UMass Lowell TEAMS Academy

25.151 Assistive Technology & Electronics

Lab 6:  Printed Circuit Board Fab Lab
Objective:  Given a circuit, use Eagle CAD software to create a schematic, lay out a printed circuit board, fabricate the PCB, then build the circuit (bonus:  create a novel package).  

You will need to do the same for your ATDF project!
Part A:  Reverse engineer the circuit schematic (30 points).  DO THIS AT HOME!
Use the component placement diagram and the “foil pattern” to recreate a properly labeled circuit diagram for the “Chaney Electronics Tingler Circuit” (another shocking circuit to play with!)  Note that the hand-drawn “foil pattern” represents the copper traces on the bottom side of the circuit board.  You may want to cut this out and put it “back to back” with the component placement diagram to help visualize the connections.

You should recognize the IC and use your knowledge to explain/calculate what this circuit does.

Deliverable:  Single page…
1.  
A neat, hand-drawn circuit schematic.  Your schematic should look very similar to the schematics in the “Applications” section of a very “famous” IC data sheet.
2.  
On the bottom of the schematic, identify the type of circuit (see lab 4 & 5) and describe exactly what the IC portion of the circuit “does” (include calculations).  Bonus if you can explain what the 2n3904, potentiometer, and 1:10 transformer do. 
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Part B:  Use EAGLE and create a schematic (50 points).  DO THIS AT HOME!
Start by downloading EAGLE on your computer at home (use the link on the EAGLE wiki page).  Make sure you download the modified EAGLE libraries as well!

Now use your hand-drawn circuit schematic to create a schematic in EAGLE as we did in class. A few reminders and hints…

· Label all parts with names and correct values to match list in figure on previous page.  Use the text tool to put your name, date, lab, etc.
· Use the “show” tool to verify connections are correct

· Use the “solder ball” to show whether or not crossing wires are connected

· I created a bill of materials from EAGLE to help you pick components.  Note that I added a couple of odds and ends…
· #1 is creates 2 holes to solder your 9V battery clip

· #3 – I added this cap between pin 5 of the IC and ground.  Why??

· #7 – I added a power switch (SPDT mini slide switch) – where should you put this switch in your circuit?

· #8 & 9 – let’s use thumbtacks like the FK901 uses

· #12 & 13 – I used vertically mounted resistors for my layout (why??), but you may use the horizontal version (like #15) if you prefer.

· #14 – I used a higher wattage resistor.  Why??

Deliverable:  Single page…print out your Eagle schematic.
	Part
	Value
	Device
	Package
	Description

	B
	-9V+
	22-23-2021
	22-23-2021
	.100" (2.54mm) Center Header-2 Pin

	C1
	1 uF
	CPOL-USE3.5-8
	E3,5-8
	POLARIZED CAPACITOR

	C2
	0.1 uF
	C-US050-025X075
	C050-025X075
	CAPACITOR

	FK901
	FK901 XFMR
	FK901_INV_XFMR
	FK901_XFMR
	Transformer

	IC1
	NE555N
	NE555N
	DIL08
	TIMER

	LMP1
	Neon
	NEON
	LDH-3R
	Neon LAMP

	PAD1
	Thumb1
	3,81/1,1
	3,81/1,1
	THROUGH-HOLE PAD

	PAD2
	Thumb2
	3,81/1,1
	3,81/1,1
	THROUGH-HOLE PAD

	Q1
	2N3904
	2N3904
	TO92D
	NPN TRANSISTOR

	R1V
	7.5 K
	R-US_0207/2V
	0207/2V
	1/4W RESISTOR

	R2V
	15 K
	R-US_0207/2V
	0207/2V
	1/4W RESISTOR

	R3
	10
	R-US_0414/18
	0415/18
	2W RESISTOR

	R4
	4.7
	R-US_0207/10
	0207/10
	1/4W RESISTOR

	SLIDE
	10 K
	TRIM_US-35MMSLIDEPOT
	SLIDE35MM
	POTENTIOMETER

	SW1
	
	ALL_ELEC_SSW40
	SSW-40
	Mini Slide Switch


Part C:  Use EAGLE and create to create a PCB layout (70 points).  DO THIS AT HOME!
Use your CORRECT schematic from Part B to create a printed circuit board layout.  Your layout must meet the following specifications:

· The networks (wires) must have a width of 48 mils and minimum separation of 20 mils (any smaller would make fabrication difficult!).  To change the settings (from either the schematic or board layout windows), select the Edit pull-down menu, and select Net Classes, and make the appropriate changes as shown below:
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· Board area should not exceed 75 mm x 40 mm = 3000 mm2 (or other rectangular shape that is of equal area), which is the size of the board provided by the manufacturer.  You’ll receive full credit if you don’t overshoot this area by more than 10%. BONUS if smaller!  The solution we’ll hand out is 65 mm x 35 mm = 2275 mm2 (24% smaller = 10 bonus points).
· Layout must be logical – where should components be placed for ease of fabrication and for ease of use/packaging?  Look at the layout hints in the board layout handouts.
· Layout must include room for two thumbtacks (same diameter as FK901).
· Use the text tool to include your name on the board.  Can you figure out how to change the text to layer 25 (top name layer)?

Deliverable:  Single page…
· Print out your EAGLE PCB layout

· Draw a rectangle around the layout (pads/holes/vias must be at least 3mm from any edge).  Note that you may also “move” the corners of the Layer 20 Dimension rectangle rather than drawing the rectangle by hand.  I’d suggest you resize this rectangle AFTER you’ve completed your layout!
· Measure and record the dimensions of the rectangle, and calculate/record the PCB area.
