A. Turn on the Photoplotter.

With the dark room door closed, select film and cut to size fit the  board
E. Load film into Photo plotter.

2. Place film, light side up, left side flush with the tape on the left side of the machine and the bottom touching the small steel posts.

3. Press LOAD FILM button again to start vacuum and close the lid of the plotter.

F. Change the film size setting in RPG with F4

· Develop the negative. 
Procedure:
Pour about 100ml of already mixed photo plotter developer into a tray for manual film plotting
Pour enough photo plotter Fixer in another tray to cover the film when ready

Fill another tray with cold water or run water in sink.
Clean the film by running the cold water in sink
C. Fill another tray with cold water or run water in sink.

D. With the dark room door closed, open Photoplotter and remove exposed negative.

E. Place film in developer and agitate until the dark parts are completely dark and the light areas are translucent.

F. Rinse film in the cold water and place in Fixer for 3-5 minutes. Rinse again and dry.

· Clean-up and touch-up. 

A. The developer will last for about 20 hours, and should be thrown away after that.

B. The Fixer may be poured back into it's bottle and re-used

C. If you are the last to use the equipment for the day, it is YOUR RESPONSIBILITY TO CLEAN UP.

D. Make sure Photoplotter is turned off and the sins and trays are clean and neat.

E. If you need to touch up he negative, and opaque permanent ink black marker and a razor blade will work.

XI. Exposing and developing the board.

A. Cut a piece of "blue" board to the exact size needed (single sided or double sided depending on your needs.)

1. Do not waste the board.

2. Try to cut it as efficiently as possible.

3. The board costs $0.40/sq. in even if you make a mistake. 

B. Carefully attach the film to the board, taking special care to line up both sides if you are making a double sided board. 

C. With the film in place, put the board in the ultra-violet light source with the film side down and burn for 1-2 minutes.

D. Repeat for other side if necessary.

E. Pour a small amount of used dry film developer in a tray.

F. Place the board in the developer for several minutes (without the film) while agitating and scrubbing the excess blue off the board, leaving the copper shiny where no traces should be. 

G. Rinse the board thoroughly.

XII. Again, clean up your mess if you are the last one to use it. 

A. Pour the used developer back in the bottle.

B. Wash the tray and counter. 

XIII. Etching and tin plating.

A. Place your board in the "rack " in the etching machine.

B. Begin etching. Avoid getting the etchant on your hands or clothes. It is a mild acid. Wash hands immediately if exposed.

C. If the heating element is working in the Etcher, your board will be finished in about 30 minutes. If not, it may take several hours. Monitor your board constantly to avoid over-etching. 

D. The board is finished when all exposed copper areas are striped of copper and the blue traces are all that is left. 

E. Pour some used dry film stripper in a tray.

F. When your board is finished etching, rinse and place in stripper. The stripper is also a mild acid so be careful. 

G. Agitate the board in the stripper for several minutes, then scrape off all the blue from the traces with a brush.

H. Rinse well and dry completely.

I. Pour a small amount of the tinner into a tray. If there is some used tinner left, use it first. DO NOT PUT USED TINNER IN THE NEW SOLUTION BOTTLE. Avoid putting anything in the tinner solution (new or used) other than the clean circuit board. Any impurities may ruin the tinner. 

J. After being cleaned and dried, place the circuit board in the Tinner solution for about 3-4 minutes, until completely tinned. 

K. Remove board and wash very thoroughly in hot water. If the board is not washed completely, you will not be able to solder your parts onto the board effectively. 

L. Dry the board and you are ready to solder your components to it. 

http://class.et.byu.edu/it328/Photoplotter.htm
Printed Circuit Board Fabrication
Printed circuit board (PCB) provides a method to connect circuits and devices together. In addition to electrical connections, PCB provides a mechanical structure to hold the circuits and components together. 
The following section I will introduce the PCB Fabrication process, which is easily fabricated (single side PCB & Dry Film process) for prototype testing for sampling purposes.
(final output no component) (with component)

Dry Film Imaging Process
For production type quantity, it is common to use roller coating process or wet process to replace the dry film process. Comparing with the image transfer process using dry film, the former are inefficient for small quantity, but less unit cost for large production. This section I will concentrate on the Dry Film imaging process
Surface Preparation

After machining, the PCB must be cleaned and scrubbed. Sand paper or industry type scrub pad can be employed to remove the dirt and oxide before dry film lamination. 

(people use a sand paper to clean the PCB surface)

Dry Film Lamination

Negative:
For PCB fabrication, a hot roller or hot shoes laminator is needed to stick the dry film onto the PCB. The laminator will remove the protective polyethylene film from the dry film during lamination. The temperature setting depends on the type of dry film used, typically, it is around 100 deg.C. to 125 deg.C. The lamination speed is around 3 to 5 fpm.

(Dry Film Laminator), (using it), (good Dry Film), (bad Dry Film with air hole), (PCB with Dry Film Lamination) (black & white film)
Positive:
There are also positive acting photo-resist coating available in the market. For positive resists, exposure to the UV light changes the chemical structure of the resist such that it becomes more soluble in the developer. The exposed resist can be washed away by the developer solution and exposure the underlying metal for etching. Since positive photo resist remove what has been exposed, it is very easy to polymerize due to leaky light.

(Chemistry used) (Positive pcb) (Lamination) (Exposure)(timing) (black & white film)

UV Exposure

After the dry film laminated PCB is cooled down, it is ready for imaging. Dry film polymer is sensitive to near UV radiation, around 350nm to 400nm. Hence, the resist and the dry film process is better to be handled in an area with amber or yellow lights to minimize UV radiation.

(UV Dry Film Contact Exposure Unit) (Photography), (Using it), (Setting)
The upper gear plane causes the photo tool and the PCB with a good contact by holding them together with a mechanical press.

The amount of radiation is determined by the energy needed for polymerization. Although the tolerance for over exposure is large, correct exposure time can provide a better adhesion, avoid resist brittleness and provide better protection to the underlying metal at etching. For fine-line formation, it is desirable to use high power and short exposure time to produce quality trace.

Produce, timing, power (Exposured output)
Vocabulary

Roller coating process

Wet process

Dry film process
Fine-line formation (trace)

Sand paper

Photo resist

UV Exposure

Lamination

Dry Film

Polymer

Polymerization

Single-sided PCB Fabrication Process

The first step of making single-sided PCB is to cut the raw PCB into proper dimension using tools. 

( cutting tools IC cutting board), (hand tool), (digital factory cutting)

Etching
Unwanted copper on PCB can be removed by chemical etching. A subtractive process which is common in PCB fabrication. In general, photo resist is soluble in alkaline. Hence the etchant should be acidic. There are many different acidic etchants available in the market.
The etching rate of FeCl3 depends on its concentration and temperature. The concentration of FeCl3 range from 30% at room temperature to 35% at 70 deg.C. In the Industrial Centre, etching tanks are prepared at 33% FeCl3 solution and set the temperature of the bath to around 35 deg.C. 5% HCl is added to the solution to increase its copper holding capacity. Higher temperature will improve etch time at an expense of higher risk and fume generation.
(machine using), (output PCB) (etching) (setting) (cleaning***!) 
Drilling 
A high-speed drill should be used to drill holes in a PCB, a speed of 3,000 to 100,000 rpm can be used for PCB drilling, common drill speed ranged from 14,000 to 80,000 rpm.
(drilling machine) (front photo) (using it) (output)

