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ABSTRACT  

Surface-emitting superluminescent diodes (SLDs) with horizontal cavities in the visible spectrum offer a significant 
advancement in optoelectronics, combining the benefits of LEDs and laser diodes. Characterized by broad emission 
spectrum, directionality, and high output power, SLDs are ideal for applications requiring high-brightness, high spatial 
coherence, and low temporal coherence, such as imaging and projection systems due to their speckle-free emission. This 
study focuses on SLDs emitting in the blue spectral region using gallium nitride (GaN) materials. Advanced fabrication 
techniques yielded a surface-emitting architecture using horizontal ridge waveguiding with a 45° total internal reflector on 
the facets, achieving high power and broad spectral output. The SLDs demonstrated a peak emission wavelength in the 
4xx nm range with FWHM of 2-8 nm, depending on cavity length, and peak optical output power up to 1 W under pulse 
conditions. These features make SLDs cost-effective and suitable for next-gen optical systems, including holographic 
display applications, highlighting their potential for widespread adoption in high-performance technologies.  
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1. INTRODUCTION 

The demand for effWcWent, hWgh-power lWght emWtters wWth low etendue, broad spectra, and mWnWmal speckle Ws WncreasWngly 
crWtWcal Wn advanced dWsplay, spectroscopy, and measurement applWcatWons. Lasers are well-suWted for such applWcatWons due 
to theWr hWgh power and low etendue, but theWr hWgh temporal coherence leads to undesWrable speckle patterns. On the other 
hand, lWght-emWttWng dWodes (LEDs) offer broad spectral emWssWon and hWgh effWcWency but struggle wWth low couplWng 
effWcWency, partWcularly when used wWth small areas and low numerWcal apertures. SLDs combWne the benefWcWal 
characterWstWcs of both LEDs and laser dWodes (LDs), offerWng hWgh brWghtness, broad emWssWon spectra, and reduced 
temporal coherence. These propertWes make SLDs Wdeal for applWcatWons requWrWng hWgh spatWal coherence and speckle-free 
lWght emWssWon, such as WmagWng, projectWon, and sensWng systems. UnlWke LDs, whWch exhWbWt narrow spectral lWnewWdths 
and hWgh temporal coherence, SLDs provWde a broader spectral output wWth lower temporal coherence, mWnWmWzWng speckle 
patterns that can degrade the performance of holographWc and WmagWng systems. 

A key characterWstWc of SLDs Ws theWr abWlWty to generate amplWfWed spontaneous emWssWon (ASE) wWthout the optWcal feedback 
typWcally found Wn lasers [1]. ThWs occurs when the carrWer densWty Wn a longWtudWnal waveguWde Ws hWgh enough to Wnduce 
ASE, whWle feedback Ws suppressed, resultWng Wn lWght emWssWon wWth the spatWal coherence of the waveguWde and the broad 
spectral content of the gaWn spectrum. ThWs behavWor Ws governed by an exponentWal dependence on the carrWer and current 
densWty, modal gaWn spectrum, waveguWde loss, and waveguWde length, as descrWbed by the relatWonshWp: 

𝑃 = 𝑃!" exp&Γ𝑔(𝑁, 𝜆) − 𝛼(𝑁, 𝜆)0 𝐿	 

Where Psp represents the WnWtWal spontaneous emWssWon power, Γg(N,λ) Ws the modal gaWn spectrum as a functWon of carrWer 
densWty, N, and wavelength, λ; α(N,λ) denotes the waveguWde losses, and L Ws the waveguWde length. The exponentWal factor 
captures the balance between gaWn and loss, determWnWng the total emWtted power. Here, Psp Wncludes a spontaneous couplWng 
factor, typWcally around 10−3, much hWgher than that of lasers due to the broad spontaneous emWssWon spectrum. At hWgh 
current densWtWes, the power conversWon effWcWency of SLDs can be comparable to that of lasers and much hWgher than that 
of LEDs, enablWng superWor performance for varWous optoelectronWc applWcatWons. 



In thWs study, we explore the desWgn and performance of GaN-based surface-emWttWng SLDs operatWng Wn the blue spectral 
regWon. GaN, wWth Wts wWde bandgap of 3.4 eV, Ws an Wdeal materWal for effWcWent blue lWght emWssWon, whWch Ws partWcularly 
crucWal for hWgh-resolutWon holographWc dWsplays. Blue lWght contrWbutes to fWne pWxel resolutWon and overall brWghtness, 
makWng GaN-based SLDs a promWsWng solutWon for next-generatWon holographWc dWsplays, whWch demand coherent lWght 
sources that emWt over a broad spectral range whWle mWnWmWzWng temporal coherence to reduce speckle and Wnterference 
patterns. The development of GaN-based surface-emWttWng SLDs represents a sWgnWfWcant advancement Wn meetWng the 
challengWng requWrements of modern dWsplay and sensWng technologWes, brWdgWng the gap between LEDs and laser dWodes Wn 
terms of both performance and applWcatWon versatWlWty [2]. 

2. DEVICE DESIGN AND FABRICATION 

2.1 Ep0tax0al Structure 

The GaN-based SLDs were grown on low defect densWty free-standWng GaN substrates usWng metalorganWc chemWcal vapor 
deposWtWon (MOCVD), the standard method for hWgh-qualWty GaN growth. The epWtaxWal structure was optWmWzed to 
maxWmWze carrWer WnjectWon and recombWnatWon effWcWency. The actWve regWon consWsts of multWple quantum wells (MQWs) 
desWgned for effWcWent blue emWssWon, wWth the well wWdths taWlored to achWeve peak emWssWon at around 4xx nm. The structure 
Wncludes a 1 µm thWck n-type AlGaN bottom claddWng layer, an actWve regWon of two InGaN quantum wells (QWs) separated 
by GaN barrWers, and an Mg-doped AlGaN electron blockWng layer. Above the actWve regWon, a 120 nm thWck p-type GaN 
waveguWde layer Ws followed by a 500 nm thWck p-type AlGaN claddWng layer, and the structure Ws completed wWth a p-doped 
GaN cap layer. ThWs structure allows for hWgh current WnjectWon and effectWve radWatWve recombWnatWon, whWch Ws crucWal for 
achWevWng hWgh optWcal output power. 

2.2 Surface-Em0tt0ng Arch0tecture w0th R0dge Wavegu0de and TIR Facet Reflectors 

A surface-emWttWng confWguratWon was chosen for the devWces, leveragWng a rWdge waveguWde structure to confWne the optWcal 
mode Wn the lateral dWrectWon. The rWdge waveguWde Ws key to ensurWng that the emWtted lWght Ws effWcWently guWded and 
confWned, maxWmWzWng the emWssWon effWcWency. The waveguWde desWgn was optWmWzed for blue lWght, wWth dWmensWons that 
balance optWcal confWnement and effWcWent carrWer WnjectWon.  A crWtWcal feature of the surface-emWttWng SLD desWgn Ws the 
WnclusWon of a 45° total Wnternal reflector (TIR) on the devWce facets [2]. ThWs reflector serves to redWrect the emWtted lWght 
outward, sWgnWfWcantly WmprovWng the dWrectWonalWty of the emWssWon and mWnWmWzWng the lWght lost to scatterWng. The 45° 
angle Ws selected to optWmWze Wnternal reflectWon and enhance the couplWng of lWght Wnto the far-fWeld, whWch Ws partWcularly 
Wmportant for applWcatWons Wn projectWon and holographWc dWsplays.  

 

F#gure 1. 3D schemat#c of s#ngle beam SLD des#gn. 



RWdge waveguWdes wWth a wWdth of 3 µm and a gaWn lengths of 700 µm, 1000 µm and 1500 µm were fabrWcated by etchWng 
the top surface of the actWve regWon. For the p-type contact, a Pd/NW/Au metal alloy was employed, followed by an annealWng 
process to ensure proper contact formatWon. For the n-type contact, a TW/Al/TW/Au metallWzatWon scheme was utWlWzed. A 
SWO₂ layer was subsequently sputtered over the entWre wafer surface, and selectWve oxWde etchWng was performed to expose 
the p- and n-type contact regWons. Bond pads were then formed by deposWtWng TW/Pt/Au on the exposed contact areas. 

To defWne the substrate-emWttWng devWce geometry, two 45° angled facets were etched to a depth of 2.7 µm, whWch acted as 
total Wnternal reflectWon (TIR) turnWng mWrrors. A second SLD geometry wWth one 45o output mWrror (FWg.1) was confWgured 
where the second facet was vertWcally etched to create 90o mWrror usWng an InductWvely Coupled Plasma (ICP) process. The 
mWrror was then coated wWth SWO₂ and Al layers to achWeve hWgh reflectWvWty (HR) coatWng. The transparent GaN substrate 
was polWshed to reduce lWght scatterWng, enhancWng optWcal performance. FWnally, to Wmprove lWght extractWon and mWnWmWze 
feedback, a SWO₂ antWreflectWve (AR) coatWng was applWed to the bottom surface of the wafer (FWg. 2a, b, c, d). The devWces, 
beWng surface-emWttWng, provWde a cost-effectWve approach for on-wafer measurement. After characterWzWng the devWces, the 
wafer was dWced to Wsolate WndWvWdual emWtters. FollowWng the dWcWng process, each emWtter was flWp-chWp bonded onto an 
alumWnum nWtrWde (AlN) submount. The submount was then posWtWoned wWthWn a TO-5 package, after whWch wWre bondWng 
was performed to establWsh electrWcal connectWons (FWg. 2e). 

 
        a) b) c)  d) e) 

Figure 2. Fabrication cycle of SLDs. a) GaN epitaxial wafer. b) Fabricated SLDs on-wafer. c) On-wafer testing. d) Single SLD 
emitter. e) Packaged (TO-5) SLD. 

To characterWze the angle of the etched facets, several advanced technWques were employed, WncludWng scannWng electron 
mWcroscopy (SEM) (FWg. 3a), focused Won beam (FIB) mWllWng, mechanWcal scannWng, and atomWc force mWcroscopy (AFM). 
WhWle SEM and FIB provWded WnWtWal structural WnsWghts, AFM proved to be the most effectWve method for precWse angle 
measurement due to Wts hWgh spatWal resolutWon and sensWtWvWty to surface topography (FWg. 3b). Both sWngle-beam and two-
beam confWguratWons were WnvestWgated, wWth angles of 90° and 45° for the sWngle-beam, and 45° for both facets Wn the two-
beam confWguratWon. AFM WmagWng revealed that the etched mWrror facets closely adhered to the desWgned angles, wWth 
mWnWmal surface roughness and devWatWons. ThWs comprehensWve analysWs confWrmed the hWgh accuracy of the ICP etchWng 
process and demonstrated the effWcacy of AFM Wn provWdWng relWable angular measurements, essentWal for optWmWzWng the 
devWce's lWght emWssWon and overall optWcal performance. 

                                                                                             

Figure 3. a) SEM image of 45-degree mirror in GaN. b) AFM scan profile from mirror. c) Two output beam configurations with 
two 45-degree mirrors on both facets. d) Single output beam configuration with one 45-degree mirror. 
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3. RESULTS AND DISCUSSION 

3.1 Opt0cal Character0st0cs and Spectral Performance 

The GaN-based SLDs exhWbWted peak emWssWon wavelengths around 4xx nm, wWth a full-wWdth at half maxWmum (FWHM) 
of the emWssWon spectrum rangWng from 2 to 8 nm dependWng on the cavWty length and drWve current. DevWces wWth shorter 
cavWty lengths (e.g., 700 µm) exhWbWted broader emWssWon spectra, whWle those wWth longer cavWtWes (e.g., 1500 µm) showed 
narrower spectra, whWch Ws typWcal for superlumWnescent behavWor. The broader spectrum Ws advantageous for reducWng 
speckle and Wnterference Wn holographWc applWcatWons, where the goal Ws to provWde a smooth, contWnuous wavefront wWthout 
the Wnterference frWnges common Wn laser-based systems. 

FWgures 4a and 4b Wllustrate the WntensWty dWstrWbutWon of the emWssWon Wn the far fWeld. The two and one WntensWty peaks 
correspond to the emWssWon from the two and one turnWng mWrrors, respectWvely. The dWvergence angles of approxWmately 
10° and 20° for the WndWvWdual output modes are determWned from the FWHM of the WntensWty as a functWon of angle for 
each peak. The greater dWvergence observed Wn the longWtudWnal dWrectWon can be attrWbuted to the tWght confWnement of the 
mode wWthWn the transverse waveguWde. 

In the context of computer-generated holography (CGH), the far-fWeld WntensWty dWstrWbutWon Ws crucWal for understandWng 
how the lWght wWll propagate and Wnteract wWth holographWc elements. The dWvergence angles provWde key WnformatWon that 
helps Wn optWmWzWng the desWgn of the holographWc system, ensurWng the desWred reconstructWon qualWty. SpecWfWcally, the 
hWgher dWvergence Wn the longWtudWnal dWrectWon, resultWng from the tWght mode confWnement, allows for more precWse control 
over the propagatWon of the beam, whWch Ws essentWal for achWevWng hWgh-resolutWon and accurate holographWc projectWons. 
ThWs far-fWeld data plays a vWtal role Wn ensurWng that the reconstructed wavefront meets the specWfWcatWons requWred for hWgh-
fWdelWty and sharp holographWc Wmages. 
 
 
 
 
  a) 
 
 
 
 
 
 
 
 
  b) 
 
 
 
 
 
F#gure 4. Far f#eld patterns w#th coll#mat#on opt#cs at 1 meter d#stance and far f#eld d#vergences. a) Two output beam conf#gurat#on. b) 
S#ngle output beam conf#gurat#on. 

A peak optWcal power of 1 W was achWeved under pulsed condWtWons (300 ns pulse wWdth, 10 kHz repetWtWon rate) at a drWve 
current of 1.6 A, wWth a correspondWng voltage of approxWmately 8 V (FWgure 5a). The spectral profWle, measured at varWous 
current levels, revealed a FWHM of 7.5 nm at 400 mA and 4.2 nm at 1 A, wWth measurements obtaWned from GaN Wafer 
(A) under the same pulsed operatWng condWtWons (FWgure 5b).  

Under WdentWcal pulsed condWtWons, a peak optWcal power of 175 mW was observed at 1.6 A, wWth the voltage measured 
between 10–11 V (FWgure 5c). Spectral measurements at dWfferent current levels showed a FWHM of 7.1 nm at 800 mA 
and 3.4 nm at 1.6 A (FWgure 5d), wWth these data collected from GaN Wafer (B). The reductWon Wn FWHM wWth WncreasWng 
current can be attrWbuted to the hWgher carrWer densWty and more effWcWent recombWnatWon process at elevated currents, whWch 
results Wn a narrower emWssWon spectrum. The Wncreased current promotes a more unWform carrWer dWstrWbutWon, reducWng 

Far-f#eld pattern 
at 1 m d#stance 

Far-f#eld pattern 
at 1 m d#stance 



Wnhomogeneous broadenWng and enhancWng recombWnatWon effWcWency. The devWces were capable of operatWng at pulse 
duratWons up to 1 µs wWthout havWng a heat sWnk or thermoelectrWc cooler (TEC). However, for pulse duratWons exceedWng 1 
µs, the WmplementatWon of a heat sWnk and TEC controller becomes necessary to manage the Wncreased thermal load. For 
pulse lengths beyond 1 µs, thermal effects Wnduce sWgnWfWcant heatWng, whWch leads to spectral broadenWng. As the 
temperature rWses, the emWssWon characterWstWcs of the devWce shWft, eventually transWtWonWng from superlumWnescence to 
behavWor resemblWng that of a lWght-emWttWng dWode (LED), wWth a broader and less coherent spectrum. ThWs transWtWon Ws 
drWven by the Wncreased carrWer recombWnatWon at hWgher temperatures, resultWng Wn reduced effWcWency and a more thermally 
domWnated emWssWon. 

 a) b) 

  
 

 c)                                                        d) 

                                  
Figure 5. a) L-I-V characteristic of SLD under pulse conditions from Wafer (A). b) Spectrum profile under different current levels 
from wafer (A). c) L-I-V characteristic of SLD under pulse conditions from Wafer (B). d) Spectrum profile under different current 
levels from wafer (B). 

The spectral characterWstWcs of SLDs wWth dWfferent cavWty lengths (700 µm, 1000 µm, and 1500 µm) and a constant rWdge 
wWdth of 3 µm were WnvestWgated under pulsed WnjectWon condWtWons (300 ns pulse wWdth, 10 kHz repetWtWon rate, and 800 
mA pulse current).  

The measured FWHM of the emWssWon spectra showed a clear dependence on cavWty length, wWth the 700 µm cavWty 
exhWbWtWng a FWHM of 8.4 nm, the 1000 µm cavWty a FWHM of 5.1 nm, and the 1500 µm cavWty the narrowest spectrum 
at 4.2 nm (FWg. 6a, b, c). ThWs reductWon Wn spectral wWdth wWth WncreasWng cavWty length Ws attrWbuted to a decrease Wn the 
number of supported longWtudWnal modes, leadWng to more coherent emWssWon and narrower spectral output. Longer cavWtWes 
support fewer modes, reducWng mode competWtWon and spectral broadenWng, whWch results Wn a sharper emWssWon profWle. 
ThWs narrowWng of the spectrum Ws partWcularly benefWcWal for computer-generated holography (CGH) applWcatWons Wn 
augmented realWty (AR) and vWrtual realWty (VR), where hWgh spatWal coherence and narrow spectral lWnewWdths are crWtWcal 
for achWevWng hWgh-resolutWon, realWstWc holographWc projectWons.  

AddWtWonally, the Wmpact of pulse condWtWons on the spectral propertWes hWghlWghts the Wmportance of heat management Wn 
hWgh-power dWode operatWon. At 800 mA pulse current, thermal effects can Wnfluence both the spectral propertWes and devWce 
performance, wWth shorter cavWty lengths potentWally sufferWng from Wncreased thermal buWldup due to hWgher mode 
competWtWon and carrWer WnjectWon WneffWcWencWes. Longer cavWtWes, on the other hand, may provWde more effWcWent heat 
dWssWpatWon and more stable operatWng condWtWons, whWch Ws crucWal for maWntaWnWng performance Wn AR/VR systems that 
demand hWgh precWsWon and low thermal dWstortWon. 



                                    a)                                                        b)      c)                                             

 
Figure 6. Cavity length-dependent spectrum at 800 mA current (300 ns pulse width, 10 kHz repetition rate) for devices with 
lengths of: a) 700 µm, b) 1000 µm, c) 1500 µm. 

3.2 Speckle-Free Em0ss0on, Temporal and Spat0al Coherence 

The GaN-based SLDs exhWbWt key characterWstWcs that make them hWghly suWtable for CGH applWcatWons, notably 
theWr speckle-free emWssWon. Due to theWr broad spectral output and low temporal coherence, these devWces mWnWmWze 
unwanted Wnterference patterns lWke speckle, a common Wssue Wn laser-based systems. The coherence length Lc, whWch Ws 
Wnversely proportWonal to the spectral wWdth, Ws gWven by the formula: 

Lc=λ2/Δλ 

where λ Ws the central wavelength and Δλ Ws the spectral wWdth (FWHM). For a central wavelength of 405 nm, 
the coherence length Ws calculated as 19.58 µm, 32.18 µm and 39.05 µm for spectral wWdths of 8.4 nm, 5.1 nm, and 4.2 nm, 
respectWvely. ThWs WndWcates a short coherence length, whWch Ws crWtWcal for reducWng temporal coherence and mWnWmWzWng 
speckle Wn dynamWc holographWc systems. The reduced temporal coherence Ws crucWal for multW-dWmensWonal holographWc 
dWsplays, where temporal coherence can lWmWt Wmage stabWlWty and qualWty.  

The spatWal coherence Ws hWgh due to the narrow far-fWeld dWvergence angle, meanWng that the lWght maWntaWns a fWxed phase 
relatWonshWp across the beam’s cross-sectWon. ThWs Ws essentWal for holography, where maWntaWnWng phase coherence over 
large volumes wWthout creatWng Wnterference patterns Ws requWred. The spatWal coherence ensures that the lWght beam 
remaWns collWmated over long dWstances, preventWng dWstortWon and Wnterference. These combWned propertWes reduced 
temporal coherence, short coherence length, and hWgh spatWal coherence make the GaN-based SLDs Wdeal for CGH, 
enablWng stable, hWgh-qualWty, and speckle-free Wmages Wn holographWc dWsplays. 

3.3 Dev0ce Long-Term Stab0l0ty 

The performance of GaN-based SLDs, characterWzed under both CW and pulsed condWtWons, shows promWsWng potentWal 
for  CGH applWcatWons. Current-voltage (I-V) measurements under CW condWtWons (FWgure 7a) WndWcate mWnWmal varWatWon 
across the wafer, reflectWng robust materWal unWformWty and relWable devWce performance, whWch are crWtWcal for large-scale 
productWon and consWstent operatWon Wn practWcal applWcatWons. The SLDs exhWbWt a current densWty of 5.5 kA/cm² at 250 mA, 
demonstratWng the devWce's capabWlWty to handle hWgh power WnjectWon. ThWs Ws partWcularly Wmportant for CGH systems that 
requWre sWgnWfWcant lWght WntensWty for generatWng hWgh-resolutWon holograms wWth fWne detaWl and clarWty. Under pulsed 
condWtWons (FWgure 7b), a slWght 4.04% power drop was observed over a 2-hour perWod at a 1 µs pulse wWdth and 10 kHz 
repetWtWon rate, emphasWzWng the SLD's abWlWty to maWntaWn a stable output even under hWgh-speed, dynamWc swWtchWng. ThWs 
mWnWmal power degradatWon hWghlWghts the robust performance of the SLDs, makWng them suWtable for 3D holographWc 
dWsplays that requWre real-tWme Wmage wWth mWnWmal degradatWon. 

Temperature-dependent wavelength shWfts (FWgure 7c) show a total 2.45 nm shWft from 20°C to 80°C, correspondWng to a 
central wavelength shWft of approxWmately 40.83 pm/K. ThWs temperature-Wnduced shWft Ws consWstent wWth the behavWor 
of GaN-based lasers, where the emWssWon wavelength Wncreases wWth rWsWng temperature due to bandgap narrowWng. 
Although thWs shWft Ws relatWvely small, Wt may stWll affect the accuracy of holograms Wn CGH applWcatWons, where wavelength 
stabWlWty Ws crucWal for precWse Wnterference patterns. Such shWfts may requWre temperature compensatWon technWques to ensure 
the wavelength remaWns stable and does not Wntroduce dWstortWon Wn the generated holographWc Wmage. Overall, the low IV 
varWatWon, stable power output, and manageable temperature-Wnduced wavelength shWft make these SLDs hWghly suWtable 
for CGH systems. However, effectWve thermal management remaWns essentWal to optWmWze performance under varyWng 
envWronmental condWtWons, ensurWng consWstent Wmage qualWty and performance Wn next-generatWon holographWc dWsplays. 



The abWlWty of these devWces to delWver hWgh output power, wWth mWnWmal degradatWon, and wWth a manageable temperature 
response posWtWons them as an Wdeal solutWon for hWgh-performance, speckle-free holography. 
                          a) b)                                                       c) 

  
 

Figure 7. a) I-V characteristics showing uniformity across the wafer. b) Voltage and power stability measured over a 2-hour 
period, under CW and pulsed conditions (1 µs pulse width, 10 kHz repetition rate). c) Temperature-dependent wavelength shift 
observed from 20°C to 80°C. 

4. IMPLICATIONS FOR HOLOGRAPHIC DISPLAYS 

In collaboratWon wWth UnWversWty College London, an orWgWnal CHG Wmage was utWlWzed (FWgure 7a), where a 405 nm 
SLD served as the lWght source Wn the holographWc setup shown Wn FWgure 7b, whWch Wncluded a collWmatWng lens, beam 
splWtter, spatWal lWght modulator (SLM), focusWng lens, and CCD camera to capture the CHG hologram. The SLD was 
compared to a commercWal 405 nm LD for hologram qualWty assessment. As shown Wn FWgures 7c and 7d, the SLD produced 
a hologram wWth hWgher contrast and better Wmage qualWty compared to the LD [3, 4]. ThWs Wmprovement Ws attrWbuted to the 
SLD's low temporal coherence and speckle-free emWssWon, whWch reduce artWfacts and Wnterference patterns that typWcally 
affect LD-based holograms. The broad spectral output of the SLD lWmWts temporal coherence, thereby mWnWmWzWng speckle, 
whWle Wts hWgh spatWal coherence maWntaWns focus over large dWstances, essentWal for sharp holographWc Wmages. AddWtWonally, 
Wn FWgure 7e, the back of the hologram, featurWng a steerWng wheel, dWsplayed enhanced detaWl and contrast when WllumWnated 
by the SLD, hWghlWghtWng the superWor WmagWng capabWlWtWes of the SLD-based system [5].  

Figure 8. a) Original CHG image used for hologram testing. b) Optical setup for holography. c) Hologram generated using a 
commercial LD. d) Hologram generated using Tyndall’s SLD. e) Hologram images with back focus. 
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5. CONCLUSION 

We have demonstrated GaN-based surface-emWttWng superlumWnescent dWodes operatWng Wn the blue spectral regWon, suWtable 
for next-generatWon dWsplays. These devWces exhWbWt hWgh optWcal output power, broad spectral output, and speckle-free 
emWssWon, makWng them an Wdeal candWdate for hWgh-performance holographWc dWsplay systems. The novel epWtaxWal structure 
and advanced surface-emWttWng archWtecture, combWned wWth the use of rWdge waveguWdes and total Wnternal reflectors, enable 
effWcWent lWght extractWon and hWgh output power. The results hWghlWght the potentWal of GaN-based SLDs to revolutWonWze 
optoelectronWc applWcatWons, partWcularly Wn the fWeld of 3D vWsualWzatWon and holographWc dWsplays. 
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