
3Dresyns Engineering Publications · ER-267

3Dresyns Engineering Publications · ER-267 · 2026 · Page 1

Electroluminescent and Light-Emitting Photopolymer Composites: 
Field Distribution, Optical Loss, Heat and Ageing
Juan Segurola
3Dresyns by Resyner Technologies S.L.
© 2026 Juan Segurola. All Rights Reserved.
Correspondence: info@3Dresyns.com · www.3Dresyns.com
ER-267 · Engineering Review · Version 0.2 · 23 September 2026

Abstract
Photopolymer-based  light-emitting  structures  couple  electrical  field  distribution,  optical  transport,  cure  chemistry,  heat  generation  and  
environmental exposure. A geometry that prints successfully can still fail optically because the emitting phase is poorly dispersed, the field is  
concentrated at interfaces, the cured matrix absorbs or scatters emitted light, or thermal and moisture exposure changes the emitter or polymer.  
This review defines a qualification architecture for electroluminescent and light-emitting photopolymer composites. It separates electrically  
driven  emission  from  photoluminescent  down-conversion,  treats  the  printed  polymer  as  both  structural  matrix  and  optical/electrical  
environment, and requires field, spectrum, temperature and ageing to be reported together. The central conclusion is non-compensatory: high 
initial  luminance  or  photoluminescence  cannot  compensate  for  unstable  interfaces,  uncontrolled  field  concentration,  optical  attenuation,  
overheating or rapid environmental degradation.
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1. Significance and scope
Additive manufacturing has demonstrated quantum-dot LEDs, printed alternating-current electroluminescent devices and stereolithographically  
printed quantum-dot optical  elements [1-4].  These examples use different emission mechanisms and manufacturing routes.  ER-267 owns 
qualification of  light-emitting photopolymer composites and integrated electroluminescent  structures,  with emphasis  on field distribution,  
optical loss, heat and ageing. ER-261 retains generic printed-conductor reliability; ER-263 retains dielectric-breakdown qualification; ER-268 
retains photodetectors and photosensors. The detailed corpus boundary is stated in §1.1.

1.1 Corpus boundary
Published  incumbents  define  the  neighbouring  ownership.  ER-56  retains  photoluminescent  photopolymers,  including  fluorescence,  
phosphorescence, cure-spectrum coupling, reabsorption and scattering. ER-159 retains the broader optical, photonic and luminescent-material  
qualification framework; ER-76 retains optical attenuation and cure-profile physics in particle-filled vat photopolymerisation; and ER-158  
retains dielectric and field-response qualification of functional materials.  ER-01, ER-44 and ER-78 remain adjacent for optical reporting,  
photoabsorbing fillers and colour/appearance metrology, while ER-72 and ER-170 retain general ageing and life-claim validity. ER-267 owns  
the integrated light-emitting/electroluminescent device problem: emission mechanism, field distribution, optical loss, heat and ageing in the  
printed photopolymer system. Electrically driven electroluminescence, quantum-dot or phosphor down-conversion and hybrid LED structures 
are kept distinct. A phosphor-loaded dielectric layer is not equivalent to a semiconductor emissive layer, and photoluminescence under optical  
pumping is not evidence of electroluminescent efficiency. Forward ER identifiers in the controlled roadmap define planning boundaries only 
and carry no evidentiary authority.

2. Emission mechanism must be identified before performance is compared
Kong and co-workers demonstrated multi-material 3D printed quantum-dot LEDs containing emissive semiconductor nanoparticles, charge-
transport polymers, conductors and a UV-adhesive substrate [1,6]. Zhang and co-workers used printable ion-conducting electrodes, a dielectric  
layer and a ZnS-phosphor electroluminescent layer [2]. Park, Singh and Yoon later reported deformable multicolour AC electroluminescent  
devices based on UV-curable functional inks [4]. These architectures do not share the same limiting physics. A qualification record should state  
whether emitted photons arise from carrier injection and recombination, field-excited phosphor particles, or optical excitation of a wavelength-
conversion phase.

3. Field distribution is a device variable, not a nominal voltage
In AC electroluminescent composites, local electric field depends on layer thickness, electrode geometry, dielectric permittivity, voids, particle  
loading and interface quality. A nominal applied voltage therefore does not define the field experienced by each emitter.  The multilayer  
architecture demonstrated by Zhang and co-workers illustrates why dielectric and electrode layers must be treated as part of the emitting  
system [2]. Field concentration near asperities, voids or sharp printed features can raise local brightness while simultaneously accelerating  
dielectric damage. Qualification should record geometry and frequency, and should compare luminance against a declared electrical stress  
metric rather than voltage alone.

4. Optical loss couples formulation, cure and geometry
The emitting phase must coexist with a matrix that can absorb, scatter or re-absorb both excitation and emitted light. Jung and co-workers  
printed  quantum-dot/polymer  lenses  by SLA and showed that  geometry,  spacing from the  LED chip  and barrier  coating altered  optical 
uniformity, thermal behaviour and lifetime [3]. Quantum-dot concentration can also create self-absorption or aggregation losses. The printed  
optical path should therefore be characterized by spectral transmittance or attenuation, emission spectrum, angular response where relevant, and 
geometry. A bright thin coupon does not establish performance through a thicker or curved printed path.

5. Cure chemistry can change the emitter state
The photocuring step is not chemically neutral to an embedded emitter. Cheng and co-workers reported substantial changes in quantum yield 
and fluorescence lifetime after UV curing of CdTe quantum-dot/urethane-acrylate nanocomposites [5]. The lesson is methodological rather  
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than transferable as a universal magnitude: emission should be measured before and after the actual cure and post-cure sequence. Photoinitiator 
radicals, oxygen, ligand exchange, local polarity and UV dose may alter surface states or create non-radiative pathways.

6. Heat and thermal gradients must be measured under optical and electrical load
Electrical losses, dielectric losses, absorption and non-radiative recombination generate heat. Thermal state can then change conductivity,  
dielectric properties, emitter quantum efficiency and polymer modulus. The 3D quantum-dot lens study separated the emitting conversion  
element from the LED chip with an air gap and reported improved lifetime, illustrating that thermal architecture can matter independently of  
optical composition [3]. Temperature should therefore be mapped at the device scale under representative drive and ambient conditions, with  
location and method reported. Surface temperature alone may miss buried hot spots.

7. Ageing is multi-stressor and mechanism-specific
Light-emitting  composites  can  age  through  photobleaching,  photo-oxidation,  moisture  ingress,  emitter  or  ligand  degradation,  electrode 
changes, dielectric fatigue, interfacial debonding and thermal cycling. A single dark storage test is therefore insufficient. At minimum, ageing  
protocols should separate electrical drive, optical irradiation, temperature, humidity and mechanical deformation where relevant. Park and co-
workers demonstrated repeated deformation of UV-curable AC electroluminescent devices, but such cycling evidence remains attached to that  
material system and loading history [4].

8. Non-compensatory qualification matrix
Gate Required evidence Blocking failure

G1 Mechanism Emission mechanism and full layer stack identified Brightness compared across non-equivalent mechanisms

G2 Field Geometry, dielectric state and electrical drive linked to local stress Nominal voltage used as sole field descriptor

G3 Optical path Spectrum and attenuation/transmittance through printed geometry Emitter performance inferred from coupon brightness

G4 Thermal Temperature mapped under representative drive Hidden overheating not bounded

G5 Ageing Electrical/optical/environmental stress with retained output Initial luminance treated as lifetime

G6 Interfaces Adhesion, voids and layer integrity after cycling Local defects can dominate field or light loss

9. Minimum reporting set
Report  emission mechanism, complete  layer  stack,  emitter  identity  and loading,  matrix  chemistry,  cure  and post-cure,  layer  thicknesses,  
electrode material and geometry, drive waveform/frequency/voltage/current, luminance or radiance with measurement geometry, spectrum and  
colour coordinates where relevant, optical transmittance/attenuation, surface and internal temperature method, environmental state, mechanical  
strain state if  used, ageing protocol, time or cycle count,  failure criterion and retained performance. Report both initial  and aged values.  
Luminance-meter performance and calibration should be reported against ISO/CIE 19476 where applicable, and colour coordinates should use 
declared CIE colorimetric observers and conditions consistent with CIE 015 [7,8].

10. Knowledge boundary
The cited literature establishes feasibility of printed QD-LEDs, phosphor electroluminescent composites, SLA quantum-dot lenses and UV-
curable deformable EL devices [1-6]. It does not establish a universal emitter loading, field threshold, optical-loss allowance, temperature limit  
or lifetime criterion. Transfer requires a complete formulation-device-environment protocol.

11. Conclusions
Light-emitting photopolymer structures are coupled optoelectronic systems. The matrix is simultaneously a mechanical support, dielectric  
environment,  optical  path  and  ageing  medium.  Qualification  therefore  requires  mechanism-specific  emission  metrics,  controlled  field  
geometry, optical-loss measurement, thermal mapping and multi-stressor ageing. Initial brightness is only one gate and cannot compensate for 
dielectric weakness, poor optical transport, excessive temperature or unstable emission over time.
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