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INTRODUCTION

MANUFACTURING A BASIC MULTILAYER PRINTED CIRCUIT BOARD CAN BE 
SUMMARIZED AS FOLLOWS:
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• PLANNING & CAM: CREATION OF BUILD PLAN AND NECESSARY TOOLING 
• IMAGING: INNER LAYER IMAGE APPLIED TO SUBSTRATES
• DEVELOP, ETCH, STRIP: ETCH COPPER FEATURES
• INNER LAYER AOI: COMPARE ETCHED PANEL TO CAM DATA
• LAMINATION: BONDING INNER LAYERS TOGETHER
• DRILL: DRILL HOLES IN THE BOARD PER DESIGN & HOLE SIZES DESIRED
• COPPER 1: INITIAL COPPER DEPOSIT INTO THE DRILLED HOLES
• IMAGING: OUTER LAYER IMAGE APPLIED TO THE PANELS
• COPPER 2: PLATE THE OUTER LAYERS WITH COPPER (IE. PATTERN PLATE)
• STRIP, ETCH, STRIP: ETCH COPPER FEATURES
• OUTER LAYER AOI: COMPARE ETCHED PANEL TO CAM DATA
• SOLDER MASK: PROTECTIVE COATING APPLIED TO THE OUTER LAYERS
• SCREEN PRINTING: PRINT A “LEGEND” ON TO THE BOARD (TEXT IDENTIFIERS)
• FINAL FINISH: APPLYING A FINAL FINISH TO EXPOSED COPPER
• ROUTE: CUTTING OF THE FINISHED BOARDS FROM THE PANEL
• FINAL QC: VISUAL & ELECTRICAL TESTING PRIOR TO SHIPMENT TO THE CUSTOMER



BASICS – A QUICK VIEW

THE FOLLOWING 3 SLIDES WILL SHOW A BASIC VIEW OF THE STEPS 

PREVIOUSLY MENTIONED.

FOLLOWING THOSE THREE SLIDES WE WILL GO INTO GREATER DETAIL 

SHOWING AN ACTUAL REPRESENTATION OF PCB FABRICATION.

NOTE, THERE ARE MANY UNMENTIONED STEPS USED IN FABRICATION, 

THE PRESENTATION WILL FOCUS ON THE MAIN PROCESS STEPS.
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BASICS QUICK VIEW
INNER LAYER DRY 

FILM APPLICATION
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DRY FILM RESIST STRIPPED

INNER LAYER DRY FILM 
EXPOSED / 
DEVELOPED

INNER LAYER 

COPPER ETCHED

ALL LAYERS ARE 

LAMINATED TOGETHER

LAMINATED PANEL IS 

THEN DRILLED 



BASICS QUICK VIEW

ELECTROLESS COPPER 
DEPOSITED INTO 
DRILLED HOLES
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OUTER LAYER DRY 

FILM APPLIED

OUTER LAYER IMAGE 
EXPOSED / DEVELOPED

COPPER II OR 

PATTERN PLATE

TIN IS PLATED TO 
EXPOSED AREAS

DRY FILM RESIST IS 

STRIPPED 

ALL EXPOSED 

COPPER IS ETCHED

TIN IS STRIPPED



BASICS QUICK VIEW

LIQUID PHOTO-

IMAGEABLE SOLDER 

MASK IS APPLIED
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FINAL FINISH DEPOSITED 

TO EXPOSED AREAS

PANEL IS IMAGED AND 
UN-DESIRED SOLDER 
MASK IS DEVELOPED 
OFF

SILK SCREEN LEGEND IS 

PRINTED TO BOARD PER 

CUSTOMER DESIGN



PLANNING

ONCE A CUSTOMER ORDER IS RECEIVED IT IS GIVEN TO “PLANNING” TO DETERMINE 
THE STEPS NEEDED TO FABRICATE THE CUSTOMER DESIGN.  
EACH ORDER IS ASSIGNED A “TRAVELER” WHICH 
FOLLOWS EACH PANEL THROUGH  
FABRICATION.
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TRAVELER 

FOR FULLY 

PLANNED 

BOARD –

ALL STEPS 

NEEDED 

FOR THE 

BUILD



CAM

AFTER A TRAVELER IS CREATED THE JOB IS SENT TO “CAM” TO CREATE ALL 

NECESSARY PROGRAM FILES FOR BOARD FABRICATION.
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EXAMPLE OF CAM PLANNING BOARD DESIGN PER CUSTOMER SUPPLIED FILES



IMAGING (INNER LAYERS)
BASE MATERIAL FOR INNER LAYERS TYPICALLY CONSISTS OF A SUBSTRATE (COMMONLY 

WOVEN FIBERGLASS) WITH COPPER ON EACH SIDE.  MATERIALS ARE SENT TO “IMAGING” 

& DRY FILM IS APPLIED ON BOTH SIDES. ON INNER LAYERS A “POSITIVE” IMAGE IS USED 

TO COVER / PROTECT ONLY COPPER WHICH IS TO REMAIN.
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DRY FILM IS APPLIED 

TO THE PANEL
DESIGN IS LASER 

IMAGED TO THE 

FILMED PANEL(S)

REPRESENTATION OF 

MATERIALS PRE-EXPOSURE

Base 

Material



IMAGING (INNER LAYERS)

ONCE AN IMAGE IS EXPOSED ON TO THE PANEL IT IS THEN DEVELOPED.  ANY 

AREAS EXPOSED TO U.V. LIGHT WILL HARDEN AND NOT DEVELOP OFF.
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PANEL EXITING 

DEVELOPER – ALL 

UNEXPOSED / 

UN-HARDENED 

FILM REMOVED

REPRESENTATION 

OF BEFORE / AFTER

IMAGED 

PANEL 

ENTERING 

DEVELOPER



ETCH (INNER LAYER)

NOW THAT THE CIRCUITRY WHICH IS TO REMAIN ON THE PANEL IS DEFINED & 

PROTECTED WITH EXPOSED DRY FILM, WE ETCH AWAY UNDESIRED COPPER FROM 

THE PANELS.
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PANEL EXITING 
THE ETCH LINE 

– ALL 
UNPROTECTED 

COPPER 
ETCHED OFF

REPRESENTATION OF 

BEFORE / AFTER

PANEL 

ENTERING 

THE ETCH 

LINE



ETCH (INNER LAYER)

THE FINAL STEP INVOLVED IN THE STRIP & ETCH OF INNER LAYERS IS REMOVING 

THE HARDENED DRY FILM FROM THE SUBSTRATE.
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HARDENED DRY FILM 

REMOVED TO REVEAL 

COPPER DESIGN ON 

THE INNER LAYER

REPRESENTATION OF 

BEFORE / AFTER



QC - INNER LAYER

INNER LAYERS GO THROUGH AOI (AUTOMATED OPITICAL INSPECTION) WHICH 

COMPARES THE ETCHED PANEL TO CUSTOMER CAM FILES TO INSURE IT MATCHES 

THE DESIGN, INSURING THERE ARE NO SHORTS OR OPENS IN THE CIRCUITRY
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CAM DATA BEING LOADED IN 

TO AOI

AOI MACHINE INSPECTING 

PANEL, COMPARING TO 

LOADED CAM DATA



LAMINATION

INNER LAYERS ARE THEN “STACKED UP” IN THE PROPER ORDER, LAMINATED 

TOGETHER WITH ADHESIVE (“PRE-PREG”), AND A LAYER OF COPPER IS PLACED ON 

BOTH THE TOP & BOTTOM TO FORM THE OUTER LAYERS.
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PANELS 

ARE 

“STACKED 

UP” IN 

ORDER

THEN PLACED IN A 
PRESS FOR 

LAMINATION

REPRESENTATION OF 

BEFORE / AFTER



DRILL

ONCE LAMINATED, PANELS WILL BE DRILLED PER DESIGN.
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LAMINATED PANEL 

PRIOR TO DRILL

PANEL AFTER DRILLING

DURING DRILL
REPRESENTATION OF 

BEFORE / AFTER



ELECTROLESS COPPER
ONCE DRILLED, THE HOLES ARE PLATED IN AN “ELECTROLESS” PROCESS (“COPPER 

1”) TO DEPOSIT ALL HOLES WITH A LAYER OF COPPER WHICH WILL PROVIDE A 

METALIZED BASE WHICH ADDITIONAL COPPER CAN THEN BE PLATED ON TO.
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ELECTROLESS COPPER 

BATH LINE

REPRESENTATION OF 

BEFORE / AFTER

THROUGH HOLES BEFORE & 

AFTER ELECTROLESS



IMAGING (OUTER LAYERS)

AFTER ELECTROLESS PLATING, OUTER LAYERS ARE DRY FILM COATED FOR 

IMAGING. ON OUTER LAYERS A “NEGATIVE” IMAGE IS USED TO EXPOSE AREAS SO 

THEY MAY SELECTIVELY RECEIVE ADDITIONAL COPPER PLATING (IE. PATTERN 

PLATE).
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PANEL IS DRY-

FILMED, THEN 

LASER 

IMAGED

IMAGED PANEL AFTER 

DEVELOPER, SHOWING 

CIRCUITRY NOW EXPOSED

REPRESENTATION OF 

BEFORE / AFTER



PLATING

WITH COPPER CIRCUITRY NOW EXPOSED, AN EXTRA LAYER OF COPPER IS APPLIED 

TO BUILD UP SURFACE LAYER COPPER THROUGH AN ELECTROLYTIC PROCESS (THIS 

STEP IS COMMONLY REFERRED TO AS “COPPER 2” OR PATTERN PLATE).
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PANEL IN SECOND 

COPPER PLATING TANK

REPRESENTATION OF 

BEFORE / AFTER

PANEL AFTER RECEIVING 

“2ND COPPER” PLATING



PLATING

AS THE PANELS STILL HAVE THE ORIGINAL BASE COPPER ON THEM, BEFORE ETCHING OFF 

COPPER, THE PANELS ARE PLATED WITH A LAYER OF TIN (“TIN RESIST”).
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PANELS ARE PLACED INTO A 

TIN PLATING TANK

REPRESENTATION OF 

BEFORE / AFTER

TIN IS PLATED OVER ALL 

EXPOSED COPPER



ETCH (OUTER LAYERS)

WITH TIN PROTECTING THE COPPER WE WANT TO KEEP, PANELS NOW HAVE THEIR 
PHOTO-RESIST (DRY FILM) STRIPPED OFF. 
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PANELS ARE 

STRIPPED 

OF ALL DRY 

FILM RESIST

REPRESENTATION OF 

BEFORE / AFTER

PANELS 

EXITING 

RESIST 

STRIP LINE



ETCH (OUTER LAYERS)

PANELS ARE PUT THROUGH THE ETCHER TO HAVE ALL NON-TIN COATED AREAS 

ETCHED OFF THE PANEL.
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PANELS 
EXITING 

ETCHER – ALL 
UNPROTECTED 

COPPER 
ETCHED OFF

REPRESENTATION OF 

BEFORE / AFTER

PANELS 

ENTERING 

ETCHER



ETCH (OUTER LAYERS)

THE LAYER OF TIN PROTECTING DESIRED CIRCUIT AREAS IS STRIPPED FROM THE 

PANELS.
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PANELS 
EXITING 

WITH ALL 
TIN  

STRIPPED

REPRESENTATION OF 

BEFORE / AFTER

PANEL 

ENTERING 

TIN 

STRIPPER



QC - OUTER LAYER

OUTER LAYERS GO THROUGH AOI TO COMPARE THE ETCHED PANEL TO CUSTOMER 

CAM DATA TO INSURE IT MATCHES THE DESIGN AND THERE ARE NO SHORTS OR 

OPENS IN THE CIRCUITRY
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PANEL CAM DATA BEING 

LOADED IN TO AOI

AOI MACHINE INSPECTING 

PANEL, COMPARING TO 

LOADED CAM DATA



SOLDER MASK

WITH PANELS NOW FULLY RESEMBLING FINAL DESIGN, IT IS NECESSARY TO 

PROTECT THE BOARDS FROM SUBSEQUENT SOLDERING, EXTERNAL FORCES & 

ENVIRONMENT.  TO DO SO, A LAYER OF SOLDER MASK IS APPLIED TO THE

SURFACES USING SIMILAR IMAGING TO DRY FILM.
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AND IS THEN IMAGED 
TO UV LIGHT IN 

SELECT AREAS TO 
HARDEN THE SOLDER 

MASK

REPRESENTATION OF 

BEFORE / AFTER

SOLDER MASK 

APPLIED

SOLDER MASK 

DEVELOPED

PANEL COATED 
WITH LIQUID 
PHOTO-IMAGEABLE 
SOLDER MASK (LPI)



SOLDER MASK
ONCE THE IMAGE IS APPLIED TO THE PANELS, THE SOLDER MASK IS NOW 

HARDENED IN SPECIFIC AREAS WHERE IT IS DESIRED TO REMAIN.  THOSE AREAS 

WHICH WERE NOT EXPOSED OR HARDENED, ARE REMOVED IN THE SOLDER MASK 

DEVELOPER.
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PANEL EXITING 

THE DEVELOPER, 

ONLY DESIRED 

SOLDER MASK 

LAYER REMAINING

REPRESENTATION OF 

BEFORE / AFTER

PANEL AFTER 

EXPOSURE, 

ENTERING THE 

DEVELOPER

SOLDER MASK 

APPLIED

SOLDER MASK 

DEVELOPED



SILK SCREEN / LEGEND PRINT

WITH SOLDER MASK APPLIED, PANELS ARE NOW LEGEND PRINTED.
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SOLDER MASKED 

PANEL PRIOR TO SILK 

SCREEN LEGEND 

APPLICATION

PANEL AFTER 
LEGEND HAS BEEN 

APPLIED

REPRESENTATION OF 

BEFORE / AFTER



FINAL FINISH

A FINAL PLATING OVER EXPOSED COPPER AREAS WITH THE CUSTOMERS CHOICE 

OF COATING (NICKEL/GOLD, HASL/TIN LEAD SOLDER, SILVER OR TIN – THERE ARE 

MANY OPTIONS AVAILABLE & SELECTION WILL BE BASED ON CUSTOMERS NEEDS).
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PANEL AFTER 

RECEIVING 

GOLD PLATING

REPRESENTATION OF 

BEFORE / AFTER

PANEL PRIOR TO 

RECEIVING GOLD 

PLATING



ROUTE

TYPICALLY MULTIPLE BOARDS ARE BUILT ON A PANEL FOR EFFICIENCY AND ONCE 

THE BUILD IS COMPLETE, THEY NEED TO BE CUT OUT OF THE PANEL, WHICH IS AT 

THE ROUTE STEP.
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PANEL AND 

BOARDS 

DURING ROUTE

FULLY 

ROUTED 

BOARDS

PANEL WITH 

MULTIPLE 

BOARDS PRIOR 

TO ROUTE



FINAL TESTING

WITH THE FABRICATION PROCESS NOW COMPLETE, BOARDS ARE ELECTRICALLY TESTED TO 

CONFIRM FUNCTIONALITY. CROSS SECTIONS ARE PERFORMED TO CONFIRM INTEGRITY OF 

PLATED THROUGH HOLES, HOLE WALL PLATING & INNER LAYER “REGISTRATION”.
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“FLYING PROBE” ELECTRICAL TEST EXAMPLE OF A BOARD CROSS SECTION



CURRENT TECHNOLOGIES

• BLIND/BURIED/STACKED VIAS

• ETCHED RESISTORS

• CASTELLATIONS
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BLIND/BURIED/STACKED VIAS
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ETCHED RESISTORS
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CASTELLATED HOLES
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FUTURE TECHNOLOGIES

• 3D PRINTED PCBS
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ADVANTAGES AND DISADVANTAGES

PROS

• MINIMAL EQUIPMENT REQUIRED

• ABILITY TO PRODUCE PROTOTYPES QUICKLY

• ABILITY TO PRINT CIRCUITRY ON 3D SURFACES

CONS (CURRENTLY)

• LOW PRODUCTION CAPABILITIES

• LIMITED MULTILAYER TECHNOLOGY

• LIMITED THRU HOLE PLATED TECHNOLOGY

• LIMITED RESOLUTION 46
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IF YOU WOULD LIKE TO CONSIDER 
NETVIA GROUP FOR YOUR PCB 
FABRICATION OR SHOULD YOU HAVE 
ANY QUESTIONS, YOU CAN EMAIL US 
AT:  SALES@NETVIAGROUP.COM

NETVIA GROUP, LLC

JANUARY 2019
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MAIN: (972) 573-1400
FAX: (972) 573-1410
ADDRESS: 230 IRBY LN.

IRVING, TX 75061


