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Covering:

Optical pickup head design — read-only and read/write
Servo systems: focus, tracking, tilt, rotation, and radial
Multilayer disc drive technologies (FMD CD, DVD, WORM)
Holographic optical storage drives

LaserCard format optical card drives

Custom test, measurement, and manufacturing equipment
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1. Overview

Optics for Hire brings a rare depth of experience in optical data storage system design, spanning more than
four decades of continuous work across every major optical disc and card format. Several OFH engineers
began their careers in the 1980s contributing to programs that developed equivalents of the LaserDisc, CD,
and CD-R formats — work that was commercialized in the former Soviet Union. In the late 1990s, these same
engineers transitioned to next-generation multilayer optical media, joining Constellation 3D to work on
fluorescent multilayer disc (FMD) drive systems. OFH has continued to take on optical data storage
engagements, during the 2000’s we worked on holographic data storage and the LaserCard identification card
format.

The result is an engineering team with hands-on system-level experience across the full stack of optical
storage technology — from laser physics and pickup optics through servo control hardware, signal processing,
media characterization, and manufacturing support. This document describes the key technologies developed
and the platform programs completed by the OFH optical design team.

From first-generation laser disc mastering stations in the 1980s through holographic storage in
the 2000s — OFH engineers have led or contributed key enabling technology across optics,
mechanics, electronics, and software.

DEPTH OF

EXPERIENCE

2. Historical Background

2.1 First Generation: LaserDisc, CD, and CD-R Equivalents (Late 1970s-Early 1990s)

Starting in the 1980’s, the core of what would become the OFH optical design team was engaged in state-
sponsored programs to develop optical disc technologies in the former USSR. These programs independently
developed and commercialized equivalents of formats that were simultaneously emerging in the West — the
Video Long Play (VLP) LaserDisc, the Compact Disc (CD), and write-once CD-R media.

This work covered the complete system — not just the optics. Engineers developed disc mastering stations
(laser beam recorders), read-only and read/write pickup heads, full servo systems for focus and tracking, disc
rotation and tilt compensation, and the signal processing hardware and software to read and write data to
standard formats. These were not research projects; they were commercialized products, giving the team
production-level experience with manufacturability, yield, and system integration from the outset.
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2.2 Second Generation: Fluorescent Multilayer Disc (Late 1990s-Early 2000s)

In the late 1990s, the team worked with Constellation 3D on fluorescent multilayer disc (FMD) drives — an
ambitious next-generation optical storage technology designed to store data on multiple fluorescent dye
layers within a single disc, with the potential for significantly higher capacity than CD or DVD. The FMD
platform required solving fundamentally new optical engineering problems: a conventional optical pickup
cannot distinguish between layers using reflection alone, requiring fluorescence detection instead, and
focusing into deep layers introduces dynamic spherical aberration that must be corrected in real time.

OFH engineers developed and implemented wavefront correction systems for dynamic spherical aberration
as the pickup moves between layers, layer recognition systems to identify and address specific data layers,
and full drive implementations for both read-only FMD CD and DVD formats as well as a WORM (write-once,
read-many) variant.

2.3 Continued Work: Holographic Storage and LaserCard (2000s-Present)

OFH has continued to engage with optical data storage clients into the current era, including work on
holographic optical storage drives — where data is stored as volumetric interference patterns rather than
surface pits or dye spots — and on the LaserCard format, a portable optical data card used in identification
and access control applications. These engagements leverage the full breadth of the team's earlier experience
while addressing the distinct optical, servo, and signal processing challenges of each new format.

3. Core Technologies Developed

The following technology areas represent the key engineering capabilities developed by the OFH optical
storage team across these programs. They span five engineering disciplines: servo and control systems,
optical pickup design, laser and photonics hardware, signal processing and electronics, and test and
manufacturing equipment.

3.1 Servo and Control Systems
Achieving reliable data retrieval from a spinning disc requires continuous, high-bandwidth closed-loop control

of the pickup head position in three axes simultaneously. The team developed all major servo subsystems
from the ground up:

e Focus servo system — maintains the objective lens at the correct focal distance from the disc surface
despite disc warps and vibration

e Tracking servo system — keeps the read/write spot centered on the data track
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e Disc tilt servo compensation system — corrects for disc wobble to maintain wavefront quality at the
objective

e Disc rotation stabilization / control system — maintains constant linear velocity (CLV) or constant
angular velocity (CAV) as required by the format

e Pickup head radial moving servo — positions the pickup across the disc radius for track seek and
access operations

e Voice coil motors for focusing and tracking servos — the electromagnetic actuators that physically
move the objective lens in the focus and tracking axes

e Optical sensors for focusing, tracking, tilt, rotation, and other servos — the photodetector assemblies
that generate the error signals driving all servo loops

e Optical drive microprocessor control hardware and software — the embedded control system
coordinating all servo loops and format-level operations

3.2 Optical Pickup Design
The optical pickup head is the heart of any optical disc drive — it must focus a diffraction-limited spot onto a

micron-scale track, detect the reflected or fluoresced signal, and do so reliably at high data rates. OFH
developed complete pickup solutions for both read-only and read/write applications:

e Read-only pickup optics — complete optical train for reflective readout (CD, LaserDisc, FMD read)

e Read/write pickup optics — extended optical path incorporating write-power laser delivery for
recordable and WORM formats

e Focusing objective — the high-NA objective lens assembly, including design and tolerance analysis for
diffraction-limited performance

e Objective suspension — the flexure or wire suspension system that allows the objective to move in
focus and tracking axes while maintaining alignment

e Beam wavefront correction for multilayer discs — dynamic spherical aberration correction as the
focus depth changes between disc layers, a key enabling technology for FMD and multilayer formats

e Layer recognizing system for multilayer discs and cards — detects and addresses individual data
layers within a multilayer medium

e Laser collimators and beam shapers — optics that condition the laser output into the correct beam
profile for the pickup

3.3 Laser and Photonics Hardware

Optical storage systems impose stringent requirements on laser power stability and modulation. Unstable
laser power directly causes read errors; for write systems, power variation causes irreversible media damage
or under-writing. The team developed:

e Stabilized power sources for gas and semiconductor lasers — closed-loop current and temperature
control to maintain constant output power

e Semiconductor laser drivers for optical writing — high-speed modulated drive electronics capable of
switching the write laser at data rates up to 40 MHz with controlled rise/fall times
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e Photo receiving optical assemblies and low-noise front-end amplifiers — detector assemblies
optimized for optical signals in the 5-30 nW range at frequencies up to 40 MHz, where Johnson and
shot noise dominate

3.4 Signal Processing and Electronics

Raw photodetector signals from an optical pickup require significant processing before data can be
recovered. OFH developed both the analog front-end hardware and the digital format processing:

e Front-end signal processors for WORM systems — analog processing chains for write-once media
readback, including equalization and slicing

e Decoders/encoders of read/write information using different standards — hardware implementations
of format-specific channel coding (EFM, 8-16, etc.) and error correction for CD, DVD, and proprietary
formats

3.5 Test, Measurement, and Manufacturing Equipment

Commercial optical disc production requires dedicated test and measurement infrastructure. The team
designed and built custom equipment for laboratory investigation, drive production line qualification, and
media production line monitoring:

e Custom test drives for investigation of laboratory disc samples — specialized drives for characterizing
readability, write-ability, optical sensitivity, and modulation capability of experimental disc media

e Custom optical measuring equipment for industrial disc production lines — in-line instrumentation for
monitoring disc quality during manufacturing

e Custom test equipment for industrial drive production line — end-of-line test systems for validating
assembled drives before shipment

e Custom manufacturing equipment for multilayer disc production line — specialized tooling and
process equipment for producing FMD-type multilayer discs

e Laboratory breadboards for optical pickup prototyping, assembling, tuning, and testing — flexible
optical benches for iterating pickup head designs

e Laboratory breadboards for WORM media investigations — test platforms for characterizing write-
once media properties

e Supervision of custom components and system manufacturing — engineering oversight of vendor
manufacturing for custom optics, mechanics, and electronics

e WORM media writing strategy — development of optimized laser power profiles and write pulse
sequences for achieving consistent, high-quality marks on write-once media
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4. Platform Programs

The technologies above were developed and applied across distinct optical storage platform programs. These
span all major disc formats from the first generation of consumer optical media through experimental next-
generation and specialty systems.

Project / Platform

Disc mastering station / laser
beam recorder

VLP video disc player
CD player

WORM drive

Format / Technology

Custom — disc master production

LaserDisc (VLP) format
Compact Disc (CD) format

CD-R (write-once) format

Category

Mastering & manufacturing

Read-only consumer video
Read-only consumer audio/data

Recordable / archival

Optical card drive LaserCard format Portable ID / access control

Ni-stamper technological player Custom test equipment Disc production QC

FMD CD drive Fluorescent Multilayer Disc — CD Next-gen multilayer storage
capacity
FMD DVD drive Fluorescent Multilayer Disc — Next-gen multilayer storage

DVD capacity

FMD WORM drive Fluorescent Multilayer Disc — Next-gen multilayer storage

write-once

Nitrocellulose WORM discs Custom WORM media Media development / WORM

Holographic optical storage drives Volumetric holographic storage Advanced / next-generation

5. Technical Depth: Selected Challenges

5.1 Dynamic Spherical Aberration Correction for Multilayer Discs

One of the most technically demanding problems the team solved was real-time wavefront correction for
multilayer optical media. When a conventional objective lens is focused deep into a transparent disc
substrate, the refractive index mismatch between air and the disc material introduces spherical aberration —
a wavefront error that blurs the focused spot and degrades signal quality. For a single-layer disc this is a fixed,
pre-compensated error. For a multilayer disc, the aberration changes as the drive seeks between layers at
different depths.




Optics for Hire — Capability Overview Optical Data Storage System Design & Engineering

The team developed a dynamic wavefront correction system that continuously adjusts a corrective optical
element (typically a liquid crystal wavefront corrector or a variable-power beam expander) in response to the
current focus depth. This required the layer recognition system to report the current layer address in real
time, and the correction system to respond with sufficient speed and accuracy to maintain diffraction-limited
performance during layer switching.

5.2 Ultra-Low-Noise Photodetection

Reading data from fluorescent multilayer media is fundamentally more difficult than reading from reflective
media: fluorescence signals are orders of magnitude weaker than a reflection-based CD or DVD signal. The
team developed front-end amplifier assemblies capable of recovering data from photocurrents corresponding
to optical signals of 5-30 nW at bandwidths up to 40 MHz. At these signal levels, the amplifier design is
dominated by Johnson noise from the feedback resistor and shot noise from the detector. OFH engineers
optimized transimpedance amplifier topologies, detector selection, and PCB layout to achieve the signal-to-
noise ratios required for reliable data recovery.

5.3 WORM Media Writing Strategy

Reliable write-once recording requires careful engineering of the write process beyond simply modulating the
laser at high power. The quality and consistency of recorded marks — their length, edge sharpness, and
thermal profile — determine the readback signal quality and long-term archival stability. OFH developed
writing strategies that specify laser power levels, pulse durations, write speeds, and multi-pulse write
sequences (where a single mark is written with a train of short pulses rather than a single long pulse to
control thermal diffusion). These strategies were validated against the full range of disc media samples
encountered in WORM development programs.

6. About Optics for Hire

Optics for Hire (OFH) is an optical engineering consultancy based in Arlington, Massachusetts, serving clients
from startups to Fortune 50 corporations since 2002. Our 12-person R&D team includes physicists, optics
PhDs, and mechanical, electrical, and software engineers.

While optical data storage represents a distinctive area of deep historical expertise, OFH operates across a
broad range of optical engineering domains including imaging systems, illumination design, medical devices,
industrial inspection, and consumer products. The team brings the same system-level depth — optics through
electronics through software — to every engagement.
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Data Storage Imaging Optics lllumination Electronics & Software

Optical disc/card drives, Surgical cameras, machine TIR lenses, reflectors, Fresnel ~ Servo systems, laser drivers,
holographic storage, vision, fluorescence, NIR, lenses, grow lights, low-noise amplifiers,
multilayer media, WORM objective lenses, endoscopes  architectural luminaires embedded control, signal
systems processing

7. Contact

To discuss an optical data storage engagement or other optical engineering project, contact us:

Optics for Hire Optical Storage Capabilities
491 Massachusetts Ave., Suite 206b
Arlington, MA 02474

(781) 583-7810
info@opticsforhire.com

Full-system optical drive design & integration
Pickup head optics — read-only and read/write
Focus, tracking, tilt & rotation servo systems
Dynamic spherical aberration correction
www.opticsforhire.com Multilayer disc and holographic storage
LaserCard format optical card drives

WORM media characterization & write strategy
Low-noise photodetection (5-30 nW, 40 MHz)

Custom test & manufacturing equipment design
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