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ABSTRACT

It is a critical issue in many applications that high-performance and high-power Leds have hermetic packaging; however, indoor or environment-protected applications, non-hermetic packaging will suffice. We have developed, tested and analyzed several Led configurations and packaging structures. Decision for specific devices and packages has to be driven by the final application. Detailed construction and operation are considered for different applications.  

INTRODUCTION 

Light emitting diodes have been around for over 100 years [ref.1], however their modern versions are fruit of the fantastic development of semiconductor laser diodes in the last 50 years, [ref.2]. It is well-known that all practical applications of these devices, both lasers and Leds, require careful packaging. Whether to choose hermetic – more reliable and more costly – or non-hermetic –more straightfor-ward and much less costly – remains an open question that specific applications will answer. However, new packaging technologies and materials can establish new areas, and a cost efficient analysis might play an important role. 
HERMETIC and NON-HERMETIC PACKAGING 

Packaging of semiconductor devices is defined as the proper encapsulation of chips, either single or integrated devices, in order to preserve their dynamic characteristics in different environments. These characteristics involve electrical and thermal conditions, as well mechanical and chemical. Harsh environments are those exposed to variable atmospheric conditions, to mechanical vibrations, to electrical transients, sparks and static discharges; and to strong thermal variations. On the other hand, less demanding applications are home appliances, indoor TVs and displays; intra-building (in-premises) communications and control. Therefore the packaging of these devices, in this specific case optoelectronic components, whether hermetic (metal-ceramic) or non-hermetic (plastic) is primarily decided by the final application, but it must also comply with the device characteristics and operating conditions. All this may sound a bit obvious, but in many cases a specific choice may be difficult to combine and balance cost, performance and reliability. Furthermore, as previously mentioned, new materials and processes start to mix and match various packaging technologies, making choices more complex but more flexible. 
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  Fig. 1 – Hermetic and non-hermetic packaging .

Hermetic packaging is by definition an encapsulation process that allows no gas or liquid interaction with the inside of the package, and this must remain so for the lifetime of the device, which can easily exceed 10 or 15 years. On the other hand, thermal dissipation must be very good (better than 0.2 cal/cm.s.K); electrical contacts obviously perfect; and compliance with thermal and mechanical stability and shock/vibration resistance. To accomplish these features only metallic and ceramic/glass packages are eligible; also, on the inside, no epoxy or any plastic or low-gassing glue should be present; only glass, ceramics, metals, and of course, semiconductors. 

Non-hermetic packaging, on the other hand, is free to use any materiasl, in any combination, abiding only to device integrity and minimal protection to shockh and environment. Ceramic subtrates and metallic pads and contacts are used, but encapsulation itself is invariably acrylate or silicone. 

LED PACKAGING 

Today, the packaging of semiconductor Leds still follows the above rules, but the mixing of technologies, such as advanced ceramics (AlN and Al2O3) and thermo-plastics, as well as pad and trail lithography will be suppling the needs of high power devices, for IR, visible and UV-blue applications. 

Fig. 2 shows a high power device encapsulation, with a ceramic-metallic base for efficient heat dissipation; and a glass dome for high luminous throughput and hermetic sealing. 
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Fig.2 – High-power hermetic Led array [ref.3]. 

Interesting is the fact that in automotive and aeronautical (embarked) applications, devices are mostly in protected surroundings, thus packaging need not be perfectly hermetic, but just moisture resistant. 

The device in Fig. 4 is a 16-chip array, on Au-Ni pads over alumina; the sealing is solely silicone; a cutaway view can be seen in Fig. 5, glass dome is not present. Notice however in fig.4 that the silicone sheet with lens covers the whole alumina substrate; this way it gets very much resistant to moisture and vapour (but not to liquids). 
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Fig.4 – Non- hermetic Led array [ref.6] .

[image: image6.png]


 

Fig.5 – Cut-away view of above; the chips and particules are due to the cutting [ref.8] .

Multichip encapsulation allows for colored (RGB-W) devices for demanding applications such as outdoor high-luminosity solutions for architectural purposes. (Fig.3). 

[image: image7.png]



Fig.3 – RGB-W Led-lit roof-cover structure [ref.3]  .

LED Materials and Interfaces 

It should be noted that a critical point in device reliability and durability are the metal-semiconductor and metal-ceramic interfaces. These must show always low thermal resistance, low electrical resistance, and long term stability. In the next section we present data and discuss these parameters. 
To properly locate the typical semiconductor materials and their wavelength ranges, we will list some of the most relevant, with just active region/substrate denominations. Red and very-near-IR (620 to 850 nm): GaAlAs/ GaAs; near-IR (1300-1600nm) InGaAsP/InP; blue-green InAlAs/GaN/sapphire (300-540nm). These different material combinations may – and invariably do – cause stresses in the active materials and their interfaces. 
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. .
Fig.6 – Edge-emitting device soldered onto metallized-Si heat dissipator [ref.7] 
Beyond the chip internal stresses, carefully calculated to meet device durability and stability, care must be taken on the p and n metallizations to avoid additional stress and provide excellent contact and thermal conductivity. 

Typical p-contact is bottom-up CrAl-CrAu-Au; and n-contact is Ni-Sn-Au; many other combinations may apply, including zinc (Zn) and titanium (Ti); invariably surface metal on both sides is Au for optoelectronic devices. 

Die-attach is also very critical and is ruled by the substrate and the built-in stresess of the chip. The GaAlAs/GAAs devices are very sensitive to thermal expansion stresses, therefore lower temperature soldering with more ductile metals is necessary (In-alloys); on the other hand, the sapphire substrate is a very hard material which will withstand harder and very stable alloys with higher eutectic-point temperatures (AuSn and AuSi). In the following some materials and alloys.  

Die-attach: In, 156 C; SnAgCu-SAC, 217 C; AuSn, 280 C; over Si, Cu, Al, alumina; depends on device/die (single chip, IC, opto/micro), application and requirements; 
Mounting – package assembly (metallic/ ceramic);; InSn 118(C; InPbAg, 142(C. 
LED Electro-Optic Characteristics 

The main purpose of packaging is preserving all the characteristics of the packaged devices, for the longest period of time, and under the most varied conditions. 

Light-current and voltage current in the pulsed and continuous modes are stablished at devices initial life, after die-attach for heat dissipation. The difference between curves in pulsed and cw is a measure of the heat resistance of device; for good, reliable devices it must be small. Notice that diode lasers and Leds are current devices, and above the diode fwd-threshold (shoulder) voltage (below 5V from IR to UV devices) the VxI curve remains almost constant. it is usual (especially for displays) to assemble Leds in series, with a common current drive. 
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Fig.7 – Electro-optic characteristics from an Eled. 
Further characterizations include spectra and beam-quality, which must also be preserved. 

One must establish these original conditions and verify their maintenance through accelerated tests in which high-current-induced and temperature-induced stresses, which are the reveleant parameters are combined to investigate device failure; from those one may ensure, but not guarantee, device presumed lifetime. 
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Fig.7 – Characteristic emission of high-power white Led arrays. Notice the series connection.
CONCLUSION 

LED devices have been established for several decades as a key technology in generating cold and intense light from optoelectronic diode emitters, They share construction and assembly technologies with diode lasers, but they are simpler and more reliable and durable devices, with less stringent requierements of packaging and operation. 

It is a critical issue in many applications that high-performance and high-power Leds have hermetic packaging, whereas, indoor or environment-protected applications, non-hermetic packaging will suffice. We have developed, tested and analysed several Led configurations and packaging structures. The decision for specific devices and packages has to be driven by the final application. 

Finally, R&D and innovation in the optoelectronic technology has permitted an enormous evolution in the ranges of emitted power and operating wavelengths. And production costs are high, but processes are efficient, and the yield (throughput) is high and device prices get lower; new applications are everywhere today; high-performance and high-power Leds are widely available. 

We expect to have contributed to the knowledge and understanding of these fantastic optoelectronic devices.   

Authors acknowledge collaboration with the Microelectronic Packaging Division (DEE) of MCT/CTI, Campinas, Brasil. 

REFERENCES

[1] N.Zheludev, “The life and times of the LED — a 100-year history”, Nature Photon.,VOL 1 | APRIL 2007 |
[2] Leds Magaz., “Solid State Lighting (SSL) industry celebrates 50th birthday of visible LED light”; http://ledsmagazine.com/news/9/10/7? – Oct. 2012; 

[3] http://www.laserfocusworld.com/display_article/368304/12/TECHN/New-LED-high-color-rendering-index-and-high-efficiency  (2009)  
[4] F. Rudge Barbosa, “Desenvolvimento de Diodos Emissores de Luz de Dupla-Heteroestrutura em InGaAsP/InP e GaAlAs/GaAs para Aplicações  em Comunicações Óticas”, Tese Doutorado, FEEC-Unicamp, Brasil, Julho 1992.   
[5] Acrych-Seoul, “High-Power ZP-P4 Model-T Rw”,  Augt. 2010.
[6] http://www.philipslumileds.com/products/luxeonk2  (2009)  
[7] F. Rudge Barbosa, F. Borin, A. R. Arakaki, J. D. Aguiar, C. Chaves, “A Novel Optical Accelerometer with extended operation range”, Proceed. SPIE Photonics East 2005 – Sensors for Harsh Environments, paper 5998-7, Boston, USA, Oct. 2005.
[8]  Eveline Juntunen; VTT Technology, Oulo, Finland; March 2012.  

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































