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Abstract: We present white light generation using poly[(9,9-dihexylfluorene)-co-alt-(9,9-bis-(6-
azidohexyl)fluorene] (PFA) for the first time.  Hybridizing PFA on near-UV LED, we demonstrate 
high color rendering index up to 91.0. 
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Today wavelength-conversion based LEDs are more commonly used in white light generation when compared to 
multi-chip LEDs and monolithic LEDs [1,2]. In wavelength conversion technique, different coating materials such 
as phosphors [2], nanocrystals [3,4], and polymers [5] have been used by integrating on pump LED sources. 
Although phosphor is currently the most popular wavelength-converting material, polymers offer a number of 
advantages that may possibly make them the future material of choice for white light generation. Polymers have 
high solid-state photoluminescence (PL) quantum efficiencies; they are easily processed, molecularly engineered 
and coated using very low-cost techniques [5]. In this work for the first time, we present white light generation (Fig. 
1) using poly[(9,9-dihexylfluorene)-co-alt-(9,9-bis-(6-azidohexyl)fluorene] (PFA) hybridized on near-UV (n-UV) 
InGaN/GaN LEDs (Fig. 2). We experimentally demonstrate white light generation shown in Fig. 1 (a), with high 
color rendering indices (CRI) using only a single layer of PFA integrated on n-UV LED, as shown on the C. I. E 
chromaticity diagram [2] in Fig. 1 (b).   
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Figure 1. Our PFA hybridized on n-UV LED: (a) its white light emission and                                                                                           
(b) its tristimulus coordinates when the emission is collected from the bottom [►] and the top [•]. 
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Figure 2. (a) Condensed formula, absorption and PL spectra of PFA. (b) EL spectrum (onset) and a micrograph (inset) of our n-UVLED. 
At Bilkent University Chemistry Laboratory, PFA is synthesized  using Suzuki coupling of 2,7-bis[9,9-bis(6-

bromohexyl)-fluorene and 9,9-dihexylfluorene-2,7-bis(trimethyleneborate) under refluxing in a mixture of 2 M 
Na2CO3/toluene with Pd(PPh3)4 as the catalyst [6], followed by excess sodium azide treatment in 
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dimethylformamide (DMF). The synthesized polymer is rigorously purified by precipitating its tetrahydrofuran 
(THF) solution into methanol and characterized using spectroscopic techniques (including NMR, IR, UV-Vis and 
fluorescence). The average molecular weight is 55 000 Da, as measured in THF by GPC. Fig. 2 (a) shows the 
condensed formula of PFA, along with its optical characterization (absorption and PL spectra measured in solution). 

At Bilkent University Nanotechnology Research Center, our InGaN/GaN based n-UV LED is epitaxially grown 
in a GaN dedicated metal organic chemical vapor deposition (MOCVD) reactor. After the growth of a 25 nm thick 
nucleation layer, a 200 nm thick GaN buffer layer is deposited, which is followed by the Si doped, GaN n layer. 
Subsequently, 5 quantum wells and barriers with thickness of ~2 nm and ~3 nm, respectively, are grown as the 
active region to emit in the n-UV. A thin AlGaN hole blocking layer and finally a Mg doped p layer is deposited on 
top of the active layer. Mg dopants are activated at 7500C for 15 minutes. LEDs are then fabricated using standard 
semiconductor fabrication procedure. P type ohmic contacts are metallized with Ni (10 nm)/Au (100 nm) and 
annealed at 825oC for 1 minute in a flowing N2 atmosphere. Also, Ti (10 nm)/Al (300 nm) are used for the n-type 
ohmic contacts annealed at 625oC for 1 minute in a flowing N2 atmosphere. Fig. 2 (b) shows electroluminescence 
(EL) of our n-UV LED with its EL peak at 392 nm and a full width at half maximum of 12 nm, along with its 
micrograph in the inset. 

For hybridization, PFA is dissolved in THF at a concentration of 8.33 mg/mL and spun at 600 rpm for 10 
seconds and 2000 rpm for 30 seconds on the sapphire side of the LED. The film thickness is measured to be 1.5 μm. 
Here the n-UV LED platform that is intimately integrated with the PFA thin film serves as an efficient pump source 
for the excitation of PFA to generate a wide optical spectrum across the visible. The emission spectrum of the PFA 
film is observed to be broader than that of the PFA in solution. The resulting tristimulus coordinates are 
experimentally measured to be (x=0.22, y=0.21) and (x=0.24, y=0.27), with the corresponding high CRIs of 85.9 
and 91.0, when the total emission from our PFA-hybridized LED is collected from the bottom and the top, 
respectively, as shown in Fig. 3 (a) and (b). These tristimulus coordinates fall into the white region of the C.I.E. 
chromaticity diagram (1931) and these CRIs are high due to the broadening of the emission spectra of the PFA film. 
Table 1 summarizes the optical properties of our PFA-hybridized LED for the two measurements.  
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Figure 3 . (a), (b) Tristimulus coordinates of hybrid PFA LEDs with CRI of 85.9and 91.0 respectively,                                                                      
along with their optical emission spectra in the inset. 

Table 1 
Chromaticity Coordinates, Color Temperature, and Color Rendering Index  

X Y Tc (K) CRI 
0.2434 0.2723 19634 85.9 
0.2257 0.2168  34463  91.0 

In conclusion, for the first time, we demonstrated hybrid white LED using PFA as the single coating organic 
layer integrated on n-UV InGaN/GaN LED and obtained high color rendering indices with such PFA-hybridized 
LED. We are currently investigating the photostability issues and the mechanisms that broaden the emission spectra 
of the PFA film. 
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