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THE LEADER IN LASER MICRO MANUFACTURING FOR LIFE SCIENCES
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Who is Resonetics?
Mission

Resonetics will be the leader in laser micro manufacturing for the life
sciences industry by providing innovative solutions and unrivaled
customer service.

» Expertise in polymers, metals, glass and ceramic

» Unparalleled innovation with engineering resources
» State-of-the-art facilities and equipment
>

Locations: Boston, Dayton, San Diego, Costa Rica, Minneapolis

Values

Creativity | Urgency | Quality | Integrity | Respect
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Who Do We Help?
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Who is Resonetics?

« 270 employees including 50 engineers and 5
Ph.D.'s

- 5 state-of-the-art facilities with 113,000 sq. ft.
- 75 laser workstations with 13 ultrafast lasers

« Lightspeed ADL™ prototyping & process
development capabilities in Nashua, Kettering,
and Plymouth facilities

« 18 laser workstations
« 21 engineers and technicians

« Clean room manufacturing in all 5 sites
+ 90% of revenues in the life sciences industry

« 89% of revenues are contract manufacturing
(11% systems/spares/service)

«  Produce >16 million parts per year

Resonetics. The leader in laser micro manufacturing for life sciences. 4/27/2017



Locations

WE HAVE FIVE LOCATIONS

Our world class laser micro manufacturing facllities include 24/7 operations, 5 cleanrooms, 3 Lightspeed ADL™ development centers,
over 75 laser systems and more than 250 team members.

BOSTON MINNEAPOLIS SAN DIEGO

Contract Contract Contract Contract Contract
Manufacturing  Manufacturing ~ Manufacturing Manufacturing  Manufacturing
Lightspeed ADL 20,000 Sq. Ft. Lightspeed ADL  Lightspeed ADL 9,000 Sq. Ft.
Systems Group 20,000 Sq. Ft. 9,000 Sq. Ft.
55,000 Sq. Ft.
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Business Model

Advanced Technology Group

Next Generation Laser Micro Manufacturing
Technology

I o

win
:':':.u Lightspeed ADL
‘*\\\.\\ Application Development Lab

Quick Turn Prototypes

Contract Manufacturing

Volume Production
Custom Laser Systems
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Technologies
i:i Ablating

Drilling

@ Welding
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Technologies

Ablating
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Pulse Duration - Long vs. Short Pulse

Long pulse
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Short pulse
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Direct Write and Mask Projection
ﬁ Desired

pattern Sequential
+ Scan Pattern
g - Parallel
Col:thrlomion Mask Image
& on Workpiece

Mask

Beam-Expanding/
Homogenization Optics

Mask
fabrication
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Direct-Write Method Mask-Projection Method
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Braided Catheter
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Braided Catheter
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Wire Stripping — Assure End-Point Detection™
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Reel-to-Reel Wire Stripping System

Excimer Dimensional
laser metrology
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Wire-Stripping — High Resolution

:
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Wire Stripping - Examples

(W)3S 00X WWg'SL A0'SL

MicroVision Labs PEBAX -Ex -9 - 150 - Window 3
SE MAG: 500 x HV: 5.0 kV WD: 25.9 mm
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Electrode Exposure
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/ero-Kerf Glass Cutting
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Application:
3D Ablation
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Image Trepanning for Taper Control
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Tailored Profiles

EE—COP, by mask motion
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PEEK, by gray-scale mask
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Tube Lathe — Polyimide, Pebax
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Tube Lathe - Polyimide
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Metals: Platinum, Nitinol, Stainless Steel
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200um ENT = 20.00 kV Signael A = SE1 Date 16 Jun 2015 ZEISS
(| WD = 7.6 mm Photo No. = 483 Time 133811

Stainless Steel
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Nitinol 3D Micromachining/Ablation

Nitinol Hypotube

*ID 0.0054” (0.137mm) / OD 0.0135”(0.343mm)
Dim A =0.68mm 2 C =0.2mm

*Dim B = 0.23mm D =0.343mm
*Dim C = 0.29mm < E =0.254mm
*Dim D = 0.095mm < F =0.06mm

*Dim E = 0.065mm *Tip Taper = 20°

*Dim G = 0.20mm

Resonetics. The leader in laser micro manufacturing for life sciences. 25



On a Dime for Scale
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Application:

Surface Texture




Surface Texturing — Micron to Nano Scale

Wi TN

Titanium S|I|con Carblde
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(Balloon) Surface Texturing

-
MicroVision Labs 43-9mj,30HZ 50 MicroVision Labs J6mjS0HZ 50
MAG: 8000 x HV: 10.0 kV WD: 210 mm MAG: 6000 x HVI90.0 kv WD: 21.5 mm

Resonetics. The leader in laser micro manufacturing for life sciences.



Technologies
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Mask Projection Hole Drilling: Filters
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Direct Focus Hole Drilling: Balloon

0.002” Diameter Holes

0.004” Diameter Holes




Deep Hole Drilling
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Hole Arrays
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17 um diain 50 um PET film

50 um diain PU 25 um thick

7umdiain 13 um PI film

20um diain 75 um thick SS
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Small Holes: 25 um PI
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Small Holes: 1 um dia holes in 25 um PI

Resonetics. The leader in laser micro manufacturing for life sciences.



Holes in Glass

a

0.5mm Glass Slide 100 um 190 X

Microvision Labs Glass Shide. Thru Hole
MAG: 300 x
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Single, Multi Lumen Tube - Drilling, Skiving

-
100 pum 170X

dia = 1.7mm, wall = 0.2Zmm




Femtosecond Drilling Workstation

US 2013019
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FEmbodiments of the present disclosure are directed 1o sys-
terms (300), devices and methods for machining a work-piece

(73) Assignee; RESONETICS LLC, Nashua, NH (US) from a plurality ol directions using a single laser beam and
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Technologies

Welding
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Why Use Laser Welding?

« Parts Requirements:

« Structural strength

« Up to 80% of base material
« Hermetic (gas tight)

« Down to 1x10-9 cc/sec He

« Cosmetic
« No post process finishing
« Size

 Features

 ITmm to 0.075mm
« Low heatinput

Resonetics. The leader in laser micro manufacturing for life sciences. 4/27/2017 41



Types Of Laser Welding

Keyhole

- Power Density >10° W/cm?

— Depth : Width Ratio > 3.1

- High Speed — Fiber Laser — up to 1 meter/second
- Typical - CW Solid State, CO,

Conduction
- Power Density <10° W/cm?
88 - Depth : Width ratio < 3:1
| - Typical - Pulsed Nd:YAG, fiber laser

Resonetics. The leader in laser micro manufacturing for life sciences.



Laser Weldable Metals

Stainless Steel

« Problem Elements — Modified Suutala Diagram
Sulfur, Oxygen, Carbon

TOTAL 5+P+8 [WT %]

0.12 —_
. . ) . - — S ‘ J l ‘
- Titanium, Titanium Alloys ~ °/' 17| — swms  — mowimt o toeom |
o : : 0094l O TYPEIAL X TYPE 32mo =
« Nitinol — nickel rich ah-l et s, w—
0.07 +- (Suutala) P-{ | -
« Cobalt Chrome e
. 0.06 {--———f ——f—1 r
«  Copper, Nickel iy o N VY [ T
: : 0034~ -~
- @Gold, Platinum, Silver ol M e
. 0.01 4---— =g )
« Nickel-Based Alloys 0
1.3 1< 1.5 16 L7 18 19
« Some Aluminum Cr/ EQUINLENT

Cr €Eq. » Cr « 1.37Mo » 1L58I + 2Nb + 371
NI Eq. = Ni » 0.3Wn + 22C + 142N + Cu

Resonetics. The leader in laser micro manufacturing for life sciences.



Process Validation

- OEM approved
validation protocol “Softwars Gualification
- Feasibility TROA®.
« Engineering Study Equpmmz'mmwm
 Validation PRO-137.

 Process capability driven
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Pull Ring Welding

« Stainless Steel
« Laser cut pull ring
« 15 1Ibs. + pull strength

« Semi-automated system in
development

Resonetics. The leader in laser micro manufacturing for life sciences. 4/27/2017



Wire Stripping, Electrode Welding

- Platinum/Iridium, Stainless Steel
electrodes

« Wire stripping
« 0.003” diameter nickel wire
« Laser weld assembly

- Semi-automated, automated
system in development

Resonetics. The leader in laser micro manufacturing for life sciences.
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Applications

— Coil to hypotube (304SS)

— Hypotube to filter (304SS)

— Spinal implant (Ti 6-4)

Resonetics. The leader in laser micro manufacturing for life sciences.



Laser Micro Welding

0.003” OD
Nitinol Wire




Micro Pressure Sensor

« Selective coating removal on
trifilar wire

« 0.001” copper wires

- Bonded to silicon pressure
sensor

« Copper to platinum solid state
bond

- Encapsulated

 Protect the bond from in-vivo
environment

Presented with Permission of Silicon Microstructures Inc. PRESSURE SENSORS
Resonetics. The leader in laser micro manufacturing for life sciences. 4/27/2017 49




Technologies

Cutting
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Why Use Laser Micro Cutting?

- Part Requirements:

« Features down to 0.025mm

™

1'1‘

« Custom part flexibility
« Vary along length

« Hypotube or flat

« Metals and polymers

MicroVision Labs
SE MAD: 38 x WY 20.0 kV WD 39,1 i

Resonetics. The leader in laser micro manufacturing for life sciences. *4/27/2017 *51



Types of Cut on Hypotubes

- On axis (Radial)

—

*Window with tapered walls *Radial cut (2 axis)

- Off axis (Offset)

s

*Offset cut ( 4 axis)

*Window with parallel walls

Resonetics. The leader in laser micro manufacturing for life sciences. *4/27/2017 52



Hypotube Cutting Capability

«  Metal or polymer

« Tube Dimensions
« Variable OD and ID as long as the wall thickness is ~.010” or less.
« OD can range from .010” to .375”
- Partlength is limited to the length of raw material
« This is typically 10 ft. or less
«  Material
« Straight without kinks or bends to process
« 2.507-4.00” longer than the part in order to cut an entire part

Resonetics. The leader in laser micro manufacturing for life sciences. *4/27/2017 *53



Programming Requirements

« Spiral cut patterns can generally be programmed from the
drawing.

- Other geometry may require the customer to send a solid model
or the flat pattern for programming.

IL__:I L -—-""'_-?—__%4-‘"
r
Spiral Cut ,?”k—- S
aprcTIor o L A / L
r A
f "' ,-"Ir _.-"rr .-"
B T
1= 0

break sharp

inside edge
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Post Processing

«  Metal cut using long pulse (microsecond) lasers go through post
processing to remove the oxide created near the cut surface.

« Parts can also be passivated to prevent oxidation (rusting) during
storage. Passivation is the process of removing free iron from the

surface of parts.

- Small ID parts (Less than .030” ID) require an additional flushing
process to remove oxide and acids prior to drying.

*4/27/2017 *55
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Laser Micro Cutting

Resonetics. The leader in laser micro manufacturing for life sciences. 4/27/2017 56



Nitinol Stent Cutting with 25 micron struts

* 25 micron strut with single
micron standard deviation
on geometry

* No thermal damage

« Custom laser system
design

Resonetics. The leader in laser micro manufacturing for life sciences. 4/27/2017 57



Nitinol — Heat Set and Electropolish

Current: Prototype
* Heat Set

« Fluidized Sand Bath
- Part Cleaning

« Oxide Removal
« Electropolish

« Refrigerated Epolish
2017: Production

Resonetics. The leader in laser micro manufacturing for life sciences. 4/27/2017



Polymer Cutting

PTFE, dia=750um

Resonetics. The leader in laser micro manufacturing for life sciences.



Nitinol Hypotube Cutting

— Hypotube (0.0135” OD)

— Life science applications
 Neurovascular stents
 TAVR Frames & Baskets

 Delivery catheter
components

« Micro implants

0.043mm Thickness

| Emoe— : e T s

Resonetics. The leader in laser micro manufacturing for life sciences. *4/27/2017 *60




Stainless Steel Hypotube Cutting

- Stent Structure
« 0.040”OD

- Flexible Hypotube

"‘ e

 Interlocking features \
el = 8R08 Swrd £ - 351 3u2:12400 20

AWD= T0mm Fhav: %n = M6 me e 3401

- 3

- 0.040"OD

- Life Science Applications

« Neurovascular delivery system
components

« Transcatheter delivery system
components

iy

Resonetics. The leader in laser micro manufacturing for life sciences.




Applications — Stainless Steel Hypotube

Resonetics. The leader in laser micro manufacturing for life sciences.



Applications - Bioresorbable polymer

WicroViaion Labe
SE MAD s WV 200V
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Cutting System — Dual Wavelength Femtosecond

Resonetics. The leader in laser micro manufacturing for life sciences.



Technologies

Additive

Resonetics. The leader in laser micro manufacturing for life sciences. 4/27/2017 65



Selective Laser Sintering

Roller

.....

Powder delivery piston Fabrication pision

Resonetics. The leader in laser micro manufacturing for life sciences. 4/27/2017



Metal Additive Manufacturing

«  Myth versus Reality

« Myth
« CAD File
« Print

« Reality

« CAD Design with process knowledge —
material, supports, process limitations,
overhangs etc.

« Part Build

« Heat Treat and/or Hot Isostatic Press
« Remove from Build Platter

« Remove Support Structures

« Post Machine, Polish

« Geometrical Inspection, CT Scan for
Internal Features

Image Courtesy of Morris Technologies

Resonetics. The leader in laser micro manufacturing for life sciences. 4/27/2017 Y




Metal Additive Manufacturing

- Cobalt Chrome

« Titanium

- Stainless Steel

* Nickel-Based Alloys

-+ Refractory
Materials

Resonetics. The leader in laser micro manufacturing for life sciences. 4/27/2017




Additive + Subtractive

. Problem: Small features remain |@
difficult for current AM
technologies without post-
machining processes

 Solution: A new
additive/subtractive hybrid
approach that combines powder | E———————
bed additive manufacturing with  |(c)
laser micromachining processes;
layer-by-layer

Melt the current part
layer

Melting laser
Scan and refine

Internal micro-channel internal features

Scan and refine
component
geometry

Proceed to next
layer and repeat

Patent Pending

Resonetics. The leader in laser micro manufacturing for life sciences.



Gear Example - Cobalt Chrome

Patent Pending

Resonetics. The leader in laser micro manufacturing for life sciences.



Business Model

Advanced Technology Group

Next Generation Laser Micro Manufacturing
Technology

I o

win
:':':.u Lightspeed ADL
‘*\\\.\\ Application Development Lab

Quick Turn Prototypes

Contract Manufacturing

Volume Production
Custom Laser Systems
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