· PRODUCTION: A. 4 different areas…. 1. Material Removal (“machining”) 2 ways to remove material: traditional – cutting tool is harder than the part being cut. Non-traditional – cutting tool is softer than the part being cut. Uses chemical etchants to make PCB patterns, light, sound, and water…etc.

2. Materials Joining – intimate contact bonding of materials. a. cohesive – joining 2 similar materials (“welding”) together. b. adhesive – joining 2 materials together with a dissimilar materials (done with low temperature brazing called “soldering” to join copper wires with tin lead solder. We also use a pre-glued “Sticky-Bac” labels. 3. Net Shape – creating a finished or nearly finished part. a. “casting” – pouring molten metal into a mold and allowing to solidify. b. “forging” – hammering a rehot metal bar into the shape of a wrench or screwdriver. c. “forming” – bend sheet metal. d. “composites” - assembling the copper clad fiberglass epoxy composite materials in the circuit board. 4. Electronics Manufacturing – product areas that depend on the flow of electrons. a. device manufacturing and assembly manufacturing b. most demand for cross trained engineers c. focus courses avaible to ee/cpe’s 156,157,357.

B.Mechanics: integration of electrical, mechanical, manufacturing, and software engineering to make products with all 4 disciplines. C. Teaming – Integrated design and maufacuring Product Devel Teams as a response to world competition. You work with everyone. UPSIDE: interesting and product conception to market time is faster. DOWNSIDE: “people” and communication skills are important if not more important than your tech skills.

History – Edison – invited Incandescent lamp which led to the vacuum tube. Fleming – turned radio signals into DC signals which were required in headphones. DeForest – made a grid inbetween cathode and diode tubes. Grid controlled electron flow. Bohr – developed quantum theory and atomic model for atoms. Shockley, Bardeen, Brattain – helped in evolution of transistor. Kilby (Texas Instruments) – constructed first IC chip in 1958. Noyce – first to connect IC’s where the semi conductor components were interconnected within the chip. 

· HOW TO BUILD A MULTILAYER BOARD. A. Inner layer production 1. SMOBC = Solder Mask Over Bare Copper 2. process for making Cu laminate 3. Tooling pins – challenge is accurate inner layer registration 4. Cleaning methods: scrub and etch. 5. Prepreg – thermosetting resin, pre-impregnated into fiberglass cloth B. Inspection – Plated Through Holes and outer layers. 1. x-ray inspection 2. drill problems – burrs and smearing 3. Elecroless Cu 4. Outterlayer etch or plate-up. C. Solder mask and final processing 1. Soldermask, liquid or dry film. 2. Silk screen process for soldermask and legends. 3. Hot Aire Solder Layering (HASL) 4. Edge connectors – solder removal and Ni/Au plating. 5. Router cutting process to produce breakaway frames 6. Testing – nail tester. 
Basic Package Types – Seven (discretes+ 6 IC’s) A. #1 Through hole discrete components. 1. Axials – leads extend opposite each other from the long axis of the component body. 2. Radials – leads extend parallel to each other from the body. B. Through hole IC packages. 2 types. 1. Perimeter - #2 – Plastic Dual In-line Pin (DIP) – most prevalent early-generation package for through hole IC’s center to center. Leads - .100” pitch. Pitch = lead separation. .300 .400 .600 standard body width. Pin limit (I/O): 64. 2. Array.  #3 Plastic Pin Grid Array(PGA) most prevalent early generation package for through hole array IC’s. Pitch .100” I/O : 1000. C. Surface Mount IC packages – 1. Higher density than through holes. 2. Place components on both sides of PCB 3. Availability – lots of types. A. Perimeter - #4 Small Outline IC’s (SOIC) Leads: gull wing. Pitch. .050”  IO limit: 64 can be hundreds but its hard to solider. B. Array #5 Plastic Leaded Chip Carriers (PLCC’s) – c. Leads: J Type. B. Pitch- .050. I/O – low hundreds. More economical than SOIC’s for over 24 pins. #6 Plastic Ball Grid Arrays(PBGA) -  Adaptation of through hole Pin Grid Array to Surface Mount. Pitch. .020 to .060. mostly .050. Leads: usually solder spheres. Interconnects possible – in the 1000 + range. #7 Chip Scale Package(CSP) package: 1.2 times the size of the chip max. Installed as any other Ball Grid Array package. 

Fabrication of a p-n-p bipolar transistor – 1. A silicon dioxide (SiO2) layer is grown on a p-doped silicon wafer. 2. A positive photoresist later is applied ot the SiO2. 3. A photomask is created with opaque and clear areas, patterning the clear areas in locations where windows in the SiO2 are to be formed. The photomask image is transferred onto the positive photoresist, which becomes polymerized in the areas where it is not exposed to the UV light. 4. The resist is developed, and the unpolymerized areas dissolve, forming a window that exposes the SiO2. 5. The silicon dioxide is etched away in the photoresist windows, exposing the silicon wafer. 6. The photomask is removed. 7. Using phosphorus as the dopant, an n-type region in the p-type silicon base is created by diffusion. 8. a new layer of silicon dioxide is grown on the surface on the n-region, and steps 2 to 6 are repeated. 9. a second diffusion creates the p-type region in the n-type base by using boron ad the dopant. 10. Silicon dioxide (SiO2) is grown over the exposed wafer, and photoresist is applied over the SiO2. 11. photomask (with 2 clearances for emitter and base) is placed over positive photoresist. (repeat 2 to 6) 12. aluminum film is deposited over the entire surface followed by positive photoresist. 13. photomask is placed over the photoresist and exposed to UV light. 14. photoresist is developed. 15. exposed metallization is etched away, followed by removal of resist over emitter and base areas. 16. a passivation lay erof silicon nitride is applied to circuitry. 17. silicon planar bipolar transistor is complete. 

· Assembly Materials: A. Compositions – Eutectic & non eutectic 1. Tin-lead 2. Other metal alloys…gold silver, palladium, copper, nickel. Met points are way higher than tin lead. 3. Conductive adhesives…usually polymer compounds (strong but not conductive) B. Forms 1. Liquid, in the form of molten solders 2. Pastes a. Solder paste..microspherical solder mixed with a flux carrier. Bond is metallurgical b. conductive adhesive: flaked metal(silveroxide) mixed with a polyer adhesive. Bond is organic.
Assembly Methods: A. Discrete – used infrequently, except for prototype and limited run productions. 1. point-to-point- connecting components to each other and to binding posts and tabs. 2. wire wrap – special tool produces pressure to create electro-mechanical bonds every 90 degrees as round wire is wrapped around a square pin. B. PTH (Plated Through Hole) – 1. leaded discretes, 2. dip’s and 3. pga’s. 1 insert components a. pre insertion – leads may be formed prior to bring placed in drilled and plated through holes. B. Post- insertion – leads may be crimpted on the back side of the PCB if needed. C. all components on one side, all solder connections on the other. 2. Solder a. hand solder..b. wave solder – molten wave of solder touches the bottom of the board to make the solder connections. C.SMT (Surface Mount Technology) 4. SOIC’s 5. PLCC’s 6 BGA’s 7. CSP’s 1. Apply solder paste – a. by hand or with X-Y positioning table applicator machine by using a syringe b. by machine in a stencil printing operation commonly called “screening”. 2. placement – also called “onsertion” 3. Oven a. solder paste – reflowing operation b. conductive adhesive – curing operation.

· NeXT Video 1. SMT placement and reflow…. A. Silkscreening of solder pads done by stencil printing B. silver solder pads are not silver. They are tin lead solder in the form of tiny spheres mixed with flux to form a solder paste. 2. Through hole placement, foam fluxing, and wave solder.
Tessera/Xetel Video – high speed micro ball grid array assembly, picks up parts form a tape feeder, places flip chip on an interposer frame, feflowing of the flip chip on the interposer.

· Blaupunkt Video – shows capillary action of molten solder correction misalighment of parts with pads. 
