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1. Abstract & System Architecture

High-performance fluorescence instrumentation demands perfectly co-aligned, multi-wavelength 

illumination. Traditional loose-component setups are highly susceptible to thermal misalignment, 

large structural footprints, and elevated spatial noise.

This work evaluates a compact, integrated multi-laser module unifying 405 nm, 488 nm, 561 

nm, and 638 nm channels into a single, shared optical engine. This design yields wavelength-

combined delivery engineered directly for parallel microfluidic flow-cells or advanced 

microscopy applications while strictly preserving alignment and beam quality.

Co-linear Delivery: Dichroic combiner elements lock alignment mechanically inside a 

ruggedized housing.

Target Interface: Optimized for tight, reliable delivery into microfluidic streams.

2. Baseline Beam Verification

Initial verification confirmed that the module's focal plane profiles and power attributes easily 

meet strict engineering specifications over extended operation.

OBJECTIVES & CORE PERFORMANCE

POINTING STABILITY & PRODUCTION CAPACITY

CONCLUSIONS

The performance data validates that this integrated multi-laser platform delivers the spatial 

precision and structural reliability required for demanding fluorescence instrumentation:

• Sub-Micrometer Control: Low micro-scale spatial drift guarantees highly repeatable beam 

targeting.

• Optically Clean Output: Side-lobe containment under 3% dramatically lowers the baseline 

instrumental noise floor.

• Production-Ready Layout: High process validation indices (Cpk​) verify robust, volume-

reproducible assembly.
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5. Side-Lobe Suppression Profiles

Spurious spatial side-lobes introduce background noise and stray light artifacts during cellular 

interrogation. The integrated optical module was benchmarked directly against a traditional 

loose-component comparator system.

SPATIAL SIDE-LOBE CONTENT COMPARISON (%)

Lower percentage represents a cleaner optical profile

Integrated Module (Typical)   | █░░░░░░░░░ < 3%

Integrated Module (Max Spec)  | ██░░░░░░░░ < 5%

Comparator System (Standard)  | ██████████ 10% (Spec Limit)

Performance: The integrated module successfully restricts side-lobe content to below 5%, and 

typically below 3%.

Advantage: This represents a major engineering improvement over the standard 10% maximum 

specification limit typical of unintegrated competitor systems.
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3. Spatial Alignment Drift Dataset

Spatial alignment drift compromises quantitative precision and causes inter-channel cross-talk in 

flow cytometry. Beam pointing stability was monitored across 39 discrete operational intervals 

per channel. Total deviation on both axes was strictly bound to a few micrometers.

                                   Statistical Analysis (N=39 samples/channel)

4. Manufacturing Process Capability

To ensure this compact optical design transfers seamlessly to high-volume manufacturing, 

process capability metrics were derived from the experimental dataset.

PROCESS CAPABILITY INDICES (Cpk PER CHANNEL)

=========================================================

488 nm Channel: [███████████████████████████] High (-> 1.0)

638 nm Channel: [████████████████████████████] High (-> 1.0)

405 nm Channel: [██████████████████████████] High (-> 1.0)

=========================================================

Manufacturing Note: All active optical channels demonstrated exceptionally high process 

capability indices (Cpk​). The qualified probability of units remaining strictly within target 

boundaries approaches unity, validating production-ready consistency.
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Multi-Laser Pointing Stability and Side-Lobe Suppression in a Compact 
Integrated Excitation Module for Flow Cytometry and Microscopy

SPATIAL NOISE SUPPRESSION & APPLICATION

1. Clinical & Laboratory Standards Institute (CLSI) H62: Validation of Automated Systems for 

Flow Cytometry: https://clsi.org/shop/standards/h62/ 

2. ISO9001 & ISO13485 certifications: https://www.pavilionintegration.com/resources/ 

3. ANSI Z136.1 and IEC 60825-1 standards compliance

L*W*H: 100*135*50 - 180*155*52.2mm

Figure 1: Process Capability of Pointing Stability Data.  N=39
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