
 ALL THAT YOU WANT TO KNOW ABOUT THE LIGHT EMITTING DIODES OR LEDS 
 
 

LED=LIGHT EMITTING DIODE IS A SEMICONDUCTOR DEVICE WHICH EMITS LIGHT WHEN PROPERLY BIASED. 
LIKE THE BASIC SEMICONDUCTOR DIODE IN FORWARD BIAS, THE ELECTRONS AND THE HOLES IN THE LED 

COMBINE TO RELEASE ENERGY BY A PROCESS CALLED ELECTROLUMINESCENCE. THE COLOUR OF THE LIGHT IS 

DETERMINED BY THE ENERGY GAP OF THE SEMICONDUCTOR. 

 
A LIGHT EMITTING DIODE CONSISTS OF MULTIPLE LAYERS OF SEMI-CONDUCTING MATERIAL. WHEN THE DIODE 

IS BEING USED WITH DIRECT CURRENT, LIGHT IS PRODUCED IN THE ACTIVE LAYER. THE LIGHT PRODUCED IS 

DECOUPLED DIRECTLY OR BY REFLECTIONS. IN CONTRAST TO INCANDESCENT REFLECTOR LAMPS, WHICH EMIT A 

CONTINUOUS SPECTRUM, AN LED EMITS LIGHT IN A PARTICULAR COLOR. THE LIGHT'S COLOR DEPENDS ON 

THE SEMICONDUCTOR MATERIAL USED. TWO MATERIAL SYSTEMS ARE MAINLY USED, IN ORDER TO PRODUCE 

LEDS WITH A HIGH DEGREE OF BRIGHTNESS IN ALL COLORS FROM BLUE TO RED AND, BY MEANS OF 

LUMINESCENCE CONVERSION, ALSO IN WHITE. DIFFERENT VOLTAGES ARE NECESSARY, TO OPERATE THE DIODE 

IN FORWARD BIAS. 

LEDS ARE SEMICONDUCTOR CRYSTALS. DEPENDING ON THE COMPOSITION OF THE CRYSTAL COMPOUNDS, 
THEY EMIT LIGHT IN THE COLORS OF RED, GREEN, YELLOW OR BLUE, WHEN CURRENT FLOWS THROUGH THEM. 
WITH THE THREE RGB COLORS, ANY NUMBER OF COLOR TONES MAY BE MIXED BY VARYING THE 

PROPORTIONS OF THE INDIVIDUAL COLORS. IN THIS WAY, THE LED LIGHTING CAN CREATE FASCINATING 

WORLDS OF EXPERIENCE. 



 

 

HISTORY 

 
THE FIRST LED WAS INVENTED BY OLEG LOSE (1927), JAMES R. BIARD (1961), NICK HOLONYAK (1962) 
SEPARATELY. EARLY LEDS EMITTED LOW INTENSITY RED LIGHT, MODERN ONES ARE AVAILABLE ACROSS THE 

VISIBLE, ULTRAVIOLET AND INFRARED WAVELENGTHS WITH VERY HIGH BRIGHTNESS. THE TABLE BELOW GIVES 

THE SUCCINCT VIEW OF THE DEVELOPMENTS IN THE LED TECHNOLOGY OVER THE YEARS. 

YEAR DEVELOPMENT 
  
1907 ELECTROLUMINESCENCE DISCOVERED AS A PHENOMENA BY H.J. ROUND USING A 

CRYSTAL OF SILICON CARBIDE. HE WAS WORKING FOR MARCONI AND WAS 

UNDERTAKING SOME EXPERIMENTS USING CRYSTAL DETECTORS. HE PASSED 

CURRENTS THROUGH SOME OF HIS DETECTORS AND NOTED ONE OF THEM WAS 

EMITTING LIGHT WHEN CURRENT WAS PASSED THROUGH IT. NOT UNDERSTANDING 

THE MECHANISM BEHIND IT HE PUBLISHED HIS FIND IN MAGAZINE ELECTRICAL 

WORLD. 
1927 OLEG LOSEV CREATED FIRST LED. HE OBSERVED LIGHT EMISSIONS FROM ZINC OXIDE 



AND SILICON CARBIDE RECTIFIERS. HE DEMONSTRATED THE I-V CHARACTERISTICS OF 

THE CARBORUNDUM DIODE AND FOUND THAT THE LIGHT EMISSION WAS NOT A 

THERMAL EFFECT BUT ARISING FROM SEMICONDUCTOR ACTION. HE ALSO 

INVESTIGATED TEMPERATURE RELATIONSHIPS OF THE EFFECT, COOLING THE 

SEMICONDUCTORS TO VERY LOW TEMPERATURES. 
1935 THE FRENCH PHYSICIST GEORGES DESTRIAU DISCOVERS LIGHT EMISSION IN ZINC 

SULFIDE. IN HONOR OF THE RUSSIAN PHYSICIST, HE CALLS  THE EFFECT "LOSSEW 

LIGHT". TODAY GEORGES DESTRIAU IS CREDITED AS THE INVENTOR OF 

ELECTROLUMINESCENCE. 
1939 ZOLTAN BAY TOGETHER WITH GYORGY SZIGETI PRE-EMPTED LED LIGHTING IN 

HUNGRY IN 1939 BY PATENTED A LIGHTING DEVICE BASED ON SIC, WITH AN OPTION 

ON BORON CARBIDE, THAT EMITTED WHITE, YELLOWISH WHITE, OR GREENISH WHITE 

DEPENDING ON IMPURITIES PRESENT 
1951 AFTER DISCOVERY OF TRANSISTOR (SCIENTIFIC LEAP IN SEMICONDUCTOR PHYSICS), 

SHOCKLY ALONG WITH HOWARD BRIGGS AND JAMES HAYNES APPLIED FOR PATENT 

ON INFRARED LED IN BOTH SILICON AND GERMANIUM. 
1952 A RESEARCH TEAM LEAD BY KURT LEHOVEC APPLIED FOR A PATENT FOR SILICON 

CARBIDE DIODES THAT EMIT LIGHT. HE APPEARS TO HAVE GROWN N-TYPE SIC DOPED 

WITH ARSENIC, THEN LOCALLY INTRODUCING BORON WITH AN ELECTRON BEAM TO 

MAKE P-SIC FOR THE JUNCTION. 
1955 RUBIN BRAUNSTEIN REPORTS INFRARED EMISSIONS FROM GALLIUM ARSENIDE, 

GALLIUM ANTIMONIDE, INDIUM PHOSPHIDE AND SILICON GERMANIUM ALLOYS. 
1958 RUBIN BRAUNSTEIN AND EGNOR LOEBNER, RESEARCHERS AT RCA PATENTED A 

GREEN LED. 
1961 JAMES BIAR AND GARY PITTMAN FOUND INFRARED RADIATION FROM GAAS WHEN 

ELECTRIC CURRENT IS APPLIED. RECEIVED FIRST US PATENT FOR THE LED. 
1962 NICK HOLONYAK DEVELOPED FIRST PRACTICAL VISIBLE SPECTRUM (RED); REGARDED 

AS FATHER OF LED. 
ROBERT KEYES AND THEODOR QUIST AT MIT, AND A GROUP LED BY JACQUES 

PANKOVE AT RCA, REVEALED HIGH EFFICIENCY INFRA-RED EMISSIONS FROM GAAS 

P-N JUNCTIONS INFRARED LEDS, AND COMBINING THIS WITH A GAAS PHOTODIODE 

TRANSMITTED TV SIGNALS OPTICALLY FROM A MOUNTAIN INTO THE MIT  

LABORATORY. 
1968 MONSANTO COMPANY BECOMES THE FIRST ORGANIZATION TO MASS-PRODUCE 

VISIBLE LEDS USING GALLIUM ARSENIDE PHOSPHIDE TO PRODUCE RED LEDS. 
1970 FAIRCHILD OPTOELECTRONICS PRODUCE COMMERCIALLY SUCCESSFUL LEDS. 
1971 JACQUES PANKOVE MADE FIRST BLUE LEDS USING GALLIUM NITRIDE. 
1972 M. GEORGE CRAFOED INVENTED FIRST YELLOW LED, IMPROVED BRIGHTNESS OF RED 

AND RED-ORANGE LEDS BY FACTORS OF TEN. 
1976 T.P. PEARSALL CREATED FIRST HIGH BRIGHTNESS, HIGH EFFICIENCY LED FRO OPTICAL 

FIBER TRANSMISSION WAVELENGTHS. 



1987 ALUMINIUM GALLIUMARSENIDE LEDS FROM HP WERE BRIGHT ENOUGH TO BE USED 

IN PLACE OF LIGHT BULBS IN VEHICLES BRAKE LIGHT AND TRAFFIC LIGHTS. 
1989 CREE INC. INTRODUCED FIRST COMMERCIALLY AVAILABLE BLUE LED BASED ON 

INDIRECT BAND GAP SEMICONDUCTOR , SILICON CARBIDE. 
1991 MASAYUKI SENOH, RESEARCHER AT NICHIA SUCCEEDED IN PRODUCING P-TYPE 

GALLIUM NITRIDE. 
1994 SHUJI NAKAMURA OF NICHIA CORPORATION DEMONSTRATE HIGH BRIGHTNESS BLUE 

LED BY MAKING FIRST P-N JUNCTION GAN LED. 
1995 ALBERTO BARBIERI DEMONSTRATED A TRANSPARENT CONTACT LED USING INDIUM 

TIN OXIDE 
1999 PHILIPS LUMILEDS INTRODUCE POWER LEDS CAPABLE OF CONTINUOUS USE AT ONE 

WATT. 
2002 LUMILEDS MAKE 5 WATT LEDS WITH LUMINOUS EFFICACY OF 18-22 LUMENS PER 

WATT. (AN INCANDESCENT LIGHT BULB OF 60-100 WATT EMITS AROUND 15 

LUMENS/WATT. 
 EFFICACY FALLS SHARPLY WITH RISING CURRENTS 

2006 THE FIRST LIGHT-EMITTING DIODES WITH 100 LUMENS PER WATT ARE PRODUCED. 
THIS EFFICIENCY CAN BE OUTMATCHED ONLY BY GAS DISCHARGE LAMPS. 

2008 BILKENT UNIVERSITY REPORTS 300 LUMENS OF VISIBLE LIGHT PER WATT LUMINOUS 

EFFICACY AND WARM LIGHT USING NANOCRYSTALS. 
2009 CAMBRIDGE UNIVERSITY REPORTS A PROCESS FOR GROWING GALLIUM NITRIDE LEDS 

ON SILICON. 
2010 LEDS OF A CERTAIN COLOR WITH A GIGANTIC LUMINOUS EFFICACY OF 250 LUMENS 

PER WATT ARE ALREADY BEING DEVELOPED UNDER LABORATORY CONDITIONS. 
 

PROGRESS CONTINUES TO SURGE AHEAD. TODAY, FURTHER DEVELOPMENT TOWARDS LED IS SEEN AS THE 

TECHNOLOGY OF THE FUTURE. 
 

 

 



MOVING TOWARDS THE LATEST TRENDS:- 

THE ORGANIC LEDS 

AN OLED (ORGANIC LIGHT-EMITTING DIODE) IS A LIGHT-EMITTING DIODE (LED) IN WHICH THE EMISSIVE 

ELECTROLUMINESCENT LAYER IS A FILM OF ORGANIC COMPOUND WHICH EMITS LIGHT IN RESPONSE TO AN 

ELECTRIC CURRENT. THIS LAYER OF ORGANIC SUBSTANCE IS SITUATED BETWEEN TWO ELECTRODES. 
GENERALLY IT IS SEEN THAT AT LEAST ONE OF THE ELECTRODES IS TRANSPARENT. 

A LITTLE BIT OF HISTORY:- 

THE FIRST OBSERVATIONS OF ELECTROLUMINESCENCE IN ORGANIC MATERIALS WERE IN THE EARLY 1950S BY 

ANDRÉ BERNANOSE AND CO-WORKERS AT THE NANCY-UNIVERSITÉ, FRANCE. 

IN 1960, MARTIN POPE AND CO-WORKERS AT NEW YORK UNIVERSITY DEVELOPED OHMIC DARK-INJECTING 

ELECTRODE CONTACTS TO ORGANIC CRYSTALS. IN ADDITION TO THIS THEY WERE THE FIRST TO OBSERVE DIRECT 

CURRENT ELECTROLUMINESCENCE UNDER VACCUUM ON A PURE CRYSTAL OF ANTHRACENE AND ON 

ANTHRACENE CRYSTALS DOPED WITH TETRACENE. 

ELECTROLUMINESCENCE FROM POLYMER FILMS WAS FIRST OBSERVED BY ROGER PARTRIDGE AT THE 

NATIONAL PHYSICAL LABORATORY IN THE UNITED KINGDOM. 

THE FIRST DIODE DEVICE WAS REPORTED AT EASTMAN KODAK BY CHING W. TANG AND STEVEN VAN SLYKE 

IN 1987. 

THE BASIC PRINCIPLE IS THAT THE ORGANIC MOLECULES ARE ELECTRICALLY CONDUCTIVE AS A RESULT OF 

DELOCALIZATION OF PI-ELECTRONS CAUSED BY CONJUGATION OVER ALL OR PART OF THE MOLECULE. THE 

HIGHEST OCCUPIED AND LOWEST UNOCCUPIED MOLECULAR ORBITALS (HOMO AND LUMO) OF ORGANIC 

SEMICONDUCTORS ARE ANALOGOUS TO THE VALENCE AND CONDUCTION BANDS OF INORGANIC 

SEMICONDUCTORS. 

ORIGINALLY, THE MOST BASIC POLYMER OLEDS CONSISTED OF A SINGLE ORGANIC LAYER. MULTILAYER 

OLEDS CAN BE FABRICATED WITH TWO OR MORE LAYERS IN ORDER TO IMPROVE DEVICE EFFICIENCY. 

PHOSPHORESCENT ORGANIC LIGHT EMITTING DIODES USE THE PRINCIPLE OF ELECTROPHOSPHORESCENCE TO 

CONVERT ELECTRICAL ENERGY IN AN OLED INTO LIGHT IN A HIGHLY EFFICIENT MANNER, WITH THE INTERNAL 

QUANTUM EFFICIENCIES OF SUCH DEVICES APPROACHING 100%. 

MORE RECENT DEVELOPMENTS IN OLED ARCHITECTURE IMPROVE QUANTUM EFFICIENCY (UP TO 19%) BY 

USING A GRADED HETEROJUNCTION. 



AN OLED DISPLAY WORKS WITHOUT A BACKLIGHT. THE ADVANTAGE OF THIS FEATURE IS THAT IT CAN 

DISPLAY DEEP BLACK LEVELS AND CAN BE THINNER AND LIGHTER THAN A LIQUID CRYSTAL DISPLAY (LCD). IN 

LOW AMBIENT LIGHT CONDITIONS SUCH AS A DARK ROOM AN OLED SCREEN CAN ACHIEVE A HIGHER 

CONTRAST RATIO THAN AN LCD, WHETHER THE LCD USES COLD CATHODE FLUORESCENT LAMPS OR LED 

BACKLIGHT. 

THE TWO MAIN FAMILIES OR CATEGORIES OF OLEDS- 

THOSE BASED ON SMALL MOLECULES  

THOSE EMPLOYING POLYMERS 

OLED DISPLAYS CAN USE EITHER PASSIVE-MATRIX (PMOLED) OR ACTIVE-MATRIX (AMOLED) ADDRESSING 

SCHEMES. ACTIVE-MATRIX OLEDS (AMOLED) REQUIRE A THIN-FILM TRANSISTOR BACKPLANE TO SWITCH 

EACH INDIVIDUAL PIXEL ON OR OFF, BUT ALLOW FOR HIGHER RESOLUTION AND LARGER DISPLAY SIZES. 

APPLICATIONS OF OLEDS:- SOLID STATE LIGHTING (REQUIRE  HIGH BRIGHTNESS), LOWER COST IN THE 

FUTURE, LIGHTWEIGHT & FLEXIBLE PLASTIC SUBSTRATES, WIDER VIEWING ANGLES AND IMPROVED 

BRIGHTNESS, BETTER POWER EFFICIENCY AND THICKNESS, RESPONSE TIME (FASTER RESPONSE TIME THAN 

LCD SCREENS), ALSO USED AS A FASHION TREND!! 

DISADVANTAGES:- CURRENT COSTS (STILL EXPERIMENTAL AND FABRICATION PROCESS IS EXPENSIVE), 
LIMITED LIFESPAN, COLOR BALANCE ISSUES, WATER DAMAGE TO THE ORGANIC MATERIALS. 

OSRAM'S PHOSPHORUS LAYERING PROCESS 

THE "CHIP LEVEL COATING" PROCESS (CLC), DEVELOPED AND PATENTED BY OSRAM, IN WHICH 

PHOSPHORUS IS APPLIED DIRECTLY ON TOP OF THE CHIP, PROVIDES HOMOGENEITY IN THE LIGHT OUTPUT 

WHICH OTHER PROCESSES DO NOT ACHIEVE. 

SOLID STATE LIGHTING 

- FULLY INTEGRATED TO DELIVER LIGHT. 

- IT DELIVERS A SCALABLE, EASILY INTEGRABLE REDUCTION IN COSTS (ELECTRICAL ENERGY, MAINTENANCE, 
REPLACEMENT, WASTE MANAGEMENT 

ESSENTIAL PARTS OF LED LIGHTING:  1. LED CHIP/DEVICE/PACKAGE. 2. DRIVER 3. OPTICS   4. HEATSINK 

ADVANTAGES:  

HIGH LIGHT EFFICACY AND LONG LIFE,  HAVE THE POTENTIAL TO ACHIEVE 95% CONVERSION EFFICIENCIES,  
LONG LIFE ( UPTO 1,00,000 HOURS FOR GENERAL APPLICATION, FOR SPECIAL APPLICATIONS 50,000 HOURS. 



IT EMITS LIGHT 2.5 TIMES A COMMON FLUORESCENT AND 100 TIMES THAN OF INCANDESCENT BULB), 
ROBUSTNESS (RESISTANCE TO VIBRATIONS AND WITHSTAND EXTREME ENVIRONMENT(NO GLASS , NO 

FILAMENT BREAKS)), VARIABLE AND LOW TEMPERATURE PERFORMANCE (RESISTANCE TO LOW TEMPERATURES 

AND EXTREME WEATHER FLUCTUATIONS), DIGITAL CONTROL (DIGITAL SIGNALS CAN BE EASILY PROGRAMMED 

INTO LED DRIER TO CONTROL LIGHTING), COLOUR SATURATION AND SPECTRUM (RGB ARRAY CAN BE 

PROGRAMMED TO PRODUCE ALMOST ANY COLOUR), OPTICAL CONTROL (OPTICAL SYSTEMS CAN BE DESIGNED 

TO CONTROL LIGHT BEAM WITH HIGH EFFICIENCY RESULTING IN LESS ENERGY REQUIREMENT),  LOW VOLTAGE 

OPERATION (USE LOW VOLTAGE DC POWER MAKING THEM SAFE ECONOMICAL EASY TO INSTALL AND 

OPERATE), REDUCE COOLING COSTS. 

DISADVANTAGES: HIGH COST OF GENERAL LIGHTING, LIMITED MARKETING POTENTIAL FOR HIGH QUALITY 

PRODUCTS. 

WHITE LED LIGHTS 

EMPLOY A Y3AL5O12: CE OR YAG PHOSPHOR COATING TO MIX DOWN CONVERTED YELLOW LIGHT WITH 

BLUE LIGHT THAT APPEARS WHITE. 

TWO PRIMARY WAYS OF PRODUCING HIGH INTENSITY WHITE LIGHT: 

1. USE OF INDIVIDUAL LEDS THAT EMIT THREE PRIMARY COLOURS- RED, GREEN AND BLUE THEN MIX ALL THE 

COLOURS PROPORTIONATELY TO PRODUCE WHITE LIGHT. 

2. USE OF A PHOSPHOR MATERIAL TO CONVERT MONOCHROMATIC LIGHT FROM A BLUE OR UV LED BROAD 

SPECTRUM WHITE LIGHT (THIS OPTION IS MORE POPULAR BECAUSE OF COST ADVANTAGES). 

FIRST LIGHT EMITTING TRANSISTOR 

THIS BREAKTHROUGH WAS ACHIEVED BY THE FATHER OF LED, NICK HOLONYAK. THE IDEA BEHIND LETS IS TO 

CHOOSE MATERIALS CAREFULLY IN ORDER TO CREATE A BAND GAP LARGE ENOUGH TO EMIT VISIBLE LIGHT 

WHEN ELECTRONS AND HOLES RECOMBINE. HOLONYAK AND FENG CHOSE A COMBINATION OF INDIUM-
GALLIUM-PHOSPHIDE AND GALLIUM ARSENIDE FOR THEIR TRANSISTOR. 
 
 
LEADING COMPANIES IN LED DEVELOPMENT 
WHILE NICHIA, OSRAM, LUMILEDS AND CREE REMAIN THE LEADING SUPPLIERS OF PACKAGED LEDS, THEY 

ARE BEING CHALLENGED BY COMPANIES IN TAIWAN AND KOREA. SEOUL SEMICONDUCTOR IS A RAPIDLY 

GROWING COMPANY. 

ACCORDING TO A REPORT FROM IMS RESEARCH, A MARKET RESEARCH COMPANY BASED IN THE UK, THE TOP 

THREE COMPANIES IN 2007 IN TERMS OF TOTAL DOLLAR REVENUES FOR PACKAGED LEDS WERE NICHIA (24% 



OF THE MARKET), OSRAM OPTO (10.5%) AND PHILIPS LUMILEDS (6.5%). THESE THREE COMPANIES HAVE 

BEEN WELL ESTABLISHED AS THE TOP THREE FOR SEVERAL YEARS NOW. HOWEVER, THESE COMPANIES NOW 

FACE STRONG CHALLENGES FROM COMPANIES IN TAIWAN AND KOREA. OTHER COMPANIES IN THE TOP TEN IN 

THE REPORT INCLUDE CITIZEN AND TOYODA GOSEI FROM JAPAN, AS WELL AS EVERLIGHT AND KINGBRIGHT, 
TWO TAIWANESE COMPANIES THAT HAVE ALSO SEEN GOOD GROWTH. AVAGO TECHNOLOGIES IS ALSO IN THE 

TOP TEN BY TOTAL REVENUE. 
 
 
COMMERCIAL LED HISTORY 

THE FIRST COMMERCIALLY AVAILABLE LEDS STARTED TO APPEAR IN THE LATE/MID 1960S. THESE LEDS 

EARLY LEDS USED A SEMICONDUCTOR MADE USING GALLIUM, ARSENIC AND PHOSPHORUS - GAASP. THIS 

PRODUCED A RED LIGHT, AND ALTHOUGH THE EFFICIENCY OF THE DEVICES WAS LOW (TYPICALLY AROUND 1 - 

10 MCD AT 20MA) THEY STARTED TO BE WIDELY USED AS INDICATORS ON EQUIPMENT. 

ONE OF THE FIRST COMPANIES TO MANUFACTURE LEDS ON ANY SCALE WAS MONSANTO. MONSANTO WAS 

ACTUALLY A COMPANY SUPPLYING THE RAW SEMICONDUCTOR MATERIALS. THEY HAD AIMED AT WORKING 

WITH HEWLETT PACKARD - THEN A TEST EQUIPMENT COMPANY - WITH MONSANTO SUPPLYING THE 

SEMICONDUCTOR AND HEWLETT PACKARD MANUFACTURING THE DIODES.  

WITH THE ORIGINAL GAASP DEVICES BEING MANUFACTURED, THE NEXT DEVELOPMENT SAW GALLIUM 

PHOSPHIDE DEVICES DEVELOPED. GAP DEVICES WERE NOT WIDELY USED BECAUSE THE LIGHT THEY PRODUCED 

WAS AT THE FAR END OF THE RED SPECTRUM WHERE THE SENSITIVITY OF THE HUMAN EYE IS LOW, AND EVEN 

THOUGH THEY PRODUCED A HIGH OUTPUT, THE HUMAN PERCEPTION WAS OF A DIM LIGHT. 
HIGH OUTPUT LED LAMPS 

AS LEDS WERE DEVELOPED, THE LIGHT LEVELS INCREASED TO THE EXTENT THAT THEY COULD BE CONSIDERED 

FOR APPLICATIONS OUTSIDE SIMPLE INDICATOR LAMPS. BY 1987 THE HEWLETT PACKARD ALGAAS 

(ALUMINIUM GALLIUM ARSENIDE) DIODES BEING PRODUCED WERE BRIGHT ENOUGH FOR THE FIRST 

APPLICATIONS WITHIN LIGHTING. THE FIRST APPLICATIONS FOR THESE DIODES WAS WITHIN THE AUTOMOTIVE 

INDUSTRY WHERE RED LEDS WERE USED FOR VEHICLE BRAKE LIGHTS, AND ALSO FOR TRAFFIC LIGHTS.THE USE 

OF LEDS WAS OF PARTICULAR INTEREST BECAUSE OF THEIR INCREASED RELIABILITY OVER THE INCANDESCENT 

LIGHTS THAT HAD BEEN PREVIOUSLY USED. 

A YEAR AFTER THE FIRST ALGAAS LEDS WERE INTRODUCED ANOTHER VARIANT, ALINGAP (ALUMINIUM 

INDIUM GALLIUM PHOSPHIDE) WERE MANUFACTURED. THESE LEDS GAVE A SIGNIFICANT IMPROVEMENT 

OVER THE PREVIOUS ALGAAS DIODES BY DOUBLING THE LIGHT OUTPUT. 



LATER, IN 1993 HP STARTED TO USE GAP (GALLIUM PHOSPHIDE) TO PROVIDE HIGH OUTPUT GREEN LEDS. 

ALSO FURTHER DEVELOPMENTS OF THIS TECHNOLOGY ALLOWED THE PRODUCTION OF HIGH OUTPUT ORANGE 

LAMPS. THESE WERE IDEAL FOR USE AS CAR DIRECTION INDICATORS - AGAIN THEIR RELIABILITY IN BEING 

TURNED ON AND OFF AS WELL AS THEIR EFFICIENCY PROVED TO BE A MAJOR IMPROVEMENT. 

A VISIBLE LED 

THIS FIRST LASER KICKED OFF A MONTH OF ACTIVITY IN WHICH ROBERT REDIKER AT MIT, HOLONYAK AT A 

DIFFERENT GE LAB, AND MARSHALL NATHAN AT IBM ALL MADE LASERS. THE KEY WAS NITROGEN DOPING, 
THE IDEA FOR WHICH CRAFORD CREDITS A PRESENTATION BY A BELL LABS RESEARCHER – BELL LABS WAS 

WORKING WITH GAP LEDS, TRYING BOTH ZNO AND N AS DOPANT. CRAFORD MOVED ON TO HP IN 1969, 
HEADING A GROUP THAT PIONEERED ALGAAS FOR BRIGHT RED LEDS AND ALINGAP FOR BRIGHT ORANGE 

AND GREEN. 

LED AS BULB REPLACEMENT 

BY 1987 ALGAAS LEDS FROM HP WERE BRIGHT ENOUGH TO REPLACE LIGHT BULBS IN VEHICLE BRAKE 

LIGHTS AND TRAFFIC LIGHTS, THE FIRST TIME LEDS DISPLACED INCANDESCENT BULBS IN A LIGHTING 

APPLICATION. ALINGAP FOLLOWED IN 1990, OFFERING AT LEAST DOUBLE THE BRIGHTNESS OF ALGAAS. 

WHITE LEDS 

BY THE END OF SEPTEMBER 1991, NICHIA RESEARCHER NARUHITO IWASA DISCOVERED A PRODUCTION 

COMPATIBLE WAY TO MAKE P-GAN – ANNEALING MG-DOPED GAN ABOVE 600°C. WITH THE ADDED 

DEVELOPMENT OF ZN+SI DOPING BY 1993 THE FIRM WAS SHIPPING BLUE GAN LEDS THAT WERE 100X 

BRIGHTER THAN CREE’S SIC TYPES. 

FOR OVER 30 YEARS, LEDS HAVE BEEN USED IN VARIOUS AREAS OF APPLICATION, WHETHER FOR INDUSTRIAL 

SYSTEMS, HI-FI EQUIPMENT, CAR LIGHTS OR ADVERTISING. LED TECHNICAL DEVELOPMENT CONTINUES TO 

STRIDE AHEAD. IN THE COURSE OF RECENT YEARS, THE WHITE LEDS' LUMINOUS EFFICACY HAS INCREASED TO 

A STARTLING 130 LUMENS PER WATT AND MORE. THIS IS A TREND THAT WILL CONTINUE INTO THE FUTURE. 
IN ADDITION, THE PHYSICAL EFFECT OF ELECTROLUMINESCENCE WAS DISCOVERED MORE THAN 10 YEARS. 

BENEFITS OF LED LIGHTNING TECHNOLOGY 

INITIALLY THE LED LIGHTING INDUSTRY TARGETED THE COMMERCIAL AND MILITARY AEROSPACE INDUSTRIES 

WHERE THE BENEFITS OF APPLYING LED LIGHTING TECHNOLOGY HAVE ALREADY ACHIEVED SUBSTANTIAL 

ACCEPTANCE. THE ENERGY SAVINGS PRODUCED ARE COMPOUNDED BY MASSIVE REDUCTIONS IN 

MAINTENANCE COSTS AND THE APPLICATION OF LED LIGHTING IS NOW COMMONPLACE IN BOTH RETROFIT 

AND NEW BUILD AIRCRAFT AS THE COMMERCIAL BENEFITS OF THIS TECHNOLOGY ARE PROVEN BEYOND DOUBT. 



THE MAIN BENEFITS INCLUDE: 

▪REDUCED POWER CONSUMPTION: 

 WHEN COMPARED TO CONVENTIONAL MAINS POWERED LIGHTING SOLUTIONS, SAVINGS OF 80% - 85% ARE 

COMMON IN MANY LED APPLICATIONS WHEN USING LOW VOLTAGE DC POWER CONVERSION FROM MAINS 

POWER. 

▪INCREASED LIFE AND DECREASED MAINTENANCE: 

 THE TYPICAL TOTAL LIFE OF 100,000 HOURS (10+ YEARS) PER UNIT WITH MINIMAL DEGRADATION OF LIGHT 

OUTPUT ELIMINATES THE COST OF LAMP REPLACEMENT AND REGULAR MAINTENANCE. 

▪LOWER TOTAL COST OF OWNERSHIP (TCO):  

LEDS OFFER GREATLY REDUCED LONG TERM OUTRIGHT COST OF OWNERSHIP WITH MINIMAL INITIAL SYSTEM 

OUTLAY IF USED AS A REPLACEMENT LIGHT SUPPLY USING REDUCED VOLTAGE MAINS POWER (110VAC OR 

240VAC CONVERTED TO 12VDC OR 24VDC). 
 

▪WIDER RANGE OF WORKING VOLTAGE OPTIONS: 

 LEDS ONLY REQUIRE TINY AMOUNTS OF POWER (TYPICALLY IN THE 12VDC Â€“ 48VDC RANGE) TO OPERATE 

EFFICIENTLY WHICH IS IDEAL WHEN CONSIDERING SYSTEMS TO BE RUN FROM SOLAR OR WIND GENERATED 

POWER. THERE IS ALSO THE OPTION OF RUNNING LED LIGHTING SYSTEMS FROM MAINS GENERATED POWER 

(110VAC OR 220VAC) VIA CONVENTIONAL TRANSFORMERS AT VASTLY REDUCED RUNNING COSTS. 

▪LOWER HEAT OUTPUT: 

 MAXIMUM LED OPERATING TEMPERATURES ARE TYPICALLY 45Â°C RATHER THAN THE 300Â° - 450Â°C 

OPERATING TEMPERATURES OF CONVENTIONAL LIGHTING SOLUTIONS. HEAT POLLUTION IS THEREFORE 

REDUCED OFFERING SAVINGS IN THE OPERATION OF SECONDARY INTERIOR SYSTEMS SUCH AS AIR 

CONDITIONING. 

▪MINIMISED LIGHT POLLUTION:  

LIGHT POLLUTION CAN BE VIRTUALLY ELIMINATED AS LIGHT OUTPUT FROM LEDS IS DIRECTIONAL, ONLY 

DIRECTING LIGHT WHERE IT IS REQUIRED VIA REFLECTOR OR OPTICAL GUIDANCE. SPECIFIC BEAM SPREADS CAN 

BE DEFINED TYPICALLY WITHIN A RANGE OF 2Â° - 150Â° FROM LIGHT SOURCE. THIS IS HIGHLY EFFICIENT AS 

NO LIGHT IS WASTED WHEN COMPARED TO CONVENTIONAL LIGHTING WHERE LIGHT IS TYPICALLY OMNI-
DIRECTIONAL FROM BULBS OR TUBES AND INEFFICIENT AS MUCH OF THE LIGHT GENERATED TRAVELS AWAY 

FROM THE AREA WHERE IT IS REQUIRED. 



▪REDUCED CARBON EMISSIONS:  

LED LIGHTING SYSTEMS ARE ENVIRONMENTALLY AND ECOLOGICALLY FRIENDLY. OTHER THAN THE MASSIVE 

REDUCTION IN USE OF CONVENTIONALLY GENERATED ENERGY, THERE ARE NO POISONOUS ELEMENTS USED IN 

COMPONENT MANUFACTURE, SUCH AS MERCURY AND OTHER NOXIOUS AND POLLUTING GASES. 

▪DIMMABLE CONTROL: 

 IN ADDITION TO INSTANT ON, LED LIGHTING OFFERS FULLY DIMMABLE ILLUMINATION FROM STANDARD 

LEADING EDGE PHASE CONTROL, 0 Â€“ 10V / 1 Â€“ 10V DIMMING, DALI AUTOMATED DIMMING AND 

DMX SOFTWARE CONTROL. THE APPLICATION OF HIGHLY EFFICIENT DIMMING CONTROL SYSTEMS PERMITS 

GREATER ENERGY SAVINGS AND MAINTENANCE REDUCTION ESPECIALLY OVER ANY TYPE OF FLUORESCENT TYPE 

LIGHTING WHICH CANNOT BE FULL RANGE DIMMED. 

▪SHOCK RESISTANCE:  

UNLIKE CONVENTIONAL LIGHT SOURCES, LEDS ARE NOT SUBJECT TO SUDDEN FAILURE OR BURNOUT AS THERE 

ARE NO FILAMENTS TO BURN OUT OR BREAK. THE LIGHT IN LEDS EMITS FROM ENCAPSULATED SILICON DIODES 

IMMERSED IN PHOSPHOR WHICH CAN BE ENERGISED FROM A VERY LOW VOLTAGE INPUT. 

▪LIGHT QUALITY:  

THE QUALITY OF THE LED 'WHITE' LIGHT CAN BE TAILORED TO SUIT THE HUMAN EYE, ELIMINATING THE EYE 

STRAIN THAT CAN HAVE ADVERSE AND COSTLY IMPLICATIONS IN CERTAIN WORKING AND LIVING 

ENVIRONMENTS TOGETHER WITH HEALTH AND SAFETY ISSUES. LEDS DO NOT PRODUCE ULTRAVIOLET LIGHT 

(HOWEVER THERE ARE UV VARIANTS) AND CAN BE PERFECTLY MATCHED TO A SPECIFIC 'COLOUR RENDERING 

INDEX'. 

 
DISADVANTAGES 

• HIGH INITIAL PRICE: LEDS ARE CURRENTLY MORE EXPENSIVE, PRICE PER LUMEN, ON AN INITIAL CAPITAL 

COST BASIS, THAN MOST 

CONVENTIONAL LIGHTING TECHNOLOGIES.THE ADDITIONAL EXPENSE PARTIALLY STEMS FROM THE RELATIVELY 

LOW 

LUMEN OUTPUT AND THE DRIVE CIRCUITRY AND POWER SUPPLIES NEEDED. 

• TEMPERATURE DEPENDENCE: LED PERFORMANCE LARGELY DEPENDS ON THE AMBIENT TEMPERATURE OF 

THE OPERATING ENVIRONMENT . OVER-DRIVING AN LED IN HIGH AMBIENT TEMPERATURES MAY RESULT IN 



OVERHEATING THE LED PACKAGE, EVENTUALLY LEADING TO DEVICE FAILURE. AN ADEQUATE HEAT SINK IS 

NEEDED TO MAINTAIN LONG LIFE.  

• VOLTAGE SENSITIVITY: LEDS MUST BE SUPPLIED WITH THE VOLTAGE ABOVE THE THRESHOLD AND A 

CURRENT BELOW THE RATING. THIS CAN INVOLVE SERIES RESISTORS OR CURRENT-REGULATED POWER 

SUPPLIES. 

• LIGHT QUALITY: MOST COOL-WHITE LEDS HAVE SPECTRA THAT DIFFER SIGNIFICANTLY FROM A BLACK BODY 

RADIATOR LIKE THE SUN OR AN INCANDESCENT LIGHT. THE SPIKE AT 460 NM AND DIP AT 500 NM CAN CAUSE 

THE COLOR OF OBJECTS TO BE PERCEIVED DIFFERENTLY UNDER COOL-WHITE LED ILLUMINATION THAN 

SUNLIGHT OR INCANDESCENT SOURCES, DUE TO METAMERISM, RED SURFACES BEING RENDERED 

PARTICULARLY BADLY BY TYPICAL PHOSPHOR-BASED COOL-WHITE LEDS. HOWEVER, THE COLOR RENDERING 

PROPERTIES OF COMMON FLUORESCENT LAMPS ARE OFTEN INFERIOR TO WHAT IS NOW AVAILABLE IN STATE-
OF-ART WHITE LEDS. 

• AREA LIGHT SOURCE: SINGLE LEDS DO NOT APPROXIMATE A POINT SOURCE OF LIGHT GIVING A SPHERICAL 

LIGHT DISTRIBUTION, BUT RATHER A LAMBERTIAN DISTRIBUTION. SO LEDS ARE DIFFICULT TO APPLY TO USES 

NEEDING A SPHERICAL LIGHT FIELD, HOWEVER DIFFERENT FIELDS OF LIGHT CAN BE MANIPULATED BY THE 

APPLICATION OF DIFFERENT OPTICS OR "LENSES". LEDS CANNOT PROVIDE DIVERGENCE BELOW A FEW 

DEGREES. IN CONTRAST, LASERS CAN EMIT BEAMS WITH DIVERGENCES OF 0.2 DEGREES OR LESS. 

• ELECTRICAL POLARITY: UNLIKE INCANDESCENT LIGHT BULBS, WHICH ILLUMINATE REGARDLESS OF THE 

ELECTRICAL POLARITY, LEDS WILL ONLY LIGHT WITH CORRECT ELECTRICAL POLARITY. TO AUTOMATICALLY 

MATCH SOURCE POLARITY TO LED DEVICES, RECTIFIERS CAN BE USED. 

• BLUE HAZARD: THERE IS A CONCERN THAT BLUE LEDS AND COOL-WHITE LEDS ARE NOW CAPABLE OF 

EXCEEDING SAFE LIMITS OF THE SO-CALLED BLUE-LIGHT HAZARD AS DEFINED IN EYE SAFETY SPECIFICATIONS . 

• BLUE POLLUTION: BECAUSE COOL-WHITE LEDS WITH HIGH COLOR TEMPERATURE EMIT PROPORTIONALLY 

MORE BLUE LIGHT THAN CONVENTIONAL OUTDOOR LIGHT SOURCES SUCH AS HIGH-PRESSURE SODIUM VAPOR 

LAMPS, THE STRONG WAVELENGTH DEPENDENCE OF RAYLEIGH SCATTERING MEANS THAT COOL-WHITE LEDS 

CAN CAUSE MORE LIGHT POLLUTION THAN OTHER LIGHT SOURCES.  

• DROOP: THE EFFICIENCY OF CONVENTIONAL INGAN BASED LEDS DECREASES AS ONE INCREASES CURRENT 

ABOVE A GIVEN LEVEL. 

IS FUTURE BLEAK FOR THE LED LIGHTING?? 

DROOP: THE LOSS OF EFFICIENCY AT HIGH POWER—AFFLICTS CONVENTIONAL NITRIDE LED STRUCTURES. 



THE NITRIDE LEDS FEATURE AN ACTIVE REGION WITH GALLIUM INDIUM NITRIDE QUANTUM WELLS AND GAN 

BARRIERS, AND AN ELECTRON-BLOCKING LAYER TO KEEP ELECTRONS IN THIS REGION. RESEARCHERS AT 

RENSSELAER POLYTECHNIC INSTITUTE HAVE REDUCED DROOP WITH NEW ACTIVE REGIONS, MADE FIRST BY 

COMBINING GAINN WELLS AND ALUMINUM GALLIUM INDIUM NITRIDE BARRIERS AND, MORE RECENTLY, BY 

PAIRING GAINN WELLS WITH GAINN BARRIERS. MEANWHILE, PHILIPS LUMILEDS HAS ALSO DEVELOPED A 

STRUCTURE THAT IS LESS PRONE TO DROOP, THANKS TO A FAR THICKER QUANTUM WELL. 
 
 
LED MARKET DEVELOPMENTS 

THE SUCCESS OF THE LED INDUSTRY HAS TO RELY ON THE RELIABLE AND CREDIBLE PRODUCTS THAT MEET 

CUSTOMERS’ NEED. THE OUTREACH TRAINING PROGRAMS ARE IMPORTANT TO ESTABLISH KEY MARKET 

CONNECTIONS FROM END-USERS, BUYERS, PRODUCT DESIGNERS AND MANUFACTURES. THE LED MARKET IS 

ON THE VERGE OF TAKING OFF EXPONENTIALLY.  

 
 

FACTORS DETERMINING GROWTH ARE : 

− TECHNOLOGICAL PUSH: SYSTEM DESIGN 

THE TECHNOLOGICAL PUSH NEEDS ADVANCEMENTS IN TECHNOLOGY IN ALL OF THE COMPONENTS SELECTION 

AND DESIGN. ALL OF THE COMPONENTS NEED TO WORK TOGETHER TO MAKE COLOR, BRIGHTNESS, EFFICACY 

AND COST SUITABLE FOR THE RIGHT APPLICATION IN THE MARKET. 

− MANUFACTURERS PUSH: MONEY 

MONEY IS THE MOST EFFECTIVE TOOL TO PUSH THE MANUFACTURERS TO THE RIGHT DIRECTION. THE 

GOVERNMENT SHOULD SET UP A STRINGENT AND TRANSPARENT STANDARDS TO STIMULATE THE 

MANUFACTURERS TO DESIGN AND MAKE THE RIGHT PRODUCTS FOR THE MARKET, THIS CAN BE DONE BY 

GOVERNMENTAL PURCHASE STANDARDS AND REBATES FOR HIGH QUALITY AND HIGH EFFICACY LED 

PRODUCTS. 

− MARKET PULL: CUSTOMERS 
CUSTOMERS ARE EXTREMELY IMPORTANT TO THE SUCCESS OF THE LED LIGHTING PRODUCTS. THE 

GOVERNMENT SHOULD SUPPORT WORK IN SURVEYING WORLD CUSTOMERS IN THE OPINIONS OF CURRENT 

PRODUCTS IN THE MARKETS AND URGE THE MANUFACTURER TO MAKE RIGHT ADJUSTMENT TO MEET 

CONSUMERS’ SATISFACTION. 

− DESIGNERS, ARCHITECTS, CONTRACTORS: DIRECTION 



DESIGNERS, ARCHITECTS AND CONTRACTORS ARE IMPORTANT IN TERMS OF THEIR COMMUNICATION WITH 

CLIENTS TO MAKE THE RIGHT DESIGN AND SUGGESTIONS TO THE MANUFACTURERS. A GREAT DESIGN IS A KEY 

TO THE PRODUCT’S SUCCESS. 

− DISTRIBUTION CHANNEL(S) 

THE LED GENERAL LIGHT MARKETS ARE STILL IN DEVELOPMENT. THE RIGHT DISTRIBUTION CHANNELS ARE 

IMPORTANT TO MAKE SURE THE RIGHT PRODUCTS GET TO THE MARKET PROPERLY. 
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