
1 

 

Step by step  double side PCB manufacturing 

CNC drilling 

The techniques for drilling copperclad for double-sided and 

multilayer PCBs with automated equipment are identical, 

with the exception that multiple drilling steps will be needed 

if your multilayer design includes buried or blind vias. Refer 

to the documentation that came with your drilling machine 

for more information Items to remember include:  

• set the STACK HEIGHT parameter to clear all dowel 

pins during traverse  

• set the SPINDLE FEED (inches per minute) and 

SPINDLE SPEED (RPM) for each drill size to values 

consistent with drilling standard 0.062" (1.6mm) FR-

4 copperclad.  

• set the SPINDLE PLUNGE DEPTH so that the tip of the 

largest diameter drill bit fully enters the backing 

material. Otherwise, these large diameter holes will 

not totally penetrate to bottom laminate and exit 

foil.  

Making Hole Conductiv 

Pre-treatment of surfaces (copper and hole wall) 

1. Mechanical (abrasiv) cleaning 

2. Degreasing: 1 – 2 minutes in”CleanerBuzzR” 

3. Rinsing in running tap water 

4. Micro-etching:   1 minute in (NH4)2S2O8 +H2SO4 

solution  (ammonium-persulphate and sulphuric 

acid) 

5. Rinsing in water 

6. Oxide removing:    ½ minute in 10% hydrochloric acid 

7. Rinsing in water and distillated water 

Activation of hole wall surface 

8. 3 minutes in the “Pre dip” bath. Role: increase adhesion of palladium to the insulating surface and protect 

the next bath. No rinse! 

9.  6 minutes in the palladium bath. Role: separated Pd precipitates on the surfaces.  No rinse! 

10. 3 minutes in the HCl solution (3%). Role: remove protecting agent from the Pd 

11. Rinse in distillated water 

Electroless copper deposition 

• The main constituents of the electroless copper chemistry are sodium hydroxide, formaldehyde 

(the reducing agent), EDTA (or other chelater), and a copper salt. In the complex reaction, catalyzed 

by palladium, formaldehyde reduces the copper ion to metallic copper. Dwell time is 8 – 10 

minutes. During the reduction we must see fine bubbling of the hydrogen gas. This process can 

deposit a thin layer of copper (0,5 -1 μm) both on the surface and in the hole, and we can continue 

the deposition by galvanic way. 

Panel plating 

Panel plate is designed only to add enough copper to the hole barrels to survive the imaging process. After flash-

plating  panels must return to copper electroplating after imaging to be plated up to the required thickness.  
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During panel plating, the entire copper surfaces on both sides of the substrate, as well as the hole walls are plated 

up to a desired final thickness. This requires a fairly hefty current source for even a modest size PCB. The end result 

is a smooth, bright copper surface that is easy to clean and prepare for later processing. 

Steps: 

1. To calculate the correct thickness of electroplated copper, we have to set the current density and have to 

know the size of the surface (both side!). 

2. Fix 1 – 3 panels into the galvanic tool and rinse them in running tap water 

3. Remove the oxide in a sulphuric acid solution (20 – 30 seconds) 

4. Put them into the galvanic bath (without rinse) and connect them to the cathode. The current density is 1 – 

1,2 A/dm
2
.  

5. When the deposition is ready, rinse the panel first in tank near the galvanic tank, then in running tap water. 

Calculate the time of the process, if we want to built 5 μm copper! 

Data:  molecular weight M: 63,5 g/mol,      density  ρρρρ = 8,9 g/cm
3
,         F = 96500 As/mol,       z = 2 

 

The Faraday law:          � �  
� 

� �
 � � � 	 � �  
��   � �   � � 

taking into account     m: mass of copper I: current in Ampers t:  time in seconds 

  A: area of the workpiece d: tickness of deposited film  

 

Basic principles of electroplating 

An acid copper electroplating solution is a mixture of water, sulphuric acid, copper sulphate, and a trace of 

hydrochloric acid. To this is added a number of organic constituents that serve to regulate and distribute the delivery 

of copper to the surface being plated. The two basic organic additives are commonly referred to as the 

"brightener/leveller" and the "carrier".  

A basic electroplating cell consists of a tank full of the above electrolyte with arrays of copper anode bars arranged 

along two opposite sides. These bars are referred to as the anodes, and, as you might expect, are connected to the 

positive terminal of a current source. This supply must be capable of continuous sourcing into a near short circuit 

load (a typical copper electroplating bath has an effective full load operating "impedance" that ranges between 

0.025 Ohms and 0.015 Ohms). Situated halfway between these anode "banks" is the copper clad substrate that is to 

be plated. It is variously referred to as the cathode or the work piece.  

In the simplest terms, copper deposition occurs when an electrical potential is established between the anodes and 

the cathode. The resulting electrical field initiates electrophoretic migration of copper ions from the anodes to the 

electrically conductive surface of the cathode where the ionic charge is neutralized as the metal ions plate out of 

solution.  

At the anode (in a properly maintained bath), sufficient copper erodes into the electrolyte, to exactly make up for 

the deposited material, maintaining a constant concentration of dissolved copper. This all sounds quite nice, except 

for the annoying tendency of electrical charges to build up on the nearest high spot, thereby creating a higher 

electrical potential. This area of increased potential attracts more copper than the surrounding areas which in turn 

makes the high spot even higher. If this process were allowed to continue unchecked, the resulting plated surface 

would resemble a random jumble of copper spears instead of the smooth, bright surface needed for reliable 

electrical circuit formation. Inhibiting and controlling this nonlinear behaviour is where the organic additives come in 

to play. This situation is especially critical at the rims of the through-holes. Here the field concentration is sufficiently 

high, that, in the absence of some mediating mechanism, electrodeposition would completely close off many of the 

smaller diameter holes. 
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Dry –film photopolymer lamination: 

This step made by the laboratory-leader, because after lamination the film needs 30 minutes our relaxing.  

The benefits of dry film are:   

• Uniform thickness 

• Thicker than liquid ones. This will be important at galvanic plating; the plated metal layer must be 

thinner than the resist. 

• The solid film don’t flow into the holes. 

The negative photoimageable materials are sensitive 

for the short wave part of visible spectrum, so we can 

work with them under yellow illumination. 

Working principle of laminating machine.  

The brushed and preheated board coated on both side 

by the Riston film. The temperature is about 100°C 

Other key parameters are the speed of rubber, 

pressure of the cylinders. The well laminated film is 

free of voids and folding. 

 

Positioning: 

 Using the fiducials of the photo and the panel, fixed 

the films on the both side of the board. Control 

whether the films are on the proper side: the text 

must be readable on it. 

We use a positive photomask, after developing the 

drawing get free and the unnecessary areas are protected 

by the Riston film. Over the holes are black dots on the 

photomask, so after developing the holes get free also. 

Exposition:  

The common UV source is a high pressure Mercury 

vapour lamp. Most of its emitted light is at 365 nm. 

Exposition time is 1 min.  

 

Developing: 

Carefully remove; first the photomasks, then the protective 

Mylar sheets from the surface. 

Put the panel into the develop bath. The unexposed part of the 

resist stayed soluble in a 2% sodium carbonate solution. The 

required time is more than 2 minutes. We can help with a fine 

brush to get free the metal surface, because the plated copper 

can’t stick to the residues of Riston film. The result of this step 

seems in the figure. After a tidy rinsing we can continue the 

galvanic plating of copper, but only on the free lands of the 

panel. 
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Pattern plating: 

Fix 2 or 3 panels into a galvanic tool. Before the new layer 

deposition, we have to clean the surface: first the microetching 

(0,5 min), then rinse in water and last remove oxide in sulphuric 

acid. Without rinsing put them into the copper plating bath. 

Assume the free area of surface and set the proper current. The 

current density is 1 – 1,5A/dm
2
. The plating bath is the same 

that we used at panel plating.  

Calculate the process time, when we want to produce 15μm 

copper layer! 

Tin plating: 

When the copper is ready, rinse the panel and do the same pre 

treatment steps, like before the copper plating. The current 

density is 1 – 1,5A/dm
2
. Now 5 -10 μm thick layer enough, 

depending on the solidity of the layer. This tin will protect the 

copper against the etchants. The bright tin has a good 

resistance.  

Stripping: 

In a 5% NaOH solution we can remove the exposed areas of the 

Riston film. It takes about 5 minutes. (Be careful: this is an 

agressive material, avoid your skin and eyes!) Rinse the stripped 

panel with running tap water. 

Etching: 

The alkaline, ammonia-contain etchant are selective, they can 

remove copper but can’t each tin, so the plated tin will protect 

the pattern. We use a copper-tetrammin-complex etchant. The 

chemical formula is:  [Cu(NH3)4]
2+ . The Cu

2+ 
ions of etchant and 

the neutral Cu atoms of the panel form Cu
+
 ions. This is soluble 

and easy to oxidize to Cu
2+ 

  by bubbling air into etchant bath. 

When we add more ammonia to the solution, we make more 

etchant from the etched copper. The etcant work quicker at 

elevated temperature (30 – 35°C)    

The red-ox equation of etching: 

Cu
2+ 

  +  Cu   →→→→  2Cu
+ 

   

Formation of the complex ion: 

Cu
2+  

  +   4NH3   ����   [Cu(NH3)4]
2+
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 Solder mask preparation 

Solder-mask-over-bare-copper (SMOBC) with hot-air-solder-leveling (HASL) has been the preferred surface 

finish for over 15 years. Increasing circuit density, however, is causing some to look for alternatives to this 

difficult to control process. Maintaining planarity of fine-pitch surface mount pads across both sides of the 

panel is a challenge. Another is solder bridging on fine pitch 

pads. This tends to happen when pads are lined up in the same 

direction of travel as the panel as it is pulled from the solder pot. 

Increasing the pressure of the air knives may blow off the solder 

bridges, but it also reduces the thickness of the solder coat on 

all of the other features. 

The purpose of solder mask is to physically and electrically 

insulate those portions of the circuit to which no solder or 

soldering is required. Increasing density and surface mount 

technology have increased the need for solder mask to the point 

that, with the exception of "pads only" designs, nearly all parts 

require it. Manufacturers have had some autonomy in selecting 

masks. Many specifications do not call out a specific product or 

product type, and this has allowed the manufacturer to choose 

masks based on processing as well as performance issues. 

Three basic types of masks are commonly applied:  

• thermally cured screen-printed masks,  

• dry film, and  

• liquid photoimageable (LPI).  

We use the LPI mask. It’s a two-component resin, containing 

photosensitive material. Depending on the layer-formation 

method, there are two viscosity ranges; a lower one, for liquid 

curtain method and a higher one, for screen printing. In this 

step, we prepare only a uniform cover onto the panel by 

screen printing, not a pattern. 

After printing we dry the paste, at 70°C for about 15 minutes. 

Wait for a couple of minutes for it to cool down and for the 

surface to get dry enough, then we can start the imaging 

process. The film positioning, the illumination, the developing 

are the same as earlier in the Riston processes. The masks are 

of course different, and the exposition time is longer: 6 

minutes.  

After developing we burn the layer (finish the hardening of the 

resin) at 120°C, for 30 minutes. The solder mask will protect 

the entire surface, except for the solder pads and rings 

 

A szitanyomtatás folyamata 



 

There are two types of electronic parts; Through Hole Device (THD) and Surface Mounted Devices (SMD). 

Subsequently there are two types of the inserting technologies; THT and SMT. 

assembly process, the resistors are SMD

 

TH resistors, SM resistors, transistors and IC

The method of soldering will determine the sequence of the assembly steps. We use reflow soldering, the 

steps are the following. 

• Dispensing the solder paste: M

contains solder metal spheres, t

additives. The industrial method 

pads is the stencil printing. The simplest way is the 

dispensing, with a pneumatic tool we can place small 

solder paste onto the pads by hand.

• Inserting SM Devices: Using 

machine we can insert the resistors.

scheme on the following page

properly.  

• Reflow soldering: In the reflow oven we 

can make the soldering together 

places. In the furnace we heat the entire 

panel (PCB, the devices and the solder) over 

the melting point of the solder.  

set the best heating treatment, the good 

“heat profile” to achieve the good 

soldering.  

The zones of the process: (text on the 

figure) preheating, equalization, reflow and 

cooling. Time for wetting (on the top), melting point 

The industrial ovens are multi-zone devices (7 

panels move across the furnace and g

single zone oven. Most of the heating energy 

Besides this, we use an intensive ventilation for the good equa

cases we can use pure nitrogen g

Assembly 

are two types of electronic parts; Through Hole Device (THD) and Surface Mounted Devices (SMD). 

there are two types of the inserting technologies; THT and SMT. 

assembly process, the resistors are SMD-s, the other parts are THD-s. 

  

TH resistors, SM resistors, transistors and IC 

The method of soldering will determine the sequence of the assembly steps. We use reflow soldering, the 

More than 80% of solder paste 

the rest are fluxes and other 

The industrial method used to place this onto the 

pads is the stencil printing. The simplest way is the 

dispensing, with a pneumatic tool we can place small dots of 

paste onto the pads by hand. 

 a manual “pick and place” 

machine we can insert the resistors. Check the inserting 

e, to place the components 

In the reflow oven we 

together on all 

. In the furnace we heat the entire 

panel (PCB, the devices and the solder) over 

 We have to 

the best heating treatment, the good 

to achieve the good 

(text on the 

figure) preheating, equalization, reflow and 

for wetting (on the top), melting point of the solder (dotted line).

zone devices (7 – 13 zones). Each zone has a fix temperature

panels move across the furnace and get the heat profile. In the laboratory we use a programmable 

single zone oven. Most of the heating energy comes from infrared source in b

we use an intensive ventilation for the good equalisation of the temperature. In some 

gas to avoid the soldered joints from oxidation.  

6 

are two types of electronic parts; Through Hole Device (THD) and Surface Mounted Devices (SMD). 

there are two types of the inserting technologies; THT and SMT.  Our panel needs a mixed 

 

The method of soldering will determine the sequence of the assembly steps. We use reflow soldering, the 

f the solder (dotted line). 

). Each zone has a fix temperature and the 

t the heat profile. In the laboratory we use a programmable 

infrared source in both types of ovens. 

lisation of the temperature. In some 

to avoid the soldered joints from oxidation.   
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Manual soldering: 

Inserting TH devices: Mount components 

into the holes of the panel according to 

their polarity. Don’t push the parts too 

close to the PCB, let there be some mm 

distance for the sufficient cooling. Bend 

leads out slightly. 

Iron soldering: First heat the lead of the 

component, and then apply the solder wire. 

The molten solder flows into the hole, 

caused by capillarity. After checking cut the unnecessary end of the leads.  

Via internet you can find several tutorials about manual soldering, like this: 

http://winking-falcon.com/engineering%20web/2manufacturing/soldering/How_to_solder.pdf  

 

 

 

 

The iserting scheme (left) and  

the schematic (right) of the PCB. 
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Concepts of Galvanic Technology: 
Translated by Galántai Balázs 

 

Current Utilisation: The quotient of the actually deposited mass and the mass calculated from Faraday's 

law. If this value is significantly less than 100%, particles other than of the desired material deposit on the 

cathode, because of the greater voltage and the current density. In most cases, this is hydrogen, as it is 

always present in aqueous solutions, and no additional voltage is needed for excretion (kiválasztás). This 

can cause a great loss in the quality of the coating, as the surface may become porous, matt, sometimes 

even black. Hydrogen integrates into the metal structure, making it rigid. 

 

Current Distribution Capability: the galvanic bath's ability to smoothen the coating's imperfections caused 

by the fluctuations (ingadozás) of the cathode's current density. 

The two types are micro- and macro current distribution capability. 

 

Primary Current Distribution: When the surfaces of the anode and cathode are not parallel, thus the 

current density is not even. This can easily happen when the cathode's surface is not flat. The macro 

distribution of the bath may be improved using conducting salts or by rearranging the anode. 

Secondary Current Distribution: The cathode's uneven surfaces cause current density fluctuations. Density 

is lower near holes and scratches, and higher near edges. Metal excretion is faster in these high density 

areas, and because of this, the areas of anode that are near to cathode edges are depleted quicker. The 

polarization potency raises because of this, and excretion eventually stops, only continuing in areas with 

lower polarization potency. Because of this, a bath with good micro distribution can result in a smooth, 

sometimes even shiny coating. Micro distribution can be improved using additives that raise the 

overvoltage level, mostly complexing agents (komplexképző anyagok) like ammonium or cyanide, (the 

latter is rarely used nowadays because of it's toxic nature.), surfactants (felületaktív anyagok), glycerine. 

 

Polarization Potency: When creating an electroplating cell (galvanizáló cella), we're creating a galvanic cell 

(galvánelem). It's electromotive force is equal to the difference of the two electrodes' electrode potential. 

To electroplate, we need to pass reverse current trough the cell, with the minimum voltage being the cell's 

electromotive force. (It can be 0V if the two electrodes are the same metal, and there is no space between 

the cathode and the anode.) 

In equilibrium, infinitely small current can pass trough the cell. If the current is raised, the boundary layer's 

state also changes. As excerting ions requires additional work, we need additional voltage for electrolysis. ( 

We can see this using W =  QU ) This is what we call the electrode’s polarization, and the increase in 

potential from the equilibrium potential is called overvoltage (μ). 

Upol = E + μ 
 

The positive ion excerts on the cathode in general, for which the least work (polerization potency) is 

required. The overvoltage can increase in a way that the polarization potency reaches the required 

polarization potency of another ion in the solution, giving both materials to have the same chance of 

excertion. In aqueous electrolytes, the second material is usually hidrogen. 

 

It is worth mentioning that in case of macro distribution, conductive salts should be used, because the 

metal ions in the solution of Na2SO4, MgSO4 have such high polarization potential, that they won’t ever 

excert on the cathode, while lowering the resistance of the bath.  

 

more:          http://www.ami.ac.uk/courses/topics/0223_plate/index.html  
 


