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THERMAL CLAD: TOOLSFORANOPTIMALDESIGN

THINGS TO CONSIDER WHEN DESIGNING CIRCUITS

Many factors come into play in circuit design with respect to etching,
surface finishing and mechanical fabrication processes, such as holes,
flatness, singulation andtolerances.

Fabrication of Thermal Clad® is similarto traditional FR-4 circuit

boardswith regard toimaging and wet processing operations.

However, secondary mechanical operations are unique, sothe

consideration ofspecific designrecommendations are critical to

ensure the manufacture of reliable, cost-effective Thermal Clad®

circuits. Thiswhite paperwilladdress design recommendations for \C
circuit image, soldermask, legend and mechanical fabrication. ;
Additional consideration for trace widths, spacingand clearances

may be required for electrical integrity based on application voltage.




THERMAL CLAD: TOOLS FOR AN OPTIMAL DESIGN

COST-EFFECTIVE BASIC MATERIALS . . .
FOR AN OPTIMAL DESIGN Checklist to Optimal Design

Ideas for Minimizing Cost Ideas for Minimizing Cost (Page 2)
Material Stack-Up - 5052 aluminum is the most cost-effective

basematerial. 6061-T6aluminumisalsoavailable forapplications Submit Appropriate File Types (Page 2)
which utilize the aluminumas abase forretaining fasteners or

for threaded holes or other mechanical requirements that Circuit Design (Page 3)

need the machinability of 6061 T-6.

Base Material Thickness - Using standard gauges will help
control cost. Mostcommon standard aluminumthicknesses are : :
1.0mm (0.040")and 1.6 mm (0.062") and standard copperis 1.0 LS| QEEnS ([PEE2 &)
mm (0.040"). Other thicknesses are also available.

Part Fabrication Methods (Pages 3 — 4)

Advanced Circuit Processing (Page 5-6)
Dielectric - The majority of applications are able to utilize our

MP (multi-purpose) dielectric for low cost. If your application Two-Layer Design Considerations (Page 7)
requires higher thermal performance or dielectric strength,
please reference the characteristics of dielectric summary Designing a Non-Rectangular Part Array (Page 7)

within the TCLAD Comprehensive Selection Guide.

Copper Circuit Foil - The thinner the circuit foil chosen, the ek PEsEn SEmeEEs (PR §—L)

lowerthecost. Asaresultof TCLAD brand of thermally
conductive dielectrics, it is common for customers to realize a
40% increasein current carrying capability as compared to FR-4
(seethechartbelow). Copperthickness can oftenbe reduced
by using Thermal Clad®.

Legend Design Standards (Pages 8 — 9)
Soldermask Design Standards (Pages 8 — 9)

Surface Finish Standards (Pages 8 — 9)

Calculated Temperature Rise In Circuit Due Mechanical Design Standards (Pages 8 —9)
To Current Resistive Heating 1" by .125" Trace

Acceptable File Types for Design Submission

1. Preferred dataformat Gerber RS274X—include all layers
(withembedded aperturelist). DXFand some otherformats are
acceptable buttake time to convertto Gerberand may become
corrupted in the conversion process.

g
3 1 Oz x 003K 2. Provide mechanical printwith partand array dimensions
§ ::Z gzj:: (if applicable), identify material, soldermask type and color and
E o surface finish.
4~ O7x 04TRS 3. Identify areas of possible design violation.
e Zz 22:“ 4. Include operating voltage and maximum operating
- 1001 % 06FR4 temperature.

5. Include engineering or circuitdesign contactinformation.
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Current [Amps]

2|



CIRCUIT DESIGN

Material Utilization

Independentofthefabrication methodchosen, squareor
rectangulardesigns will utilize the material most efficiently. The
usableareaofa457x610mm(18.0"x24.0")panelis432x
584mm(17.0"x23.0"),fora508x610mm(20.0"x24.0")panel
itis483x584mm(19.0"x23.0")andfora457x635mm(18.0"x
25.0")panelitis432x610mm(17.0"x24.0"). Forbest cost value,
maximize use ofthisusable area. The shape of the part effects
cost, referencethe section on partsingulation for helpful
guidelines.

Surface Finish

* Greenis the most commonly used solder-mask colorin
the industry, and as a resultitis the most cost-effective. Other
colors such as black, white, red and blue are
also available.

« Offering white and black nomenclature.

* Regarding solder pad finish, HASL and Pb-free HASL are the most
cost-effective finishes. Other surface finishes such as Immersion
Tin or Silver, ENIG, Ag, ENEPIG (for gold wire bond surfaces), and
OSP (in panel and array form only) are available.

Baseplate Finish

* When using aluminum, a brushed finish is typical. Other
finishes like anodize and chemical conversion are available for
additional cost. With copper, a brushed finish is also typical but
may oxidize from handling and atmospheric conditions. Other
finisheslike brightelectroless nickel, ENIGand/orENEPIG are
available to prevent oxidation but will drive cost up.

* When considering finishing the part edge and/or
through hole edge, please note that an unfinished edge
is more economical.

Figure 1: Layout for Effective Use of Space
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Partsize is animportant consideration in cost control. In Figure 1, part size is 146 x 142 mm
(5.75” x 5.59”) and panel utilization is 90%. This high utilization was achieved by reducing
part size from the original 146 x 145 mm (5.75”x 5.71”) - only a3 mm change. The resultis
anincrease in parts per panel from 8 to 12 utilizing the same amount of material (30% gain
in panel utilization).
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PART FABRICATION

V-Scoring

V-scoringisaviable process selectionforbothlowandhigh
volume productionbecauseitallows formaximummaterial
utilization. V-scoring is also a preferred process for prototypes
withrectangulargeometries havingthe benefitofnotooling
costs. Holes can be drilled or punched prior to scoring. Typical
toleranceforpartsize, hole positiontopartedge, and circuit
toedgeis +/-0.25 mm (0.010"). V-scoring is a great alternative
forarrays. Circuit to edge spacing can be reduced over a typical
blanked part(see Section 1.4 on page 8 of this document).

Figure 2: V-Scoring Guidelines
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THERMAL CLAD: TOOLS FOR AN OPTIMAL DESIGN

Hole Piercing / Perimeter Blanking

Holepiercingand perimeterblankingare some ofthe mostcost-
effective processesformoderatetohighvolumeapplications.
Blanktooling canaccommodate complex partgeometriesand can
be heldtoverytighttolerances. Inaddition to blanking the part
perimeter, piercing patterns ofinternalholes can be produced
with the most accuracy and the greatest degree of repeatability.
However, Thermal Clad”thatis to be blanked in production
should be consideredasearlyinthedesignprocessaspossible.
Partdesign is critical to ensure blanking feasibility as there
are specific guidelines to be considered. Each design should be
evaluated to the recommendations defined in this document
prior to beginningthetool planning process (see Section 1.30on
page 8 of this document).

Milling

Milling processes are typically used for prototype or low
volume production with complex geometries. These processes
aretypically notcost-effective formoderate tohigh volume
applications.

Circuit to Edge

When planning to blank a part perimeter, the distance between
the circuit pattern and the part edge is critical.

Toallow for sufficient relief for the circuitry, the standard
minimumdistance from circuitto partedge is one material
thickness plus 0.5 mm (0.020”) for aluminum, and 2 material
thickness for copperbase plate. Ifthe circuitfoilis2 oz. or
thicker, the face of the perimeter punch must be designed to
allow for uniform support around the part perimeter.

Clearance from an active/isolated circuit to a pierced hole:
a. One material thickness for aluminum base plate.
b. 1 2 material thickness for Copper base plate.

Drilling

Clearance from circuit to a drilled hole:

¢. 0.5mm (0.020”) minimum for an active/isolated circuit

d. 0.12mm(0.005”) minimum for non-active orground copper.
Note: The minimum diameter for a pierced hole is equivalent to one

baseplate material thickness. Higher operating voltages may require
larger clearances.

4|

Figure 3: Punch to Die Clearance Radii on Corners
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Punching requires thatallinside and outside corners be designed
withaminimumradius. Itisrecommendedthatonebaseplate
material thickness minimumradius be on all corners. When
desired, itispossibletogodowntoonehalfbaseplate material
thicknessradius. However, thisrequires highertooling costs.

Flatness

Part design, as well as the manufacturing process, affects flatness
ofaThermal Clad®board. Thereis also an effectfromthe
differential coefficient of thermal expansion (CTE) between the
circuitand the baseplate layer. That effect is determined by the
base plate material selection and ratio of copper foil to
baseplate thickness and the percentage of circuitry per layer.

ForThermal Clad®, panelorpart, thereis always the potential
forsome bow caused by the difference in CTE between the
circuitlayerand the baseplate. Flatness can be further optimized
by using copper base metal instead of aluminum and with proper
overall design. Generally,ifthethicknessofthe copperlayeris
lessthan10%

ofthebaseplate thickness, the aluminumwillbe mechanically
dominant. Constructions with more circuitcopperthan 10% of
the baseplate thickness can exhibitabow. Copperfoilthicknesses
less than 10% of the baseplate thickness can be controlled well
within IPC specifications. Flatness can be further optimized with
proper tool design and/or additional processing.



Figure 4: Hole & Circuit to Edge Clearance

Cross Section View
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Note: Use of a solder-mask is recommended.

TESTING OPTIONS

Electrical Opens & Shorts

1. Forsingle-layerboardsusingA.O.l. (Automatic Optical
Inspection)is the most cost-effective method. Using original
Gerber data to compare to the etch panel will
find any anomalies, even in an etch-down condition.

2. Themoretraditional “Bed-of-Nails” testingisalsoavailable. This
requiresafixturechargeandisahighercostmethod. Itisthe
only viable method for two-layer constructions.

Proof Testing (HiPot)

Testing is done to verify dielectric strength integrity of a

Thermal Clad” board from the circuit to the base plate.

1. Proof testing done in panel form is the most cost-
effectivemethod. Thisformoftestingisdoneatpost-
etch condition, prior to surface finish or final fabrication.

2. Therecommended method for safety agencyrequirementson
Thermal Clad” assemblies is an individual piece-part or
array-part test. This method 100% tests and marks each
finished board and/or array. This method requires a fixture
charge.

3. When highertest voltages are required to meet safety agency
requirements; standard clearances for fabrication may not be
enoughtoallowfor“Creepage Clearance”to meettestvoltages.
These minimum creepage distances can be found in safety
agency standards or IPC-2221 for reference.

Planned View

1.3 {t+- 0.5mm)

5.6 (R)
I ;cldermask 53
5.4
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[ ] Dielectric
1.6 (0.8mm)
[ Baseplate Minimum
Material

ADVANCED CIRCUIT PROCESSING

Part Forming

Thermal Clad” is designed with a copper or aluminum
baseplate that can beformed.Inordertomaintainthermaland
electricalintegrity, circuits cannot go across the formed
area. Please contact us directly to discuss design rules if
you have a requirement for a formed part.

Ultra Thin Circuits

Ultra Thin Circuits (UTC) utilize Thermal Clad”
dielectricswithout the typical thick base layer. These
circuits are often used for componentlevel packaging
where the thick aluminum or copper base is not required
for mechanical or thermal mass. The circuit layercanbea
“stand-alone” ceramicsubmountreplacement. The total
profile ofa UTC can be as thinas 0.23 mm (0.009") and can
be used in double-sided structures.

Photographic example of UTC versus a standard 1.57 mm (0.062") aluminum substrate.
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THERMAL CLAD: TOOLS FOR AN OPTIMAL DESIGN

Dielectric Removal

Figure 8: Filled Via

TCLAD INC has developed a process for selectively
removing dielectric to expose the baseplate. This surface can
have surface finishes like the other circuit pads.

Figure 6: Pedestal

Using a copper base and by selectively removing the dielectric
apedestal canbe formed allowing the baseplate metal up to be
coplanar with adjacentcircuits.

Figure 7: Blind Plated Via to Baseplate

Allows for the copper base metal to be connected to the surface
circuit copper and/or the inner-layer copper circuit.

6l

Thermal/electrical via’s can be filled with either a non-
conductive or an electrically and thermally conductive
polymermaterial. Iltcan also be over plated with copper to
provide a plateable, solderable and nearly coplanar
surface that is void free.

Figure 9: Via in Pad

Allows for minimum via size, full copper plating for good
electrical and thermal conductivity. Provides for a truly coplanar
surface.

Figure 10: Electrical / Thermal Via

Typical “Thru Via” connecting the inner layer to the outer layer.
Reduces thermal impedance by shortening the thermal path
while maintaining electricalisolation from the baseplate.



TWO-LAYER DESIGN CONSIDERATIONS

Benefits & Considerations

Thermal Clad © dielectrics in two-layer constructions have
significant benefits in overall design when compared to
two-layer FR-4 constructions. These benefits include; higher
power density, electromagnetic shielding and/or improved
capacitive coupling. While designing your two-layer circuit,
please keep these items in mind:

* Innerlayer copperthicknessis limited to 140 micron (4 0z.)
before plating.
+ Due tothe lower thermalimpedance of Thermal Clad”

dielectric as compared to FR-4, thermal via’s are not
usually required. However, ifthermal via’s are used
betterthermal performance can be achieved.

» Whenusinga copperbase plate, connections fromthe circuits to
the baseplate are possible using a plated Blind-viaorthru hole.

* Using non-conductive or electrically/thermally conductive
via fillmaterial and overplatingwith coppercreatesaflat
surface, enabling solderable pads for devices eliminating
potential solder voiding.

« Selective dielectric removal can be used to expose theinner-
layer and/orthe baseplate for component attachment tothese
layersifdesirable. Thistype of designreducesthermal
resistance.

Material Selection & Fabrication
Two-layerdesigns incorporate additional amounts of copperand

dielectric thickness over single-layer designs. As a result, additional
considerations must be made with regard to material construction

choices and fabrication.

* Flatnessisaffected bythe amountofcopperso CTE should be
considered in the equation. Most heavy copper constructions
willrequire athickeraluminumbase substrate or copperbaseto
prevent bowing.

Figure 11: Original Array Design

Parts spaced apart, lack of common score lines

Pinning off internal holes

Large rails with pin holes

Figure 12: Improved Design

Parts moved together for common score lines

« Additional dielectric thickness will also create the need

forlarger minimum distances indrilling, scoring, routing and
punching. See the section regarding fabrication.

» Copper plating adds approximately 1 oz. to the top copper
foillayer

DESIGNING A NON-RECTANGULAR PART ARRAY

Comparing an Array in Three Different Considerations

* Non-rectangular designs typically require additional spacing
in the array for milling or punching the profile shape.
Often a combination of scoringand milling/punchingis
requiredto createthe partshapeandallowpartstobe
separatedfrom the array after assembly. Additional process
steps andreduced material utilization can impact cost.

Design Considerations for Better Material Utilization

* Arerailsrequiredforassembly? Rails consume material that
willbediscarded after parts are separated fromthearray.
Whendesigninganarray, sizeandnumberofrails shouldbe
consideredto optimize panel material utilization. The reduced
raildesign in Figure 12 below usesless materialthanthe onein
Figure 11, andevenlessmaterialisrequiredforthedesign
withnorailsin Figure 13.

» Willassembled components require parts to be spaced further
apart? This can result in multiple score lines and reduced
material utilization. Consider part orientation in the array.
Alternating orientation may allow components to nest,
maximizing material utilization. In the original array design
(Figure 11), partsare spacedfurtherapartand use more material
ascomparedtothecommonscorelinesusedintheimproved
and optimized designs (Figures 12 and 13).

Figure 13: Optimized Design

Parts moved together for common score lines

‘L"--_
Rails removed

Rail size reduced

Pinning off internal holes

Rev.2021-DG02-010 | 7




8l

Design

Category

1.0

Circuit
Design

2.0

Soldermask
Design

3.0

Legend
Design

4.0

Surface
Finish

5.0

Mechanical
Design

Design Parameter Standard Design Recommendation and Specification Tolerances

Aluminum: 1.0x baseplate material thickness + 0.5 mm (0.20”)
Copper: 2.0x baseplate material thicknesses + 0.5 mm (0.20”)

1.3 Minimum Circuit to Edge Blanking

MATERIAL THICKNESS CIRCUIT TO EDGE DISTANCE
1.0 mm(0.040") 0.66 mm (0.026")
1.4A Minimum Circuit to Edge, V-Scored 1.6 mm(0.062") 0.74 mm (0.029")
2.0 mm (0.080") 0.79 mm (0.031")
3.2mm(0.125") 0.94mm(0.037")
1.4B Minimum Circuit to Edge, Milled 0.5 mm (0.020")

Aluminum: 1.0x baseplate material thickness

A Wit Cae e @ iale =g Copper: 1.5x baseplate material thicknesses

Punched non-plated thru-holeis 0.76 mm (0.030”) minimum annularring with 0.12mm

1.6 Copper Land w/Non-Plated Through Holes (0.005” clearance)

1.7 Minimum Character Height for Etched

Nomenclature (Foil Thickness Dependent) 143 (O

1.8 Minimum Drill Diameter 0.5 mm (0.020")

HASL, Lead-free HASL, ENEPIG, ENIG,

) Sz eD (FTEh AT OSP (Entek CU56), Immersion Ag, Immersion Sn

Min.distance from edge of hole to edge of boardis one baseplate material thickness

SR D B B 1.5x base plate material thickness for punched perimeter.

5.2 Punched Hole Size Minimum punched hole size is 1.0x baseplate material thickness

5.3 Minimum Drilled Hole Diameter-

Copper Baseplate One baseplate material thickness

5.5 Minimum Drilled Via Diameterfor CircuitLayer

(Foil Thickness Dependent) 025 i (D)

5.6 Minimum Edge Radius One baseplate material thickness for blanking, no radius for V-scoring



Guideline 1.3: The minimum circuit to edge blanking distance allows the punch to engage the metal
baseplate and dielectric without damaging adjacent circuitry and improves tool life.

Guideline 1.4: The minimum distance from circuit to edge must be met to provide isolation from the circuitry
to the baseplate. Note: Additional distance from circuit to hole may be required depending on

application and proof testing requirements.

Guideline 1.5: The minimum conductor to hole edge distance must be achieved to provide isolation from
circuitry to the base.

Guideline 1.7: The minimum character height for etched nomenclature must be met for optimum legibility.
Guideline 2.1: Minimum soldermask line width is needed for proper adhesion of the soldermask to the
board surface. This is also an important consideration for maintaining separation

between pads (solder dams).

Guideline 2.2: Solder pad apertures designed with overlap ensure proper adhesion of the soldermask to the
board surface and prevention of exposure to copper and bridging between features.

Guideline 2.3: The minimum soldermask specification keeps the pads exposed so they can accept the
surface plating and ensures the pad will remain large enough to be functional.

Guideline 2.4: A standard minimum character height and width is set to ensure legibility.
Guideline 3.1: A character width and height are specified for silk screening to assure legibility and adhesion.

Guideline 3.2: The minimum distance from silk screen to the nearest pad is required for registration to keep
the legend ink off solder pad surfaces.

Guideline 3.3: A minimum distance to board edge is specified to ensure clearance for punch land, for
registration purposes and to maintain legibility.

Guideline 5.1: The minimum distance from hole edge to board edge is important to avoid material distortion
during processing.

Guideline 5.2: A minimum punched hole size is recommended to ensure tool strength integrity during
processing and to avoid premature tool wear.

Guideline 5.3: A minimum drilled hole diameter for the copper baseplate is in place to ensure tool strength
integrity during processing and to avoid premature tool wear.

Guideline 5.4: The aluminum baseplate has a minimum drilled hole diameter specification to ensure tool
strength integrity during processing and to avoid premature tool wear.

Guideline 5.5: The circuit layer's recommended minimum drilled via diameter ensures tool strength integrity
during processing and helps to avoid premature tool wear.

The areas shaded with dark gray represent TCLAD INC'’s circuit processing capabilities.

If your application requires different specifications, please contact your sales representative.
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AMERICAS

TCLAD Inc

1600 Orrin Road
Prescott, WI 54021
United States

Tel: +1715-262-5898
Email:

ASIA-PACIFIC

TCLAD Technology Corporation
No. 24-1 Industry E. Rd. IV,
Hsinchu 300

Taiwan

Tel: +886 3 5643931

Email:

EUROPE

TCLAD Europe GmbH
SprendlingerstralRe 28, 55546
Pfaffen-Schwabenheim,
Germany

Tel: +49 6352 6788210

Email:

Across the Board, Around the Globe, TCLAD is the most recognized IMS thermal management material for performance and reliability.

https://www.tclad.com

All marks used above are trademarks and/or registered trademarks of TCLAD INC and its affiliates in the U.S., Germany and elsewhere.

© 2021 TCLAD INC. All rights reserved.



