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1.0¢ Introduction

¢KS LJzN1J32asS 2F (GKAA 5Sairady F2NJ al ydzFlF OGdz2NI 6 At A& oO°F
printed circuit boards (PCBs) that can be manufactured quicklye#fiwiently. These DFM guidelines define
the various tolerances, rules, and testing procedures to which Bittele adheres during PCB manufacturing.

It is beneficial to all parties involved, in terms of both cost and efficiency, if these issues can beettidress
during the design stage, rather than during production. By providing this guide, we hope to avoid the potential
scenario where our client has finished designing a board, but must later revise their design due to facility
limitations.

DFM guidelines ar& a a Sy G A f G2 LINRBY23GS | OfASyidQa dzyRSNERGI yYRA
NBlFaz2ya F2NJ SFOK 2F (GKS&aS 2LIiA2yas AtBikeleivkspecilizeY A G I (G A 3
in turn-key productiorrigid multilayer PCBs withart procurement and placement

For a quick overview of our manufacturing specificatjpisase see our other document on our website titled
OoPCB Fabrication Specificationg

1.1 Scope

Consulting these DFM guidelines duringiydesign procesallowsyou to plan a PCB that conforms to the
OFLIoAftAlASa 2F . AlGdGStSQa FILOAtAGASad ! alGNRBy3d dzy RS
achievethe special features that their designs require while maximizing efffagi to both time and money.

Listed below are a few of the more notable benefits found in designing for manufacturability:

9 Higher qualityresults by working within facility capabilities

1 Reduced lead timelgy avoiding unnecessary delays

1 Lower labor and mat#al costsfrom correcting errors

91 Higher firstpass yields

1 Minimized environmental impadiy avoiding waste from renaking boards

To fully reap the benefits listed above, our clients must understand our abilities concerning the specific type of
PCB optiors) that they require. This guide therefore, divided into sections according to the different types
of options and features that we offer at Bittele. Those sections are as follows:

Silkscreen: Options and Requirements
Electrical Testing

Controlled Impedance PCB
Panelization

Report Types and Report Writing
RoHSCompliance

Required Documents

Laminate Materials Selection

PCB Manufacturing Capéties

HDI Technology Capabilities

Surface Finish: Options and Requiremel
Solder Mask: Options and Requirement:

E N JE N N
E e
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2.0 Required Documents

Various PCB design files and other forms of documentation are required for Bittele to fabricate a printed circuit
board and populate the components onto that board. There are two file formats we can translate and accept
for manufacturing: ODB++ atigerberversion R74X.

In the OBD++ format, all data required for PCB fabrication and assembly are included within the .TGZ
compressed archive. Should you choose to use this formatpptyuneed to provide the .TGZ archjadong
with aBill of Materials (BM) for assembly.

If you choose to use th€erberfile format, please ensure that you are using theZR8X version. This format
specifies a set of files, where each individual file represents one type of design dravah@stop copper
bottom solder maskor top silkscreenPlease ensure that you providé&sarberfile for each design element in
your PCB layout, as well as any other relevant documentation for fabrication and ass@thbly.using the
Gerberformat, additonal files are required for board assembly, a centroid file for pick and aogell as a
Bill of Materials with part numbers.

2.1GerberFilesc RS274X Format

RS274X, also known as Extend@&erberor XGerber is one of three distinct formats fagetber files and is

the current industry standard. RF4X format is an open ASCII vector format used by standard PCB design
industry software for processing 2D binary imagesGalberFiles are also Computer Numerical Control (CNC)

files, and so it is poide to drive a PCB fabricator usiGgrbes since fabricators are CNC machir@&stber

files describe various board images, such as copper layers, solder mask, silkscreen, and paste mask. This data
includes traces, vias, pads, component footprints, amags$, as well as drilling and milling data.

RSHTn- Aa (KS aYA RGeth&file@oknfats. Rige ol@e$t formkit & etb &S iS RR74D, or
StandardGerber which has now been generally deprecated in favour of the Exte@dederformat. The data

in R&74X ismuch more comprehensive than RI4D since the R&74D format keepsnany of its critical
information separate from the main data file. The-R&X fomat offers severalbenefits over the now
obsolete R74D, including higlevel commands and controls, allowing for more precise machine plotting.
Gerber X2, the third and latesterber format, was released in February of 2014. It is fully backwards
compaible with the R74X format buincludessome extra metadata to avoid ambiguitgerberX2 has not

yet seen widespread industry adoption, and se2R8&X remains the standard at present.

PCB layouts are created using a compuatieled design (CAD) systenmdasaved in the R&74X format, where
the Gerberset contains the complete description for each layer of the Hggially, the CAD system outmit
one Gerberfile for each relevant layer. The&erberfiles can be loaded into a computaided manufacturing
(CAM) system to provide data for each step of the PCB production process.

In keeping with industry standards, we at Bittele accept th REXGerberformat. This allows our clients to
use the CAD design tool of their choice, provided that they can outmir finished design files iGerber
format. TheGerberRS274X format includeseparate files for the different copper layers, silkscreen layers,
solder mask layers, and milling/drilling locations included in a given design. Along witGedagrfiles, you
should send #CB Manufacturing Drawirand aPCB Assembly Drawires well as 8ill of Materialsfor your
order. A brief description for each of these file types is ginerablel below:
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Tablel
PCB Manufacturing Drawing | PCB Board fabrication information
PCB Assembly Drawing PCB components onboard assembly information
Bill of Materials Table of information on atomponents to be placed on board
Netlist componentelectricalconnectivity information
GerberFiles Group of files below
Route files information on PCBopperdesign e.g.traces pads
Drill files information on PCB design drill holes
Solder MaskFiles Information on areas not to cover with solder maslg. padsholes
Board Outline File board size and shape information
Silkscreen board surface markingaformation

2.2 ODB++

ODB++ is a printed circuit board (PCB) manufacturing database, with different data stored in a hierarchy of files
and file folders. For convenient transmission of data, some common operating system commands can be used
to create a single compressed filehie preserving the hierarchy information. That compressed file containing

the printed circuit board (PCB) design information can be sent directly to a PCB Fabrication and Assembly
company, such as Bittele. ODB++ stands@pen DataBas€ ¢ A (1 K ik &lded’ in HID7 vithen
component descriptions were enabled. ODB++ was developed and disseminated by Valor Computerized
Systems, but was later acquired by Mentor Graphics in 2010.

The vast majority of electronic devices include a PCB, which acts to titmiséectronic components that
power the device, and also to connect these components in a specific manner. Corapgdrdesign (CAD)
software is often used to create the layouts for these PCBs, and that layout information must then be
transferred to a potolithographic computeraided manufacturing (CAM) system. These CAD and CAM systems
are generally produced by different companies, and therefore must use an intermediary file format, such as
ODB++, for successful data exchange. ODB++ has two versmwosigihal (owned by Mentor), as walsan

XML version called ODB++(X), which was donated to the IPC organization by Valor Computerized Systems.

We at Bittele can work with ODB++ files of revision 7.0 or lower; there are no restrictions on the design tool
used for PCB layout, as long as the design can be translated to ODB++ format files. That being said, we Bittele
canNOTaccept ODB++(X) files. If you find some trouble in outputting your ODB++ files, please forward your
.CAM or .PCB files to tsattempt the conversion on your behalf.

2.3 Drill / Route File

Drill Files define the size and coordinates of any holes to be drilled in a PCB design. These files can be used to
control a drilling machine, which creates holes for Vertical Interconnect Access fWidnting, and THT
component placement.

On a standard -8ided PCB, drill files are needed for the CNC machine to make accurate thfasigfor more
complex multilayer boards, many of the holes will be miafias, which pass through only a few layerthea
than the entire board. These types of holes are also knowwiiad and buried viaswe will need a separate
drill file, with a distinct name, for each layer pair that will be included in your design.
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For Examplet et us assume that you have dager board with most vias extending all the way from top to
bottom, and some buried vias extending from layer 1 to layer 2. In this case, you should have two drill files,
GAGK 2yS 2F 0KSEY Yy R SRy 2BMNRNEfgQpimY S R

Route Files are a type of file that define the electricatinductive copper traces, known colloquially as

GNRdziAy3és 2y | t/. RSaAdIyd ¢KS&aS FA{Sa INB dzaSR G2

on a PCB board.

Regarihg the submission of drill and route files to Bittele: if you use the ODB++ format, drill files and route
files will both be included in the .TGZ compression file. If you choose to usgetherRS274X format, then
separate drill files and route filesifvneed to be provided in RE4X format.

2.4 Netlist File

Netlist files contain the connectivity information for an electronic circuit. A netlist file is a collection of several
related lists one list for each group of electricaly2 Yy Yy SOG SR LIAyad ¢KAA FAES Aa
schematic design, and it is used in PCB layout to determine which component pads should be connected by

copper traces on the finished PCB

We at Bittele requst a netlist file for the electrical testing of your bare PCBs; we ensure an exact match
between the actual connectivity on your PCB and that of your netlist file for every board that leaves our facility.
The ODB++ format contains your netlist file by défaand so there will be no need to provide one separately.

If you use theGerberRS274X format, then you will need a separate netlist file in IPC356 format.

2.5 Centroid File / Pick and Place File

We require a centroid data filealso known as Rick anl Placdfilec in order to accurately assemble a PCB. The
main purpose of a centroid data is to hold information on the position and orientation of all surface mount
technology (SMT) devices on a circuit board design. Centroid files contain data regefieliegae designators,

XY locations, rotations, component packages, and placement on either the top or bottom side of the board.

1 Reference DesignatarShort alphanumeric code assigned to each part in the layout (R12, C17)
Componentalue/Package Component part numbers, part values, and package size

Layerc Either the top or the bottom side

XY Locatiog Cartesian coordinates, beginningthée origin

Rotation¢ Described part orientation in degrees (0, 45, 90, etc.)

2.6 Assembly Bibf Materials (B®)

Bill of Materialsis a list of althe parts that are needed fahe PCB Assembly and matches those parts to the
Reference Designators in the PCB lay@ve. require this list in a Microsoft Excel formEtmultiple instances

of the sane part are used on one board, then they are all listed on one line of the BOM with their corresponding
reference designators and total quantityhe following informatiorcomprises the BOMncomplete BOMs

may be acceptable, howevgit is always best tanclude all of the following information in your BOM to
minimize the risk of purchasing errors.

= =4 4 =
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Item #- Unique item number for each component (1, 2, 3)

Ref Deg, Matches B® item to PCB layout location

Quantity¢ Quantity of this component that will be eeed for each board

Manufacturerc¢ KS y I YS 2F (KA&A O2YLRYSyYyi&dQa YI ydzFl Ol dzNB NJ
Manufacturer Part # The part number assigned to a component by its manufacturer

Descriptiong Brief component description

Package Packaging size (ex. 08@s)type (ex. BGA, EN)

Type¢ SMT or THT

Your Instructiong Any special requirements that you have for this part

=4 =4 4 -4 -8 -4 -4 -

==

We provide a sample Bill of Materials on our website that may be used as a basis for your Bill of Materials.

Figurel: Assembled Printed Circuit Board

2.7 Drawings

Design drawings are not strictly required for all PCB fabrication and assembly projects, but they can help to
make your intentions elarer to our production team, particularly regarding special requiremewis.
recommend you include design drawings for projects with a high number of layers or components.

2.7.1 PCB Manufacturing Drawing

PCB manufacturing drawings only contain that infatien which is needed for the fabrication of the PCB. This

could be information such as the project name, board dimensions, board thickness, tolerances, material,
copper weight, number of copper layers, or surface finiBhese may be a list of notes beSid 4 KS 62 NR Q.
artwork or listed in a separate fil©ther special information may also be included in the manufacturing

drawing, such as controlled impedance requirements,nipad tenting, goleblated edge connectors, and so

on.
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2.7.2 PCB Assembly Dmagy

PCB assembly drawings contain that informatiuet is needed for assembly of the various components onto

a PCB. Basic component information, such as position and orientation, are provided on this drawing, along with
special requirements, such as height limiihreedimensional renderings could also be limed to clarify
special requirement areas but are not necessary for typical boards.

2.8 Standard Manufacturing Specifications

The following Bt outlines the parametersve require to manufactureyour design Please provide this
information when requesting quote as well, in order to e your project properly

1 Project Name; PCB name and Version #

Dimensions [inches] Board length and width

Number of layerg 2, 4, 6, 8, 10, 12, 14, 16 layers

Total thickness [incheg]Board thickness for one board Wiall layers included

Surface Finish Example: HASL, ENIG, Immersion Tin, Immersion Silver

Solder mask Indicates the desired solder mask colour for your PCB, and to which sides of the
board that solder mask will be applied

=A =4 =4 -4 -4

Advanced parameters whianay also be specified include

1 Profilingg Indicate any panelization requirements for your project

1 Impedance Contrat Do you require a specific impedance for RF transmission lines

1 Material (substratey; Example: FR4 or-[I80A

91 Silkscreen (Legeng)ndicaes the desired silkscreen colour for your PCB, and to which sides of

the board that silkscreen will be applied

Testingg Electrical testing is standard with all our ordarsd cannot be excluded to ensure quality.
Printed board handling and storage geliciesc Special information regarding safe handlihigequired

= =4
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3.0 Laminate Materials Selection

Laminates are the primary material used in PCB fabrication, and different laminates have different properties,
performances, and associated costs. This section outlines the various laminate options that may be selected
for your PCB Design and gives a lm@hparison and contrast between those options.

3.1 Material Selection & Properties

Asthe first step in this DFM guideline, we will provide information to assist you in the selection of a suitable
laminate material that meets your performance requiremgnthile minimizing manufacturability issues. We
start here because the cost of raw laminates is generally the single largest constituent of PCB fabrication cost.

The key factors to consider when selecting a laminate material for al@<igh are the costhe quality, and
the lead time. Due to the amount of material needed for PCB fabrication, it is essential to optimize the size of
your designs; even a small difference in size can result in a significant difference in cost.

Different materials incur diffeent costs and possess different characteristics, but higher quality laminates are
typically also more expensive. The following are some of the main characteristics to take note of when
comparingthe properties of different laminates:

Tg= Glass Transitiohemperaturec Temperature at which a critical change of physical properties will occur.
In the case of laminates, it transitions from a hard, glassy material into a soft, rubbery maétele offers
many HighT G options for higllemperature and higipower PCB applications

Td= Decomposition Temperaturelemperature at which the laminate chemically decomposes

Dk = Dielectric Constar{also referred to a§in electromagneticsg Indicates therelative permittivityof
an insulator material, which fers to its ability to store electrical energy in an electric field.

Df = Dissipation Factar Indicates the efficiency of an insulating material by showing the rate of energy loss
for a certain mode of oscillation, such as mechanical, electrical, orefeethanical oscillatian

Our fabrication facilities are located in China, so it is advisable to choosendjty local laminates in order

to minimizethe shipping cost and lead time. The Shengyi SH{Tg 150) laminate is generally our default
choicefor a highperformance, midTg laminate. Shengyi S16B0is comparable to Isola FR406 (Tg 150), a
standard North American laminate option. As outlined @ble2 below, FR406 does slightly outmatch Shengyi
S1000H in terms of Dielectric Constant and Dissipation Factor, butd@nts may be willing to compromise
on these factors for a lower cost and/or a faster lead time.

Table2
Tg 130 Tg 150 Tg 170 Tg 180
China U.Ss. China U.Ss. China U.s. China U.s.
S1141 FR406 S1000-H| FR406 S1000-2 | FR406 IT180A 370HR
Td (TGA @ 5% weight loss) N/A 300 N/A 300 N/A 300 350 340
DK (50% resin @ 2 GHz) 4.2 3.93 4.38 3.93 4.28 3.93 4.3 4.04
Df (50% resin @ 2 GHz) 0.015 0.0167 0.015 0.0167 0.017 0.0167 0.015 0.21
RoHS Y Y Y Y Y Y Y Y
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ShengyB51141 (TG 130) is a good alternative to lower the cost of your project, at the sacrifice of some quality.
In cases where higher quality is needed, we recommend Shengyi-800DG 17Q)which is the closest in

quality to Isola FR406 (Tg 170). Where dqua$ the highest priority, we would recommend utilizing ITEQ
IT180A (TG 180yvhich is also RoHS compliant. ITEQ IT180A (TG 180) is comparable in quality and to Isola
370HR (TG 180). We at Bittele would suggest using Shengyi S1000H (Tg 130) for dygitsl Yre would
recommend using one of the higher quality laminate materials if any of these three conditions occur:

1) If the PCB Desigras8 or more layers
2) If Copper Board is heavy with a copper weight heavier than 30z
3) If PCB Board is thin with a boarddkness of less than 0.5mm

3.2 Laminate Material and Thickness

Table3 Table 3 lists the core material thickness wit
Core material thickness | Copper Weight (0z.) copper weight for normal FR4 Material
including copper(mm.) 1 1/1 = 1 oz. copper per square foot ¢

0.145 mm. H/H oz. BOTH sides of the sheet

0.17 mm. 1/1 oz. 1 1/0=1 oz. copper per square foot, coat
0.185 mm. H/H oz. on only 10NE side of the sheet

0.2 mm. 1/1 oz. or H/H oz. 1 H/H = 0.5 oz. copper per square foc
0.25mm. 1/1 oz. or H/H oz. coated on BOTH sides of the sheet
0.3 mm. 1/1 oz. or H/H oz. 1 0/0 = UNCLAD (NO Copper).

0.4 mm. 1/1 oz. or H/H oz.

0.5 mm. 1/1 oz. or H/H oz.

0.6 mm. 1/1 oz. or H/H oz.

0.7 mm. 1/1 oz. or H/H oz.

0.8 mm. 1/1 oz. or H/H oz.

0.9 mm. 1/1 oz. or H/H oz.

1.0 mm. 1/1 oz. or H/H oz.

1.1mm. 1/1 oz. or H/H oz.

1.2 mm. 1/1 oz. or H/H oz.

1.5 mm. 1/1 oz. or H/H oz.

1.6 mm. 1/1 oz. or H/H oz.

2.0 mm. 1/1 oz. or H/H oz.

2.2 mm. 1/1 oz.

2.4 mm. 1/1 oz.

2.5 mm. 1/1 oz.

3.0 mm. 1/1 oz.

3.3 Prepreg Designation and Thickness

Prepreg is a bonding material used in the fabrication of majter PCB boardsvhich, after curinghas the

same properties as the core /base layer materials. Prepregs have various glass styles 106, 1080, 3313, 2116
and 7628 used by board fabricators. Board fabricators use a variety of prepreg glass styles. These styles include
106,1080, 3313, 2116 and 7628. Limitations may apply to the number and types of prepreg, so it is best to
contact a Bittele representative for further details.
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Table4

Prepreg /Glass Styles Pressed Thickness (mm) Prepreg Resin content

106 0.05 mm. Approx. 73%

1080 0.075 mm. Approx. 65%

3313 0.09 mm. Approx. 57%

2116 0.115 mm. Approx. 55%

7628 0.185 mm. Approx. 46%

7628H 0.195 mm. Approx. 51%

3.4 Copper Weigh& Heavy Coppdpr Materials

Copper clad F& laminatematerials are measured using oun@e.) weight per square foot.

T noup 21 I' ndnnnopé O6ydTp>YD
f nop 2T d I ndannTé O6MTDp >Y0U
T nodtp 21 I'ndanamnpé OHCDPHP>YD
T mon 217 d ' ndanamné dop >YOU

T non 210 ' ndnaHyé o6T1n >Y0

f odn 2T d I ndannHé omnanp >YO
f non 27T & 2 NJOYMNNGS >T'Y on d2iNd pYe2£NDB

Heavier copper weights allow for higher current carrying capability and heat dissipation characteristics in high
power designsmaking heavy copper a common choice for automotive, power distribution, and welding
equipment industriesBittele Electronics is capable of fabricating nidifer PCB boards with a maximum
copper weight of 10 oz. Copper weight azor higher will require an additional estimate, and may also affect
lead times.The specified copper weight for a board will alspact the trace width and spacing requirements

of the board, as shown in Table 5, below:

Table5

Layer Type Copper Weight| Width / Spacing
1/2 oz. 3.0/ 4.0 mil (preferred) ¢ 3.0/ 3.0 mil (minimum)

Internal Layer 1 oz. 4.0/ 5.0 mil (preferred) ¢ 3.0/4.0 mil (minimum)
2 0z. 5.0/ 7.0 mil (preferred) ¢ 4.0/5.5 mil (minimum)
30z 6.0/ 10.0 mil (preferred)¢ 5.0/ 8.0 mil (minimum)
1/2 oz. 4.0/ 4.0 mil (preferred) ¢ 3.0 /4.0 mil (minimum)

External Layer 1 oz. 4.0/ 6.0 mil (preferred) ¢ 4.0/ 4.0 mil (minimum)
2 0z. 5.0/ 8.0 mil (preferred) ¢ 5.0/ 6.0 mil (minimum)
30z 6.0/ 10.0 mil (preferred)¢ 6.0/ 8.0 mil (minimum)
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3.5RFSubstrates

For radiofrequency applicatiomequiring very high fidelity, some clients find that standard BfR¢ material

does not meet signal loss requirements due to its relatively high dielectric constant of approximateig 4.5.
such, specialized didtric materials for RF applications offer lower dielectric constant to satisfy such design
requirements. Bittele Electronics stocks RogersA®80B as our standard RF substrate. We offer core
thicknesses ofOmil, 20mil or 30mil in stogland the copper weight can be 0.50z/0.50z or 1oz/Xother sizes
available for special order with added letiche are 6.6mil, 13.3mil, 16.6mil, 60mil. The dielectric constant of
this material is 3.76 at 1GHz and averages 3.66 for 8GHz to 40GHz. Futtiksr @@ be found on the

YI GSNA I f hare RddiiohaliRk S1&drials may be available upon special request with added lead time.

The dielectric constant of a materidéscribes theatio of that materiaQ & LIS tM36 ihé pedmidtikity of

vacuum.¢ SOKYy AOl ff& ALSIF1AYy3IS | YFGSNRFEf QA LISNYAGOUAQDAGE
charges separated by that materidhe dielectric constant of a material affects its parasitic capacitance, which

can becore quite significant at high operational frequenciésgjuation 1 and Equaticdillustrate the effects

of dielectric constant on signal loss. Equation 1 describes the capacitance of ajpéaitdlebpacitor derived

TNRBY al E érSvhdre@ady two Eoppelayers of a PCB can be viewed as parallel plates separathd by

dielectric material. The k variable represetiie dielectric constant in Equation 1, and cleathe capacitance

increases with k.Equation 2 described capacitive reactance, which decreases inversely to capacitance and
frequency; this explains the increased significance of material dielectric constant ferdugiency operation.

., Q0| . P |~
o} ’Q_ On{b W C“ ,‘Qéon&

While standard rigid FR#pe materials are composed of glassnforced epoxy, RF materials primarily make

use of Polytetrafluoroethylene, also known as PTFE, or by its trademark name: Teflon. In addition to its
advantages in dieleatr constant, PTFE materials also boast impressive thermal characteristics for high
temperature PCB applicatisnWith high TG (glagsansition temperature) values, reaching up to 280PTFE
materials are suitable for both high frequency and hogiwer applications.

When preparing your project for PCB Fabrication using PTFE materials, it is important to reach out early in the
process, if possible, for a quotation. Projects involving Rogers and othefrbagglency PCB materials will

require a special estini S y2i O20SNBR o6& . AG0StSQa 2yftAyS |Idz
Fabrication for highrequency materials since PTFE is relatively soft compared ttypR4naterials, making

it more susceptible to damage while handling. The fabricatioplatied throughholes and slots is also more

difficult for PTFE materials, due to the famous +stick properties of Teflon.
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3.6 MetalCore PCBs

For PCBs with very high thermal demands, Bittele can also provide professionataret®8iCB fabrication
options, where a metal base is bonded to the copper signal layers, separated by a dielectric for insulation.
Metal-Core PCBs are often used to help conduct heat away from vital components in high power designs, such
as amplifiers, power supply modules, motrives, commercial lighting, and many automotive applications.
The standard MetaCore PCB design consists of three main components:

Signal LayerContains copper pads and traces, subject to copper weight specifications defined in Section 3.4
DielectricLayer Offers high electrical insulation and high thermal conductivity
Metal Core Most commonly aluminum for lowost, but other options such as copper are available

Figure 2 shows a simple diagram of the standard Métale PCB components described above

Copper Layer / Traces
/

Dielectric (FR4) Layer

Aluminum Core

Figure2: Simple MetalCore PCB Visualization

Bittele Electronics generally provides metake PCB fabrication with core thicknesses ranging fio#n o m €
G 2 n dutwechn also handle orders for other sizes with a spesiahate. We also provide heavy
copper options for the signal, power, and ground layers of your design,@rbraz. to 10 ozor more.
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3.7 Multi-LayerStackUp

Multi-layer boards have some physical properties which need to be considered by botesigner and
manufacturer in order to ensure quality construction. Multilayer board designs sti@awud anevennumber

of layers forthe 6 S & (i

jdz t AG & o

/| K224&a8§

SI OK

fr2aSNDRa

RASE SOUNR «

thicknesses listed ifiable3 and Table4. For possible combinationglease consult our Bittele manufacing
team for what are suitable and achievable dimensions and tolerances.

It is recommended that mulfiayer designs balance the kayp relative tothe Zaxis median to minimize bow
and twist.In other words, a layer stackup list shoutchd the same fronop to bottom as it doegrom bottom

to top. Dielectric thickness, copper thickness and the location of layers, meesis Aeed to be balanced. If
the Multi-layer design rules are adhered to, the PCB should meet specifisétiothe maximum allowable
bow and twist of 0.25mm per 25mm (1%) or betthris also beneficial todlance the circuitry distribution
between the front and back of the board as much as possiliies is more of a concern with thicker copper

weights.

Thickness Tolerance increasesthe overall thickness of a mdléiyer board increases. You should specify a
tolerance of+10%for the overall thicknesswhich is thicker than 1mngr +/-0.1mmfor 1mm thickness or

thinner. Also, you need to always indicate where the thickness measureimémbetaken.

3.8 Multi-LayerStackUp Recommendation

We at Bittele Electronics can fabricate milti- @ SNJ t / .
than 20 layers will regjre an additional estimate before production can bedelow are our recommended
stackups fora normal board thickness of 62milVe at Bitteledo offer custom stackupsplease let us know

what you neegand our CAM engineer will review it for feasibility

02 NRa&

dzLJ G2 |

YI EAYdzYy

2 Layer Stackup
Layer Order Layer Name Material Type Thickness Copper Weight
1 Top Copper 1.4 mil 1oz.
Core 57.7 mil
2 Bottom Copper 1.4 mil 1oz.
Finished board thickness: 62mit#0%
4 Layer Stackup
Layer Order Layer Name Material Type Thickness Copper Weight
1 Top Copper 1.4 mil 1oz.
Prepreg (2116*2) 9.1 mil
2 Inner 1 Copper 1.4 mil 1oz.
Core 36.6 mil
3 Inner 2 Copper 1.4 mil 1oz.
Prepreg (2116*2) 9.1 mil
4 Bottom Copper 1.4 mil 1oz.
Finished boardhickness: 62mil +10%
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6 Layer Stackup

Layer Order Layer Name Material Type Thickness Copper Weight
1 Top Copper 1.4 mil 1o0z.
Prepreg (2116) 4.5 mil
2 Inner 1 Copper 1.4 mil 1o0z.
Core 16.9 mil
3 Inner 2 Copper 1.4 mil 1o0z.
Prepreg (2116*2) 9.1 mil
4 Inner 3 Copper 1.4 mil 1o0z.
Core 16.9 mil
5 Inner 4 Copper 1.4 mil 1o0z.
Prepreg (2116) 4.5 mil
6 Bottom Copper 1.4 mil 1o0z.
Finished board thickness: 62mit#0%
8 Layer Stackup
Layer Order Layer Name Material Type Thickness Copper Weight
1 Top Copper 1.4 mil loz.
Prepreg (2116*2) 9.1 mil
2 Inner 1 Copper 1.4 mil loz.
Core 5.1 mil
3 Inner 2 Copper 1.4 mil loz.
Prepreg (2116*2) 9.1 mil
4 Inner 3 Copper 1.4 mil 1oz.
Core 5.1 mil
5 Inner 4 Copper 1.4 mil 1oz.
Prepreg (2116*2) 9.1 mil
6 Inner 5 Copper 1.4 mil 1oz.
Core 5.1 mil
7 Inner 6 Copper 1.4 mil 1oz.
Prepreg (2116*2) 9.1 mil
8 Bottom Copper 1.4 mil 1oz.

Finished board thickness: 62mil10%
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10 Layer Stackup
Layer Order Layer Name Material Type Thickness Copper Weight

1 Top Copper 1.4 mil 1oz.
Prepreg (2116) 4.5 mil

2 Inner 1 Copper 1.4 mil 1oz.
Core 3.9 mil

3 Inner 2 Copper 1.4 mil 1oz.
Prepreg (2116*2) 9.1 mil

4 Inner 3 Copper 1.4 mil 1oz.
Core 3.9 mil

5 Inner 4 Copper 1.4 mil 1oz.
Prepreg (1080*2) 5.9 mil

6 Inner 5 Copper 1.4 mil 1oz.
Core 3.9 mil

7 Inner 6 Copper 1.4 mil 1oz.
Prepreg (2116*2) 9.1 mil

8 Inner 7 Copper 1.4 mil 1oz.
Core 3.9 mil

9 Inner 8 Copper 1.4 mil 1oz.
Prepreg (2116) 4.5 mil

10 Bottom Copper 1.4 mil 1oz.

Finished board thickness: 62mil10%
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3.9 Buried Capacitance

Buried Capacitance is a PCB production methodology where decatgpeditance is gained from inserting a

very thin dielectric layer inside a PCB. Adding buried capacitance to a board eliminates the need for decoupling
capacitors, freeing up more PCB space as redundant pads and conductors can be removed. Having a lower
number of components on a PCB will lower the cost and simplifies PCB assembly operations and also reduces
the number of required steps. New technolgdiie this grants greater freedom to designemshich allows

them to desigrPCBsvith greater performancegr equivalent performance in a smaller board size. Lassing

buried capacitance can also reduce noise and-fighuency electremagnetic interference to improve PCB
quality. Figure3 (below) illustrates an 8 layer board with buried capacitance.

Layer cu
1 F 0.0094 0.5
2 G 1

| I 0.0020 I

3 B 0.0084 1

4 S 1
| | ooos0 |

5 S 0.0084 1

6 G 1
| | oo0020 |

7 B 0.0094 1
8 F 0.5

Thickness Thickness Material
Nominal Tolerance Type
| ooe2 | 0006 | Standard |

Figure3: Buried CapacitancS&tackup (Eight Layers)
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3.10 Material Substitutes (North America vs China)

China Substitute Materials North American Laminates

1 Shengyi S1141 (TG4 1 Isola FR406 (TG 170)

 Td 300, Dk 4.2, Df 0.015  Td 300, Dk 3.93, Df 0.0167

 Material Datasheet Link  Material Datasheet Link

1 Shengyi S1000H (Tg 150) 1 Isola 370HR (TG 180)

1 Td 325, Dk 4.38, Df 0.015  Td 340, Dk 4.04, Df 0.021

 Material Datasheet Link  Material Datasheet Link

1 Shengyi S1062M (TG 170)

1 Td 340, Dk 4.28, Df 0.017

9 Material Datasheet Link

1 ITEQ IT180A (TG 180)

 Td 350, Dk 4.3, Df 0.015

 Material Datasheet Link
Table6b

Tg 130 Tg 150 Tg 170 Tg 180
China U.S. China U.S. China U.S. China U.S.
S1141 | FR406 S1000-H | FR406 S1000-2 | FR406 T180A | 370HR

Td (TGA @ 5% weight loss)| N/A 300 N/A 300 N/A 300 350 340
Dk (50% resin @ 2 GHz) 4.2 3.93 4.38 3.93 4.28 3.93 4.3 4.04
Df (50% resin @ 2 GHz) 0.015 | 0.0167 0.015 | 0.0167 0.017 | 0.0167 0.015 0.21
RoHS Y Y Y Y Y Y Y Y
Finally, apart from the laminate qualitg S  Ydzad Ff a2 GF1S GKS F@FAtlofS tFY

fSIR GAYS AyG2 | 002dzyid {AyOS . AlGGSt SQa ,the/costfaEl 6 NR OF
importing North American lamirias would be higher and increasiee lead time as illustrated in the chart
above. Thus, from this comparison chave can conclude that the use of local substitute is preferable due to

the lower material costs and shorter lead time.

Table7
Material Price Matrix |
Costin China | Lead Time Costin N.A. | Lead Time
370HR 130% Longer 100% Shorter
FR408HR 150% Longer 120% Shorter
S1141 70% Shorter 120% Longer
S1006H 75% Shorter 120% Longer
510062 70% Shorter 120% Longer
IT180A 80% Shorter 140% Longer
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4.0 StandardPCB ManufacturinGapabilities

PCBManufacturing Capabilityis a summary ot / . Y I ydzFl Ol dzNAy 3 FI OAfAle&Qa t/
options limits and tolerances regards to what circuit boards can be producé&tis sectionntroduces our
FILOAtAGEQA FIFIONROFGAZ2Y FTYyR |aasSvyote OFLIoAfAGASA | a
make PCB design choices based on the manufddflifabricationcapabilities. With the knowledge of our

capability, limits, and tolerances, mistakes can be reduced, and time can be saved. Since all PCBs should
essentially be designed for manufacturing, these guidelines aim to aid the transition from design to fafricati

and assembly.

4.1 PCB Technology Matrix

A brief overview of technological specificatidhat determine if a PCB can be fabricatedBitteleare listed
in Table8 below. For a more comprehensive list of our capabiljfsase refer to our other documemCB
Fabrication Specifications

Table8

Feature Bittele Capability

Minimum trace width 4 mil (increases ixcopper weight; see Sectio.4)

Minimum hole size 0.1mm (lasery 0.15mm(mechanical)

Maximum hole size 0.15mm (laserf 6.0 mm (mechanical)

Minimum clearance 3 mil (but increases with higher copper weight)

Board thickness limits 0.2mm- 6mm for 2layer board

Board thickness tolerance +10% (>1.0 mmy, £1.0 mm (<1.0 mm)

Maximum allowed copper weights 0.50z (0.685mils) to 200z (27.4mils)

Maximum & minimum board size OHEEND®HE (2 MNnéEHNE 01

Aspect Ratio 10:1 (for OSP finish, 8:1)

Layer count The number of layers in a multilayer PC Up to 40 (below 20 recommended)

Bow & Twist 0.75%

Impedance Control b RE: O0-ppMR0 60Hhpn KO

Special features Gold fingers, multiple surface finishésmp score,
blind/buried/micro vias, via filfig, etc.

PCB key factors also affect each otlikus, they increase or decrease in relation to each otlfer example:

1 The trace width and the clearance affect each otlvanen trace width increase the trace clearance
will decrease, and itsnpedance will also decease.

1 The minimum hole size and board thickness affect aspect, siovhen minimum hole size decreases
or board thickness increases, the aspect ratio will enlarge.

1 Hole sizes will affect the annular ring and the space betweentbob¢her features When hole size
enlarges, the annular ring and space will decrease.

1 Copper weight affects impedance. When copper weight increases, the impedance will decrease.
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4.1.1 Pricing

Bittele Electronics offers baseline pricing for PCB fabricaiiohassembly. These will start with default values
and can be customized to meet your needlke fnal cost will be affected by material choice and component
cost. Material and component prices are constantly changing due to fluctuation in market pdoesf&tors
that affect PCB fabrication and assembly cost include:

1 Board SizeWhilethe PCB board is largénan 5&60mm,a smaller PCB can lower cost while a larger
PCB board will cost morBoardsof less than 50x50mm are more complex to manufacture.

1 Number of layers Price will increase as the number of layers increases.

1 Laminate Materials A laminate material with Tg 140 would cost less while higher quality laminate
with Tg 180 wiltost more

1 Copper WeightCopper Weight is separated into inner anderdayers. A higher copper weiglaiong
with a larger number of layeysvill increase production cost.

1 Gold Fingerused to interconnect to PCBs with sockets on them like a PC motherboard. Gold fingers
will increase price based on quantity and the numbgsides requiring gold fingers.

1 Via in Pad Holes under the component pads, will increabe cost by adding an extra step to
fabrication.

91 Blind, Buried, Micrevia- Special vias require extra processing steps and multiple lamination steps.

1 BoardThicknessThe oserall cost will vary depenidg on the board thickness required.

1 Surface finishBittele electronics offesthe choice of Gold Immersion, HASL, L-Bad HASL, OSP and
Silver Immersion at no additional cost. Hard Gold, Selective Goldd?letmn, will affect pricing.

1 Impedance Control calculate electrical impedance and buried impedantighter manufacturing
tolerance to meet requirements adds to co$DR coupon & reposre included.

1 V-scoring, Tab Routing, and Mouse holddsed to formmultiple boardsinto a panelwith no extra
charge for services if multiple boards all have the same design. If multiple PCB designs are needed for
panelization, additional fees for this service will apply.

1 Special Featuresountersink holes, etc.

1 If therequirements of the PC8o notconform to the capacity of the factorg.g.layer count, board
thickness, board size, surface finish, and special feattivea costwill be affected

4.1.2 Lead Time

Lead time is an estimate of the amount of time neededdmplete one operation or process from start to
end. One type of lead time the material delivery lead time which is the estimated time needed for board
assembly materials to arrive at Bittele facilitiies nonstandard materialsAnother type of leadime is the
manufacturing lead time, an estimate by our production facilities for the time needed to fabricate and assembly
a PCB in questio@ur minimum lead time for bare PCBS$ idays however, lead time increasewith quantity

and number of layerg-or turn-key ordersour standard lead time i$4 days however,you may ask one of our
sales associates about rushed service. Factors beyond layers and quantity that affect lead time include:

1 Copper weight each extra ounce over 30z. will add omdra day lead time
1 Oversizedor very small boards require an extra day lead time
91 Black solder masksequire anextra day lead time for bare boardsly (not turnkey)

Table 7 shows the standard lead times for various numbers of PCB layers, which isinhfact@a in
determining the manufacturing time required for a bare PCB. Please note that there are many other factors
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that can impact the overall project lead time, such as order quantity or special requirements like via in pad or
oversized dimensions.

Table9

Layers 5days 6days 7days  8days 9days 10days 1ldays 12days 13days
X X X X X

1-2 Layers X X X X

4 layers X X X X X X X X
6 layers X X X X X X X
8 layers X X X X X X
10 layers X X X X X
12 layers X X X X
14 layers X X X
16 layers X X
18 layers X

4.2 Etch Factor

What is etching?

t/. SGOKAY3a Aa (GKS LINROSaa 2F &St SO0 clidgiSabstrattsBTYie A v 3
two primary methods of removing theopper cladding are mechanical etching and chemical etching.
Mechanical etching uses a CNC machining tool with a special cutting tool to remove narrow strips of copper
from the boundary of each pad and trace in order to electrically isolate them frometteof the copper foil.

Chemical etching uses a corrosive solution to dissolve away unwanted cAppetective layelis cut to match

0 KS GérheBasign files and then blocks the applied chemioantainingthe pads and traces that need

to remainintact. We at Bittele use chemical etching as a normal metthoe to its precision and efficiency

Wha is etch factor?

To producethe copperlayer features designed by our cligntve use a corrosive solutionto remove the
unwanted copper areahus leaving behind the desired pattefBut when etching, theorrosive solutiorwill

not only etch the unwanted copper, but also etch the walls of ¢hpper features of the desigfthis means
undercut). Figure4 (below)illustrates the resultThe ratiod 5 K i égual tahe etching factorThusthe depth

to which the etching occurs is proportiortal copper layer thickness (i.thicker copper has deeper etching).

This occurs because thicker copper requires more time exposed to the chemicals in order to be fully removed
thus, the corrosive cherigals have more time to etch the walls before being washed away.

The etch factor for PCBs manufactured by Bittele dependwhether the layer is inside the board or outside.
Etch Factor for outer layers1s4, and the Etch Factor for inner layeris.
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C B

Etching Factor =D / C

Figure4: Etching Dimensions Profile View

4.3 Drill Selection
4.3.1HoleDiameter

We Bittele cardrill holes with sizelisted below

Tablel0

Available mechanical holes size 0.15mm- 6.0mm
Available laser holes size 4mil - 6mil (0.1mm0.15mm)
Note: If the holes size is bigger than 6.0mm, we can also build them as cutouts (by milling), bisiénance
needs to be +/0.15mm

Holes drilled into printed circuit boards can either be plabeccopper or left bareThe plated holes will be
covered with copper on their walbfter copper layers are etchednd they are useébr forming electrical
connections from one copper layer to another in a PiB-plated holes are usually used for pasiting or
mounting and thus do not require copper on their walRlease indicate your choices in y@erberfiles. Your
circuit design program should be able to assist with this.

For multilayer boards, holes che categorized based on their depitto through-holes, blind holes and buried
holes.Throughholes will be drilled through the whole board frothe top to bottom layer, blind holes will be
drilled from one outer layer to an inner layer, and buried holes are drilled from an inner layer to ainuotber
layer. See sectiorb.3 Micravia for further explanation 6these hole typesA separate drill hole layer is
necessary for each different deptif hole up to a maximum of 4 types. For exampldoard withthrough-

holes and buried via between layers 2 to 3 and 4 to 8 will require 3 different layers with hole locations and
sizes.

4.3.2Drill Tolerancs
Hole sizetolerancd & (G KS Fff2¢F06fS NIy3aS 2F GFINARFGA2Y F2NI It/
the PCB design.

Pressfit holesare plated holeswith tighter tolerance which are used fothrough-hole componentsthat are
not soldered to the board.
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Bittele can controthe various drilltolerances, as describedh Tablel1 below.

Tablel1l
Plated holesize +/-3mil
Pressfit holesize +/-2mil
Non-plated holesize +/-2mil
Hole location +/- 3 mil

4.3.3 Slot Size Tolerance

Slots are special holes which have different length from their width. And usually, if their lerigtigerthan
G6A0S UGKSANI 6ARIKSI ¢2S50 KOS\NBEA 5O 5 ¢ S0 KeSAYE fa f @HyTat  alf RkSIYa €0 a K

We at Bittele can contralhe slots size tolerancaccording toTablel2 below.

Tablel2
Plated short slots +/-0.15mm
Non-plated short slots +/-0.1mm
Plated long slots +/-0.1mm
Non-plated long slots +/-0.075mm

4.4 Aspect Ratio

Aspect R#o is calculated by dividing the maximum board thickness with the smallest drilled hole diameter size
specified for that board design. Maximum board thickness is the PCB thickness without copper plating, solder
or solder maskThe aspect will affect theifficulty of plating. The bigger the aspect ratio is, the harder the
plating process will be.

We Bittelecan build the board witlaspect ratidistedin Tablel3 below:

Tablel3
Minimum plated holes size Available aspect ratio Maximum available board thickness\
0.15mm <=8:1 1.2mm
0.20mm <=10:1 2.0mm
0.25mm <=12:1(20: 1is also available, 3.0mm
but need an estimate at first) (If thicker, need an estimate at first)

4.5 Annular Ring

The anular ring is the width of the copper area around a via to conitegth the PCB trace network. Annular
ring size is an important PCB design consideratinoe during PCB fabricatiomany conditions can cause
holes to not be drillegherfectlycentred. Therefore, it is necessary to design a sufficiently thick riradloov for
manufacturing tolerances and still produce a reliable electrical connection to thBaeé&igure5 below for an
illustration. We at Bittele can fabricatéhe board withanannular rindistedin Tablel4 below.
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0.1mm Annular Ring

Figure5: lllustration of Annular Ring

Tablel14
Copper weight (0z.) Minimum annularring needed
0.50z.0r 1.0 0z. 4.0mil (using 3.5mil in a few places is Acceptable|
2.00z. 6.0mil(using 5.0mil in a few places is Acceptable)
3.00z. 8.0mil (using 6.0mil in a few places is Acceptable|

4.6 Tear Drop Pads

Tear Drop Pads are an extra feature that addslitional
Annular Ring Plated Hole copper at tte junction ofannular ringsvith PCB tracest is
_’| |<_ namedthis due to the teardrop like shapmade with the
Teardrop ring. This teardrop shape design feature enhances
£ / structural integrity against possible thermal or mechanical
Trace stresses, while also compensaii for snall fabrication
tolerancesthat may compromise structural integrity. A
common type of fabrication error is hole misalignment
which removes too much copper from the junctions of a via
pad and PCB trageausing the possibility for a broken trace
connectian or too thin of a connectionTear Drop Pads
leave extra copper and lowers the chance of board
functional problems occurring due to hole misalignment.
We at Bittele Electronics typically add tear drop pads
whenever possible if an annular ring is thinnbam 7mil since it will increase tolerance limits for mistakes
reducingthe possilility of PCB problems occurring after fabrication and assembly.

Figure6: Teardrop Annular Ring

Whether tear drop pads are needed or not depexah the annular ringhicknessof the plated holes:

9 For anular ring < 7mil tear drop padsre recommendedo add, but not necessary
1 For anular ring >= 7milear drop padsare not needed

4.7HoleClearance

Clearance means the spdoetween two featuresUsually, there will belightmisalignment between different
copper layers, and we will locate holes accordingh® fiducial marks which we adth the working panel
So, if the space between the hole and other copper featis&so narrow, the holes maye drilled too close
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to the copper features because of misalignmepobtentially causng a short-circuit or damaged padsThe
higherthe layer count isthe bigger the misalignment coulte, and thdarger theclearance we will need.

Theclearanceo designbetween the holes to other copper feature wilependon the layer countas shown
belowin Tablel5:

Tablel15
Layers count Minimum clearancebetween the hole to other copper featuré
<=6 8.0mil preferred (6.5mil minimum)
8 10.0mil preferred (7.0mil minimum)
>=10 12.0mil preferred (8.0mil minimum)

4.8 Conductor Clearance

Conductor clearance is the distance between traces or other copper elements. Sufficient trace clearance is
essential to ensure manufacturing tolerances do not compromise the function of your board. In addition, to
ensure the conductor width can match ti&erber, we must compensate (or enlarge) the conductoGirber

to counteract the effect of undercugas explained in Sectigh2 Etch FactofThe heavier the coppereight is,

the deeper the etching, thus wider conductor clearance is needed to compensate.

The minimum conductor clearance depeyah the copper weightas showrin Tablel6 below.

Tablel6
Copper weight minimum clearancei@ner layer9 \ minimum clearance quter layerg
0.50z 4.0mil preferred (3.0mil minimum) | 4.0mil preferred(3.0mil OK only in a few place
loz 5.0mil preferred (4.0mil minimum) 6.0mil preferred (5.0mil minimum)
20z 7.0mil preferred (6.0mil minimum) 8.0mil preferred (7.0mil minimuin
30z 10.0mil preferred (9.0mil minimujn 12.0mil preferred (10.0mihinimum)
>30z Ask our sales team to verify Ask our sales team to verify

Copper traces and other features must also be kept at I@asmm (8 mil¥rom the board edge for standard
tab routing, or 0.4 mm (16 mil) for-Scoring. Featurn-edge requirements are intended to protect against
potential damage to copper features when individual boards are separated from the fabrication panel.

4.9 ViaHolesTreatment

The plating thickness in vias will be determined by the parameters when doing copper plating for the board.
Our copper plating can range from 20um to 30um. If you require thicker via plitindl affect the copper
weight on top and bottom Igers, since the thickehe platingfor the via holes, the thicker the top and bottom
layers will be plated. If thermal conduction is your congeve recommend fillinghe via holes with non
conductive epoxy and then plate oveuging the'Via in pad" pocessThere is a cost to this proces®wever,

it is lescostly, and more reliablethan filling the hole witra condudive material

Solder mask openingglso called solder mask clearance) indicates the area which should not be covered with
solder mask oil. These openings are required to be on their own separate layer Getberfiles for each
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outer side of your board-or the via holes i 2 dzNJ @G2rbeNiRSJfyou have nbdesigneda solder mask
opening for them, we can treat them follomg ways outlined iTablel7.

Tablel7
Viahole treatment | Limiting Condition Extra cost
Plugged with solder mask | 1. The hole diameter must be smaller than 0.5mm; No
2. No solder mask opening on both sides;
3. Finished board thickness should be 0.5mgh4mm.
Covered with solder mask | N/A No

Viain-pad 1. The hole diameter must be smaller than 0.6mm; Yes
2. Finished board thickness is bigger than 0.5m2¥dmm.
3. The material cannot be PTFE material.

Plugged with solder maskihe holes will be built as norméhiroughtholes first, and then be filled ith solder
mask oil. After plugging, light will not be able to go through the holes. Whemgmusing a part with BGA
packagewe advise that yoplug the via holes under BGA area to awshort circuitwhen assembling.

Covered with solder maskSoldermask oilwill coverthe top ofthe copper pads of the via holes, and solder
mask oil may also flow into the holes, but the holes are not filled, and light is able to go throsgtntihes

Viarin-pad: The via holes will be filled with nesonductive epoxy, and then plated over them. While there are
some via holes which are designed on SMD pads, weatsayieed to build viain-pad to avoid the risk of
leaking tin when assemblirggrtain designs.

4.10 Finished Board Thickness

Finished overald 2 NR (KA OlySaa OFy o6S YSI adz2NSR ,iRdN@ngthe t/ . Q&
solder mask and copper layef&his dimension is used for designing enclosures for the board. Do not forget to
account for component height in your overall desigihe maximum board thickness will joges showrin Table

18below.

Tablel8
Layers count\ Maximum board thickness (inches) Maximum boardthickness (mm)
<=2 layers 0.149 preferred (0.177 possible) 3.8 preferred (4.5mm possible)
>2 layer 0.149 preferred (0.236 possible) 3.8 preferred (6.0mm possible)

Note:  For 2 layer boards, if the board is thicker than 3.0mm, we may have to buintask 4layer
board since we do not have the suitable substrate to match this thickness.

4.11 Overall Finished Profile Tolerance

A surfaces profile is adimensional tolerance zone outline around a surface plane defined by using basic radii
dimensions, coordinate dimensions, angular dimensions. The profile tolerance is a uniform boundary around a
board surface where there are elements of the surface generateaffsetting each point forming two
tolerance zones. Profile tolerances is what controls a feature's form, size, orientation, and sometimes location
with profile elements that are curved lines, straight lines, and areas.

We at Bittele can fabricate PCB \ith tolerances listed inTablel9.
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Tablel9
imperial metric
Hole to board edge +6mil preferred (min. £4mil) +0.15mm preferred (mint0.1mm)
Board edge to board edge| +6mil preferred (min. £4mil) +0.15mm preferred (min. £0.1mm)
V-score to \score +6mil preferred (min. £4mil) +0.15mm preferred (min. £0.1mm)

4.12 Board Outline

34 LI NI 2 FGetberfileNver&ydirk ahyo@iaee ¥ & 2dzNJ 602+ NRQa T jofindy & KI LIS ¢
control your final result and ensure conductors and components have a safe clearance from the edge. We at
Bittele require a cleamce of 0.2mn{8mil)for standard routing and 0.4m¢h6mil)for V-score edgs,between

your copper and board edgw allow for manufacturing tolerancé\ larger clearance is preferrgifl possible.

Edge connectors do not require this clearané& are capable of cutting complex shapes to your board at no

additional cost. Our mimum cutter size 0.8mirthus all cutouts, must be larger than thisOtherwise, they

may be a slot holeOur outer board tolerance is -@.15mm.

4.13 Edge Bevel

Edge beveling is the process of making a transitional edge between two faces of a PCB usually performed on
the outer edge of the PCBevelling isommonlyused on edge connectots allow for smoother insertion into

another circuit board socket. The edgennectionpins are often called gold fingers because they are plated in
gold, and there are several of them grouped together in parallel. Gold fingers are further discussed in Section
6.7 Edge Connector Platirfgpr gold finges, we at Bittelehave the options listed below

1 Available beveling angte20, 30, 45 and 60 degrees
1 Residual thickness after beveling>=0.3mm (0.2mm is okay, but ask &r estimate)

You can calculate the deptbr residual thicknessf the bevelling using the geometry shown belowigure?.

hoard thickness residual thickness

Figure7: EdgeBevelling of Gold FingdProfile View
0 0

¢z ORIl

Where d is depth, a ithe bevel angle, t iboardthicknessand t is residual thickness.
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5.0 HDI Technology Capabilities

In addition toour standard PCBptions we at Bittele can also build HBbards including features such as
laserdrilled microvias oblind/buried vias HDIboardscommonly include evesmallertracewidth andspaéng
requirements than our usual minimum®ur capabilityfor HDI PCB desigissspecifiedn this section

Wha are HDI boards?

HighDensity Interconnect (HDI) Technology is used in the trace network otlayéti PCB boards fabrication

G2 AYyGSNO2yySOG RAFFSNByG t/. fFre@8SNaA® . AGGESE,SQa YIy

which arerecommended to follow for HDI PCB fabrication to avoid problemsywitinfabricated PCB. Various
types of micrevia, such as blind via and buried via in the various lgyemes used to make these complex HDI
PCBs.

5.1 TightTraceWidth / Soaang (Tracebpace)

The traces of a printed circuit board are a continuous path of copper on which electricity travels. The clearance
space on a PCB design refers to the space or gap used to separate traces from other elements on the copper
layer. We must maintain a mimum clearance space for each trace width to prevent shoduitingand allow

for manufacturing toleranceghe minimum clearancérace width andspacewill be dependent on the copper

weight of internal and external layers on the boardrour capabilty of trace width and spacendHDI board,

please sedable 2tbelow.

Table20

Trace Width/ Spading

1/20Z:  3.0/4.0mil (preferred) 3.0/3.0mil(minimumn

10z: 4.0/5.0mil (preferred) 3.0/4.0mil(minimum)
Internal Layer 20Z: 5.0/7.0mil (preferred) 4.0/5.5mil(minimun
30zZ: 6.0/10.0mil (preferred)  5.0/8.0mil(minimun

1/20Z:  4.0/4.0mil (preferred) 3.0/4.0mil(minimun
10z: 4.0/6.0mil (preferred) 4.0/4.0mil(minimum)

20Z: 5.0/8.0mil (preferred) 5.0/6.0mil(minimun
30zZ: 6.0/10.0mil (preferred)  6.0/8.0mil(minimun

External Layer

5.2 BGA

BGA is abbreviated from Ball Grid Array, a form of surface meghnblogy (SMT). BG&now chosen more
commonly in circuit desigrBGA packages were developed due to the market demand for a more robust and
convenient package to permanently mount integrated circuits with large numbers of pins. BGA allows for more
interconnection pins per surface area than possible on a dulithénor flat package. Some BGA components
even mount itegrated circuits witrover 100 pins. To achieve this, the entire bottom of a BGA chip is largely
filled with interconnection pins. By notniting connections to the perimeter, connections under the SMD
package will increase the efficiency of how space is utilized.
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Over the yearsBittele Electronics has accumulated a vast amount of Ball Grid Array (BGA) assembly expertise
and has developed @dependable process over time. Currentyr fabrication and assembly facilities use the
most up to date BGA placement equipmeahd we also utilize -¥ay inspection equipmento verify the
soldering We have a proven record of producing BGA circuit ti@arith excellent yield rates and the highest
quality in the electronics manufacturing industnit Bittele we can process BGA packages with the
specifications listed iffable21.

Our skilled workforce employs thermal proSileven forlow volumeprototype boards as it isa keyfunction in

the BGA assembly process. We carefully review the circuit board files and BGA chip datasheets to make the
most appropriate thermal profile for BGA assemitlgadfree BGA circuit boards pass througlparticular

leadfree thermal profile to pevent ball issues, whichmay occur due tousing a lower temperature
Alternatively, the costly leaded BGA boards are diverted through specific leaded processes to avoid high
temperatures which lead to pin shorts. We have effective quality inspection pitaoes in place to offehigh

quality services.

We possess higtech BGA placement equipment, precise BGA assembly processbsautomated xay
inspection (AXI) system to provide better quality BGA circuit board assembly. AXI is used to identify assembly
defects; our team uses 2Drays to render 3Dmages, to verify the issues suchaasircuit board broken vias

AY AYYSNI tlF&@SNR IbeBk . D! olffQa O2fR &a2f RSNJ

Table21
Capability of BGA package |
Available Size 2mmx3mm ~45mmx45mm
Available material Ceramics, plastics
Available pitch Minimum 0.4mm (0.35mm is okay, but an estimate is neede
5.3 Microvia

A gandard micrevia consists of tiny coppgglated holes with a diameter of 6mil (0.15mmj less and are
made usng a laser drill. Micr@wias can connect adjacent layerallowing a single multilayer PCB to hold more
circuit traces which increases PCB circuit density. Although a single standard-wigcioan only link two
adjacent copper layershere will still besignificantly more available space for traces. Micias consising of
various types such as blind via and buriedarused in HigiDensity Interconnect (HDI) PCB desidfigin-
pad technology is also available, as described in Section 4.9, to furtmease circuit density.

A standard micrevia is a highly reliable type of interconnection structure and should be used in a board design
whenever possible. FornaHDI PCBthe circuit routes need to interconnect several layers to connect
components but a standard micrevia can only be used to connect two adjacent layers. Thus, in order to use
micro-via in HDI board desigwe need to use the micrgiasin a compound desigstructureto connect more

than two adjacent layers. There are two types of complex structures that use a standareviaicstaggered

and stacked structurehese structures are described below in sections 5.3.3 and 5.3.4.

We at Bittele Electronics cdabricatemicro-via with a size ranging from 4mil ( 0.1mm) to a maximum size
of 6mil (0.15mm ). Fabrication of these vias will require separate drill filegor each layer pajrwith the via
hole positions on all of the different layers ofraulti-layer PCBfor example, one drill file for all tefm-bottom-
layer holes, and another for all secotatthird layer holes, etc
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An HDI PCB board layer with buried and blind vias can be lamimsi¢de same side a maximum of three
times.This meanshat a board can be processed in a maximur8 stepsfor blind or buried vias. For example,

as boards are built from theenter,we can have a buried via through a center layer, then a second process can
add layers on either side with more buried vias and then a third pressing can add blind vias to the outer layers.
Finally throughtholes can be drilled for a total d@f drilling stages SeeFigure8 below for an example.

1.Buried Hole 2. Laser Holes
L1 .
\ Prepeg
L2
L Prepeg

13

Prepeg
14

Core
L5

Prepeg
L6

’ Core

L7

Prepeg
I8

Prepeg
L9

Prepeg
L10

3. Laser Holes 4. Through Hole
Figure8: Example of 18ayer HDI board with maximum via steps

Table22
Summary of HDCapabilities
Laser Drilling . _
Diameter 4 mil 0.1mm)¢ 6 mil (0.15 mm)
Maximum 3
Blind/Buried Steps
Max. ThrougkHole 4

Drilling Stages

Max. Aspect Ratio fo
Laser Via Fill Plating

0.9:1 (preferred); 1:1 (maximum)

Min. GapBetween
Blind/Buried Hole
Wall & Conductor

8 mil (laminate onceg 9 mil (laminate twicey}; 10 mil (laminate 3 times) *preferred
7 mil (laminate onceg 8 mil (laminate twice}, 9 mil (laminate 3 times) *minimum

Min. Gap Between
LaserDrilled Hole
Wall &Conductor

7 mil (L+N+1% 8 mil (2+N+2)

Min Space Between
Laser Holes &
Conductor

6 mil (preferred); 5 mil (min.)

Min Pad Size for
Laser Holes

10 mil (4 mil hole diameter 11 mil (5 mil hole diameter)

Min BGA Pad Size

12 mil (LFHASLY, 10 mil (OtherSurface Finish) (Preferred)
12 mil (LFHASLY;, 10 mil (HASL9 7 mil (Other Surface Finisg(Minimum)
*See Section 6.0 for details on surface finish options

BGA Pad Size
Tolerance

+1.5 mil (pad < 10 mily, £15% (pad > 10 mik (Preferred)
+1.2 mil (pad < 12 mil}, £10% (pad > 12 mi (Minimum)
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5.3.1 Blind via

A Blind via is a coppgiated hole on a HDI PCB that can connect one of the external layers with one or more
internal layers, passing through two or more innerdes. Blind via can only be seen on one side of the board
since it can only connect an outer layer to inner layers. However, aaindonnection cannot pass through
the entire board connecting directly to the other outer layer, though it must connecni® of the external
layers.

5.3.2 Buried via

A Buried via is a coppg@iated hole interconnecting two or more inner layers, but not connecting to an external

layer. A buried via is hidden inside or buried within the boaocthey are invisible from theutside as a buried

via can only pass between the inner layers. Buried vias are only used to connect the various inner layers while

not connecting to any outer layer. Thus, the drilling must be dmefere the pressingprocessof the PCBFor

example, 1+n¥, 2+n+2, or3+n+y ¢ NBLINBaSyda | O2NB I @SNJ, @l (K 0 dzNJ
the numbersrepresent the couples of laser holes above the core ladiso, laser holes on these inner layers

can be plated closkwith copper.

JL

Through Hole Via i i
Buried Via Blind Vias

Figure9: lllustration of via types

5.3.3 Stacked Micraia

Stacked micrevia is a type of compound design structure which stacks mvieron top of eals other. Stacked
micro-via use space efficienthallowing you to achieve the highest possible circuit density and are easier to
use than a staggered structure. Unfortunately, stacked migacare less reliable as the via experiences greater
thermal stres during the solder reflow step. Consequently, they are considered to be less reliablevin a
through-via.

5.3.4 Staggered Micraa

Staggered micrwia is a type of compound design made by placing mi@avith small offsets from each other
betweenlayers. This is the most reliable complex design structomeit requires slightly me space in the
HDI PCB design.

5.4 Multiple Laminations/ Sequential Lamination
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Lamination is a technique to manufacture a composite material with mulliylers, in this casa multilayer
PCB. Laminating board materials into a ralalyier PCB involves fusing two or more different laminate boards
using heat, pressure, welding, or adhesivBtere are many different process forlamination anda variety

of PCB materialallow for severalamination processsthat maybe applied to PCB design.

For nonrHDI boardsa single lamination step fuses all layers. For HDI boatstechnique for creating a
multilayer PCB is sequential laminatjarprocess stantig on a core layer fused with a conductive and dielectric
layer on both sides using multiple pressure passes. Sequential lamination allows both blind and buried via to
be created during the buitdp process allowing discrete or formed components to be eddleel using High
Density Interconnect (HDI) technology for HDI PCB manufacturing. Due to the complexity of the sequential
lamination process, it may add considerable cost to board fabrication as well as ingreasl time. Bittele
Electronics suggest cansng with one of our representatives if your design for ldDI ZBrequires to be
constructed using sequential lamination. Although Bittele Electronics has the capability to fabricatiaysulti

PCBs with up to 40 layers, it is recommended to design RQIBs with 20 layers at most. A PCB layer refers to

a core, copper and prepreg layer in a PCB haartlincluding the silkscreen, solder mask, and other layers.
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6.0 Surface FinisRiptions and Requirements

Applying the surface finish is one of the maspbrtant yet least understood steps of PCB fabrication. Surface
FAYA&AKSEA FNB dzaSR (2 O2dMs & BCR dekith®r (it & @ssential td underStand & 2 f R
the various finishes that are available to you, as well as the advantagessauiyaltages of each finish.

Surface finish acts as a protective coating to shiefgper not covered by a solder mask a printed circuit

board (PCB). A surface finish can be applied to a PCB using one of three primary ways: dipping, immersion, or
electrolytic fusion. Dipping involves lowering and dipping parts of an unfinished PCB into a vat of liquid metal
surface finish while restricting it to cover only the desired locations tghsurface finish. Immersion is a

method where a PCB is fully immersed bath of liquid metal surface finish, thereby fully galvanizing the PCB.

Lastly, in the electrolytic plating proceske PCB is immersed in a solution containing dissolved metal ions
1y26y a Iy aStSOGNREteE&GSed !hfhatSolulich SoNFatdnetd dneNapesii A & G
themselves onto the conductive surface of the PCB. Many different types of surface finishes exist, and we at
Bittele offer a variety of the most popular finished as options in our PCB fabrication services.

6.1 HAS/LFHASL

Hot Air Solder Leveling (HASL) is the most common type of PCB
surface finish used in the industry. HASL finishes are composed
of solder, with proportions of approximately 63% tin and 37%
lead, commonly referred to as a 60/40 split. The process for
applyingthis finish is begun by dipping the circuit board into a
molten pot of the tin/lead alloy after the solder mask has been
applied. Next, a Hot Air Leveler (HAL) removes the excess solder,
using hot air knives to leave behind only the thinnest possible
layer. This remaining layer of solder protects the traces
underneath it from corrosion, while easing the task of soldering
components to the board by prénning the whole pad. HASL is

a very coskffective surface finish compared to other types of
finishes ad thus is considered a great choice for general
purpose boards.

Figurel0: Example of a HASL Surface Fir

LeadFree Hot Air Solder Leveling {HBSL) is similar to HASL in
appearance and usage; however, the sojderthis casegontains a mix of 99.3% Tin and 0.6% Copper. This
alloy results ima higher melting point for leaftee solder, when compared with leaded solder-HASL is a
replacement for leaded solder, used when a ldagk or RoHS compliant PCB is required. Please note that a
laminate with higher temperature tolerance is needed fpplying this finish; otherwise, the process is
identical.

In the past, HASL was one of the most popular surface finish choices due to its qualities as a low cost and robust
solution. Recent fundamental changes in the PCB industry, such asnmae compéx surface mount
G§SOKy2t23e 6{acvz KIZS NBGSIt SR | lepihSGHMT daeki® dvénz2 YA Yy I &
surfaces not being compatible with fine pitch components. Recently;flresdL FHASL became available, but

now there are other leadiree options more suitable for a higiliability product.
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Pros Cons

E LowCost Finish

E Widely Available
E Repairable Layer
E Excellent Shelf Life

Uneven Surfaces

Not Good for Fine Pitch Components
Thermal Shock

Not Good for Plated ThrougHole (PTH)
PoorWetting

New Calto-action

Solder Bridging

E May Contain Lead (HASL)

s TV M M My me me my

Bittele offers a variety of surface finish options, all for a standard price, including HASL. Please note before
ordering that standard HASL finishes contain eth@refore, boards with his finish will not meet RoHS
standards. We suggest planning for theHASL option if you want this type of surface finish.

6.2 ENTEK/OSP

Organic Surface Protectant (OSP) is a typevatier-
based, organisurface finish that is typically applied to
copper pads on a PCB. OSP is an organic chemical
compound that will selectively bond to copper pads and
provides an organometallic layer to protect that copper
layer. However, OSP is notradust as HASL and is very
sensitive to small abrasions requiring gloves to avoid
scratches. OSP is an environmentéligndly compound,
and extremely green in comparison with other |efage
finishes, which typically have more toxic substances or
require substantially higher energy consumption. OSP is
a goodeadfree surface finish with very flat surfacdsut

it has a very short shelf life. To apply this surface finish,
you only need to dip the PCB into a chemical bath of the
OSP compound, but you mustte that this may only be
done after all other processes are finished, including
Electrical Test and Inspectio@SP is not a standard
surface finish anéhcurs extra cost if chosen.

Figurell: Example of an OSP Surface Finish

Pros Cons
E Leadfree E Not good for PTH (Platéthroughholes)
E Flat surface E No Way to Measure Thickness
E Simple process E Short Shelf Life
E Repairable E Can Cause ICT Issues
E CostEffective E Exposed Cu on Final Assembly
E Handling Sensitive
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6.3 ENIG

;ﬁi‘.“‘ 3 Electro less Nickel/lmmersion Gold (ENIG) is a delalgkr
metallic surface finish that is composed of a very thin layer
of gold applied over a layer of nickel. A nickel layer is first
plated onto the PCB copper pads using an electroless
processa controlled chemical reaction. Then a gold layer
is applied on top of the nickel layer using immersion
methods to cover the pads and traces.

Typically, an ENIG surface finish is only applied after a
solder mask layer is applied; this is due to costaasrsif

all copper surfaces are plated with gold. After applying a
solder mask layer, the layer of gold will be applied only to
what is left exposedreducing the total area plated with
gold. The top layer of gold protects the nickel during the
storage peiod, thus providingan excellent shelf life. This
finish also provides a very flat surface, which is ideal for
mounting parts such as Surface Mount Devices (SMDs) and
Ball Grid Arrays (BGAs). ENIG is a finish preferred by many contract PCB assemtiettsechigh electrical
conductivity of gold.

Figurel2: Example of an ENIG SurfaE@ish

As a result of the many advantages listed above, ENIG has become the mosubéghkinish in the PCB

industry since the growth and implementation of the RoHS regulation. Unfortunately, such great advantages
cannot come without drawbacks, and for ENIGK S 6 A 33Sa0 RN} gol O1 Aa AiGQa O2Y
procedure. If this procedure is not properly controlled, quality issues such as "Black Pad" may occur. Black Pad

is a buildup of phosphorous betweghe gold and nickel layers, which may result in fractured surfaces and

faulty connections.

Pros Cons

Flat surfaces Black Pad / Black Nickel
Strong Expensive

LeadFree Not Reworkable

Good for PTH (Platethroughholes)
Long Shelf Life

Damage from ET

Signal Loss (RF)

Limited availability
Complicated Process (twuarts)

m m mrmemr
m m M meome mem

We at Bittele offer ENIG as a standard surface finish option, with a standard price, meaning no additional cost
will be applied for selecting this finishis our most popularsurf& RdzS G2 AGQ& AYLINRBOSR |j dz
cost.
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6.4 Full Body Hard Gold

Full Body Hard Gold also known as Hard Electrolytic Gold
is a layer of gold with hardeners for increased durability,
plated over a barrier coat of nickel using an electrolytic
process. Hard gold is extremely durable, and so this
material is usually applied to highear areas, such as
edge connector gold fingerand keypads, since its
hardness can withstand repeated use; however, due to
the high cost of hard gold, and its relatively poor solder
ability, it is rarely applied to soldexble areas.

Full Body Hard Gold is a rarelyosen surface finish,
where the full body of the PCB board is plated with hard
gold. In order to apply a Full Body Hard Gold surface
finish, an electrolytic process using an electric current or
an immasion process is needed, depending on the PCB
design. Due to the poor soldability of hard gold, a very
active flux will be required to solder effectively to the
hard-gold-plated pads.

Figurel3: Example of a Full Body Hafdold
Surface Finish

Pros Cons

E Hard, Durable Surface
E No Lead
E Long Shelf Life

VeryExpensive

Extra Processing / Labor Intensive

Use of Resist / Tape

Plating / Bus Bars Required

Demarcation

Difficulty with Other Surface Finishes

Etching Undercut Leads to Slivering / Flaking
NotSolded 6t S ! 6203S mT >A
Finish Does Not Fully Encapsulatacer
Sidewalls, Except in Finger Areas

mv my m My me meme meme

We at Bittele also offer this finish option, but please note that the associated cost depends on the specific
amount of gold plating area that is ordered. Please send all necessary documents and data to Bittete, and
will review your files before providing you with an estimate.

6.5 Selective Gold

Selective Gold involves usiaggold surface finish to plate specific areas on a;R©OR that this does not

include applying gold fingers. While we at Bittele offer this finish option, the associated cost depends on the
specific area of gold plating ordered. Please send all necessary documents and data to Bittele, and we will
review your files before providing you with an estimate.
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6.6 Double Gold (FtBlody + Selective Gold)

Double Gold is a method that combines the use of both Full Body Hard Gold and Selective Gold methods. We
at Bittele offer this finish option, but please note that tassociated cost depends on the specific area of gold
plating ordered. Please send all necessary documents and data to Bittele, and we will review your files before
providing you with an estimate.

6.7 Edge Connector Plating
\\\\\‘ , / /_/// ‘l; //5 J‘ '% The Edge Connector is the part of a printed circuit

Z 0 = 3 board (PCB) with traces leading to the edge of the
‘ \ ~ - o A WS board, shaped to plug into a matching socket.
[ 3 : Applying hard gold plating onto edge connectors as
gold fingers ishighly recommended. Hard gold is
extremely durablethus, when it is applied to high
use areas, such as edge connectotbey can
withstand more wear and tear. We at Bittele also
offer this finish option, but please note that the
associated cost dependgaon the specific amount
of gold plating area that is ordered. Please send all
necessary documents and data to Bittele, and we
will review your files before providing you with an
estimate. See Sectiom.13 Edge Bevefor bevel
angles available for gold fingers.

Figurel4: Example of Edge Connotor Plating

6.8 Wire Bonding (Soft Gold)

Wire Bondingwhich uses soft golds another typeof & dzZNJF I OS FTAYyAaK O2YY2yf & NBFSN
32 f R ¢ gbfter golkuSed in this type of surface finish can easily form strong metallic bonds with standard

copper traces. The strong bond of gold and copper allows for more conductive connections when leads are
soldered to the board. The process for applying # gold surface finish is similar to hard gold, using an
electrolytic process to apply the finish, but the soft gold process requires that a solder mask first be applied.

When soldered, soft gold remains in the alloy and produces a stronger welded joivg point of soldering

or wire bond.We at Bittele also offer this option, but please note that the associated cost depends on the

specific amount of soft gold used in bonding. Please send all necessary documents and data to Bittele, and we

will review yaur files before providing you with an estimate.
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6.9 ENEPIG

Electroless Nickel / Electroless Palladium /
Immersion Gold (ENEPIG) is an advanced and
complicated surface finish. BRIG is similar to ENIG
and was developed over a decade ago as a design
improvement on the ENIG surface finish. ENEPIG
recently became more popular due to a decrease in
. SRR oy the price of palladium. The application process of
‘ioolnie s o — ENEPIG is similar to the ENIG apfitinn process,
..... : with one extra step: the application of a palladium
R v layer over the nickel layer, before adding the top
Mg ' gold layer. The palladium layer in the middle
__________ NBY2@Sa (KS LlRaaAroArAtArdce 27
"""" % the nickel layer being corroded by the dolThe
. - ' : ENEPIG method forms a flat, coplanar, hard surface
that is good for gold wire bonding, aluminum wire
bonding, and provides excellent solekbility.

(G

Figurel5: Example of an ENEPIG Surface Finish

Pros Cons
E Flat surfaces E Expensive
E Strong E Not Reworkable
E Leadfree E Very Limited Availability
E Good for PTH (Platéthroughholes) E Complicated Process (Three Parts)
E Long Shelf Life

Please note that we at Bittele usually do not provide ENEPIG as one of our standard surface finish options. If a
client is interested in this finish, we ask that they please contact one of our technical support specialists for
further details about cost ahlead timebefore finalizing their order.

6.10 Immersion Tin

Immersion Tin is a method using a chemical
process to apply a very thin tin layer over the
copper layer. This method is a lefde alternative
that makes a consistently flat tin surfadbat
solders well and is coOS T FAOASY G ® ¢ KA &
appearanceis usually mostly whiteso it is also
commonly referred to as White Tin and is applied

i * to the copper using an electroless chemical bath.
Figurel6: Example of an Immersion Tin Surface Finis This tin surface finish can protect the copper
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surface underneath from oxidation throught i KS t / . Q& Afg/ Hoigld D prdiied btid aspdect

of this finish is the strong affinity of tin and copper for one anofhgrich allows the diffusion of one metal

Ayid2 Fy20KSNI® ¢KAA& LINRPOSaa OFy OFdzasS GKS Tawmal GA2Y z
can cause shorts and reduce the quality of solder joints, negatively impacting the shelf life and the performance

of the PCB.

Pros Cons
E Leadfree E Not Good for PTH
E High Reliability E Process Uses Thioureakimown Carcinogen
E Flat Surface/Planar E Not Good for Multiple Reflow/Assembl
E CostEffective Processes
E Can Substitute for Reflowed Solder E Tin Whiskers
E Top Choice for ss Fit Pin Insertion E Could Damage Solder Mask
E Reworkable E Easy to Cause Handling Damage
E Difficult to MeasureThickness

We at Bittele offer Immersive Tin as a standard surface finish option, with a standard price, meaning no
additional cost will be applied for selecting this finish.

6.11 Immersion Silver

Immersion Silver is a method that applies a lead
free layer of silver onto a PCB, to protect copper
traces from corrosion. Silver surface finish has
excellent solde@mbility comparable to solder
plating, as well as moderdie long shelf life,
though still less than some of the other finishes.
It is a popular choice due to silver being the most
electrically conductive metal available, and ideal
for highspeed signals. Silver surface finish can
be applied to copper traces withn electroless
immersion reaction, displacing the copper layer.
The application process for this surface finish
Figurel7: Example ofSilver Immersion Surface Finish  forms a very flat surface, which is advantageous
for SMD assembly. Silver immersion is a surface
finish with benefits that far outweigh its ctss and thus it has gained widespread popularity since the RoHS
and WEEE directives came into effect; however, silver immersion is not without its drawbacks. Silver is sensitive
to contaminants, both in the air and on the board, and thus it should be p@ckas soon as possible to prevent
tarnishing.
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. [TV [TV [T [TV M

E

Pros

RoOHS complaint

Planar

Fine pitch

Costeffective
A good alternative to ENIG
High stability

Cons

E Tarnishes

E Silver Whiskering

E Some Systems Cannot Throw into Midfia
Aspect Ratios of > 1:1

E HighFriction Coefficient/Not Suited to
Complant-Pin Insertion (NAu Pins)

We at Bittele offer Immersion Silver as a standard surface finish option, with a standard price, meaning no
additional cost will be applied for selecting this finish.

6.12Comparison Chart

Bittele Hectronics offers a variety of different surface finish choices, with some standard surface finishes like
ENIGHASL, I-HASL, Tin Immersion, and Silver Immersion surface finishes for a standard price. Other offered
surface finistchoices are Hard Gold, Selective Gold Plating, and OS& difterent prices. Please be advised

that the associated cost of these natandard options will be higher, and can depend upon the specific
requirements of your project.

Considering both pce and performance, the following options are sugges$tedypical projects

91 Electroless Nickel Immersion Gold (ENIG)
M Immersion Tin
M Immersion Silver

Table23

Deposit

Cost

RoHS \
Shelf Life

LFHASL OSP  ENIG ' Tin Silver Hard Gold | Soft Gold ENEPIG
Dipped | Dipped Dipped Electre Immersion | Immersion | Electrolytic | Electrolytic | Electre
less/ less/
Immersion Immersion
$ $ $ $$ $$ $$ $$$ $$$ $$
No Yes Yes Yes Yes Yes Yes Yes Yes
Long Long Medium | Long Medium Medium Long Long Long
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7.0 Solder MaslOptions and Requirements

The solder mask is a piece of the Printed Circuit Board (PCB) fabrication process that is often taken for granted,
but this piece is absolutely vital in assuring the quality and functionality of aTR€Btriking difference in

quality between boards with and without solder masks is the reason why we at Bittele include solder masks as
a standard finish on all our boarddaving established the importance of solder masks, it follows that a PCB
designer shuld understand the function foa solder mask in some detaihd the types offered by their
manufacturer

7.1¢ What is a Solder Mask?

A solder mask is a robust, permanent coating that is laminated over the copper traces of EnBTB/er is
sometimes ¢ f f S RoldérktSp miask  Aditer desisé. The main function of a solder mask is to prevent
the formation of solder bridges during automated massemblyA solder bridge is formed when a small bead
of solder creates an unintended electrical connection between two or more pads on aARGHBIditional
purpose of a solder mask is to protect the copper traces against oxidattinoh substantially improves the
lifetime of the board

The solder mask becomes even more essential in the mass assembly of PCBs, where a solder bath is used to tin
each copper pad. During this process, the solder mask acts to ensure that no traces of solder are left in
unintended areas aa result of the solder bath. Such trace amounts of solder could cause a short circuit
between two points on the boardvhich should be unconnected.

7.2¢ Types of Solder Mask

At Bittele, we offer Liquid Photbnageable solder mask, and pexddle solder msk(described in section 7.7)

Liquid Photelmageable (LPI) solder masks are composed of an ink compound that can be silkscreened or
sprayed onto the PCB. The LPI solder mask technique is commonly used with hot air surfiéog (EMESL),

and requires &lean environment, free of particles and contaminants, for application. After an LPI solder mask

is applied, and the PCB is completely covered on both sides with the solder mask, the next stage in the process
is curing.

Unlike some older solder masks, BPy' {1 & I NB aSyaAadA@S G2 !+ fA3IKG FyR C
Oe0fSé¢s YI1Ay3d dza8 2F '+ fA3IKG SELR&AINBE® ¢KAa OdzNA y :
ensure that the LPI mask is cured in the proper locations, negativetiintils of the top and bottom solder

masks are printed using a contact printer and the origdeiberfiles. The film sheets are printed with black

sections corresponding to any areas of the PCB that are tefbencoatedfor soldering, or otherwiserée

from the solder mask. The entire PCB is then exposed to a UV light, which causes the solder mask to cure and
harden in any exposed areas, but has no effect on those areas shielded by the black film. After curing is
complete, the uncured mask can be wad off of the filmshielded sections, leavirfe solder mask in only

the desired areas.
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Our highquality solder mask is durable and lelagting.Usually, we onsider that a 1um solder mask layer can
withstand 100 VDC. ¥/can ensure the solder mask tkiess will be minimum 5um on the conductor corner
and minimum 10um on conductor surfac&éhese thicknesses ensure that for the majority of designs,
breakdown of the solder mask is not an issue.

7.3¢ Solder Mask Design Rules

When starting a new PCB layout; before submitting your design to Bittele for PCB Fabrication, it is
worthwhile to check your solder mask spacing against the following criteria to ensure mamafality:

Conductor OverlapRefers to the relative size of the solder mask, comparethéocopper feature. Bittele
requires aconductor overlapat least4 mil larger than the feature size

Solder Mask Clearanc®elated to conductor overlap, the solder mask clearance defines the actual space
between the edge of the copper feature and the edge of the solder mask. Bittele requingsraum solder
mask clearance of 2 mil

Solder Mask BridgeRefers to the width ofthe solder masked area that fills a gap between any two pads on
the PCB. Bittele prefersminimum solder mask bridge of mil, with an absolute minimum of 3.5 mil.

Figure 17 shows a visual depiction of the spacing requirements described above for clarity

Solder Mask Eliridgle (4 mil) Copper Pads Solder Mask

Solder Mask Clearance (2 mil)

Conductor Overlap (4 mil) = Solder Mask Gap width - Pad Width = 2 * Mask Clearance

Figurel8: Visual Depiction of Solder Mask Spacing Requirements
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7.4 ¢ Solder Mask Colours

The colour of a solder mask has rféeet on the electrical performance of a boatout there isanimportant

aspect of contrast betwaetraces, planes, and empty spacectmsider.Solder masks are available in a variety

of colours, including some standard colours and a large variety of custom colours. The colour chosen can make
quite a difference in the degree of difficulty for futun@tibleshooting of the PCB. We at Bittele have a number

of standard solder mask colours available, but custom colours will need to be ordered in advance.

Figurel9: A Standard Green Solder Mask Protecting Copper Traces

7.4.1¢ StandardSolder Mask @ours

We at Bittele offer the followng standard solder mask colour&@reen Matte Green Red Blug Matte Blue

Yellow Black Matte Black andWhite.

Green

In terms of practical performance, green is the best choicéh®solder mask colour. It is the industry standard
because green is easy on the eyes, allowing for high contrast between traces, planes, and empty space on the
PCB. High contrast allows for technicians to easily check, with the naked eye, for manufaetigits d

Red

Red is a colour that looks professional, the contrast between traces, planes, and empty spadevigr than

it is with a green solder mask. Some degree of magnification is suggested when inspecting fine traces on the
board for defects withhis colour.

Blue

Blue solder masks show a low contrast between traces, planes, and empty space; thus, magnification is
mandatory when inspecting for manufacturing defects. These PCBs look aesthetically pleasing and very
professionalmaking thema good clice for fullydeveloped finished products that will not require much trace
visibility.

Yellow

Yellow solder masks show very high contrast between planes, traces, and empty spaces. In fact, the contract
achieved byhe use of a yellow mask is as high asegr, however, the colour is unpopular

Black
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Black is a glossy colour that looks good but has almost no contrast between traces, planes and empty space.
Black also absorbs heat, which increases the danger of overheating for secmitigenents.

White

White has the lowest contrast and is also the hardest to clean. If possibleyaigchoosing white.

7.4.2 Custom colour

We at Bittele are happy to offer custom solder mask colours, such as purple and orange, but we do not keep
these coburs in stock. We will need to purchase these colours prior to production, so we employ a Minimum
Order Quantity (MOQ) for custom colours. Expect a marginal increase in both price and turn time for your PCBs
if you select a custom colour for the solder rhas

7.5 ¢ Substitutes (North America vs China)

Bittele offers high-quality Taiyo solder mask oil, which has satisfied the requirements of most clients and is
available in North America as wdlhiyo is the world's leading manufacturer of specialty inkssadier masks
for printed circuit boards.

7.6 ¢ Solder Mask Tenting

Solder masks can be used for covering the holes in a PCB by a process called tenting, the goal of which is to
minimize the amount of exposed conductive material on the surface of the bodh@ interest of preventing

shorts. We recommend tenting only for vias, and not THT pads, because some solder mask oil will flow into the
holes during the tenting process, and this might affect the finished hole size.

7.7 ¢ Solder Mask Plugging

We alsoffer solder mask pluggirig which holes are pluggesiith solder mask oil on both sideghese should
be indicatedn your Gerberfiles.Hole sizes for plugging should §maller than 05mm (20mil)in diameter.

7.8 ¢ PeelAble Solder Mask

Apeelable solder mask (PSM) is a type of temporary solder mask that is selectively applied to parts of a PCB.
It is used to protect gold plated surfaces from being coated with solder before the Hot Air Solder Leveling
(HASL) process, and then it is remoweahually. If a peehble solder mask is used to cover holes on a PCB, the

YIFa1Qa FNBF aK2dzZ R 0SS ndoYY 6A3TIASNI LISNI aARS GKIy (K

covered by at least 0.4mm.
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8.0 Silkscreer®Options and Requirements

Thessilkscreen may seem straightforward at first glance, and indeed the basic duties of this PCB layer are
relatively mundane when compared with some others; however, errors in the design of the silkscreen layer
can severely impact the aesthetics of the firad PCB. Furthermore, a robust silkscreen layer will not only act

to improve aesthetics but also it will assist in the troubleshooting and reworking of your PCB project.

A savvy PCB design engineer should understand the responsibilities of the silksypeeeasi well as the design
requirements that will allow for a clear and durable silkscreen. It is also useful to become familiar with the
many options in colour and composition for the silkscreen on your PCB project.

This section describes the functiondadesign of the silkscreen layer and proceeds with a discussion of the
many silkscreen options that Bittele Electronics makes available to our clients.

8.1¢ What is a Silkscreen?

The silkscreen is one of the many different layers
that can be found withi a PCB layout design. The
silkscreen layer contains all of the hurman
readable text to be printed onto a PCB. Such
information might include component reference
designators, company logos, manufacturer
marks, warning symbols, part numbers, version
numbers,date codes, etc.

Printable space is quite limited on the surface of

a PCB, and so it should be reserved for very useful

or important information. For examplethe

silkscreen is m&t often used to print a

component legend, which shows the locations of
Figure20: White Silkscreen Printing on Red PCB  various components on the board. Such a legend

will ease future troubleshooting and reworking of

the board, allowing technicians to easily reference between the circuit schematiharabinpleted PCB.

Other common silkscreen applications are company logos and PCB design serial numbers.

8.2¢Silkscreen Requirements

In order to ensure that the silkscreen layer can be printed clearly, all silkscreen designs should adhere to the
ALISOAFTAO fAYAGEA 2F GKSANI YIydzFl OGdzZNBNRA LINAYyGAYy 3 Sl

Bittele Electronics is able to print silkscreen layers with Antil (0.007 inch) margin of error, and so we
recommend that your silkscreen layers be designed with at ledsiné clearancefrom all component and
board edgesin the case that this margin of error causes silkscreen to be printed over sdikepads, our
production process will automatically correct the mistake.
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