on the top and bottom of a layered Semiconductor 
Structure Surrounding the active region. For example, 
designs include a first metal contact layer over the entire 
bottom Surface of the Semiconductor Substrate (i.e., between 
the Semiconductor laser and a mounting Substrate) and a 
Second metal contact layer that is disposed either over half 
of the upper Surface of the Semiconductor Substrate, only at 
a corner of the upper Surface, or over all but an emission 
window of the top surface of the semiconductor laser. Still 
other designs use the bottom Surface of the Semiconductor 
laser as an emission Surface with the mounting Substrate 
upon which the VCSEL is mounted being photo-transparent. 
0005. In another form known in the art, a vertically 
emitting laser is created from an edge-emitting Semiconduc 
tor laser with an external cleaved Surface angled at 45 
degrees to the junction plane in the active region. Using 
materials with a high reflectivity over the principal wave 
length(s) emitting from the lasing region, the cleaved Surface 
reflects vertically the horizontally emitted light from the 
edge of the lasing region. This forms a Surface-emitting 
laser, but without a vertical cavity. More recently, tunable 
VCSELS that use MEMs (micro-electro-mechanical-struc 
tures) to mechanically move the upper reflective region with 
respect to the active region have been shown. By lengthen 
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ing or contracting the resonance cavity, one can tune the 
resonating wavelength of the coherent photonic emission for 
Such VCSELS. 

0006 VCSELS have become the dominant laser source in 
demanding optical data communications Systems like the 
Gigabit Ethernet standard provided for in the IEEE 802.3Z 
protocol and the Fibre Channel standard provided in the 
ANSIX3.T11 protocol. VCSELS are preferred because they 
have high modulation bandwidths and can produce high bit 
transmission rates. 

0007. The Gigabit Ethernet standard is designed to 
improve upon the Ethernet (10 Mbps) and Fast Ethernet 
(100 Mbps) standards by providing a way to transmit and 
receive large amounts of data at data rates of 1 Gbps. The 
Gigabit Ethernet Standard is intended for use in Such 
demanding applications as Scientific modeling, data ware 
housing, data mining, internet/extranet access, backing-up 
networks, and high-quality Video conferencing. The Gigabit 
Ethernet standard achieves higher bandwidth while main 
taining the Simplicity and the relatively low cost of imple 
mentation and maintenance associated with the now-en 
trenched Ethernet standard. Providing higher bandwidth 
using low-cost components has made the Gigabit Ethernet 
Standard attractive. With a large percentage of the installed 
network connections being Ethernet based, the Gigabit 
Ethernet Standard has the advantage of backward compat 
ibility with existing Ethernet backbones, as well. For 
example, all three Ethernet standards (Ethernet, Fast Ether 
net, and Gigabit Ethernet) use the same IEEE 802.3 frame 
format. An additional feature of the IEEE 802.3Z protocol is 
that it allows for full and half-duplex operation. 

0008 Fibre Channel, the ANSI X3.T11 protocol, is used 
in data Storage and access Systems in lieu of Small Computer 
System Interface (SCSI) systems. SCSI systems use an 
individual SCSI controller for each storage device (e.g., a 
hard drive) connected to a network. The separate parallel 
connections that result consume Space and, as more Storage 
devices are connected, decrease the I/O processing effi 
ciency of the System, with SCSI applications typically 
having throughput speeds of less than 100 Mbps. The Fibre 
Channel Standard allows Serial I/O connection of numerous 
devices to a Single input of a data processor or Server and can 
achieve throughput in excess of 1 Gbps, and the Serial nature 
of the Fibre Channel standard allows hot-plug connection of 
Storage devices "on the fly', e.g., without taking the System 
offline. The Fibre Channel standard also allows access to 
devices many meters from the processor or Server because of 
the use of optical fiber in place of the copper cable used in 
SCSI applications. 

0009 VCSELS, serving as optical signal sources for these 
and other optical fiber-based data communication applica 
tions, are preferred over edge-emitting lasers for numerous 
reasons, one reason being the beam shape of the output. The 
beam shape of the output of the edge-emitting lasers looks 
approximately like the croSS-Sectional shape of the active 
region: the beam shape is elliptical. In contrast, the beam 
shape of the output of a VCSEL is approximately circular, 
matching the circular shape of the emission window defined 
by the upper contact layer and the active region, which 
produces a uniform photon emission acroSS this window. 
The output of a VCSEL also has a low numerical aperture. 
Both of these properties make fiber coupling (in particular 
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single-mode fiber coupling) easier with a VCSEL than with 
an edge-emitting laser. With a circular beam Shape, the 
VCSEL output can be focused into a single mode optical 
fiber, using a known ball lens, for example, thus reducing 
undesirable multimode optical-fiber losses Such as inter 
modal dispersion. 
0010 Furthermore, VCSELS are characterized by high 
power conversion efficiency, even in low input power 
ranges, and provide wide Small-signal modulation band 
widths, with modulation bandwidths in excess of 1 GHz. 
Both of these advantages demonstrate the ability of VCSELS 
to be used in Gigabit Ethernet and Fibre Channel applica 
tions at a relatively low drive current and, thus, with leSS 
power usage and less thermal loSS. 
0011) Moreover with the vertical emission, VCSELS can 
be relatively easily packaged, often with a photodetector 
disposed at the back surface of the VCSEL (or within the 
substrate upon which the VCSEL is mounted) for power 
monitoring and feedback control. More recently, VCSELS 
have been packaged in a transceiver for use in duplex 
communication. 

0012 VCSEL active region layers are deposited by 
known techniques and are doped to form PN junctions, PIN 
junctions with an intrinsic layer disposed between the p-type 
and n-type layers, or double heterostructures. Furthermore, 
VCSELS have relatively fast transition times, e.g., the 
VCSEL output can be driven from a binary “0” state to a 
binary “1” state in a relatively short period of time. There 
fore, VCSELS are able to achieve wide modulation band 
widths, with transmission rates of between 1 and 10 Gbps 
achievable. Moreover, VCSELS have been designed to oper 
ate at wavelengths desirable for optical fiber transmission, 
such as 850 nm with multimode optical-fibers and 1270 
1600 nm with single mode optical-fibers. 
0013 Though VCSELS are commonly used, the demands 
for increased bandwidth and better Signal integrity in gigabit 
data communication environments like Gigabit Ethernet and 
Fibre Channel Suggest a need for more efficient, cleaner, and 
non-interfering VCSEL operation. Part of these demands 
result from the increased functionality of the gigabit com 
munication environment, where, for example, the challenge 
of making Smaller components, particularly Smaller PCBS 
(printed circuit boards) in optical transceivers, has resulted 
in Smaller, more confined opto-electronic components. 
These Smaller configurations, however, increase the poten 
tial for crosstalk between fibers. Furthermore, electromag 
netic interference (EMI) is also increased due to the short 
distances between the closely Spaced opto-electronic drive 
circuit components. 

0.014. In addition to these considerations, current drive 
circuits do not provide clean input signals to the VCSEL at 
high frequencies. Analyzing the electrical characteristics of 
a VCSEL shows that the impedance of the VCSEL, which is 
essentially resistive at lower drive frequencies, varies 
greatly at higher drive frequencies, especially above 1 GHZ, 
i.e., the driving frequencies in Gigabit Ethernet and Fibre 
Channel applications. In fact, when analyzing the impedance 
of a VCSEL die chip and the accompanying packaging or 
housing of the VCSEL, for example a known TO packaging 
arrangement, the electrical parasitic effects from the package 
and from the die result in an even more pronounced fre 
quency dependence of the impedance Seen by the drive 
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circuit. That is, VCSEL packaging adds to the non-linearity 
of VCSEL operation at high frequencies. In short, as an 
active circuit element, the VCSEL has an impedance that 
varies Substantially with frequency and which in turn results 
in a non-linear load for the VCSEL drive circuit, particularly 
over high frequency operation. 
0015 To achieve relatively low drive currents, and 
thereby provide relatively low power demands for use in 
Ethernet Switches, routers, hubs, end-user connections, etc., 
drive circuits for VCSELS, or any semiconductor laser for 
that matter, typically have a differential amplifier configu 
ration that includes at least two transistors in a common 
emitter or common collector configuration. In the Ethernet 
or Fibre Channel environment, differential Signaling is com 
monly used to reduce EMI and maintain electrical Signal 
integrity. This design philosophy is continued inside the 
laser drive, where the input digital differential Signal is 
converted to an analog laser drive current. The cleanest 
electrical Signal is typically obtained with a pair of transis 
tors in a differential mode, operating either as common 
collector or common emitter. 

0016. The VCSEL is connected to the drive circuit in one 
of two driving modes. First, the VCSEL may be operated in 
a single-ended mode in which the laser is connected between 
the output of one of the transistors and ground. In this 
configuration, the output of the Second transistor of the 
differential amplifier pair is matched to the output of the 
VCSEL through the use of a resistive element connected to 
the output of the Second transistor. The resistive element 
resides either on the differential amplifier circuit or the PCB 
and approximates the low frequency impedance of the 
VCSEL. 

0017 Second, the VCSEL laser may be operated in a 
differential drive mode in which the VCSEL laser is con 
nected between the output of both transistors. This mode has 
the advantage of lower Voltage Swings in response to abrupt 
changes in the Signal current. Compared to the Single-ended 
drive mode, the differential drive mode produces faster rise 
times, e.g., transitions from a “0” state to a “1” state, with 
less overshoot. However, differentially driving the VCSEL 
can be problematic because of the potential asymmetry 
introduced by injecting carriers into both the N and Pside of 
the junction. AS the Speed of operation increases, this 
asymmetry leads to reduced optical performance. 
0018. The single-ended drive mode suffers from an 
impedance-matching problem resulting from the reactive 
component of the impedance of the VCSEL. With the 
impedance Seen by the differential amplifier depending on 
numerous factors, e.g., Shape of the VCSEL, drive current, 
shape and Size of wire bond pads and wire leads, it is difficult 
to ensure that the optimum waveform is provided to the 
VCSEL or that the output from the VCSEL will be at the 
highest bit rate possible. 
0019. This difficulty has presented a problem to manu 
facturers who have, thus far, used resistors as “matching” 
loads in Single ended drives. Resistors provide a relatively 
acceptable matching of the low-frequency impedance of the 
VCSEL and, being non-reactive circuit elements, do not 
contribute to the electrical parasitics in the drive circuit. A 
number of problems result from using these resistors, how 
CWC. 

0020. One problem is that, though VCSELS are batch 
manufactured from cutting out individual lasers from a 
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semiconductor wafer, individual VCSELS vary in imped 
ance characteristics, both within a wafer and in wafers 
manufactured at different times. Matching a load in the 
differential amplifier circuit with the load impedance of a 
VCSEL requires individual testing of the impedance char 
acteristics of the particular VCSEL being driven, a time 
consuming and expensive endeavor. 
0021 Another problem exists in that VCSELS have a 
frequency dependent impedance. The reactive component of 
the VCSEL impedance varies greatly with the frequency of 
the driving current, Such that at high frequency, e.g., GHZ 
frequencies, the mismatch between the impedance of the 
VCSEL and the resistor impedance is substantial. For 
example, the inductance of a VCSEL is on the order of 1 nH, 
and the capacitance is on the order of 1 pF. The current 
injection efficiency into this load at Speeds varying from 
1-10 GHz can be decreased by more than 50%, resulting in 
poor optical performance. Distortion of the waveform to the 
VCSEL results from the mismatch, as the output waveform 
may show overshoot on the rising edge of the output (the “0” 
to “1” state transition) and a slower trailing-off of the falling 
edge (the “1” to “0” state transition) when compared to the 
waveform input to the drive circuit. 
0022. Therefore, it is desirable to have a more closely 
matched load for use with differential drive circuitry used in 
VCSELS, or any semiconductor laser, and it is desirable to 
create Such a more closely matched load in a convenient and 
economical manner. 

SUMMARY OF THE INVENTION 

0023 The following summary of the invention is pro 
Vided to facilitate an understanding of Some of the innova 
tive features unique to the present invention, and is not 
intended to be a full description. A full appreciation of the 
various aspects of the invention can be gained by taking the 
entire Specification, claims, drawings, and abstract as a 
whole. 

0024. In accordance with an aspect of the present inven 
tion, a die having a Semiconductor laser disposed thereon 
and having a balancing load disposed thereon is provided. 
The balancing load has an impedance, including both resis 
tive and reactive components, that is matched to a load 
impedance of the Semiconductor laser. 
0.025 In some embodiments, the semiconductor laser is a 
VCSEL, and in some of such embodiments the balancing 
load is a VCSEL, whereby the output of the balancing load 
VCSEL is blocked so as not to interfere with a signal output 
from the semiconductor laser VCSEL. 

0026. In some embodiments, the die has a plurality of 
Semiconductor lasers and a plurality of balancing loads, 
where for each Semiconductor laser there is at least one 
balancing load having an impedance, including both resis 
tive and reactive components, matched to the load imped 
ance of that Semiconductor laser. 

0027. In some embodiments, the impedance of the bal 
ancing load is Substantially identical to the impedance of the 
Semiconductor laser for frequencies on the order of about 1 
GHZ. 

0028. In some embodiments, the die is used in a laser 
package, which includes a header base and a housing having 
a housing window. 
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0029. In accordance with another aspect of the present 
invention, an apparatus comprising a drive circuit, a VCSEL 
coupled to the drive circuit, and a balancing load coupled to 
the drive circuit is provided. The balancing load has an 
impedance matched to an impedance of the VCSEL at 
frequencies on the order of about 1 GHz. 
0030. In some embodiments, the impedance of the 
VCSEL is substantially identical to the impedance of the 
balancing load at frequencies on the order of about 1 GHz. 
0031. In some embodiments, the drive circuit comprises 
a differential amplifier, where a first output Stage comprises 
a first transistor connected to the VCSEL and a second 
output Stage comprises a Second transistor connected to the 
balancing load. In further embodiments, the first output 
Stage includes a first reactive circuit block connected to the 
first transistor and the Second output Stage includes a Second 
reactive circuit block connected to the Second transistor. In 
even further embodiments, the first reactive circuit block 
and the Second reactive circuit block have Substantially the 
Same impedance at frequencies on the order of about 1 GHz. 
0032. In some embodiments, the apparatus has a plurality 
of VCSELS coupled to the drive circuit and a plurality of 
balancing loads coupled to the drive circuit, forming a laser 
array where for each VCSEL there is at least one balancing 
load having an impedance, including both resistive and 
reactive components, matched to the load impedance of that 
VCSEL. 

0033. In accordance with another aspect of the present 
invention, a method of using a first VCSEL with a balanced 
load drive circuit having a first differential amplifier and a 
second differential amplifier is provided. The method 
includes (1) forming the first VCSEL on a die Substrate, (2) 
forming a second VCSEL of Substantially identical shape 
and size as the first VCSEL on the die substrate, (3) masking 
the emission window of the second VCSEL, and (4) con 
necting the drive circuit to the first VCSEL via the first 
differential amplifier and connecting the drive circuit to the 
second VCSEL via the second differential amplifier, so that 
a Selectively balanced load is present at the output Stages of 
the amplifiers. 

0034. In some embodiments the forming of the second 
VCSEL further comprises forming the second VCSEL so 
that an impedance of the second VCSEL is substantially 
identical to an impedance of said first VCSEL at frequencies 
on the order of about 1 GHz. 

0035) In accordance with another aspect of the present 
invention, a method of forming a laser array having a 
plurality of VCSELS disposed thereon is provided. The 
method includes (1) selectively forming half of the plurality 
of VCSELS to each have an emission window exposed for 
vertical output; (2) selectively forming the other half of the 
plurality VCSELS Such that the outputs from these VCSELS 
are masked; and (3) pairing each one of the first half of the 
plurality VCSELS to a corresponding one of each one of the 
second half of the plurality of VCSELS to form first and 
Second VCSEL pairs and connecting a drive circuit to each 
pair So that the drive circuit Sees a balanced load when 
driving the corresponding VCSEL pair. 

0036) The novel features of the present invention will 
become apparent to those of skill in the art upon examination 
of the following detailed description of the invention or can 
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be learned by practice of the present invention. It should be 
understood, however, that the detailed description of the 
invention and the Specific examples presented, while indi 
cating certain embodiments of the present invention, are 
provided for illustration purposes only because various 
changes and modifications within the Scope of the invention 
will become apparent to those of skill in the art from the 
detailed description of the invention and claims that follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037. The accompanying figures, in which like reference 
numerals refer to identical or functionally-Similar elements 
throughout the Separate views and which are incorporated in 
and form part of the Specification, further illustrate the 
present invention and, together with the detailed description 
of the invention, Serve to explain the principles of the 
present invention. 
0.038 FIG. 1 is a circuit diagram of a drive circuit for 
driving a VCSEL. 
0.039 FIG. 2 is a perspective depiction of a die with a 
VCSEL and a balancing load in accordance with the teach 
ings of the present invention. 
0040 FIG. 3 is a circuit diagram of the VCSEL and 
balancing load of FIG. 2 being driven by a differential drive 
circuit, in accordance with the teachings of the present 
invention. 

0041 FIG. 4 is a perspective depiction of an unas 
sembled laser package having the die of FIG. 1, in one 
exemplary use. 
0.042 FIG. 5 is a perspective depiction of a laser array, in 
accordance with the teachings of the present invention. 
0043. It should be understood that the drawings are not 
necessarily to Scale and that the embodiments are illustrated 
using graphic Symbols, phantom lines, diagrammatic repre 
Sentations and fragmentary views. In certain instances, 
details which are not necessary for an understanding of the 
present invention or which render other details difficult to 
perceive may have been omitted. It should be understood, of 
course, that the invention is not necessarily limited to the 
particular embodiments illustrated herein. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0044) In accordance with an embodiment of the present 
invention, a die 10 having a VCSEL 12 and a balancing load 
14 that matches the impedance of the VCSEL 12 over a 
broad range of drive frequencies is disclosed in FIG. 2. As 
will be apparent from the following description, the die 10 
can be used in numerous applications as a Source of laser 
light, Such as in wide bandwidth data communications 
applications. Further, the die 10 is an improvement of the 
prior art addressing one or more of the problems thereof, as 
described above, including providing a balanced load to a 
circuit driving the VCSEL 12 at frequencies above 1 GHz. 
Given the below disclosure, however, perSons of ordinary 
skill in the art will recognize that the die 10 can be used in 
other applications. Additionally, perSons of ordinary skill in 
the art will recognize that the use of VCSEL 12 on the die 
10 in the present invention, is by way of example, not 
limitation, and that the present invention extends to the use 
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of other active loads, Such as edge-emitting Semiconductor 
lasers, with a balancing load Such that both the active load 
and the balancing load collectively provide a matched output 
as Seen by a driving circuit. 
0045 VCSELS are typically driven by two-output stage 
drive circuits in either (1) a differential drive mode or (2) a 
Single-ended drive mode. AS Stated above, the Singled-ended 
drive mode is preferred because, in the differential drive 
mode, the current path from the output of the drive circuit is 
different for each of the two output Stages, thereby resulting 
in a difference in the waveform seen at the VCSEL. This 
drawback is particularly problematic because, in both the 
differential drive mode and the single-ended drive mode, the 
drive circuit receives an inverted input and an identical 
non-inverted input, with one input provided to one of the 
output Stages and the other input provided to the other. In the 
differential drive mode, however, although each output stage 
receives an input which is an inverted duplicate of the input 
to the other output Stage, the output of one Stage Sees a 
different current path than the output of the other Stage. 
Thus, the output signals that drive the VCSEL are not 
identical and inverted at the VCSEL, as are the input signals 
to the VCSEL drive circuit. 

0046) To address this shortcoming, a drive circuit 16 as 
shown in FIG. 1 is commonly used in the prior art. The drive 
circuit 16 is only generally shown, and perSons of ordinary 
skill in the art will recognize that additional functional 
elements, including active elements like amplifiers and 
additional Voltage Sources like a DC voltage Source, may be 
commonly employed. The drive circuit 16 has two circuit 
blocks 18, 20 which function to amplify the input received 
from inputs 22, 24, respectively. In FIG. 1, the inputs 22, 24 
may receive both a DC biasing component for maintaining 
a VCSEL 25 (shown as a diode in FIG. 1) above the laser 
threshold and an AC signal component for providing a signal 
to be transmitted by the VCSEL 25. Input 22 may receive 
one input signal, while input 24 may receive a duplicate 
inverted input Signal. 
0047. Two output stages 26, 28 are provided in the drive 
circuit 16, one for each of the circuit blocks 18, 20. In the 
Single-ended drive mode, as shown in FIG. 1, one output 
Stage, for example output lead 26, is connected to the 
VCSEL 25, while the other output stage, for example output 
lead 28, is connected to a resistor 30, which is chosen to 
“balance’ the load of the VCSEL 25. Both the VCSEL 25 
and the resistor 30 are connected to ground, as indicated. 
0048. In the prior art, the resistor 30 is chosen to have an 
impedance that “matches” the impedance of the VCSEL 25, 
i.e., have an impedance approximately the Same as the low 
frequency impedance of the VCSEL 25. It is desirable to 
“match both output stages 26, 28 to one another to provide 
a clean waveform to the VCSEL 25. Mismatched imped 
ances Seen by each output Stage 26, 28 result in error on the 
waveform sent to the VCSEL 25. 

0049 Though the resistor 30 of the prior art is chosen to 
“match” the impedance load of the VCSEL 25, the VCSEL 
25 is a load with a reactive impedance component, i.e., an 
impedance that varies with drive frequency. Thus, the resis 
tor 30 does not exactly match the impedance of the VCSEL 
25, but instead only approximates that impedance for lower 
frequencies of operation. The mismatch between the imped 
ance of the resistor 30 and the VCSEL25, especially at GHz 
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frequencies, results in error on the waveform Supplied to the 
VCSEL 25. This error is in the form of a slow rise time on 
“0” to “1” transitions and overshoots at the front end of the 
output pulses. 

0050. With the drive circuit 16 formed on a PCB, the lead 
(not shown) extending from the output stage 26 to a package 
in which the VCSEL 25 is mounted acts like a single 
transmission line radiator element radiating RF frequencies. 
Thus, the non-inverted Signal from the input 22 travels much 
farther than the inverted signal from the input 24, which 
extends only to the resistor 30 that is on the PCB of the drive 
circuit 16. 

0051 FIG. 2 depicts an embodiment of the present 
invention that provides a Solution to the Shortcomings of the 
prior art shown in FIG. 1 and discussed above. The die 10 
has a Substrate formed of a Semiconductor material that is 
easily machinable, or cut, into a rectangular shape, as 
provided, or any other shape Suitable for mounting the die 10 
into a package, like a commonly used TO package. The 
VCSEL 12 and the balancing load 14 are disposed on the top 
surface of the die 10 and can be formed on the top surface 
via a growth technique, Such as metal-organic-chemical 
vapor-deposition (MOCVD), with masking and etching 
Steps to form the actual Structures. In the present embodi 
ment, the VCSEL 12 has an active region formed by a p-type 
layer and an n-type layer (neither shown) disposed between 
two reflective layers (also not shown). The reflective layers 
can be formed by alternating layers of 4 wavelength, or 
multiples thereof, Bragg reflectors like alternating layers of 
GaAs/AlAs, and other suitable reflective layer methods 
could also be used. The VCSEL 12 has an output window 36 
in the center of an upper contact layer 38 that is formed from 
a thin metallic layer. 

0.052 In the preferred embodiment, the balancing load 14 
is identical to the VCSEL 12 in that it has the same layered 
Structure, layer thickness, and cross-sectional shape from a 
plan View and is designed to have essentially the same 
electrical and optical properties, e.g., impedance, quantum 
efficiency, laser threshold, and high frequency characteris 
tics. Thus, one advantage of the die 10 is that it can be easily 
manufactured using known techniques for growing 
VCSELs. Both the VCSEL 12 and the balancing load 14 
could be batch manufactured on the same wafer (not shown) 
with the wafer being machined, or cut, into a plurality of 
Separate dies 10. In essence, the balancing load 14 is a 
second VCSEL disposed on the die 10 and is fabricated 
identically to the VCSEL 12 so as to ensure that the 
balancing load 14, which (as explained below) replaces the 
resistor 30 of the prior art Single-ended drive apparatus, and 
preferably has an impedance, including both resistive and 
reactive components, that is identical to the impedance of 
the VCSEL 12. 

0.053 By way of example, and not limitation, to prevent 
the balancing load 14 from producing an output signal that 
interferes with the output from the VCSEL 12, an upper 
contact layer 40 completely covers the upper Surface of the 
balancing load 14. Thus, though the balancing load 14 is 
formed from an identical structure as the VCSEL 12, the 
balancing load 14 does not have an emission window from 
which photons can escape the resonance cavity. Photons are 
absorbed into the opaque upper contact layer 40, formed 
from a thin metal layer. When driven by a drive circuit with 
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two output Stages, the balancing load 14 appears to be an 
identical load, having an identical impedance even at fre 
quencies over 1 GHZ, but without producing any interfering 
photonic output. Persons of ordinary skill in the art will 
recognize that other means of blocking the photonic emis 
Sion from the balancing load 14 can also be used, including 
external absorption Structures, and that Such means are 
within the Scope and Spirit of the present invention. 

0054) Referring to FIG. 3, the VCSEL 12 can be con 
nected to an external drive circuit 42 by a contact lead 44 
extending from the bottom surface of the VCSEL 12 to a 
wire bond pad 46. The contact lead 44 makes electrical 
contact with the bottom electrode (not shown) of the VCSEL 
12 and can be formed of a thin metal layer, along with the 
wire bond pad. The balancing load 14 is disposed with a 
similar contact lead 48 and a wire bond pad 50. The contact 
lead 44 and bond pad 46 form a contact path for the VCSEL 
12. 

0055. The die 10 of FIG. 2 can be connected to the drive 
circuit 42 through the wire bond pads 46, 50, with upper 
contact layerS 38, 40 being connected to ground or Vice 
versa. FIG. 3 shows a circuit diagram of the VCSEL 12 and 
the balancing load 14 connected to the drive circuit 42. The 
drive circuit 42 is configured as a differential amplifier, with 
a first output stage 56 and a Second output Stage 58 con 
nected to the VCSEL 12 and balancing load 14, respectively. 
The output stage 56 has a transistor 60 connected (at its 
base) to the non-inverted input 22, and the Second output 
stage 58 has a transistor 62 connected (at its base) to the 
inverted input 24. In this configuration, the drive circuit 42 
operates in a Single-ended drive mode. The two transistors 
60, 62 are connected in a common emitter configuration, 
though the drive circuit 42 can be Straightforwardly adapted 
to a common collector configuration. The drive circuit 42 
receives a DC Supply Voltage Via V as shown. The two 
transistors 60, 62 are turned on by the V input to the base 
of a third transistor 64 through a resistor 66. 
0056. A reactive circuit block 70, comprising a capacitor 
72 that blocks the DC Signal output and passes the AC Signal 
output to the VCSEL 12 and an inductor 74 that passes a DC 
signal from a DC current source 73 and blocks the AC signal 
from entering the VCSEL 12, is connected to the collector 
of the transistor 60. A resistor 75 is also provided. A similar 
reactive circuit block 76 with a capacitor 78, an inductor 80 
and a resistor 81 is connected to the collector of the 
transistor 62. Persons of ordinary skill in the art will 
recognize various means of implementing the circuitry nec 
essary to create the DC current source 73. The DC current 
Source 73 is not a part of the circuit blocks 70, 76 or output 
stages 56, 58 in the preferred embodiment. 

0057 To provide an ideally matched output from the first 
output stage 56 and from the second output stage 58, the 
capacitors 72, 78 are chosen to be identical or substantially 
identical in value and the inductors 74, 80 are chosen to be 
identical or Substantially identical in value. However, as 
explained below, it may be desirable to adjust these values 
depending upon the desired input waveform to the VCSEL 
12 and/or depending upon the mismatch in impedance 
between the VCSEL 12 and the balancing load 14. Each 
output stage 56, 58 further comprises a resistor 82, 84, 
respectively, which serves to buffer the impedance of the 
system to 50 ohms. 
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0.058. In operation, a signal from input 22 is transmitted 
to the transistor 60 and an identical, but inverted, Signal is 
transmitted to the transistor 62. In Gigabit Ethernet and 
Fibre Channel applications, for example, this signal could 
include data to be communicated in a network environment, 
Such as Video data, a large data file, or the like, and in Such 
applications, the Signal would appear as a Series of pulses, 
e.g., transitions between a “0” state and a “1” state, repre 
Senting digital data. 

0059) Unlike the prior art, in an embodiment of the 
present invention, the non-inverted Signal from the input 22 
and the inverted Signal from the input 24 See the same 
impedance path, i.e., the waveform at the balancing load 14 
is received through a current path which is equivalent to the 
current path passed through by the waveform at the VCSEL 
12. Note also that in this form (1) the contact leads 44, 48 
have the same dimensions and, thus, the same inductance 
and (2) the wire bond pads 46,50 have the same dimensions 
and, thus, the same capacitance. The matching of the load on 
the output stage 58 to the load on the output stage 56 results 
in better electrical-to-optical efficiency and a cleaner output 
from the VCSEL with reduced rise time and fall time in 
transitions between a “0” state and “1” state, as well as 
reduced overshoot and undershoot at the lead edge of a 
transition when compared to known Single-ended drive 
modes. These improvements allow for faster bit transmis 
Sion rates, where bit transmission rates are inversely pro 
portional to the rise and fall times of a transition. The 
improvement in reduced overshoot and undershoot in a 
transition is particularly beneficial in ensuring that the drive 
current for the VCSEL 12 does not drop below the threshold 
current for the laser. 

0060. The matched load seen by the drive circuit 42 also 
has the advantage that EMI is reduced. EMI is particularly 
noticeable in the prior art Singled-ended drive mode of 
differential amplifiers where the load is connected via an 
electrical lead connected to an output Stage of the differential 
circuit. This lead, which can be as long as leads 94, 96, 98, 
100 of FIG. 4, and the load connected thereto act as a 
miniature RF radiator or antenna, thus producing detrimen 
tal EMI. The drive circuit 42 addresses this problem by 
providing an identical inverted input signal through input 24 
to the balancing load 14 along a transmission line of equal 
length to that of the VCSEL 12 (see FIG. 4 and description 
below). The reduction of EMI helps to maintain class B 
operation of network Systems, a FCC requirement. Also, 
EMI reduction helps to reduce susceptibility to electrical 
crosstalk and reduces the potential for bit errors. 
0061 Given the foregoing description, persons of ordi 
nary skill in the art will recognize that the balancing load 14 
need not necessarily have an impedance exactly balanced 
with the impedance of the VCSEL 12. Instead, a slight 
imbalance between the impedance at the output stage 56 and 
the impedance at the output Stage 58 is permissible, and this 
Slight imbalance is also encompassed in the term “matched” 
used herein. For example, imbalance may be desirable to 
shape the waveform seen at the VCSEL 12 for optimum 
performance. In either the exactly identical or Substantially 
identical case, the balancing load 14 of die 10 will result in 
Substantial improvement because of the reduction in wave 
form error due to the frequency dependent impedance mis 
match of the prior art. 
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0062) Electrical parasitics result from varying influences 
within the opto-electronic components in a VCSEL package 
(FIG. 4). The contact leads 44, 48, the wire bond pads 46, 
50, the capacitive affects resulting from the upper contact 
layers 38, 40 (FIG. 2), and the corresponding lower contact 
layers acroSS the VCSEL may all create electrical parasitic 
effects. Furthermore, electrical parasitic effects may result 
from the packaging that houses the VCSEL 12 and balancing 
load 14. All of these may affect the impedance and, thus, the 
waveform received at the VCSEL 12. With these varying 
Sources of electrical parasitics, and applying the novel 
teachings and disclosure herein, it may be desirable to create 
an imbalance in the impedance Seen by the output Stage 58 
from that Seen by the output Stage 56 as compensation 
therefor. Tests may be performed to determine the ideal 
operating impedance of the balancing load 14 in comparison 
to the impedance of the VCSEL 12. 
0063 Though persons of ordinary skill in the art will 
appreciate the myriad ways in which testing for optimum 
VCSEL 12 performance may be achieved, one method is to 
produce a batch of pairs of VCSELS 12 and the balancing 
loads 14 on a wafer, where, for each pair, the dimensions 
(preferably the length and width) of the contact lead 48 can 
be adjusted So as not to be the same as that of the contact 
lead 44. Correspondingly, the dimensions of the wire bond 
pad 50 can be adjusted so as not to be the same as that of 
wire bond pad 46. Adjusting the dimensions of these will 
affect the impedance characteristics Seen by the output 
stages 56, 58. By producing different VCSEL 12 and bal 
ancing load 14 pairs with different unbalancing properties, 
one can then test for the pair that produces the optimum 
waveform at the VCSEL 12 and then run a batch fabrication 
on a wafer creating duplicates of that chosen imbalance, 
which wafer may then Subsequently be machined into dies. 

0064. Another method of achieving a desired imbalance 
is by adjusting the values of the capacitor 72, the capacitor 
78, the inductor 74, and/or the inductor 80. In the above 
described embodiment, the values of the capacitors 72, 78 
and the inductors 74, 80 are identical or substantially iden 
tical to provide the same resistive and reactive impedance 
component to each output stage 56, 58. These circuit ele 
ments (72, 78, 74, 80), however, may be adjusted to be 
non-identical in capacitance and/or inductance in order to 
tune the drive circuit 42 to the desired performance. 

0065. In either of the two aforementioned methods of 
achieving a user-defined optimum performance, the present 
invention provides a way to avoid the problems of the 
impedance mismatch in the prior art, especially the fre 
quency dependent mismatch above 1 GHZ, the frequency 
range needed for wide bandwidth Gigabit Ethernet and Fibre 
Channel applications. By addressing these problems asso 
ciated with wide bandwidth operation, manufacturers may 
now adjust, or tune, the other circuit elements, the contact 
leads 44, 48, the wire bond pads 46, 50, the capacitors 72, 
78, and/or the inductors 74, 80 to further optimize perfor 
mance of the VCSEL 12. 

0.066 The die 10 (FIG. 2) and the drive circuit 42 (FIG. 
3) can be used in numerous applications, as will be appre 
ciated by persons of ordinary skill in the art from the above 
disclosure. In addition, the die 10 has the further advantage 
of being easily packaged into known VCSEL packages for 
use in gigabit Switches, routers, hubs, end user terminations, 
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etc. By way of example, not limitation, FIG. 4 shows an 
unassembled TO package 90 which includes a header 92 
with four external wire leads 94, 96, 98, 100. The wire lead 
94 connects the VCSEL 12 and the balancing load 14 to 
ground. The wire lead 96 connects the signal from output 
stage 56 to the VCSEL 12, and the wire lead 98 connects the 
signal from output stage 58 to the balancing load 14. The 
fourth wire lead 100 can be used for outputting the signal 
sensed by a photodetector 102, the signal of the photode 
tector 102 indicating the output power of the VCSEL 12 and 
being used in a feedback control to regulate power to the 
VCSEL 12 by circuitry not shown. The photodetector 102 
can be a standard PN junction disposed on a support 104 to 
sense a portion of the VCSEL 12 output reflected by a 
partially reflective window 106 in a housing 108. The die 10 
may also be disposed on the support 104, which may be 
formed of a non-conductive ceramic material, at a laser 
mounting portion 110 Separated from a photodetector 
mounting portion 112 where the photodetector 102 can be 
disposed. The VCSEL 12 and the balancing load 14 on the 
die 10, along with the photodetector 102, can be connected 
to the wire leads 94, 96, 98, 100 by known means. 

0067. In an additional embodiment, the above teachings 
can be straightforwardly adapted into a laser array 120 (FIG. 
5), Substantially as die 10 except with a plurality of VCSELS 
12 and balancing loads 14 disposed thereon. Conventionally, 
there are two techniques to drive such VCSEL arrays, 
common cathode or differentially. Under the common cath 
ode drive, the entire Substrate of a die acts as a common 
cathode for the VCSELS arrayed on the die, where indi 
vidual anode connections are made to each VCSEL for 
driving each Separately. In the conventional differential 
drive mode of VCSEL arrays, individual connections from 
the drive circuit exist to both the anode and the cathode. In 
this drive mode, there are two individual connections 
between the drive circuit and the die. One of the disadvan 
tages of conventional VCSEL arrays is that fabrication is 
much more difficult, especially in the differential mode, and 
that Series resistance of the device increases significantly for 
higher frequency drive Signals. 

0068 The above teachings, however, with respect to die 
10, when extended to the VCSEL array 120 comprising a 
plurality of VCSELS 12 and balancing loads 14, resolves the 
problems of these conventional VCSEL arrays because the 
differential drive circuit is terminated with a balancing load. 
The VCSELS 12 and balancing loads 14 may be coupled to 
the drive circuit 16 in parallel manner, or the pairs can each 
be individually connected to Separate drive circuits, like 
drive circuit 16. 

0069. It will be appreciated by persons of ordinary skill 
in the art that the VCSEL laser array 120 could be more 
generally formed as a laser array with any differentially 
drivable Semiconductor laser and that the laser array could 
be a linear array with multiple dies 10 in linear arrangement, 
essentially as shown, or a two-dimension array. Addition 
ally, although the masking of balancing loads 14 is prefer 
ably like that of FIG. 2 as show in FIG. 5, various identical 
and non-identical masking techniques could be used to block 
output from the balancing loads 14, depending on the 
positioning of the balancing loads 14 on the laser array 120 
or on user preferences. In fact, the balancing load 14 
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matched to the VCSEL 12, or other semiconductor, need not 
be positioned directly near the VCSEL 12, though preferably 
it would be So positioned. 
0070 Given the foregoing and from the following claims, 
perSons of ordinary skill in the art will recognize that the 
embodiments described are provided only by way of 
example. Thus, the present invention can be extended to 
other Semiconductor lasers, like edge-emitting lasers, other 
VCSEL lasers, like edge-emitting lasers with 45 degree 
Vertical reflective mirror Surfaces or tunable lasers using 
MEMS technology. Indeed, the principles disclosed herein 
can extend to other active circuit elements driven by two 
output stage drive circuits that rely on impedance matching 
at the two output Stages, particularly those active elements 
that are traditionally batch fabricated and machined in a 
Similar manner to Semiconductor lasers. These and other 
embodiments are considered within the Scope and Spirit of 
the present invention. 
0071. The embodiments and examples set forth herein are 
presented to best explain the present invention and its 
practical application and to thereby enable those skilled in 
the art to make and utilize the invention. Those skilled in the 
art, however, will recognize that the foregoing description 
and examples have been presented for the purpose of 
illustration and example only. Other variations and modifi 
cations of the present invention will be apparent to those of 
skill in the art, and it is the intent of the appended claims that 
Such variations and modifications be covered. The descrip 
tion as set forth is not intended to be exhaustive or to limit 
the Scope of the invention. Many modifications and varia 
tions are possible in light of the above teaching without 
departing from the Spirit and Scope of the following claims. 
It is contemplated that the use of the present invention can 
involve components having different characteristics. It is 
intended that the Scope of the present invention be defined 
by the claims appended hereto, giving full cognizance to 
equivalents in all respects. 
The embodiments of an invention in which an exclusive 

property or right is claimed are defined as follows: 
1. A die having a Semiconductor laser disposed thereon, 

Said die also having a balancing load disposed thereon, the 
balancing load having an impedance, including both resis 
tive and reactive components, Substantially matched to a 
load impedance of Said Semiconductor laser. 

2. The die of claim 1, wherein Said Semiconductor laser is 
a VCSEL with an emission window producing a photonic 
output. 

3. The die of claim 2, wherein said balancing load 
comprises a VCSEL whereby the output of said balancing 
load VCSEL is blocked so as not to interfere with said 
photonic output. 

4. The die of claim 1 having a plurality of Said Semicon 
ductor lasers and a plurality of balancing loads disposed 
thereon, where for each Semiconductor laser there is at least 
one balancing load having an impedance, including both 
resistive and reactive components, Substantially matched to 
the load impedance of that Semiconductor laser. 

5. The die of claim 1, wherein each of Said semiconductor 
lasers is a VCSEL with an emission window producing a 
photonic output, and wherein each of Said balancing loads 
comprises a VCSEL whereby the output of said balancing 
load VCSEL is blocked so as not to interfere with said 
photonic output. 
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6. The die of claim 1, wherein said impedance of said 
balancing load is Substantially identical to Said impedance of 
Said Semiconductor laser for frequencies on the order of 
about 1 GHZ. 

7. The die of claim 1, wherein said semiconductor laser is 
coupled to a first contact path disposed on Said die and 
wherein Said balancing load is coupled to a Second contact 
path disposed on Said die. 

8. The die of claim 7, wherein said first contact path and 
Said Second contact path have Substantially the same dimen 
Sions and inductive and capacitive characteristics. 

9. A laser package comprising a header base and a housing 
having a housing window and being Sealably attached to 
Said header base, Said package further comprising the die of 
claim 1 mounted on Said header base. 

10. The package of claim 9, wherein Said Semiconductor 
laser on said die is a VCSEL having an emission window 
producing a photonic output and mounted Such that Said 
photonic output is incident upon Said housing window. 

11. The package of claim 10, wherein Said balancing load 
comprises a VCSEL whereby the output of said balancing 
load is blocked So as not to interfere with Said photonic 
output. 

12. A method of using a first VCSEL with a balanced load 
drive circuit having a first differential output and a Second 
differential output, the method comprising the Steps of 

forming said first VCSEL on a die substrate where the 
emission window of said first VCSEL is exposed for 
Vertical output; 

forming a second VCSEL of substantially identical shape 
and size as said first VCSEL on said die Substrate; 

masking Said Second VCSEL Such that no light output 
exits from said second VCSEL, and 

connecting said drive circuit to said first VCSEL via said 
first differential output and connecting Said drive circuit 
to said second VCSEL via said second differential 
output, So that a Selectively balanced load is present at 
the output Stages of Said drive circuit. 

13. The method of claim 12, wherein the step of forming 
said second VCSEL on said die Substrate further comprises 
forming Said Second VCSEL So that an impedance of Said 
second VCSEL is substantially identical to an impedance of 
said first VCSEL at frequencies on the order of about 1 GHz. 

14. The method of claim 12, wherein the impedance of 
said first differential output is substantially identical to the 
impedance of Said Second differential output at frequencies 
on the order of about 1 GHz. 

15. A method of forming a laser array having a plurality 
of VCSELS disposed thereon, the method comprising the 
Steps of; 

Selectively forming a first half of the laser array, Said first 
half being about half of said plurality of VCSELS to 
each have an emission window exposed for vertical 
output; 
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Selectively forming a Second half of the laser array, Said 
Second half being formed Such that the outputs from 
said second half of said VCSELS are masked to prevent 
an output from Said Second half from interfering with 
Said vertical output of Said first half, and 

pairing each one of Said first half to a corresponding one 
of each one of Said Second half to form a plurality of 
first VCSEL and second VCSEL pairs and connecting 
a drive circuit to each said VCSEL pair so that the drive 
circuit Sees a balanced load when driving Said corre 
sponding VCSEL pair. 

16. An apparatus comprising; 

a drive circuit; 

a VCSEL coupled to the drive circuit; and 

a balancing load coupled to the drive circuit, wherein the 
balancing load has an impedance Substantially matched 
to an impedance of the VCSEL at frequencies on the 
order of about 1 GHz. 

17. The apparatus of claim 16, wherein the impedance of 
said VCSEL is substantially identical to the impedance of 
Said balancing load at frequencies on the order of about 1 
GHZ. 

18. The apparatus of claim 16, wherein said drive circuit 
is configured as a differential amplifier with a first output 
stage comprising a first transistor connected to said VCSEL 
and with a Second output stage comprising a Second tran 
Sistor connected to Said balancing load. 

19. The apparatus of claim 18, wherein said first output 
Stage comprises a first reactive circuit block connected to 
Said first transistor and wherein Said Second output stage 
comprises a Second reactive circuit block connected to Said 
Second transistor. 

20. The apparatus of claim 19, wherein said first reactive 
circuit block and Said Second reactive circuit block have 
Substantially the Same impedance at frequencies on the order 
of about 1 GHz. 

21. The apparatus of claim 18, wherein a non-inverted 
Signal is input to Said first transistor and an equivalent 
inverted input Signal is input to Said Second transistor. 

22. The apparatus of claim 16 having a plurality of Said 
VCSELS coupled to said drive circuit and a plurality of said 
balancing loads coupled to Said drive circuit, forming a laser 
array where for each VCSEL there is at least one balancing 
load having an impedance, including both resistive and 
reactive components, Substantially matched to the load 
impedance of that VCSEL. 


