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Abstract

Continuous vat photopolymerisation replaces a discrete separation cycle with sustained growth above a liquid interface. Its apparent
simplicity hides a coupled transport problem: inhibitor supply must preserve a non-adhering zone, reactive species must still form above it,
resin must feed the growing cross-section, heat must leave the reaction region, and the window or membrane must retain its optical,
mechanical and permeation state. A speed demonstrated for one geometry is therefore not a universal machine capability.

This review defines a non-compensatory qualification framework for oxygen-mediated dead zones and related continuous interfaces. It
separates dead-zone existence from usable process clearance, treats membrane state and thermal history as controlled inputs, and requires
geometry-specific limits for cure, feed, suction, heat and part mechanics. The outcome is not a headline velocity but a bounded operating
envelope with explicit stop criteria.
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1. Significance and scope

Tumbleston and co-workers demonstrated continuous liquid interface production using an oxygen-permeable window and a persistent
inhibited liquid layer [1]. The architecture removes deliberate layer separation, but it does not remove limits. The liquid must be
replenished beneath a moving part while exposure, reaction and heat generation continue.

ER-247 owns the coupled dead-zone, membrane, feed, heat and sustained-speed problem in continuous vat photopolymerisation.

1.1 Corpus boundary

ER-030 retains general oxygen inhibition; ER-035 retains cure-depth interpretation; ER-174 and ER-203 retain optical and radiometric
state; ER-244 retains per-layer replenishment, meniscus motion, exposure-readiness settling, bubble entrainment and layer uniformity;
ER-245 retains vat and feed temperature control; ER-246 retains global resin inventory, liquid level, hydrostatic head and long-term
free-surface drift; and ER-248 retains complete top-down architecture. ER-203, ER-244, ER-245, ER-246 and ER-248 are planned
forward references and do not supply authority for this review.

2. Define the interface states

Distinguish the permeable window or membrane, the inhibitor-rich uncured zone, the reaction front, the newly formed network and the
bulk liquid supply. A measured dead-zone thickness is not automatically usable clearance: roughness, deflection, particles and local cure
can consume part of it.

3. Treat inhibition as a transport-reaction balance

The inhibited layer depends on oxygen supply, diffusivity, solubility, radical generation and consumption. Light intensity alone cannot
specify it. Qualify the balance across resin temperature, initiator concentration, absorber loading, exposure history and membrane age.

4. Map rather than assume dead-zone thickness

Measure the inhibited region spatially and temporally with a method whose resolution and perturbation are stated. Challenge start-up,
steady printing, pauses, restarts and long exposures. The original CLIP study establishes the mechanism and representative performance,
not a universal thickness [1].

5. Control membrane permeation state

Gas composition, pressure, membrane thickness, permeability, swelling and fouling affect inhibitor flux. Record supply conditions on both
sides of the membrane and identify leaks, blocked paths and condensation. A nominally oxygen-permeable material is not a calibrated flux
source.

6. Control optical state of the window

Transmission, haze, surface contamination, cured films and refractive changes alter the delivered field. Measure before and after
endurance tests. Do not compensate an optically degraded membrane by increasing exposure without rechecking the inhibition balance.

7. Measure membrane mechanics

Pressure, suction and motion can deflect a compliant interface. Map deflection under the full credible cross-section and withdrawal
acceleration. The relevant gap is local and dynamic, not merely the unloaded design spacing.
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8. Qualify resin feed beneath the part

Continuous growth requires liquid inflow into a narrowing region. Required flow increases with projected area and speed, while pressure
loss rises with viscosity and confinement. Demonstrate replenishment for worst-case cross-sections rather than extrapolating from lattice
coupons.

9. Bound suction and hydrodynamic load

Pressure gradients can load the part, supports and membrane. Monitor force or a validated proxy during acceleration, sustained motion and
geometry transitions. Moghadasi and colleagues show why interface motion and viscous flow must be treated as geometry-specific [2].
10. Separate commanded and realised speed

Record platform trajectory at sufficient bandwidth. A nominal constant velocity can contain acceleration limits, servo following error or
pauses. Relate every quality endpoint to realised local growth rate and projected area.

11. Establish the cure-rate margin

The advancing reaction front must create enough conversion and green strength to transmit load without uncontrolled overcure. Determine
the margin across feature class, depth, dose and resin history. Cure-depth calibration remains necessary but is not sufficient for sustained
growth.

12. Control reaction heat

Polymerisation and absorbed radiation generate heat near the reaction front. Continuous exposure can accumulate heat faster than
intermittent tests. Measure local temperature with a method that resolves the active region, and relate temperature to kinetics, viscosity,
shrinkage and membrane state.

13. Challenge thermal runaway and drift

Run credible maximum-area and longest-duration builds from hot and cold boundary conditions. Define warning and stop limits. ER-245
owns the external thermal-control architecture; ER-247 owns whether local heat generation remains compatible with the continuous
interface.

14. Include part and support mechanics

The emerging part carries viscous, suction, inertial and gravitational loads before full post-cure. Qualify supports and cross-section
transitions at the weakest credible green state. Speed is unacceptable if geometry survives optically but fails mechanically.

15. Characterise start, pause and restart

The interface may change during idle exposure, platform stops or gas interruption. Test controlled start-up, brief pause, long pause, power
loss and restart. Specify when the build must be rejected rather than resumed.

16. Monitor degradation and contamination

Track membrane transmission, permeation proxy, surface energy, thickness, damage and adhered residue over service life. Define
inspection and replacement criteria. A calendar interval alone is inadequate when exposure and chemistry vary.

17. Define speed as a multidimensional envelope

Report allowable velocity against projected area, feature scale, path length, viscosity, temperature, dose, membrane state and support
condition. A single maximum speed is a demonstration point, not a qualification envelope.

18. Scale-up rules

Increasing area changes feed distance, pressure loss, total heat, window deflection and force. Preserve relevant transport and mechanical

margins or requalify. Do not scale velocity linearly from a smaller window.

19. Non-compensatory qualification matrix

Gate Required evidence Shortcut prevented

Inhibition Spatial and temporal dead-zone map Inferring clearance from material name
Membrane Permeation, optical and mechanical state Treating the window as invariant

Feed Worst-cross-section replenishment Extrapolating from sparse coupons
Cure Conversion and green-strength margin Using exposure alone as proof
Thermal Local endurance temperature history Qualifying with short cold trials
Mechanics Part, support and interface load survival Reporting speed without load evidence

Failure of any gate rejects the operating point; success in one gate cannot compensate another.
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20. Minimum reporting set

Report resin identity and lot; inhibitor and gas conditions; membrane material, thickness, age and service history; window transmission
and deflection; dead-zone method and uncertainty; temperature field; viscosity; optical wavelength and irradiance; realised trajectory;
projected-area history; feed geometry; force or pressure proxy; conversion and green-strength endpoints; dimensional and surface results;
pause-restart tests; alarm limits; raw-data hashes; qualified domain; and change triggers.

21. Knowledge boundary and limitations

Reference [1] was examined at publisher-abstract depth and establishes an oxygen-mediated continuous interface. Reference [2] was
examined at full-text depth and supports geometry-dependent flow analysis. Zhang and colleagues demonstrated continuous printing from
one droplet [3], while Bhanvadia and colleagues demonstrated a static constrained liquid interface [4]. Both were examined at full-text
depth as architecture contrasts; neither validates an oxygen dead zone for every resin. No cited source supplies universal membrane life,
oxygen flux, dead-zone thickness, temperature limit or speed.

22. Conclusions

Continuous printing is sustained only while inhibition, cure, feed, heat removal and mechanics remain simultaneously feasible.
Qualification must measure membrane state and the local interface throughout representative builds, then express speed as a bounded
function of geometry and material state. A headline velocity is not transferable evidence.

References

1. Tumbleston JR, Shirvanyants D, Ermoshkin N, Janusziewicz R, Johnson AR, Kelly D, Chen K, Pinschmidt R, Rolland JP, Ermoshkin
A, Samulski ET, DeSimone JM. Continuous liquid interface production of 3D objects. Science. 2015;347(6228):1349-1352.
https://doi.org/10.1126/science.aaa2397

2. Moghadasi H, Mollah MT, Marla D, Saffari H, Spangenberg J. Computational fluid dynamics modeling of top-down digital light
processing additive manufacturing. Polymers. 2023;15(11):2459. https://doi.org/10.3390/polym15112459

3. Zhang Y, Dong Z, Li C, Du H, Fang NX, Wu L, Song Y. Continuous 3D printing from one single droplet. Nature Communications.
2020;11:4685. https://doi.org/10.1038/s41467-020-18518-1

4. Bhanvadia AA, Farley RT, Noh Y, Nishida T. High-resolution stereolithography using a static liquid constrained interface.
Communications Materials. 2021;2:41. https://doi.org/10.1038/s43246-021-00145-y

Copyright
© 2026 Juan Segurola. All Rights Reserved.

3Dresyns Engineering Publications - ER-247 - 2026 - Page 3




