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ABSTRACT 
Intel’s quasi-planar optical packaging technology upon 
which multiple 10 Gb/s transponders and transceiver 
products are based is presented. This packaging 
technology has been applied to a low-cost, broadly 
tunable, high-output power laser, optimized for Dense 
Wavelength Division Multiplexing (DWDM) transport 
networks. The laser uses an external cavity design with 
intracavity thermally tuned filters fabricated from silicon 
wafers with optical Micro Electro-Mechanical System 
(MEMs) technology. Optical performance exceeds 
incumbent technologies and industry standards in all areas 
while little or no cost premium over non-tunable products 
is expected. The density of optical components and the 
alignment precision required presented challenges for the 
development of scalable component placement processes 
and packaging. Excellent performance has been obtained 
as evidenced by short-term stability under thermal and 
mechanical stress tests and long-term stability under 
accelerated stress tests.  

INTRODUCTION 
The development of cost-effective optical component 
technology is critical for the continued penetration of 
optical high-bandwidth solutions in telecommunications, 
data networks, and computing. Development of 

packaging methods suitable for mass production is a key 
enabler whose importance is magnified since standard 
electronics packaging methods are not suitable for optical 
components. Indeed in most practical cases to date, 
packaging is the primary cost driver of the optical 
components. Many packaging advances have been made 
or are currently in development at Intel, including silicon 
hybrid packaging, Micro Electro-Mechanical System 
(MEMs)-based alignment, and more recently, an 
adaptation of high-volume CD-ROM laser diode 
packaging technology commonly called “TO-cans.” In the 
first part of this paper we describe planar automated 
packaging technology, one of Intel’s automated 
packaging technologies that is currently used in our high-
end 10 Gb/s transponders, and which has resulted in a 
dramatic reduction in the cost of 10 Gb/s transceivers sold 
on the market. In the second part of this paper, we present 
its recent adaptation to the practical manufacturing of an 
industry-leading, high-performance, yet low-cost tunable 
transmitter. 

AUTOMATED OPTICAL PACKAGING 
TECHNOLOGY 
Intel’s Optical Platform Division has been developing 
optical packaging technologies to meet the challenges of 
the design and manufacturing of high-volume and high-
end optical components. The required attributes are as 
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follows: low cost and therefore highly scalable processes, 
high yields, excellent high-frequency performance for 10 
Gb/s applications, low-power dissipation, small footprint 
for small form factor transceivers, and high reliability to 
ensure robustness under environmental stresses. 

Key Engineering Building Blocks 
To respond to these design and manufacturing constraints, 
Intel’s quasi-planar packaging technology has been 
developed using the following key engineering building 
blocks: 

• Quasi-planar technology for the leverage of standard 
surface mount technology processes such as pick-
and-place machines, reflow ovens, and wirebonding 
systems for non critically aligned components. 

• Deformable metallic flexure technology to enable 
automated and robust active alignments of micro-
optics to achieve high coupling efficiency (described 
in detail in the following section). 

• Small form factor designs utilizing the flexure 
technology and ceramic substrates for an optimized 
electrical interface. 

• Integration of microelectronics (transimpedance 
amplifier, laser diode driver) into the optical package 
to minimize transceiver form factor and optimize the 
Radio Frequency (RF) performance.  

• Hermetic design enabled by manufacturing process 
developed using resistive seam sealing or laser seam 
sealing. 

 
Figure 1: Examples of Intel’s optical modules: (a) 

iBTx platform for DFB and EA-DFB 10 GB/s 
transmitters, (b) sBTx platform, and (c) iMTx 

platform 

These technologies have been applied for a broad range 
of products illustrated in Figure 1 and reviewed in 
previous articles [1-4]. The initial applications were two 
standard butterfly can-based 10 Gb/s transmitters. The 
first one incorporated a distributed feedback laser for  

7- and 10-km applications (iBTx010), and the second 
design for a 40-km transmitter incorporated an electro-
modulated laser (iBTx040). These 10 Gb/s transmitters 
were integrated into multiple 10 Gb/s optical serial 
transceivers.  

Subsequent product families making use of these 
technologies included a small uncooled transmitter 
iMTx007 and two small semi-cooled butterfly 
transmitters: sBTx-012 and sBTx-040. These products 
integrated a laser driver into the package to enable the 
design of small form factor 10 Gb/s optical serial 
transceivers such as the XENPAK compliant transceivers. 
This technology was also applied to a range of high-end 
optical receivers integrated into these transceivers as well. 

The manufacturing advantages of this packaging 
technology were also incorporated into the design of 
Intel’s Full C-Band Tunable Laser, which is in turn used 
as the laser source of Intel’s Tunable Optical Transceiver.  

In the following sections, general details are presented on 
two key engineering blocks, the flexure alignment 
technology and the component population using standard 
surface mount technology. A specific application of these 
technologies to fabricate Intel’s tunable laser is described 
at the end of this paper.  

Optical Alignment of Components 
In the past, optical components were produced on a small 
scale. The high demand for capacity in the last ten years, 
however, has driven the telecom industry to develop 
technologies that could be used in large volumes at low 
cost. Hence, Intel has developed a quasi-planar welding 
alignment technology by using a compliant clip, 
colloquially referred to as a flexure. This technology 
enables the automation of high-coupling, stable, and 
reliable optical platforms compatible with high-volume 
manufacturing. Figure 2 shows the design of a micro-
machined flexure.  

 
Figure 2: Metallic micro-machined 6-mm long flexure  

Micro-optical components such as lenses, isolators, and 
fibers are mounted on the etched and formed flexible clips 
that allow for the building of different and complex free-
space optical trains.  

(a)     

                  (b)      

                                          (c)                 
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The clip is designed so it can be easily picked, placed, 
and aligned by an automated machine. The clip is first 
picked and placed on the substrate and released to stand 
freely on its feet. A second machine vision-guided tool 
then interlocks with the clip from above and compresses 
it, causing the flexible legs to be in intimate contact with 
the substrate at all times. Alignment in the plane of the 
substrate is performed by sliding the clip under constant 
pressure. Vertical alignment is accomplished by changing 
the pressure on the clip. This deforms the clip elastically 
by moving its legs apart. Once the optimal alignment is 
found, the feet are laser welded on the substrate. Since the 
legs are always in intimate contact with the substrate, play 
is kept to a minimum, and the usually problematic weld 
shift can be reduced during the attachment process. With 
proper clip and feet design, the tool can then be lifted up 
after the feet are welded without the flexure springing 
back up. With proper clip, tooling and process design, it 
is possible to achieve final positioning accuracies down to 
the few tenths of a micron necessary for high coupling 
efficiency.  

Figure 3: Automated welding system developed at 
Intel for high-throughput alignment processes 

Intel developed state-of-the-art automated alignment and 
laser welding stations, as shown in Figure 3. These 
automated tools perform active alignment, based on a 
variety of different feedback mechanisms, and securely 
laser weld the flexures in place to ensure excellent long-
term reliability. To accommodate modularity and 
flexibility in the production lines, the assembly stations 
have been designed to process many different optical 
elements with minimum hardware and software changes. 

The alignment process starts with picking and coarsely 
placing the pre-assembly on a metallic platform using a 
machine vision algorithm. If a “first light” or feedback 
signal is not detected, a scanning algorithm is launched to 
drive the optical element to a position where an initial 

feedback monitor can be sensed. A second algorithm, 
based on hill climbing or simplex schema, is launched to 
find the optimum optical alignment. After completion of 
the alignment, the process uses a pre-compensation to 
anticipate the post-attachment-shifts common in laser 
welding applications. The compensation is computed as a 
function of criteria such as weld pool shrinkage shift, the 
history of the alignment algorithm, motorized stage 
backlash, and the friction coefficient between the flexure 
and platform. The flexure feet are then laser welded to the 
metallic platform. Finally the gripper is released with no 
significant shifts. 

Component Population 
Many of the components that are attached to the optical 
platform do not demand the fine alignment that most 
optical components require. Electrical components and 
weld plates can be placed with a precision commonly 
achieved with commercial electronic pick and place tools. 
The Intel optical platform technology uses these standard 
tools to pre-populate the substrate with these components 
using hard solders. Die shear tests were used to qualify 
the die attach per the MIL2019.5 standard as shown in 
Figure 4. SAM, X-ray image, and SEM/EDS techniques 
were used to detect the solder voids. Void-free die attach 
is critical for reliable packages. 

For high-power devices such as laser diodes, heat 
dissipation and elimination of hot spots are key issues. 
Eutectic die attach is a common technique and has been 
used extensively in the industry [7-9]. For devices bonded 
using hard solders such as Au-Ge, Au-Sn, and Au-Si, the 
bonding layer generally has adequate mechanical strength 
to endure the induced stress without plastic deformation 
and thus would not become fatigued during thermal 
cycling. However, voids in the hard solder layer tend to 
generate localized stress on the backside of the chip, 
which may initiate cracking either during the die attach 
process or during thermal cycling. The voids could also 
cause hot spots due to poor local heat flow. On the other 
hand, when a softer solder is used for die attach, most of 
the stress would occur in the bonding layer, since it is 
much softer than the die and substrate. As a result, the 
bonding layer is degraded during thermal cycling due to 
thermal fatigue. If voids exist in the bonding layer, they 
will initiate the crack during thermal cycling. Therefore, 
in either hard solders or soft solders, void-free die 
attachment is important for achieving highly reliable 
packages.  
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Figure 4: One-way analysis of shear strength by 
components (A to D). Due to the different size of the 

components, the shear strength criterion is specific to 
the component.  

AuSn solder has been used for die attach in opto-
electronic packages over the last decade. 80Au20Sn is a 
primary choice because of its favorable mechanical 
properties. This solder can be used as either preforms or 
pre-deposited solder. The melting point of 80/20 eutectic 
AuSn solder is 278ºC, and it consists of two phases: 
64.3% Au5Sn and 35.7% AuSn. When the molten 80/20 
AuSn solder contacts the gold layer during reflow, the 
pure gold on the die and the substrate surface reacts with 
the solder constituent to form the Au5Sn phase. As a 
result, the Au5Sn phase content is increased and the AuSn 
phase content is decreased. The solder becomes more 
gold rich resulting in a higher melting temperature. The 
80Au20Sn eutectic solder is characterized by steep liquid 
lines on both sides of the eutectic. The consequence of 
this is that a deviation of 1 wt% Au from the eutectic 
composition towards the Au-rich side will result in an 
approximate 30ºC increase in the temperature of the 
liquid. Thus, careful attention should be paid to control 
the composition and reflow temperature.    

Automatic Wire Bonding 
Challenges in the wire bonding for high-performance 
small footprint butterfly packages are 1) multiple surface 
metallizations within a package, 2) large bonding height 
differential, 3) short wire length for RF interconnection, 
4) low bonding temperature, and 5) narrow space for deep 
access [13]. There are three types of commercial wire 
bonding methods: ball bonding, wedge bonding, and 
ribbon bonding. All of these methods use ultrasonic 
energy to enhance the welding joint of the bonding wire 
to the device and the substrate. In ball bonding, the first 
bond is made by connecting a ball formed by flaming off 
the gold wire that is threaded through a capillary tool. The 
second bond is a crescent shape formed by the imprint of 
the capillary on the joint. With wedge bonding, both the 

first and second bonds look the same because the bonding 
occurs under the foot of the wedge tool in both instances. 
The second bond of the ball bond has less surface contact 
than that of the wedge bond. Therefore, the wedge bond 
exhibits higher pull strength for the same size wire 
diameter. This enables wedge bonded devices to achieve 
higher reliability and yield. Selection of the bonding 
methods should be based on the package structure, RF 
performance requirements, materials, metallization, and 
cycle time. For example, ball bonding is commonly used 
for laser diode to submount interconnection, but wedge 
bonding also has been successfully used. 
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Figure 5: Wire pull strength versus bonding types 

When there are many types of metallizations within a 
package, it is important to consider each metallization 
separately with multi-variation of the bonding parameters 
[13]. This is easily achieved by an automatic wire bonder 
but difficult for a manual bonder. Figure 5 shows wire 
pull strength on the different surfaces’ metallization after 
process optimization of an automatic wire bonder. The 
profiles used had to balance the requirement, the different 
metallization, height differential, and low temperature. 
The optimum bonding parameters are different from 
location to location and from device to device. 

Understanding the electro-magnetic interactions is 
important for designing and selecting the wire bonding 
methods [14], especially for these 10 Gb/s applications. 
At these high frequencies, current flows closer to the 
surface of the conductor. The higher the frequency, the 
more current moves toward the surface. As a result, the 
bond wire’s internal inductance is decreased as the square 
root of the frequency, while the external inductance is 
increased. Conductor layers couple to nearby conductors, 
and the coupled electric field induces current. The 
induced current leads to more electro-magnetic fields 
elsewhere. Ribbon wire bonding provides better high-
frequency electrical performance than round wire bonding 
because of the lower mutual inductance and crosstalk 
between adjacent ribbons. Ribbon bonding uses 
thermosonic wedge-wedge bonding with the flattened 
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wire having rectangular cross sections. It requires lower 
bonding parameters (ultrasonic power and bond force) 
than for an equivalent diameter round wire [15]. Stiffness 
of the thin ribbon cross section is also significantly lower 
than for the equivalent diameter round wire, allowing the 
ribbon to bend and form a loop with less force than with 
an equivalent round wire.  

The extreme range of heights within a butterfly package 
requires deep access equipment and tooling. In order to 
accurately and repeatably locate and bond components 
whose surfaces are at different heights, the wire bonder 
must have a pattern recognition system with a clearly 
focused image while the bonding tool moves over a large 
range in the vertical direction. Another feature of the 
opto-electronic package is that the wire bonding occurs at 
the end of the assembly process, after the lowest melting 
temperature solder alloy has already reflowed, thus 
limiting bonding temperature. Leads or feed-throughs that 
could vibrate and attenuate ultrasonic energy require 
special consideration [9]. Research has shown that when 
the vibration frequency of the leads is over half of the 
ultrasonic frequency, weak bonding will occur. One 
solution is to reduce the overhang of the leads; another is 
to increase the ultrasonic frequency.     

Reliability and Qualification 
These products are designed primarily for Sonet and 
Ethernet applications in the telecom and datacom 
industry. Lifetime expectations of 20 years or more for 
these products demand that stringent reliability 
specifications be met. Extensive qualification under 
severe environmental conditions is required.  

To reduce program risks as early as possible in the 
development of the product, a knowledge-based 
reliability assessment approach [16-18] is chosen to 
evaluate the critical areas of the design and to maximize 
the robustness of the product under environmental 
stresses. Our methodology is to understand the possible 
failure modes associated with the different functionality 
area of the design and to evaluate as early as possible the 
failure mechanisms associated with these modes by using 
specially designed test vehicles. We discuss an example 
of this methodology for the tunable laser product in a later 
section. 

Table 1: Telcordia requirements 

Test Reference Conditions 

Aging GR-468 Section 
5.18 

T=85ºC, 2000 hours, 5000 
hours for information 

High temperature 
storage 

GR-468 Section 
4.3.2 T=85ºC, 2000 hours 

Low temperature 
storage 

GR-468 Section 
4.3.2 T=-40ºC, 2000 hours 

Damp Heat MIL-STD-202 
Method 103 85% / 85ºC, 1000h 

Thermal Cycling GR-468 Section 
5.2 

100 cycles –40ºC to 85ºC, 
40 min cycles. 500 for info. 

Fiber pull test GR-468 Section 
4.3.2 3 times 1kg for 5s 

Shock MIL-STD-883 
Method 2002. 

500g, 1ms 5 times/axis, 
condition B 

Vibration MIL-STD-883 
Method 2007 

20g, 20-2000 Hz 4 
min/cycle, 4 cycles/axis 

condition A 

Operational test Multiple Vibration, shock, thermal 
cycling 

Thermal shock MIL-STD-883 
Method 1011 ∆T = 100ºC 

ESD – Threshold 
measurement 

GR-468, Section 
5.22 5 discharges, 500V, all pins 

Internal moisture MIL-STD-883 
Method 1018 Max. 5000 ppm water vapor 

 

Finally, full qualification is evaluated in compliance with 
the GR-368. Telcordia requirements are summarized in 
Table 1. 

APPLICATION TO THE TUNABLE 
LASER  
Tunable lasers help achieve cost savings for carriers 
operating Dense Wavelength Division Multiplexing 
(DWDM) transport networks by reducing the number of 
spare lasers that must be kept on site. Similarly, they 
greatly reduce the inventory of lasers that must be 
maintained by system vendors. The value of tunability is 
greatest in systems using the densest channel spacing.  
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temperatures while precisely monitoring the frequency 
stability of the tuner. Figure 19 and Figure 20 show the 
frequency stability of tuners during a 100-hour test at 
140°C and a 2000-hour test at 85°C. The observed drift 
was below 200 MHz. 
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Figure 19: Highly accelerated stress test on tuners at 
140°C over 100 hours. The frequency drift is below 

150 MHz after 100 hours. 

Stability of tuner at 85°C
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Figure 20: Accelerated stress test on tuners at 85°C 
for 2000 hours 

This stress test enables the evaluation of the acceleration 
factor with temperature for the change in frequency of the 
tuners (Figure 21). An activation energy of around 0.85 
eV was measured. 
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Figure 21: Arrhenius plot of the frequency shift rate 

ratio vs. temperature to compute the activation energy 
of the failure mechanism associated to frequency 

stability at elevated temperatures 

Based on the distribution of time to failure at multiple 
temperatures, we computed the median time to failure for 
nominal conditions as shown in  

Figure 22 and Figure 23. The median time to failure was 
found to be beyond 130 years in this initial reliability 
assessment. 
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Figure 22: Computation of the expected median time 
to failure based on a lognormal failure distribution at 

different temperatures 
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Figure 23: Prediction of the time to failure as a 

function of temperature. The three curves correspond 
to the predictions for 1%, 10%, and 50% failure. 

In addition to the failure mode isolation and risk analysis 
on the subcomponents and test vehicles, extensive stress 
tests were conducted on the completed product. 

The results of the prequalification demonstrated the 
robustness of the design and highlighted the advantages 
of a non-moving part design for a tunable laser. For 
example, the frequency stability during the mechanical 
stress tests was excellent (max 300 MHz of frequency 
shift out of a 2.5 GHz specification), as shown in Table 3. 

Table 3: Results of the frequency shift during 
operational vibration and shock test 

 

Condition 

Number 

Failure 

Max. 
Power 

variation 
(dB) 

Max. 
Frequency 
fluctuation 

(GHz) 

2 G, 5-500Hz, Sweep 
Sine Vibration Test 0 0.15 0.2 

40 G with 1 ms 
Shock pulse 0 0.17 0.3 

50 G, 5 ms, 5 
impacts 0 0.23 0.3 

CONCLUSION 
To respond to the challenge of the manufacturing of high-
end optical components, Intel has developed a set of key 
engineering technologies based on quasi-planar 
technology and alignment flexures. This technology has 
been successfully applied to a broad range of optical 
modules from small footprint butterfly transmitters using 
cooled EML and DML to high-end, low-cost, tunable 
lasers. High performance and low cost are concurrently 
demonstrated in a broadly tunable external cavity laser 
design employing micromachined, thermally tuned, 
silicon etalons and Intel’s laser-welding manufacturing 

platform. Integral wavelength locking and efficient 
calibration procedures further enable the essential 
combination of wavelength accuracy, power stability, and 
low-cost required for metropolitan, regional, and long-
haul DWDM applications. Initial reliability testing has 
confirmed the very good design margins that are 
inherently expected from a “no moving parts” design.  
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