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The aim of this document is to explain back side processing and a new production technology called
On-Block Manufacturing. Any given information is not binding, can and will be changed without
further notice. If you have questions, contact the owner of the document
(beat.konrad@satisloh.com).
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INTRODUCTION

This white paper outlines the benefits associated with back side processing for ophthalmic Rx labs.
It introduces and explains a revolutionary lens production concept called OBM® — On-Block
Manufacturing, which is sometimes also referred to as One-Block Manufacturing.

Traditionally, progressive lenses had the intermediate- and near-power zones and complex designs
on the front of the lens and the spherical and cylindrical Rx power cut into the back of the lens.
Today, since the advent of digital surfacing (also referred to as free-form or direct surfacing), it is
possible to cut the complex progressive design into the back of the lens and many modern
progressive lenses are full back side progressives. This not only has many benefits for wearers, but
also for labs that produce Rx lenses.
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1. What is back sidg@rocessing?

Lens manufacturers and labs have touted the benefits of digital lens surfacing for years, but industry
novices and veterans alike often have difficulty understanding all of the benefits that this technology
brings to both wearers and producers of Rx lenses.

1.1  Conventional surfacing

Traditionally, progressive lenses (PALs) were produced using molded semi-finished blanks that
incorporated the progressive surface on the front side. These progressive lens blanks were mass
produced and available in multiple materials; each with a range of base curves and reading additions.
This meant that for each progressive design, a lab had to stock add-powers for every base curve and
for every lens material as well as for every lens treatment such as Transitions or Polarized, which lead
to thousands of stock keeping units (SKU). This inventory requirement meant a huge investment for
labs. The wearer’s prescription was generated using traditional generators and polishers and various
tools to cut simple sphere and cylinder curves (toric) into the lens back side. The progressive design
itself was fixed for each base curve and add, molded on the front surface, and didn’t change for each
prescription. All wearers of the same base curve and add of a particular progressive design would
receive lenses with identical design characteristics. Ideally however, progressive lens characteristics
should be different for each prescription, and the design should also take other factors into account
such as the lens material index, the selected frame, and the wearer’s visual needs. With conventional
progressives, personalization for each wearer is not possible, and that is a significant limitation.

Front-side PAL

Progressive design
with add power Rx sphere and
molded on the front. cylinder cut into back
> <
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1.2  Back sidgrocessinganddigital surfacing

In the early 2000’s digital surfacing technology brought a major revolution to the optical
manufacturing industry. This lens production technology allows a lab to generate and polish a
complex back side surface that is specifically designed for each lens. Digital surfacing can involve
cutting the entire progressive design on the back side of a lens (referred to as full back side design),
or sharing a progressive design between front side and back side (referred to as dual digital design).
This paper focuses primarily on full back side digital surfacing and its advantages. With this new
method, the lens production process starts with a semi-finished blank that has a spherical front
surface. The progressive design, combined with the prescription, is processed on the back surface of

the lens.

Back-side PAL

Progressive design
with add power and
Molded sphere on the Rx cut into back side
front side {freeform surface)

> <€

1.3  Back side processingdvantagedor wearers

The purpose of this paper is to focus on the manufacturing opportunities associated with full back
side digital surfacing; it will not discuss the merits or advantages to consumers.
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1.4  Back side processing advantages for labs

Prior to the development of digital surfacing and back side progressive designs, a typical lab had to
store thousands of SKU’s for front side cast progressive blanks (PAL’s). Each PAL design, add power,
base curve, and lens material required a different semi-finished lens blank. Because of the large
number of SKU’s associated with front surface PAL’s, it was not financially feasible to carry each
blank type with multiple treatments on the front sides. It was less expensive to AR coat both sides of
a lens at the lab than it was to buy blanks with AR already on the front sides.

With digital back side processing, a lab only needs to stock lens blanks with spheric fronts,
dramatically reducing its lens SKU’s from thousands to just dozens or a few hundred. This change
resulted in a dramatic decrease in SKU inventory and now makes it financially feasible for a lab to
stock blanks in two versions: 1) with the front sides hard coated only, and 2) with the front sides pre-
AR coated as well.

Conventional 156 =] L
PAL A sku FE :
[ ] Back|Surface
L n Progressive
316 sku =] |
Conventional _E E
PAL B ;55
Only 10-
/ 20 sku
Courtesy of Seiko

Why would this interest a lab? First, because applying treatments such as AR coating to a lens is
always cheaper when done at the point of blank manufacturing; processing in large batches (typically
in Asia) is a much lower cost production environment. And second, if a lab stocks pre-AR coated
blanks, it can shorten delivery time and reduce complexity of Rx processing by focusing 100% on the
back side only. In addition, if only processing the back side of a lens blank, a lab can block the front
side of a lens completely (thereby protecting it), and keep a lens blank on that single block
throughout the entire Rx process — including surfacing, hard coating and AR coating.

Traditionally, a lab had to handle a lens blank many times and had to block/hold lenses using three or
four different blocking techniques: surface blocking; hard coating clips; AR coating rings; and finish
blocking. If a lab could block just once, it would significantly reduce the number of process steps,
complexity, production time, and costs. Using a single block throughout allows a lab to automate all
processes. With those advantages in mind, Satisloh started working on single block manufacturing
technology in 2006 and introduced this new manufacturing technique in 2010.

This production technology is called OBM (On-Block Manufacturing), sometimes referred to as One-
Block Manufacturing.
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2. What is OBM®?

OBM® (On-Block Manufacturing) uses front side pre-AR
coated blanks and ART, an alloy-free blocking technology
that utilizes an organic block-piece and UV-curable adhesive
instead of tape and toxic alloy. This means full front side
surface protection and support plus an environmentally-
friendly blocking technique. It also allows ultimate process
integration because the lens stays on one block piece
through all manufacturing steps. This technology
dramatically cuts Rx manufacturing time to less than 2 hours
using an automated system or even to less than 30 minutes

with the manual version.
A blank on an OBM block

The OBM blocking process allows a lab to focus 100% of its efforts on the back side, greatly reducing
process time. This allows the ultimate optimization of Rx production:

I Everything that is done to the front side of a lens (which is no longer customized for a
wearer) is processed where it can be done cheapest, i.e. at the point of blank casting in a
batching process.

I The back side (which can be completely customized for the wearer) is processed closest to
the customer in a non-batch process, one lens at a time, at a local lab.

This provides maximum value to the consumer: lowest possible cost on the front, but highest
accuracy and full customization on the back, completed close to the consumer in a matter of minutes
or a couple of hours.

3. OBM Options

Satisloh developed a fully automated high volume OBM production system in 2010; in 2014 they
introduced the manual OBM Micro Lab designed for lower volumes. Both have many advantages but
are designed for different customer needs.

The automated OBM lab reduces complexity and labor (human touches) with the ultimate goal of
reducing the cost per lens. The manual OBM Micro Lab is all about speed and ease of use, allowing a
lab to service a local market in a matter of 1-3 hours. Both labs use in-line or one-piece flow
processes rather than batch processes and greatly simplify the process steps normally found in an Rx
lab. The differences between these two OBM labs are described in detail in the following chapters.
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4. Auto OBM line

An Auto OBM line is a fully-automated “no touch” lens production system that enables total
automated in-line production, from blocking to surfacing to coating and deblocking. It is a one-piece
to small batch production concept utilizing the following Satisloh product portfolio:

ART-Blocker-A

VFT-orbit or VFT-orbit 2 Generator

Duo-FLEX or Multi-FLEX Polisher

Lens-Engraver-ALC or Lens-Engraver-UV266 (laser engraving)
COB (= Coating on the Block) in-line hard and AR coating system
ART-Deblocker-A

f
f
il
f
f
f

4.1 Benefits

This groundbreaking technology enables labs to reach new levels of efficiency, profitability, and
productivity for high volume lens production (approximately 75 lenses/hour), and it takes less than
two hours to finalize a job from order entry to shipment.

The complete Auto OBM line cuts the number of process steps drastically: eliminating taping and
tape removal, lens handling and batching for coating. In blocking, the fast UV-cure adhesive instead
of traditional slow-cooling alloy saves even more time.

With batching and lot production eliminated, there is less opportunity to manufacture defects.
Automated handling drives down labor cost, reduces errors and breakage.

Because the batch size is only 1-4 lenses and front side AR coated OBM blanks are used, there are no
large inventories to count, move, store, and pick. This decreases WIP (Work In Process), requires less
production space, and eliminates unnecessary walking of manufacturing staff.

With OBM manufacturing the shop floor opens up and it becomes easier to spot production
problems. For example, if a particular process cannot keep up with the pace of the overall system
and WIP is not allowed to be incurred, it will quickly become apparent, even to the casual observer,
that something is wrong. The lab manager can then immediately intervene with corrective actions.

-9.-
On block manufacturing, Beat Konrad
© Satisloh



4.1.1 Complexity reduction

Alloy-free blocking technology enables the drastic reduction of process steps and therefore
complexity. It provides the ultimate process integration because the lens stays on one block piece
through all manufacturing steps.

It also allowed developing a fully automated in-line coating system, which was the missing piece for a
completely integrated lens production line.

The auto OBM line cuts process steps almost in half, as illustrated in the process chain chart below.

Traditional process chain

tape generate polish de-block

mark and edge and

pre-clean clean hard coat AR coat top coat block de-block

*SFB =SemiFinishedBlank

OBM process chain

OBM SFB block generate polish el de-block Blockless

Inline AR edging

The biggest reduction of complexity is driven by the automated in-line coating system COB. The in-
line coating system incorporates the process steps of cleaning, degassing, hard-, AR- and super
hydrophobic coating.

The spin coating system in both the automated and manual OBM lines uses only one universal non-
tintable hard coating lacquer for all substrates. This further reduces complexity.

In addition to this, new blockless edging equipment eliminates the need of blocking and de-blocking
for the edging process.

4.1.2 Throughput time reduction

4.1.2.1 Princide of one-piece flow

One-piece flow means shifting from processing large batches to processing single work pieces. The
goal is to move single pieces from operation to operation — one at a time and without interruption. In
a traditional batch-production scenario, parts move from process area to process area in large
batches, and each process step is controlled by a schedule. This can result in large amounts of scrap,
poor delivery time, long manufacturing lead time, and increased WIP. One-piece flow focuses on the
product and the process rather than transportation or storage.
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One-piece flow, while not practical for all operations, is the gold standard of efficiency and lean
manufacturing — the continuous flow of parts without the hassle of transport between operations. In
general, one-piece flow (and small-batch production) translates to eliminating waste. This includes
anything from labor to space to inventory. And when waste is eliminated or reduced, benefits such as
enhanced manufacturing flexibility and a safer work environment follow.

One-piece flow helps manufacturers make quality parts in the correct quantity at the right time. It
works best in a layout where all the necessary equipment is located in a cell in the sequence in which
it is used. To work properly and effectively, one-piece flow equipment must provide stable processes
(little to no quality issues), repeatable processes (little variation) and very high uptime. One-piece
flow also requires a pull system as explained below.

4.1.2.2 Impact an throughput and delivery time

The following illustrates the impact of batch size reduction on process time when comparing batch
and queue flow versus one-piece flow in a generic example.

Batch and queue flow One-piece flow

EECERCEE: ¢
0 \::{? 10 g 10 \/?1 \ﬁlwl\ﬁ

= 1 =
Minutes Minutes Minutes Minute Minute Minute
First finished piece 21minutes First finished piece 3 minutes
Entire batch of 10 pieces38 minutes Entire batch of 10 pieces = 12 minutes
(3x 10 minutes = 30 minutes) (3 minutes + (9x 1 minutes) = 12 minutes)

The differences between these two flow systems are enormous. The one-piece flow system saves 18
minutes for the same batch of 10 pieces and produces almost 3 times as many pieces as the batch
and queue system does in the same time. Also, the first piece is in process for only 3 minutes as
opposed to 21 minutes.

The automation of the one-piece flow system needs to be designed based on cybernetic principles to
pull material through to the next available resource and must dynamically balance itself to allow only
one-piece flow with a travel distance equaling tact time.

Tact time can be defined as the maximum time per station allowed to complete a production step. It
is derived from the German word “Taktzeit” which translates to cycle time. Tact time sets the pace
for industrial manufacturing lines. In automobile manufacturing, for example, cars are assembled on
a line, and are moved to the next station after a pre-determined time - the tact time. The time
needed to complete assembly work on each station has to be less than the tact time in order for the
product to be completed within the total allotted time.
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A manufacturing process where several machines of one type are needed for one process and fewer
of another for a second process demands a flow that can take alternate routes to use excess
capacity. In such a set-up, one-piece flow at tact time can still be maintained while optimizing the
investment in machine capacity.

4.1.3 Auto OBM line and ongiece flow system

The Auto OBM line is not a pure one-piece flow concept but rather a “one-piece to small batch
production” flow concept. Not all of the equipment processes just one single lens at a time for
various reasons, primarily cost per lens. Let’s examine the sputtering module inside the in-line
coating system. It runs most cost efficient with a small batch of 4 lenses since it is not possible to
scale down the system further for lower equipment costs and process times. The cost drivers for a
sputtering module, like plasma generator, vacuum pumps, planetary and load lock system, remain
the same regardless if coating 1 or 4 lenses at a time. Having the same investment for 1 lens per run
as for 4 lenses per run makes the 4 lens sputter coater the obvious choice. Also, process time
remains the same for 1 or 4 lenses per run.

As mentioned earlier, the one-piece flow Auto OBM line requires the pull production system. Each
operation should only produce what is needed by the next operation. This eliminates waiting time
and is especially important between the polisher and the inline coating system.

If, for any reason, lenses have to wait after polishing and residual polish slurry dries on the lens, it is
nearly impossible to clean them properly using the cleaning module of the inline coating system.

For this reason,thep o | i spedat CO8 wash and dry option is mandaterith the automated
OBM line. This reduces residual polish slurry to almost zero and, when combined with the cleaning
process within the COB line, greatly improves yield.
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5. Manual OBM

In addition to the fully automated OBM line, there is now also a manual OBM version available: the
OBM Micro Lab. This concept also utilizes front side pre-coated blanks (OBM blanks).

The following equipment is used in an OBM Micro Lab:

ART-Blocker-M (optional)
VFT-micro generator
Micro-FLEX polisher
Micro-washer/-dryer
Magna-Spin

SP-200 AR coating system
ART-Deblocker-M

=A =4 =4 -8 -4 -4 =2

5.1 Benefits

Manual OBMZ® is a profitable solution for entry into digital lens production (including hard- and AR-
coating) or for establishing a separate express line in existing labs. It is easy to operate and ensures
production stability in all kinds of environments. Because of its minimal space requirements and fast
processing, it can be installed in the direct vicinity of the point of sale, enabling high speed service to
the end customer. The OBM Micro Lab drastically reduces process time.

5.1.1 Speed

The most important advantage of this concept is its unmatched delivery speed.

Starting with front side pre-AR-coated OBM blanks, it only takes about 30 minutes (CR39 + 60
minutes for degassing) to finalize a job, excluding finishing. The Micro Lab produces up to 20 lenses
per hour. The reason for the drastically reduced process time is again reduced batch size to almost
one-piece flow (1-4 lenses) and the use of front side pre-AR-coated OBM blanks. The picture below
illustrates the tremendous throughput differences between production concepts. It is important to
note that although conventional processing shows a process time of approximately 8 hours, these 8
hours are typically spread out over two to three days. This is due to the batch process in which trays
with lenses typically pile up in various departments waiting to be processed
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Time per Job >8 hours hours
15 min 8
90 min
7
Surfacing
W Hardcoating g
B AR-coating 5
Finishing
270 min
4
3
< 2 hours
< 30 min w/o finishing 2
< 60 min incl. finishing 15 mi
(CR39+60 min) B0t
120 min 1
60 min
4 15 min
12 min S > i
10 min 2 min 10 min 0
Manual OBM™ Automated OBM™ Conventional
Automated OBM includes 1 hour in the in-line degassing oven
5.1.2 Space requirements
6000
e T Sefivaar T
m Dl-woter unit
i o |
! Sink - Tt | T -
3 water fank
Chiller
M-Washer (o)
VFT-micro Micro-FLEX Mdryer
/ 3
e

Room temperature: 20-24°C

Deblocker-M

e ———
SP-200
"o -~
I Pipettor kit I
| |
| |
mller S-"—Z%

Hunmidity: 30-45% rh

[ s 00l
| |

LV |

O
Breathable

air

The above sample layout for an OBM Micro Lab including blocking, surfacing and coating requires
only about 25m” of lab space. Peripheral equipment such as air compressor and sand blasting unit

require additional space. Finishing equipment is not included in this illustration.

Micro Lab’s small dimensions and weight allow for easy installation in multi-level buildings and in-
store labs.
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5.2  Work flow

The OBM Micro Lab production concept requires a constant work flow. It is not designed for batch
production. The idea is to walk with the job tray from one machine to the next. Also in this
production concept, the key to reaching a high yield is cleaning and preparation of lenses for coating.
And the constant flow prevents residual polish slurry from drying on the lens. If it is necessary to
buffer or store an unfinished lens for any reason, the buffering should take place in the degassing
oven after spin coating. If this is not possible, the next job should not go into production until the
constant flow has been re-established.

Best case, the OBM Micro Lab can be run with only 2 operators: one for job preparation, surfacing
and cleaning and one for drying, coating and finishing.

Two separate circuits of trays should be established: one for the more dirty surfacing area and one
for the cleaner coating area. The hand shake between the two dedicated operators for surfacing and
coating should take place at the micro-dryer. The surfacing operator puts the wet lenses coming from
the micro-washer into the dryer and the coating operator takes the dry lenses out. He also puts the
lenses into a new and clean job tray for the coating job tray circuit.

Process work flow

(blocking) spin coating AR coating

= of OBM blanks = one lacquer for all = one process for all
= or use OBM pre- materials materials
blocked

generating Top coating

» including mechanical * manual wipe-on
engraving = super hydro option
(Mirage)

polishing cleaning

Remark: CR-39 and Trivex require a degassing step prior to AR coating

5.3 Preblocked vs. manual OBM blocking

There are two options to supply the Micro Lab with blocked OBM blanks:

1. Buying OBM pre-blocked blanks from a licensed supplier
2. Manually OBM block pre-coated blanks in the OBM Micro Lab

The preferred option is the second one — blocking inside the lab, utilizing a manual ART blocker. OBM
licensed pre-blocked suppliers naturally have only a limited offering. Blocking inside the lab will give
more flexibility, more room to adjust the lab’s offering and a lower cost per lens.
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6. AR Coating Quality and Supply

As explained earlier, OBM technology involves using pre-AR-coated blanks (AR coating on the front
side of the lens applied by the blank manufacturer), and then AR coating the back side of the lens
locally at the OBM lab. This splitting of the AR coating process step between blank manufacturer for
the front side (typically using box coating technology) and the OBM lab for the back side (using
sputter technology) leads to many questions about quality and performance differences between the
front and back side AR coatings of such a lens. The following chapters describe these differences
and explain how the production of consistent quality lenses is ensured with the OBM production
system.

6.1 Box coating vs Sputter coating

Both coating technologies have advantages and disadvantages and are suitable for different
production concepts.

6.1.1 Box coating

In box coating, an electron beam is focused onto optically clear materials, such as silicon oxide,
zirconium oxide and titanium oxide in a high vacuum chamber. These materials evaporate and then
adhere to the surface of lenses suspended on racks within the coating chamber. This coating process
requires lenses to be meticulously cleaned using a multi-step process that includes ultrasonic
cleaning and heat drying to remove any moisture from the lenses. Also, the coating chambers are
large, expensive and complex. The entire lens preparation and coating process generally takes at
least four hours.

This approach makes sense when batch production is required, for example for stock or other mass

production of lenses, and it is the perfect technology for AR coating the front surface of semi-finished
blanks immediately after casting and curing.

; (
satisioh
|

1200-DLX Box Coater
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6.1.2  Sputter coating

Sputter coating, like box coating, is a PVD (physical vapor deposition) coating process. However,
sputter coating does not require the same high vacuum conditions as conventional vacuum
evaporation (box coating) technology. Sputter coating can be applied in much smaller coating
chambers and requires less ancillary equipment and operator skills compared to conventional
vacuum evaporation coating. Also the load-lock system of sputter coating machines significantly
reduces the time that lenses must remain in the coating chamber — from about one hour down to
only 10-15 minutes.

Vacuum sputter coating is a proven thin film coating technology that produces very high quality
broadband anti-reflective coatings (comparable to those produced with box coaters), with
significantly lower capital and installation cost, and much smaller facility footprint.

Because of these features and advantages over box coating, sputter coating is particularly suited for
use in smaller optical labs and in-store labs who wish to provide their customers with high quality AR
and mirror lenses with a faster delivery time. In addition, it is also easier to automate the sputter
coating system due to the load-lock concept.

satisloh —

= |
l\\‘\\\\\\\\\\lllll\\ - j
| '\\l\lllllll\\\\l

R
‘m»vmn\b\‘I"‘l‘\‘\

SP-200 manual sputter coating system

COB - fully automated in-line sputter coating system incl. hard and hydrophobic coating

The COB system has three integrated sputter chambers, similar to the chamber inside the SP-200 and
uses the same AR coating process. COB system differences compared to the SP-200: automated lens
handling and integrated spin hard coating, degassing oven and hydrophobic coating.
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6.1.3 Complete front and back sideoated OBM lens

As noted above, a finished, front and back side coated lens, produced with the OBM process, has a
front side AR produced in batches at a mass production facility (utilizing box coaters) and a back side
AR manufactured close to the consumer in an Rx lab (utilizing a manual or automated sputtering
system). The OBM process has to match the color hue of the back side AR to the standardized color
of the front side AR.

6.1.4 OBM Front side AR coaij vs. Back side AR coating

Box coating and sputter coating use different coating materials with different optical properties.

The OBM sputtering unit uses SiO, and SizN, as thin film materials on the back side, whereas box
coaters use SiO, and ZrO, on the front side for the layer design. SiO, is used with both technologies
but the refractive indices of Si;N, and ZrO, are quite different. This leads to a difference in index ratio
for each technology.

Typicalrefractive indexvalues Typicalrefractive index values
for Sputtering for Box coating

Refractive Index SiO, = ca. 1.46 Refractive Index SiO, = ca. 1.46
=>|ndex ratio = 1.35 => Index ratio = 1.47
Refractive Index SisN, = ca. 1.97 Refractive Index ZrO, = ca. 2.15

Generally speaking, the higher the index ratio, the lower the minima of the AR reflectance curve and
therefore the lower the achievable average reflectance Ry (A). With OBM a total reflectance (both
sides) in the range of Ry (A) = 1.5% can be reached or even less with some additional hardware.
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6.1.5 Color match

Customers require a good visual color match of the residual AR coating reflection for a premium
product. With the OBM line it is possible to produce a satisfactory color match for even the most
demanding customers.

Since the index ratio of thin film materials from sputtering is lower compared to box coating, the
minima level is higher on the concave back side compared to the convex front side if peak
reflectance is equal on both sides. In order to achieve the same visual color appearance on both

sides, the peak reflectance of the concave back side has to be increased as illustrated by the two
spectral curves below.

5 T T T T
\\ Hue Chroma Luminance Rv(A)
4.5 cC 148° 9.5 7.6 0.83%
\\ CcX 146° 8.0 6.3 0.68%
a

|
R /
\

=

=\ /

= 2.5

i y
E 2 —CC

. 4
1 \\ \//\v/’\ /
0.5 \\ / /\ &M /
\yod I

380 430 480 530 580 630 680 730 780
Wavelength [nm]

Example of color match spectra for front side (CX) and back side (CC).

For best color matchand/or reflectanceR,( »sgme hardware options are required for the COB line:
the so-called batching unitand the humidity control unit.

The batching unit is a temporary storage system inside the COB line that can sort lenses by material,
back side curvature and AR process. The humidity control unit regulates the humidity inside the
degassing oven in order to be virtually independent from environmental humidity variations. Both
units are required for improved process stability.
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6.2 OBMIlicensed semifinishedblank

Every progressive lens Rx production starts with choosing the right semi-finished blank. The OBM
manufacturing concept requires OBM compatible front side AR coated semi-finished blanks. But
where to get them and what does OBM compatible mean?

6.2.1 OBM ompatibility

Since the front side AR coated OBM semi-finished blank travels through all process steps, the finished
front side experiences various kinds of stress even though it is fully protected by the OBM block
piece. The generator, for example, puts a certain mechanical load on the front side of the blank, and
the curing lamp of the hard coating process module puts a certain thermal load on the blank, just to
name a few. This means that the OBM front side coating needs to be robust and heat resistant
enough to survive all process steps. In addition, the front side coating stack requires the patented
Grip coating to make sure the lens stays on the OBM block while processing. It is for this reason that
Satisloh licensed the required technology to OBM blank manufacturers.

To ensure OBM compatibility, samples of all lens blanks (all substrate, hard coating and AR coating
combinations) that are to be used for OBM production have to be processed at Satisloh Photonics in
Switzerland and tested and released by the quality department at Satisloh Italy.

Requiredquality testsfor OBM licensed serviinished blanks(on final surfaced and coated Rx
lenses from Auto OBM line or manual OBM Micro Lab):

SLI thermal shock test based on boiling salt water

SLI dry thermal shock test (oven)

SLI multiple tape test (with super hydro removed by ion treatment)
QUVT 5 days (with super hydro removed by ion treatment)

QUVT 10 days (with super hydro )

Bayer test on cx side

SLI climate test (not for CR39)

SLI basic hydrophobic properties
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Visual inspection, especially for front side crazing

This sounds like a lot of work...and it is!

That’s why, once a hard and AR coated semi-finished blank in combination with the OBM AR stack is
released, it is important to “freeze” the combination of semi-finished blank and front side coating
stack and not change blank supplier, front side hard and AR coating or even the geometries of the
blanks anymore. Almost every aspect of the blank can have an influence on OBM compatibility and
needs to be re-tested.
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6.3 OBM licensed serviinished blank supply

Depending on the quantities of OBM blanks used for production there are different possibilities for
supply.

For smaller quantities (up to 100 blanks per day) customers can buy OBM licensed pre-coated blanks
from Satisloh. If a customer does not want to block inside the OBM Micro Lab, he can purchase pre-
blocked OBM blanks from licensed pre-blocked OBM blank suppliers.

If larger amounts of blanks are required, it is preferable to buy the OBM blanks directly from an OBM
licensed blank supplier.

Another option is for the lab to produce the OBM blanks themselves utilizing a Satisloh Box Coater,
Satisloh consumables and the Satisloh OBM front side AR coating process. These self-made OBM
blanks need to be tested and approved by Satisloh Italy as well.

Customers that make OBM front side AR coatings themselves should be aware that these coatings
require a higher effort in box coating compared to coatings in a standard RX production
environment. OBM box coating requires mass production procedures and specifications.

6.3.1 Box coating effort inmass production v$n Rx labs

Mass production for box coating means more effort due to higher requirements on process
monitoring, process adjustments and maintenance (such as cleaning of shields). It also means higher
costs compared to an RX production coating. As an example, it is required to run process control
samples in every box coating batch to assure color stability. This generates wasted samples.

In Rx production, jobs are not split into different box coating runs. Both lenses of each job are
produced in the same run and it is therefore easier to achieve the same AR coating color on both
lenses even in a contaminated vacuum chamber.

Mass producing for stock or OBM production demands tighter color specifications because each lens
has to look the same no matter in which run it was produced. As mentioned above, in the OBM
concept the back side is being produced at a later time and with a different technology.
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6.3.2 OBM licensed blank supplier

OBM licensed blank suppliers have the duty to monitor their internal production quality and to track
each production batch.

Quality assurance

The manufacturer has to measure and document the spectral reflectance from 380 nm to 780 nm on
three OBM blanks on an internal, middle and external position of the box coater calotte for each AR
production batch.

The Grip coating must be removed with Isopropyl alcohol (IPA) prior to measurement. Measured
blanks are wasted since the Grip coat has to be removed for measurement and also for visual
inspection.

The residual color must fulfill the below listed tolerances with respect to target color as defined in
the Process Parameter Datasheet (PPDS).

Color coordinate tolerances

Color space: CIELAB 1976
Observer: CIE1931 2
Illuminant: D65

AL* : + 1,5 (Luminance)
Ah* : +10° (Hue)

AC* : £ 3 (Chroma)
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Satisloh does not give any quality directives except for the residual color tolerances shown above.
Every OBM blank supplier can apply its own cosmetic and quality performance standards for OBM
blanks as long as OBM compatibility is assured.

However, following the directive for color coordinate tolerances is a must to ensure the color match
of the front side AR applied in box coaters with the back side AR applied in the OBM sputter coater.
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CONCLUSION

OBM is a lens manufacturing concept utilizing a front side ready, pre-coated single vision blank and
an environmentally friendly alloy-free blocking technology that allows the ultimate process
integration because the lens stays on the same block piece through all manufacturing steps —
including coating. The complete lens design is cut into the back of the lens via digital back side
processing.

Fully automated high volume OBM production systems as well as a manual OBM lab version for in-
store labs or labs with smaller volumes are available. Both systems reduce complexity and space
requirements and shorten production time drastically while keeping quality performance at the same
level as conventional Rx production labs.

The automated OBM lab is designed to reduce complexity and labor and therefore human touches
with the ultimate goal of minimizing cost per lens. The manual OBM Micro Lab is all about speed and
ease of use allowing a lab to service a local market in a matter of 1-3 hours.

OBM pre-coated blanks can be bought from Satisloh in lower volumes or directly from OBM licensed
blank suppliers in higher volumes. Alternatively, customers can produce blanks by themselves
depending on their specific needs.
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