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Abstract—In this paper, a GaN-LED with sapphire structure 

and a thin-film LED without sapphire structure are characterized 

in the photo-electro-thermal (PET)  modeling framework for 

comparison. Starting from the analysis and modeling of internal 

quantum efficiency as a function of current and temperature of 

blue LED, this work develops the thin-film LED device model and 

derives its optical power and the heat dissipation coefficient. The 

device parameters of the two LED devices with different 

structural designs are then compared. Practical optical power 

measurements are compared with theoretical predictions based 

on the two types of fabricated devices. It is shown that the 

thin-film LED device has much lower thermal resistance and 

optical power loss. 
 

 
Index Terms— Light-emitting diodes, Thin-Film, 

Photo-electro-thermal theory 

 

NOMENCLATURE 

Rr   radiative recombination rates, m-3s-1; 

Rnr non-radiative recombination rates, m-3s-1; 

s  active layer area, m2; 

l active layer thickness , m; 

q  elementary charge, C; 

h  Planck’s constant, J.s; 

int  internal quantum efficiency, dimensionless; 

ext  external efficiency, dimensionless; 

inj    injection efficiency, dimensionless; 

extr  light extraction efficiency, dimensionless; 
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int,0  internal quantum efficiency at reference point (T0, I0), 

dimensionless; 

ηw  wall plug efficiency, dimensionless; 
Popt  optical power, W;  

Pd     electrical power,W; 

I       current, A; 

I0      reference current,A; 

Tj      junction temperature,℃;  

T1     characteristic temperature,℃; 

T0     reference temperature,℃; 

Ta     ambient temperature,℃; 

N      number of LED devices, dimensionless; 

Rjc     thermal resistance of LED device, ℃/W; 

Rhs thermal resistance of heatsink, ℃/W; 

kh      heat dissipation coefficient, dimensionless; 

kt      slope for internal quantum efficiency over temperature 

change, ℃-1; 

ki      slope for internal quantum efficiency over current change, 
A-1; 

I. INTRODUCTION 

ITH the demands for high brightness, the driving power 

of the LED package increases continuously over the 

past few years. For LED technology, the luminous 

output and the junction’s thermal stress of the LED device are 

conflicting factors. The droop effect of the luminous efficacy 

against increasing junction temperature is well reported [1]. 

Proper thermal design becomes crucial to the overall 

performance of an LED system including not only the LED 

package and the driver, but also the heatsink design [2]. In 

order to reduce the junction temperature, measures can be 

taken on the device packaging level and the device structure 

level. For device packaging, one can reduce the average 

junction’s thermal resistance and thus temperature by using 

the multi-chip structure as explained in [3]. For the same 

power rating, a multi-chip structure consumes a lower power 

per chip, but has a larger total chip contact area for heat 

transfer than that of a single chip structure. This has led to 

LED packages with flat surfaces. In fact, a more effective 

measure would be to re-design the LED device structure in 

order to reduce the junction-to-case thermal resistance.  
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Recently, high power LEDs with thin-film structures 

have attracted serious attention because of their excellent 

thermal properties [4]-[6]. Traditional GaN-LED structure is 

based on the metal-organic chemical vapor deposition 

(MOCVD) with the GaN LED epi-layer grown on sapphire 

substrate. Heat generated from the active layer region has to go 

through a layer of sapphire which has a high thermal 

resistance. Consequently, high junction temperature induced 

by heat accumulation reduces the internal quantum efficiency. 

Such limitations can be alleviated by adopting advanced chip 

architectures which include the flip-chip and thin-film 

solutions [7]. In the flip-chip approach the 

laterally-conducting LED chip is physically flipped 

upside-down and makes contact with the sub-mount via arrays 

of solder bumps.  By doing so, heat generated from the active 

region is conducted to the heat sink without passing through 

the sapphire substrate, representing a significant improvement 

over conventional LEDs.  As such the solder bumps serve as 

heat conduction (as well as current conduction) pathways, but 

their contact areas with the chip itself are invariably smaller 

than the size of the chip.  The thin-film architecture, on the 

other hand, offers the ultimate heat-sinking solution by having 

the chip completely bonded to a carrier substrate via a metallic 

bonding layer, maximizing heat conduction from the chip to 

the heat-sink. The photometric, electrical, and thermal 

characteristics of LED systems are highly dependent on one 

another [9]-[11]. Increasing the junction temperature results in 

reduction of luminous efficacy. For such luminous efficacy 

droop, the effect of temperature on the light output of an LED 

is strongly dependent on the materials and structure of the chip 

[12]. The interactions of the photometric, electric and thermal 

aspects have been described mathematically in a 

photo-electro-thermal (PET) theory [13][14] for LED systems. 

The PET theory can be used to optimize the design of an LED 

system and to determine the operating point of the maximum 

luminous flux per Watt. It can also be used to set criteria for 

the optimal thermal design for the appropriate heatsink for a 

given application such as LED systems described in [22],[23]. 

In this paper, a GaN-LED with sapphire structure and a 

thin-film LED without sapphire structure are characterized in 

the PET modeling framework for comparison. In particular, 

the internal quantum efficiency as a function of current and 

temperature is incorporated into the framework to determine 

the optical power and the heat dissipation coefficient of two 

LED samples with different structures. The device parameters 

of the two structural designs are compared. These two 

low-power samples, rated at about 0.36W, are blue LEDs 

without phosphor coating, because the comparison focuses 

primarily on their thermal resistance and optical power losses. 

Practical optical power measurements are compared with 

theoretical predictions based on the two types of devices 

fabricated in the laboratory. 

 

II.  CHARACTERIZATION AND MODELING OF A 

GAN-LED DEVICE AND THIN-FILM LED DEVICE 

A. Quantum Efficiency and Optical Power 

The basic principle of the LED operation is the generation 

of light within the LED active region. The light generation 

occurs through the radiative recombination of the injection of 

electrons and holes into the active region. Any photons 

generated by radiative recombination may be trapped inside the 

LED die by total internal reflection, and then these parts of 

photons are absorbed by the materials. With the injection 

current I flowing into the LED die, the radiative recombination 

process occurs with non-radiative recombination. The radiative 

and non-radiative recombination rates can be represented by Rr, 

Rnr. Under steady state conditions, the total charges injected 

into the active region can be described as [15]: 

  nr r

I
R sl R sl

q
 

        

(1)

 
where s and l are the area and thickness of the active layer 

respectively; q is the elementary charge magnitude, and Rrsl is 

the total photon generation inside the LED.  

The internal quantum efficiency int is the ratio of the 

radiative electron-hole recombination coefficient to the total 

(including radiative and non-radiative) recombination 

coefficient. It can be expressed as 

int
r

r nr

R

R R
 


       (2) 

Substituting (2) into (1), the radiative recombination can be 

expressed as 

int

rR slI

q 
         (3) 

Then, the optical power can be expressed as 

intopt ext r ext

I
P R slhv hv

q
       

     

(4) 

where Rnr is dependent on the defect concentration, meaning 

that any change in defect concentration inside the device die 

can affect the balance between the injection current and the 

photon generation. Equation (4) indicates that the photon 

generation decreases as the defect concentration increases 

under the same injection current. Non-radiative recombination 

is a process in which charge carriers recombine with photons 

(opposite to photons generation), and the related recombination 

energy is dissipated as heat. The optical power Popt of an LED is 

equal to the number of photon generation Rrsl from the LED 

multiplied by the average photon energy hv and external 

efficiency ηext.  

 

The external efficiency ext  for the LED can be mathematically 

expressed as: 

ext extr inj          (5) 

where inj is the injection efficiency and extr is the light 

extraction efficiency. The light extraction efficiency for LED is 

limited by the high refractive index of the semiconductor 

material, which imposes constraints for light to escape from the 

semiconductor. In general, inj is identical for the same bin of 

the wafers. Therefore, the light extraction efficiency for GaN 

LED with sapphire and thin-film LED without sapphire can be 

calculated using ray-trace simulation. The optical power and 

the quantum efficiency can be related in the following equation: 
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intopt w d w ext

I
P P IV hv

q
           (6) 

where Pd is the LED power. 

 

B. Photo-Thermal Characteristics 

The emission intensity PI of LEDs decreases with 

increasing junction temperature. At room temperature, the 

emission intensity follows an exponential decay function [1], 

and is given as 













 


1
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T

CT
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o

j

CII o
      (7) 

where T1 is the characteristic temperature and Tj is the junction 

temperature of the LED. The exponential curve of (7) within its 

practical range of operating temperature is fairly linear. In 

photometric terms, this relationship is reflected in the 

temperature-dependent internal quantum efficiency int of 

LEDs and will be approximated as: 

int int,0 0 0 int,0( ) 0t j jk T T for T T and        

                                                                                            (8) 

where T0 is the reference temperature, kt is the slope for internal 

quantum efficiency over the temperature change, and int,0 is the 

reference internal quantum efficiency at the reference 

temperature T0. 

 

If N samples of the LED with single or multi-chip structure  are 

mounted on a heatsink, the thermal model of the LED system 

can be shown in Fig 1. The junction temperature can be given 

by: 

  ahhsjcj TIVkNRRT        (9) 

where kh is the heat dissipation coefficient, Rhs is the thermal 

resistance of heatsink, Rjc is the junction-to-case thermal 

resistance of the LED device, I is the electrical current, V is the 

forward voltage of the diode and Ta is the ambient temperature 

in degree Celsius.  

 

Rjc

Rhs

Pheat

Pheat

Pheat

Rjc

Rjc

Ta

N

 
Fig 1 Thermal model of LED device with single or multi-chip structure 

mounted on a heatsink 

 

C. Photo-Electro-Thermal Characteristics 

 In practice, the wall-plug efficiency w is a function of 

current and temperature [16]. If the external efficiency ext is 

assumed to be constant, the internal quantum efficiency is 

dependent on the current and temperature as suggested in (6). 

The internal quantum efficiency int can be expressed as a 

function of temperature and current as follows: 

   int 0 int,0 0 1t j ik T T k I I         
    (10) 

where I0 is the reference current, ki is slope for internal quantum 

efficiency over current change, and int,0 is the internal quantum 

efficiency at reference point (T0, I0).  

 

Substituting (9) into (10), the internal quantum efficiency can 

be rewritten as:  

 

    int 0 int,0 0 1t jc hs h a ik R NR k IV T T k I I           

   (11) 

 

Substituting (11) into (6), the optical power of LED can be 

expressed as:  

 

    

      

0 int,0 0

2

0 int,0 0

1

1

opt w d w

ext t jc hs h a i

ext t h jc hs t a i

P P IV

I
k R NR k IV T T k I I hv

q

hv
k k R NR I V k T T I k I I

q

 

 

 

 

          

          

   (12) 

 

Several important observations are drawn from (12) : 

(i) Equation (12) relates altogether the optical power Popt 

to the injection current of the LED I, the thermal 

resistance of the heatsink Rhs and device Rjc, and the 

internal quantum efficiency int. It also builds up the 

framework that integrates the photometric, thermal, 

electrical and physical characteristics of the LED 

device altogether. 

(ii) Because kt and ki are negative and less than 1, (12) is in 

the form of Popt=(α1I- α2I2) (-α3I+α4)= 

α1α4I-(α1α3+α2α4) I2+α2α3I3, where α1,α2, α3 and α4 are 

positive coefficients. As I is increased from zero, Popt 

increases almost linearly because the second term is 

negligible when Popt is small. As I increases, the 

second negative term, which is proportional to the 

square of I, will become increasingly dominant and 

will reduce Popt significantly.   

For a given heatsink, the operating point I at which the 

maximum Popt occurs can be determined. It can be used for 

thermal design to optimize the size of the heatsink Rhs for a given 

LED device. 
 

 

III.  BLUE LED STRUCTURES 

 

A  Process to Remove Sapphire Layer 

 

Fig.2(a) shows the structure of a traditional GaN LED 

with sapphire. The structure of the thin-film LED is shown in 

Fig.2(b). All thicknesses of the layers of the two LED samples 

are provided in Table I. The epitaxial structure of the blue LED 

is grown by metal-organic chemical vapor deposition 

(MOCVD) on c-plane crystalline sapphire. It consists of a 
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3-µm-thick undoped GaN layer, a 3-µm-thick Si-doped GaN 

layer, 5 periods of InGaN (3 nm)/GaN (5 nm) quantum wells, 

capped with a 0.25-µm-thick Mg-doped GaN layer. Its sapphire 

substrate is detached by laser lift-off (LLO) with the collimated 

266-nm beam from an Nd: YAG laser (Continuum Surelite). To 

assist with separation, the sample is heated on a hot-plate to 

melt the Ga droplets formed at the GaN/sapphire interface. The 

detached GaN film is immersed into diluted HCL for removal 

of residual droplets. The undoped GaN layer is then etched 

away to expose the n-GaN surface by inductively-coupled 

plasma (ICP) etching using BCl3/He gas mixtures [17]. The 

CCD-captured images of the GaN LED with sapphire and the 

thin-film GaN LED fabricated in our laboratory are shown in 

Fig.3(a) and Fig.3(b), respectively.  

 

N-GaN

Sapphire

P-GaN

MQW

Silver Colloid

Ceramics

ITO

U-GaN

  
(a) 

 

 

P-GaN

N-GaN

MQW

ITO
Silver Colloid

Ceramics
 

                                 (b) 

Fig. 2  (a) GaN LED with sapphire and (b) thin-film LED 

 

  
 (a) 

 

                                                                    
(b) 

Fig 3  CCD-captured images of the (a) GaN LED with sapphire (b) thin-film 
LED 

IV. PRACTICAL EVALUATION AND COMPARISON 

A. Experiment Process 

The GaN LED with sapphire and thin-film LED have been 

used for practical evaluation. The optical measurements of the 

LED samples are obtained under steady-state thermal and 

electrical conditions using the PMS-50 

spectro-photocolorimeter with an integrating sphere (measured 

after 20 minutes of system operation at different electrical 

power levels and at an ambient temperature of 20 ℃). The 

voltage changes of the LED devices with temperature variation 

are captured with the Transient Thermal Tester (T3Ster). 

Besides the combined thermal and optical measurements, the 

temperature dependence of the optical power and the wall-plug 

efficiency ηw of the LED are also recorded. The T3ster captures 

the thermal transient response in real time, records the 

cooling/heating curves, and then evaluates the cooling/heating 

curves for plotting the thermal characteristics. The heating 

current for the samples is 0.02 A and the heating/cooling time is 

20 minutes. The measured current is 1 mA. For 

voltage-temperature-sensitive parameter calibration, a small 

current of 1 mA is applied to a temperature-controlled heatsink 

(at different ambient temperature values: 25 ℃, 35 ℃, 45 ℃, 

and 55 ℃) under a pulsed-current injection mode with a small 

duty cycle. The thermal resistance of the LED package could be 

extracted using the thermal structure function, which is based 

on the distribution RC networks [18]. 

 

B.  GaN LED with Sapphire 

 

The light extraction efficiency of the LED samples has to be 

estimated from their respective structures. This is done using the 

commercial software TracePro. The two structures in Fig.2 are 

used in the simulation. The thicknesses of the layers of Indium 

tin oxide (ITO), P-GaN, MQW, N-GaN, U-GaN, sapphire, 

silver colloid and ceramics are 200 nm, 0.25 µm, 40 nm, 3 µm, 3 

µm, 400 µm, 20 µm, 400µm respectively. The refractive indices 

of GaN and sapphire are 2.5 and 1.7, respectively. The 

absorption coefficient of GaN and sapphire are 200 cm-1 and 

0.0053 cm-1. The areas of the two wafers and ceramics are 600 

µm x 600 µm and 1.2 cm x 1.2 cm, respectively. The emission 

surface of upward and downward MQW layers are set as a 

Lambertian plane source with 0.1W with a total number of rays 

equal to 500000. In the simulations, the LED samples are placed 

inside a sphere, which collects their ray emissions. The ray trace 
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of the structure of the GaN LED with sapphire are also 

simulated using TracePro. The simulation results are shown in 

Fig 4, which shows that a significant amount of emitted rays are 

trapped inside the device and are absorbed by the sapphire. Red 

rays represent light emission without reflection inside LED 

device, which indicates no energy loss. Blue rays represent light 

reflected and/or refracted inside LED device, which means some 

energy loss and absorption. The light extraction efficiency for 

the GaN LED with sapphire extr is 16.8 %.    

 

 
 

Fig 4 Ray-trace for GaN LED with sapphire 

 

Fig 5 Measured optical power and temperature of GaN LED with sapphire with 

current 

 

The measured optical power and temperature values of the 

GaN LED with sapphire for a range of LED currents are 

recorded in Fig.5. Using such measured data and the simulated 

value of extr from eqn (4), the internal quantum efficiency as a 

function of current can be calculated and plotted as shown in 

Fig 6.  

The optical power and wall plug efficiency for the GaN 

LED with sapphire are measured at different current levels. The 

parameters required for (12) can be found as follows. The 

reference point (T0, I0) is set as (25 oC, 0.02 A). The values of kt 

and ki are -0.0024 oC -1and -0.63 A-1, respectively [19]. Based 

on (7) and the results in Fig 6, the internal quantum efficiency 

int,0 at the reference value of (T0, I0) could be determined as 

0.394. It should be noted that kt and ki are negative coefficients. 

Based on these parameters, the theoretical and measured heat 

dissipation coefficients are recorded and shown in Fig.7. The 

theoretical curves of kh are in good agreement with the 

measured ones. It is important to note that at a controlled 

current of 0.02 A, kh is about 0.615. When the current is 0.12 A, 

kh increases to 0.793. This practical result highlights the 

important fact that, even with the same LED power, kh increases 

with an increasing operating current. The thermal design of 

LED systems are therefore critical to their performance. The 

minimum error is about 1.4 %, and the average error is about 

2.8 %. It is indicated that the reasonably good agreement 

between these measured and calculated values confirm the 

validity of the proposed estimation methods for the heat 

dissipation coefficient for the GaN LED with sapphire.  

 

 
Fig 6 Internal quantum efficiency versus current 

 

As I is increased from zero, Popt increases almost linearly 

when I is small. As I continues to increase, the negative item 

ktkh(Rjc+NRhs)I2 will reduce Popt significantly. After reaching the 

maximum optical power, Popt will drop with increasing I. The 

optical power function is approximately a parabola and 

therefore has a maximum optical power I*. This I* will shift to 

lower value with an increasing thermal resistance or heat 

dissipation, which indicates the dependency of the operating 

point I* of the LED device on the junction temperature. The 

theoretical and measured optical power curves in Fig.8 agree 

reasonably well. The operating point I* of the LED with 

maximum optical power is about 0.12 A. The minimum error is 

about 1.4 %, and the average error is about 4.3 %. As shown in 

Fig 9, the theoretical and measured luminous efficacy versus 

current are in good agreement. With injection currents of 0.02 A 

to 0.12A, the temperature variation is about 55.1 oC and the 

luminous efficacy variation is about 3.95 lm/W. Therefore, the 

temperature sensitivity of the luminous efficacy of the 

GaN-LED with sapphire is around -0.072 lm/W.0C. 

 

 
Fig 7 Measured and calculated kh versus current for GaN-LED with sapphire  



0278-0046 (c) 2015 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See
http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/TIE.2015.2443106, IEEE Transactions on Industrial Electronics

IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS 

 

6 

 
Fig 8 Measured and calculated optical power versus current for GaN-LED with 

sapphire  

 
 

Fig 9 Measured and calculated luminous efficacy versus current for GaN-LED 

with sapphire [Note: this luminous efficacy is for a blue LED without 

phosphor] 

 

C. Thin-Film LED 

Thin-film LED with the sapphire substrate removed has a 

low device’s thermal resistance. Based on T3Ster system, the 

measured thermal resistance for the thin-film LED is 110 oC/W, 

as compared to the thermal resistance of the GaN LED with 

sapphire which is at 170 oC/W. The temperature and current 

effect on the internal quantum efficiency of the thin-film LED 

is the same as that of the GaN LED with sapphire due to their 

identical MQW. The theoretical and measured heat dissipation 

coefficients of the thin-film LED are recorded and shown in 

Fig. 10. The theoretical curves of kh are in good agreement with 

the measured ones. It is important to note that at a controlled 

current of 0.02 A, kh is about 0.52. When the current is 0.12 A, 

kh increases to 0.65. Compared to GaN LED with sapphire, the 

generated heat inside the thin-film LED are reduced clearly 

because of the high performance of the heat path. The 

minimum error is about 1.1 % and the average error is about 

3.4 %. It is indicated that the reasonably good agreement 

between these measured and calculated values confirm the 

validity of the proposed estimation methods for the heat 

dissipation coefficient of the thin-film LED.  

The theoretical and measured optical power curves of the 

thin-film LED in Fig.11 agree reasonably well. Even after the 

injection current reaches 0.12 A, the optical power still changes 

linearly with the current. The minimum error is about 1.1%, and 

the average error is about 2.5 %. As shown in Fig 12, the 

theoretical and measured luminous efficacy versus current are in 

good agreement. With injection currents of 0.02 A to 0.12 A, the 

temperature variation is about 30.5 oC and the luminous efficacy 

variation is about 1.5 lm/W. Therefore, the temperature 

sensitivity of luminous efficacy of the GaN-LED with sapphire 

is around -0.049 lm/W.oC.  

 
Fig 10 Measured and calculated kh versus current for thin-film LED  

 
Fig 11 Measured and calculated optical power versus current for thin-film 

LED  

 

 
 Fig 12 Measured and calculated luminous efficacy versus current for thin-film 

LED  [Note: this luminous efficacy is for a blue LED without phosphor] 

 

D. Comparison of LED with Sapphire and Thin-Film LED 
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Table II summarizes the performance of the two LED 

samples based on the PET framework. For low-power blue LED 

with sapphire substrate, our fabricated sample has a thermal 

resistance of 170 oC/W, which is slightly lower than 

conventional ones that are typically around 220 oC/W [8]. With 

the removal of the sapphire layer, the thin-film LED has a 

thermal resistance of 110 oC/W, which is a significant (35 %) 

reduction from 170 oC/W. The reduction in thermal resistance 

affects other important parameters. The optical power of the 

thin-film LED of 20 mW is 43 % higher than that of the LED 

with sapphire, indicating that the thin-film LED has much less 

optical power loss. The internal quantum efficiency of the 

thin-film (0.308) is 39 % higher than that of the LED with 

sapphire. Comparison of the heat dissipation coefficients 

indicates that 66% of the input power of the thin-film LED ends 

up as heat, but the LED with sapphire has 73 % of its input 

power dissipated as heat. This difference in heat dissipation is 

also reflected in the difference in the luminous efficacy, which 

shows that the luminous efficacy is three times of that of the 

LED with sapphire. With a lower thermal resistance, the 

thin-film LED is also found to be less sensitive to junction 

temperature change.  

 

V.     CONCLUSION 

This paper gives a comparative study on a conventional LED 

structure with sapphire and a thin-film LED without sapphire 

based on the PET framework. An estimation method for the 

optical power and heat dissipation coefficient of thin-film LED 

devices based on the general PET theory is presented. The 

proposal consists of a practical procedure for the required 

electrical and device parameters measurements. The parameters 

obtained in the procedure are applied to the original PET theory 

to predict the optical power and heat dissipation coefficients that 

cannot be easily accessed in practice. The estimation method 

extends the original PET theory to studying thin-film LED 

devices. LED manufacturers are encouraged to include more 

technical information such as internal quantum efficiency as a 

function of operating temperature and current in the data sheets 

as basic parameters for thin-film LED system designs. The 

comparative study shows that the removal of the conventional 

sapphire layer can greatly reduce the thermal resistance and the 

optical power loss. Such improvements in the thermal 

characteristics are linked to advantageous features such as 

improved luminous efficacy and internal quantum efficiency as 

well as reduction in thermal sensitivity. Since commercial LED 

devices still predominantly consist of the substrate structure, the 

thin-film structure offers better thermal and luminous 

performance. The propsed thin-film LED structure will be 

particularly suitable for compact LED systems such as those 

repored in [20] and [21]. 

 

        

VI.  APPENDIX 

 

TABLE I: ALL THICKNESSES OF THE LAYERS OF THE TWO LED SAMPLES. 

 

 LED with Sapphire Thin-film LED 

ITO 200 nm 200 nm 

P-GaN 0.25 µm 0.25 µm 

MQW 40 nm 40 nm 

N-GaN 3 µm 3 µm 

U-GaN 3 µm - 

Sapphire 400 µm - 

Silver Colloid 20 µm 20 µm 

Ceramics 400 µm 400 µm 
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TABLE II: COMPARISON OF THE TWO LED SAMPLES BASED ON THE PET FRAMEWORK. 

  

 LED with Sapphire Thin-film LED Comment 

Wafer area 600µm x 600µm 600µm x 600µm Identical 

Thermal resistance  170 oC/W 110 oC/W Rjc for the LED with sapphire is 

slightly lower than that of 

conventional low-power blue 

LEDs [8]. But the elimination 

of the sapphire can reduce the 

thermal resistance of the LED 

device significantly. 

Optical power @ 0.12A 14 mW 20 mW Thin-film LED has higher 

optical power and thus less 

optical power loss. 

Internal quantum efficiency 0.221 0.308 Thin-film LED has higher 

internal quantum efficiency and 

thus higher optical power. 

Heat dissipation coefficient 

@ 0.12A 

0.73 0.66 Thin-film LED has a lower heat 

dissipation coefficient, 

meaning that it has less heat 

loss. 

Luminous efficacy @ 0.12A 2.8  lm/W 8.45 lm/W Note that the samples are 

monochromatic blue LEDs and 

should not be compared with 

white LEDs with phosphor 

coating. The results indicate 

that thin-film LED has better 

luminous efficacy than LED 

with sapphire. 

Sensitivity of luminous 

efficacy with junction 

temperature from 0.02A to 

0.12A 

-0.072    lm/W/oC -0.049    lm/W/oC Thin-film LED is less sensitive 

to temperature change. 
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