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Application Note

Printed Circuit Board (PCB) Assembly


There are numerous ways to add various circuit components to a PCB. In this application note you will learn about a few of the different techniques necessary for assembling a PCB design and which methods work the best. PCB assembly time can vary greatly based on the complexity of a given design as well as how much knowledge a person has during the building process. This application note should help reduce your assembly time if you follow the suggestions outlined in it.

The first decision that needs to be made is what type of heat sources you will use during the assembly process. Items that will be at your disposal will be hot plates, toaster ovens, and soldering irons as seen below:
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Hot Plates: These should be used when trying to attach surface mount components to a PCB. Be sure to put flux along with solder paste on the desired copper pads prior to heating. When heating the PCB, you simply put the board on top of the hot plate until the solder past becomes shinny. When this occurs place the component in the desired location and remove the PCB from the hot plate to allow the solder to cool and solidify. 
Pro:It will heat your PCB up enough to melt solder paste when attaching surface mount components. 
Con: Since the hot plate heats from the bottom of the PCB, it will take longer for the top surface of the PCB to heat up to melt the solder paste. Also since the PCB is open to room temperature air during the whole process, this adds to the time required to melt the solder paste. Another issue is that it is very easy to burn the bottom of the PCB since it is directly in contact with the hot plate's surface. Also if there is any previously through hole mounted components installed prior to using a hot plate, they will become de-soldered and sift around as the PCB is heated.
Toaster Oven: Similar to a hot plate, these should be used when trying to attach surface mount components to a PCB. Be sure to put flux along with solder paste on the desired copper pads prior to heating. Also, place your desired surface mount component in the solder paste while being careful not to smear it. When heating the PCB, you simply put the board in the toaster oven until the solder past becomes shinny. Optimal settings to melt the solder is setting the toaster oven to “bagel” at approximately 400 degree Celsius. This only turns on the top heating element in the oven and heats the desired top surface of the PCB. Once you see the solder paste become shinny, turn the oven off and wait for it to cool. 
Pro: It will heat your PCB up enough to melt solder paste when attaching surface mount components. It is better than a hot plate due to being able to heat only the top surface of the PCB.  Also because the toaster oven encloses the PCB during the heating process, it takes less time to melt the solder paste and attach components.
Con: Burning your PCB can still occur if high temperatures are being used carelessly. Also If larger components are installed first such as IC sockets and variable resistors, they can easily start to melt if you are not careful during heating.
Soldering Iron: These are best used when attaching through hole mountable components such as IC sockets, header pins, variable resistors and more. Soldering irons provide concentrated heat to the area where you are trying to melt solder and attach a component to a board. The largest issue them is that it is hard to attach small components as soldering iron tips are often too big to be precise during the soldering process. As with the toaster oven, optimal soldering iron temperature is between 350-400 degrees Celsius.  
Pro: Great for mounting through hole and other large components to a PCB. A soldering iron gives you the ability to only heat up particular solder joint without the fear of heating up other solder connections and having other components come lose.
Con: Soldering iron tips are often too bulky to attach smaller components to a PCB. It is nearly impossible to attach surface mount components to a PCB using a soldering iron due to soldering points hardening at different times. Also, it is easy to burn the PCB in the spots you use a soldering iron. With too much concentrated heat, copper traces and pads will come lose and break continuity. If this happens, a PCB can become unusable if a proper workaround is not found.
The Assembly Process

Now that you understand how to use the various heat sources at your disposal, lets talk about the actual assembling of a PCB. Below you will read about the various ways to assemble a PCB board and the things you can do in order to save time.


When you first receive your PCB, it is a good idea to double check that your design was correctly made by your PCB manufacturer. Below to the left is our groups final KiCad design and to the right is our basic PCB. They both matched so I proceeded with populating the board with components. 
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Once you are confident that your basic PCB is correct, then you should move onto attaching your surface mount components. There are a couple of different ways of doing this and they are as follows. 

1) Mount your surface mount components in groups of 3-5 components in various areas of the PCB. It is very easy to get overwhelmed with the many components on a board and this is a good strategy I found in order to not make any mistakes. If components get soldered in the wrong places, then the PCB will not function correctly. I suggest using flux, solder paste and a toaster oven to attach the surface mount components in order to save time as well as have cleaner solder connections. After properly using the flux, solder paste, and heat from the toaster oven to attach each component, it is wise check for shorts. Unless 0 ohm resistors are being used, every component should have an open or some type of resistance across it. If an undesired short is found using a VOM meter, then de-solder the component and  try to reattach it or a new one again. Once you are confident that all components are properly attached, move on to another area on the PCB and repeat the process. Do this as many times as necessary until all surface mountable components have been attached. I used this method when assembling my groups PCB and it worked very well for me. Below is a picture of some of the various sections I soldered is groups. 
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2) A second option is to mount only particular types of similar components to the PCB at a time in order to avoid mistakes. You can mount all resistors, inductors, and capacitors of a given type separately. Doing this ensures that components are not mixed up and attached to the PCB in the wrong places. The only draw back with this method is that you have to be very thorough when locating exactly where a component goes. If you incorrectly read your reference schematic, then a component could be incorrectly attached and the PCB will not function properly.  Also just as in method 1, check for shorts across each component in order to save a lot of time in trouble shooting later on. 


In both of the methods above for attaching surface mount components, be sure to take your time when locating exactly where various things go. Rushing this part of the process will lead to a lot of extra time in trouble shooting issues once the whole PCB is assembled. 


Once all the surface mount components are successfully attached, you should move onto attaching all other components. This will include things such as SMA connectors, IC sockets, and other larger circuit components. When mounting these particular components, this is where a soldering iron will become more practical than a hot plate or a toaster oven. Most of these components will be soldered from the bottom side of the board as the majority of them are through-hole mountable. For this  reason, a hot plate or toaster oven wont work as the board will have to be flipped upside down. If this is done, the components on the top of the board will fall off the PCB once it is heated, thus undoing your previous work. Using a soldering iron along with following the tips below will avoid costly mistakes and save you time. 

1) If you are new to using a soldering iron, be sure to use flux.

2) Make sure that your soldering tip is the correct size for the components that you are installing. For soldering through hole pins to a board, you'll want to use a small spade tip. If soldering something such as a SMA connector, then a larger knife tip is necessary to get more even heat distribution and smooth solder flow.  A picture of different solder tips that you could possibly use is shown below.
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3) Once you have a reasonable solder tip selected, heat the soldering iron to approximately 350 degrees Celsius. If the solder seems to take a while to melt onto the tip so the soldering iron, then you can increase the temperature. Be careful not to exceed more than 400 degrees Celsius as you will begin to burn the PCB board more easily when soldering.  

4) Make sure you have some solder on your soldering iron tip when making connection with a component and the PCB. The heat of the soldering iron will transfer much faster with extra solder on the tip of the soldering iron. This technique will help prevent burning of the PCB. 

5) When soldering a component to the PCB, touch the soldering iron tip (with solder on it) to the desired area to be joined. After several seconds, bring the solder wire to the tip of the solder iron. If this is done properly, the solder wire should liquefy and flow evenly at the connection point. Be careful not to use to much solder.

6) When attaching through hole components, attempt to make a “solder tent” on each wire or pin. In order to do this, follow steps 4-5 and then when you pull the solder iron away, pull upwards. When you do this, a solder tent should form if done properly. The solder tent should resemble a small, shinny tepee. The pull up technique along with what proper solder tents can be seen in the image below.
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The six tips above should be able to help you with all your soldering iron needs. If you do make a mistake and need to de-solder a component, then use a solder sucker or stranded copper wire to take away excess solder in order to take a component off. Again try avoiding mistakes ahead of time by not rushing the soldering process and following the suggestions above.  



Our groups final and completely assembled PCB design can be seen below:
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Once you are confident that you and your team have properly built your PCB, you can move onto the testing phase where you will need to prove the functionality of all parts of the design and ultimately the whole complete design itself. That however is another topic of discussion which this application note is not intended to cover. 

