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Photonics Device Fundamentals 
By Christopher Henderson 

Photonics Device Fundamentals 
In this month�s feature article, we will continue our series on 

photonics device fundamentals.  This is the second in a series of four 
articles.  This month we discuss the Vertical Cavity Surface Emitting 
Laser (VCSEL). 

Figure 12. Vertical Cavity Surface Emitting Laser Diode. 

Next, let�s discuss the Vertical Cavity Surface Emitting Laser Diode. 
Also known as the VCSEL, this device works better with planar 
semiconductor processes. On the left in Figure 12, we show a 
standard edge emitting laser diode. The light emanates from the edge 
of the junction. This can make it hard to integrate the laser light into a 
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system because the semiconductor packaging must allow the light to emerge from the side of the package. 
In the VCSEL (shown on the right of Figure 12), the light emanates from the top surface, making it easier 
to package the device in such a way that we can make use of the light. 

Figure 13. Basic construction for an edge-emitting laser diode. 

Here in Figure 13, we show the basic construction for an edge-emitting laser diode. The bottom 
electrode is made from a metal compatible with the semiconductor substrate. We then deposit the n-type 
wide bandgap semiconductor on top of the substrate, followed by the narrow bandgap semiconductor, 
which forms the active region of the device. Next, we deposit the p-type wide bandgap semiconductor. 
The structure is surrounded by an insulating layer to direct the current path in the structure. Finally, the 
surface is covered with a highly reflective material to help confine the photons within the structure. 

Figure 14. Example of an oxide-isolated VCSEL. 

Figure 14 is an example of an oxide-isolated VCSEL. We show the top view on the left, and the side 
view on the right. An n-type ohmic metal coats the back side of the wafer. On top of the substrate we have 
the active semiconductor layers, followed by the n-mirror layers, then the semiconductor cavity, then the 
p-mirror layers, and then the oxide. We deposit polyimide on top of the oxide layer, followed by the 
interconnect metal. In the area where the light emanates, we pattern and remove the oxide and deposit 
the p-type ohmic metal layer and silicon nitride. 
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Figure 15. VCSEL MESA schematic details. 

The light in a VCSEL structure is generated in a MESA structure that looks like this diagram shown 
here in Figure 15. On the bottom is the n-type contact, and on the top is the p-type contact. The upper and 
lower mirror structures consist of a number of layers designed to create a Distributed Bragg Reflector, or 
DBR, which consists of alternating high and low index of refraction materials. The center of the structure 
is the optical cavity. It consists of a current confinement layer on top, and spacer oxides above and below 
the semiconductor quantum well structure. The light emanates from the top in the opening in the p-
contact metal. 

Figure 16. SEM images of VCSEL MESA structure. 

Figure 16 is an example of an actual VCSEL MESA structure. We show a perspective scanning electron 
microscope image on the left, and a cross-section scanning electron microscope image on the right. The 
mesa structure is clearly evident in the images. 
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Figure 17. Actual emission spectrum from a VCSEL. 

The VCSEL takes advantage of the cavity mode spectrum concept we mentioned earlier. Here in Figure 
17, we show the actual emission spectrum from a VCSEL. The cavity modes are illustrated at the top, and 
the gain envelope is illustrated in the middle. This gain envelope is fairly tight in terms of the frequency, 
with a center frequency of 850 nm, varying approximately 2 nm on either side. 

 
Next month, we will continue with part three in the series.
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Technical Tidbit 
Constraint Management 

 
This month�s technical tidbit covers Constraint Management. 
Manufacturing a product in a timely manner in quantities required by the customer is a challenging 

activity. This process is only as good as the weakest link in the process. Conceptually, we can think about 
this chain as a supply chain. We have simplified it into five links to illustrate the concept. Here we have 
chains associated with marketing, planning, manufacturing, shipping, and the customer. If one of these 
links breaks down, the entire chain is disrupted. For the purpose of this discussion, we will primarily 
focus on the manufacturing portion of the diagram, since that is the portion we can directly influence. 

We can measure productivity in terms of throughput and operation expenses.  Net profit is equal to 
throughput, or revenue, minus operation expenses, excluding fixed costs.  Return on investment, or ROI, is 
equal to net profit divided by investments, or fixed costs.  Therefore, productivity then is defined as 
throughput, or revenue, divided by operation expenses.  

Next, let�s discuss constraints by describing what a constraint is.  A constraint is anything that 
prevents the supply chain from achieving more of its goal.  Quite often it is just a few, or even just one 
constraint that creates problems.  Constraints might be internal or external to the supply chain.  An 
internal constraint occurs when the market demands more than the supply chain can deliver.  If this is the 
case, then the organization should focus on discovering that constraint; the steps to reduce its effect; and 
the potential to remove it.   

What types of internal constraints might occur?  Constraints can occur in three main areas: 
equipment, people, and strategy.  The first constraint is equipment.  The way equipment is currently used 
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limits the ability of the system to produce more salable goods and services.  The second is people.  Lack of 
skilled people limits the supply chain.  Also, mental models held by people can cause behavior that 
becomes a constraint.  The third is strategy.  This a written or unwritten approach to business that 
prevents the organization from making more product.  A constraint, however, is different than a 
breakdown.  A breakdown, for example, could be the failure of a processing tool, which is not a constraint 
in the true sense, because once the tool is fixed, the supply chain production resumes.  The constraint is 
the limiting factor that prevents the organization from getting more throughput of its products or 
services.  This is typically revenue through sales. 

An external constraint exists when the supply chain produces more than the market will bear.  If this 
is true, the organization should focus on creating more demand for its products and services. 

Managing constraints is very important.  Constraints are also called bottlenecks because they have the 
smallest flow capacity, relative to the need, in a process. The higher the capacity utilization, the more 
pronounced the bottleneck in the process.  The organization will need to analyze suspected bottlenecks; 
they don�t necessarily manifest themselves where inventory builds up. The bottleneck will regulate the 
total output capacity and line speed for the process, and will determine the organization�s strategic 
flexibility to capitalize on market swings. 

What are the critical objectives for managing a constraint? There are four key points. First, there must 
be the correct inventory mix ready to load.  Second, there must be a qualified equipment operator 
available at all times.  Third, the constraint must be the number one priority for repair and maintenance.  
Fourth, the organization must engineer and monitor for productivity enhancement via set-up time 
reduction, statistical process control (SPC), and machine speed.
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Ask the Experts 
 
Q: What are the advantages/disadvantages of 2 masks vs 3 masks for Thin�Film 

Resistors? 
 
A: The main advantage of using 3 masks is the ability to use a refractory contacting 

metal like TiW to make contact to the TaN, SiCr, or NiCr thin-film resistor material, as 
this makes a better connection. In a 2-mask process, one would use TiN, which also 
serves as the via liner, to make contact to the thin film metal. There is limited ability 
to react TiN and the thin-film resistor material together to make a lower resistance 
connection. Using 2 masks saves money, but the connection may degrade more 
easily, while 3 masks provides a more stable connection, but creates a more costly 
process.  Sometimes, dummy metals are used under the thin-film resistor material as 
stress buffers, and this might require an additional mask, as well.
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