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MATERIAL 



plus recommended titles: 
 
A. Morita: Made in Japan  
H. & P. Eskelinen: Microwave Component Mechanics  
A. Mickelson: Optoelectronic Packaging 
F. Jensen: Electronic Component Reliability  
H. Cho: Opto-Mechatronic Systems Handbook 
M. Ludvig-Becker: Electronics Quality Management Handbook 
 



HOW TO PROCEED ? 
• GO AND GET HASKELL’S BOOK AND HAVE IT AT HAND ALL THE 

TIME 
• FOLLOW, SIDE-BY-SIDE, THE COMMENTED IDEAS IN THESE 

LECTURE NOTES AND COMPARE YOUR OWN THINKING WITH 
THAT PRESENTED IN THE BOOK 

• MAKE ”LECTURE NOTES” OF YOUR OWN 
• WHEN GUIDED TO DO SO (OR WHEN EVER ADDITIONAL NEED 

COMES UP) STUDY THE SEPARATE THEMATIC PRESENTATIONS 
ON IMPORTANT TOPICS 

• IF YOU RUN TO DESPERATE PROBLEMS IN UNDERSTANDING 
THE MATERIAL, YOU CAN CONTACT THE LECTURER THROUGH 
EMAIL 

• INDICATE THE SLIDE NUMBER FOR REFERENCE TOGETHER 
WITH YOUR QUESTION 

• AFTER GOING THROUGH ALL MATERIAL YOU MIGHT WANT TO 
HAVE A LOOK AT THE SAMPLE EXAM (THE LAST SLIDE IN THIS 
SET) 
 



SEE SEPARATE THEMATIC 
PRESENTATION DIGITAL.PDF 



SEE SEPARATE THEMATIC 
PRESENTATION COMPONENTS.PPT  

SEE SEPARATE THEMATIC 
PRESENTATION POWER_SUPPLIES.PDF 



SEE SEPARATE THEMATIC PRESENTATIONS  
ENCLOSURES_PROPERTIES.PPT 
ENCLOSURES_MANUFACTURING.PPT 
SHIELDING&THERMAL.PPT 





ONCE UPON A TIME PORTABILITY 
WAS MANDATORY... 



THE FINNISH ”KYYNEL” TRANSCEIVER 
• DEVELOPED BY H. JALANDER AND R. LAUTKARI FROM 

1939 TO 1944 
• MODELS M4 TO M11X, ALL IN MODERN ARMY GREEN 

COLOR 
• HF TRASNCEIVER, RANGE > 500 KM 
• EXTREMELY DURABLE, WATER TIGHT 
• FRIENDLY USER INTERFACE WITH JUST THREE KNOBS 
• WEIGHT 5.6 KG (US AND GERMAN COMPETITORS 15 AND 

18 KG) 
• MULTIMODE: TX A0/A1 RX A1/A3 
• BATTERY OPERATION  DOWN TO – 40 C 
• 500 UNITS SOLD TO SWEDEN IN 1944/45 
• SOME VERSIONS AVAILABLE WITH BUILT-IN EXPLOSIVES 



WHAT’S SO ESSENTIAL IN 
PORTABILITY ? 

• WHO WANTS TO RUN AROUND WITH AN 
ELECTRONIC DEVICE ? (WHEN HE OR 
SHE JUST COULD SIT NEXT TO THE 
OPEN FIRE AND FEEL COMFORTABLE) 

• WHY SUCH ACTIVITY ? 
• WHAT ARE THE ULTIMATE LIMITS ? 



GADGETRY 

• THE MODERN LIFE IS MORE AND MORE 
TIED TO SMALL ELECTRONIC DEVICES 

• THERE ARE NUMROUS PEOPLE WHO 
COLLECT EQUIPMENT (CD PLAYERS, 
MOBILE PHONES, PALM-TOP 
COMPUTERS, LASER POINTERS) 

• MARKETING TRIES TO CONVINCE 
PEOPLE THAT THESE NEW TINY 
GADGETS MAKE LIVING MORE FUN 

• FIRST THEY SELL YOU AN MP3 PLAYER 
WITH 16 MB MEMORY AND AFTER SIX 
MONTHS ONE WITH 128 MB  



DIFFERENT APPROACHES: 

• A THING IS ESSENTIALLY PORTABLE 
SUCH AS THE FINNISH PUUKKO 

• A THING IS ESSENTIALLY ELECTRONIC 
SUCH AS A RADIO 

• A THING IS ESSENTIALLY USED ALL 
AROUND SUCH AS A WRIST WATCH 

• A THING IS ESSENTIALLY ESSENTIAL 
SUCH AS A CARDIAC PACEMAKER 

• A THING IS ESSENTIALLY NONSENSE 
SUCH AS A TAMAGOCHI 



TINY ASSIGNMENT FOR MOTIVATION 

• EXAMINE A PIECE OF ELECTRONIC TRASH AT 
HAND, FOR EXAMPLE A SPOILED CELL PHONE 

• EVALUATE ITS PURPOSE 
• EVALUATE THE EXPECTED FUNCTIONS 
• FIND OUT THE LEVEL OF REALIZATION 

COMPARED TO CURRENT STANDARDS AND 
PRACTICES 

• PARTICULARLY: WHAT IS ”STABLE” AND WHAT 
WOULD BE DONE ENTIRELY DIFFERENTLY NOW 

• WHICH THINGS MIGHT HAVE BEEN 
CHALLENGING 

• PREPARE A VERY BRIEF STATEMENT AND 
ANALYSIS OF THE GARBAGE 



CHAPTER 1 



PORTABLE ELECTRONIC 
DESIGN PROCESS 



TOPICS FOR DISCUSSION: 

• PRODUCT PLANNING 
• DESIGN AND ENGINEERING 
• PROCUREMENT 
• MANUFACTURING 
• MARKETING & DISTRIBUTION 
• SERVICE AND SUPPORT 





IN PRODUCT PLANNING: 

• SET OF REQUIREMENTS 
• INITIAL BUSINESS PLAN 
• NO SPECS 



IN BUSINESS PLAN: 

• CUSTOMER PROFILE 
• GLOBAL FACTORS 
• TIME SCALE 
• COMPETITION 



PORTABLE ELECTRONICS CUSTOMER 
PROFILE 

• AGE 14-35 
• MEN MORE OFTEN THAN WOMEN 
• SPORTY OR NERDY 
• NO CLEAR CONNECTION TO 

MONETARY OR SOCIAL STATUS 
 



AN EXAMPLE: DATA STORAGE 

• CD: SCRATCHES, DIRT, SIZE, TEMPERATURE 
BUT HIGH CAPACITY, VERSATILE USAGE AND 
KNOWN FIDELITY 

• MINIDISC: PHYSICALLY PROTECTED, 
SPECIFICALLY FOR PORTABILITY BUT AUDIO 
QUALITY LOSS POSSIBLE WITH DENSE PACKING 
AND RESTRICTED FORMAT 

• MEMORY CARD: EXPENSIVE, BEST PHYSICAL 
PROTECTION, LIMITED CAPACITY 

• BUILT-IN: LIMITED CAPACITY, IF 
MALFUNCTIONING ENTIRE DEVICE USELESS, 
ONLY ELECTRONIC DATA REMOVAL 



IN DESIGN&ENGINEERING: 

• SPECIFICATION 
• SYSTEM ARCHITECTURE 
• CIRCUIT DESIGN 
• PHYSICAL DESIGN 
• CAUSES 70 % OF THE END COST 



NECESSARY DISCIPLINES 



ONE COMMENT: 
• NEW PORTABLE DEVICES CAN INDEED BE 

APPLICATIONS OF RECENT TECHNOLOGICAL 
BREAK-THROUGHS 

• MORE OFTEN NEW GADGETS ARE EFFICIENT 
APPLICATIONS OF RATHER PROVEN CIRCUITS 
AND COMPONENTS 

• TESTING ENTIRELY NEW IDEAS IN CUSTOMER 
MARKETS MAY TURN OUT EXPENSIVE 

• TIME (TIME TO MARKET) IS OFTEN AN 
ESSENTIAL ISSUE 

• TO FIND THOSE RELEVANT TECHNOLOGIES 
AND WAYS OF IMPLEMENTING THEM FOR VERY 
LARGE PRODUCTION VOLUMES IS 
CHALLENGING 
 



AN EXAMPLE: OSCILLATOR SPECS 
  

 

  
 

Parameter 

 
Consumer-grade 
oscillator 

 

Military-grade oscillator 

 

Temperature range 

 
- 25 ... +65 

 
-55 ...+75 

 

Vibration 

 
1.5 G / 500 Hz sine 

 
6 G / 2000 Hz sine 

 

Shocks 

 
6 G / 11 ms half-sine 

 
50 G / 11 ms half-sine 

 

Magnetic field 

 
3E-11 / Gauss 

 
3E-11 / Gauss 

 
Barometric pressure 

 
3E-11 @ 12 km 

 
3E-11 @ 12 km 

 
  
 



A SYSTEM LEVEL EXAMPLE: PORTABLE PC 

• PERFORMANCE SIMILAR TO DESK-TOP UNITS 
• COMPATIBILITY WITH MODERN HYPE 

SOFTWARE 
• ADEQUATE DISPLAY ADAPTER RESOURCES 

(INCL. 3D HARDWARE ACCELERATION) 
• DISPLAY AND KBD SIZE OFTEN COUPLED 
• DISPLAY TECHNOLOGY AFFECTS RESOLUTION 

LIMITS 
• WIRELESS CONNECTIVITY / WIRED NETWORK 

INTERFACE REQUIRED, VARYING TECHNICAL 
SOLUTIONS AVAILABLE (STANDARD MODEMS 
OBSOLETE) 

• FREE OPERATING SYSTEM ? 



IN PROCUREMENT: 
• AVAILABILITY 

– COMPONENTS OFTEN ADVERTISED MUCH 
BEFORE FIRST PROTOTYPE 

• GLOBAL SEARCH 
• PRICING 

– TYPICAL VENDOR INFORMATION IS SELDOM 
APPLICABLE (STARTING FROM $ 0.95....) 

• HANDLING UNCERTAINTIES 
• CO-OPERATION WITH DESIGNERS 

– CONFIRM COMPATIBILITY BETWEEN 
SUBCONTRACTED UNITS 



IN MARKETING: 

• CREATE THE NEED EARLY ENOUGH 
• MINIMIZE INVENTORIES 
• HANDLE RETAILERS ETC. 
• START BEFORE ACTUAL DELIVERIES 
• ADVERTISE PRODUCTS FOR THE MASS 

MARKET BY ”DESIGN” AND ”FUN” – 
”COOLNESS FACTOR” 

• SONY EXAMPLE: OWN NETWORK 



IN SERVICE&SUPPORT:  

• AFTER-SALES-DEPT. VS. REPAIR 
• CAN WE AFFORD REPAIRS ? 
• WHAT’S THE PRESTIGE LEVEL ? 
• SPARE SUPPLIES CAUSE COSTS... 
• WARRANTY AND CUSTOMER RIGHT 

ISSUES ARE IMPORTANT TO MANY 
BUT NOT ALL 





TOPICS FOR DISCUSSION: 

• FUNCTIONALITY 
• PERFORMANCE 
• USER INTERFACE 
• FORM FACTOR 
• BATTERY LIFE 
• COST 
• TIME TO MARKET 
• RELIABILITY 



in 2004 ! 





SOME ITEMS AFFECTING RELIABILITY 



ABOUT THE SPECS 

• ONLY A MINORITY OF CUSTOMERS 
CONSIDER NUMERICAL SPECIFICATIONS 
UNLESS THEY CAN SEE OR HEAR (OR 
FEEL) THE REAL DIFFERENCE 

• HOWEVER, ARTIFICIAL PERFORMANCE 
FIGURES CAN BE CREATED IN 
MARKETING (E.G. A 54x CD DRIVE) 





WAYS & PARAMETERS TO 
ESTIMATE PERFORMANCE 





THE MAN-MACHINE 
INTERFACE : 

• VISION: AGING, ENVIRONMENT 
• HEARING: ENVIRONMENT, AGING 
• FEELING : JUST A FEELING... 
• SOMETHING ELSE ? 





TYPICAL MARKETING JARGON: 

• THE FORM FACTOR OF ELECTRONIC 
GADGETS 

• IT IS NOT SO IMPORTANT WHAT THE 
THING REALLY DOES AS LONG AS IT 
FITS THE PREDEFINED SIZE AND FORM 
ASSUMPTIONS 

• ETHICALLY QUESTIONABLE: CIGARETTE 
PACK-SIZE 





2D INTERFACES SUGGEST FLAT PRODUCTS 



TOOL KIT FORM FACTOR 





























TOPICS FOR DISCUSSION: 
• PRODUCT CONCEPT 
• INNOVATION 
• CREATION 
• VALIDATION 
• COMMUNICATION 
• PRODUCT REQUIREMENTS 
• SYSTEM ARCHITECTURE DEVELOPMENT 
• TRADE-OFF ANALYSIS 
• COST MODEL DISCUSSION 
• CIRCUIT DESIGN 
• PHYSICAL AND MECHANICAL DESIGN 



FOR YOUR CONSIDERATION 



THE SYSTEM DESIGN 
PROCESS 





FLOW CHART OF 
USER INTERFACE 
REQUIREMENTS 



VERTICAL LAYOUT EXAMPLE: NOTEBOOK 



TRADE OFF ANALYSIS 



CALCULATOR ON CHIP 



MECHANICAL ASSEMBLY EXAMPLE 



CHAPTER 2 



DIGITAL AND ANALOG 
PROCESSING 



TOPICS FOR DISCUSSION: 

• MICROPROCESSORS 
• LOGIC DEVICES 
• MICROCONTROLLERS 
• DSP 
• ANALOG MODULES 
• SENSORS 
• WIRELESS 
• MEMORIES.... 







SEE SEPARATE THEMATIC PRESENTATION 
DIGITAL.PDF FOR A DETAILED DISCUSSION 



CHAPTER 3 



ELECTRONIC PACKAGING 



TOPICS FOR DISCUSSION: 

• IC PACKAGING 
• LEADED PACKAGE 
• TAB/TCP (TAPE-AUTOMATED BONDING/TAPE CARRIER PACKAGE) 

• COB (CHIP-ON-BOARD) 

• FLIP-CHIP 
• BGA (BALL GRID ARRAY) 

• CSP (CHIP SCALE PACKAGE) 



































TOPICS FOR DISCUSSION: 

• DISCRETE COMPONENTS 
• BOARD-TO-BOARD CONNECTIONS 
• SUBSTRATES 
• ESCAPE ROUTING 
• MODULE DESIGN METRICS 
• ELECTRONIC PACKAGE METRICS 
• I/O HARDWARE 



































BUTTONS AND SWITCHES: 

• SIZE TO FIT USER AND ENVIRONMENT 
• SIZE TO FIT EQUIPMENT MECHANICS 
• SPECIAL PROBLEMS IN Z AXIS 
• PROPER TACTILE FEELING 
• AVOIDING UNITENDED ACTIVATION 
• ANALOG PARAMETERS VS. DIGITAL 

CONTROL 





USER CONVENIENCE MAY BOUNCE BACK 

• DESPITE (EVEN) HONEST ATTEMPTS, THINGS 
TARGETTED TO MAKING BUTTONS EASIER MAY 
LEAD TO ADDED GADGETRY 

• HUMAN USERS SEEM TO HAVE CERTAIN 
INHERITED PRACTICES SUCH AS PUSHING 
BUTTONS – ANYTHING REQUIRING NEW 
MOTORICS IS IN DANGER OF BEING RIDICULED 

• VOICE ACTIVATION NOT IN WIDE USE 
ALTHOUGH MIGHT HAVE TECHNICAL 
POTENTIAL 





SEE SEPARATE THEMATIC PRESENTATION 
COMPONENTS.PPT  

FOR A DETAILED DISCUSSION 



CHAPTER 4 



DISPLAYS 



TOPICS FOR DISCUSSION: 

• TECHNOLOGY OVERVIEW 
• LCD 
• OTHER DISPLAYS 
• MICRODISPLAYS 
• PEN INPUT 
• DEFINITIONS 





































HUMAN VISION CAPABILITIES 
• DYNAMIC RANGE 1 LX TO 100 KLX 
• LINEAR RANGE 100 TO 1000 LX 
• F MAX 30 TO 60 Hz 
• ADAPTATION TIME UP TO 20 MINUTES 
• STRONG AFTERGLOW 
• 100 TO 4000 COLORS, 10 TO 100 

SATURATION LEVELS 
• COLORS IN USE FROM 100 TO 10 KLX 
• FOOLED BY SURROUNDING COLORS 
• ANGULAR RESOLUTION 0.3 MRAD 



VISION PECULARITIES: 

• DIFFERENCES IN SEEING PRINTED 
OR SCREEN IMAGES 

• CONNECTION TO READING 
• CONNECTION TO BODY BALANCE 

AND STABILIZATION 
• CORRECTION OF PERSPECTIVE 
• ERRORS IN FOCAL AND COLOR 

CHARACTERISTICS 



SELECT IN DISPLAY DESIGN: 

• PROPER TECHNOLOGY 
• GEOMETRY (CIRCULAR, RECTANGULAR, 

SQUARE) 
• PLANE GEOMETRY (CONVEX, CONCAVE, 

PLANAR) 
• FONTS 
• ATTRIBUTES (BLINKING ETC.) 
• SCALE LINES, SIZES 
• GRAPHIC SYMBOLS, COLORS 



CHAPTER 5 



POWER 



TOPICS FOR DISCUSSION: 
• BATTERIES 
• Ni-Cd 
• ALKALINE 
• Ni-MH 
• LITHIUM ION 
• LITHIUM POLYMER 
• PHOTOCELLS 
• FUEL CELLS 
• IMPLEMENTATION 
• HIGH LEVEL POWER ANALYSIS 



WHAT’S THE PROBLEM THEN ? 

• LESS WEIGHT 
• MORE ENERGY 
• SHORTER RECHARGE TIMES 
• LONGER STORAGE TIMES 
• LONGER LIFE IN USE 
• ALL SIMULTANEOUSLY ! 



PARTICULARLY IN RF DEVICES: 

• SPECTRUM - A NATURAL RESOURCE 
• TIGHT SPECTRUM LIMITATIONS 
• HIGH SIGNAL CHAIN LINEARITY 
• LOW EFFICIENCY 
• HIGH POWER CONSUMTION 
• HIGH TEMPERATURES 





AN EXAMPLE : MINIDISC  
• ITS SO COOL TO HAVE SOMETHING NEW AND 

EVEN COOLER IF IT IS MINIDISC... 
• BETTER SOUND REPRODUCTION THAN 

CASETTE OR MP3, SMALLER SIZE THAN CD 
• SPECIAL DATA FORMAT TO REDUCE FILE SIZE 

(ATRAC 4.5) 
• TRULY PORTABLE 
• ALSO HOME AND CAR VERSIONS, BUT MINIMAL 

SUCCESS THERE  
• NOISY MECHANICS WHILE LOADING NEW DATA 

TO PLAY 
• VERY LIMITED AVAILABILITY OF MD RELEASES 





TYPICAL BATTERY 
COMPARTMENT PROBLEMS 

• BAD CONTACT DUE TO SPRINGS 
• BAD CONTACT DUE TO OXIDES 
• BAD CONTACT DUE TO TOLERANCES 
• BAD CONTACT DUE TO DIRT 
• BAD CONTACT DUE TO OTHER REASONS 
• INSERTION/REMOVAL PROBLEMS 
• SHORT CIRCUITS DUE TO SPRINGS 
• SHORT CIRCUITS DUE TO OXIDES 
• SHORT CIRCUITS DUE TO TOLREANCES 
• SHORT CIRCUITS DUE TO FOREIGN MATERIAL 
• SHORT CIRCUITS DUE TO OTHER REASONS 















ONLY A MATTER OF TASTE ? 

• DRY CELLS 
• RECHARGEABLE BATTERIES 













PC BATTERIES – A REAL INNOVATION ? 

• LAP-TOP BATTERY UNIT WITH BUILT-IN CHARGE 
CONTROL ELECTRONICS 

• TEMPERATURE REGULATION 
• CHARGE CURRENT AND VOLTAGE MONITORING 
• GENERALLY FAILS TO WORK WITH AGING CELLS OR 

IN ELEVATED ENVIRONMENTAL TEMPERATURES 
• ALLOWS CONSIDERABLE PROFIT IN AFTER-SALES BY 

REDUCING THE USE OF ”UNKNOWN” BATTERIES 





WHERE DOES ALL THE POWER GO ? 

• EFFICIENCY ? 
• RF MODULES ? 
• DISPLAYS WITH BACKLIGHT ? 
• FEEL THE HEAT ? 





SEE SEPARATE THEMATIC PRESENTATION 
POWER_SUPPLIES.PDF 

FOR A DETAILED DISCUSSION 



CHAPTER 6 



MECHANICAL DESIGN 



MAIN FACTORS 

• PHYSICAL PROTECTION (DUST, DIRT) 
• REDUCING SHOCKS AND VIBRATION 
• PROTECTION AGAINST HUMIDITY 
• THERMAL LOADS 
• ELECTROMAGNETIC COMPATIBILITY 



AN EXAMPLE : PORTABLE CD PLAYER 

• THE MOST ANNOYING FEATURE IS THE 
LOSS OF PROPER AUDIO OUTPUT 
DURING MINIMAL PHYSICAL 
DISTURBANCES 

• ALTERNATIVES: ADD RUBBER DAMPERS 
AND GELS OR RE-ARRANGE THE BUFFER 
MEMORY CONCEPT 

• THE PLAYER CAN BE PROTECTED 
AGAINST DUST AND DIRT BUT WHAT 
ABOUT THE CD’S (COMPARE: MINIDISC) 
 















SEE SPERATE THEMATIC PRESENTATION 
SHIELDING&THERMAL.PPT 

FOR A DETAILED DISCUSSION 







SEE SEPARATE THEMATIC PRESENTATION 
SHIELDING&THERMAL.PPT 

FOR A DETAILED DISCUSSION 



WRIST WATCH EXAMPLE 























SEE SEPARATE THEMATIC PRESENTATIONS 
ENCLOSURES_PROPERTIES.PPT 

AND 
ENCLOSURES_MANUFACTURING.PPT 

FOR A DETAILED DISCUSSION 

SIMILAR MATERIAL IS AVAILABLE IN ENGLISH IN 
Harri Eskelinen & Pekka Eskelinen: Microwave Component Mechanics  



CHAPTER 7 



SOFTWARE AND 
COMMUNICATIONS 



TOPICS FOR DISCUSSION: 

• SOFTWARE HIEARCHY 
• THE ULTIMATE PURPOSE OF SW 
• OPERATING SYSTEM 
• SPEED VERSUS CONVENIENCE 
• SPEED VERSUS CAPACITY 
• APPLICATION-SPECIFIC ISSUES 
• COMMUNICATION TOPICS 

 



JUST A COMMENT: 

• HAVE YOU SEEN A DESIGNER OF 
VACUUM CLEANERS USING MOST OF 
HIS OR HER FREE TIME IN VACUUM 
CLEANING THE HOUSE AND GARDEN ? 
 



MORE COMMENTS: 
• COMING OPERATING SYSTEMS ARE ABOUT TO 

OVERLOAD ANY FORESEEN HARDWARE 
PLATFORMS 

• CONSIDER USER SEGMENT BEFORE 
SELECTING OPERATING SYSTEM AND BUNDLED 
SOFTEWARE 

• TYPICAL BOTTLENECKS IN INTERNAL BUS 
SPEED AND THEN IN MEMORY 

• PROCESSOR SPEED SELDOM SEEN AS 
SOFTWARE CONVENIENCE 

• DIFFICULT TO SEPARATE HARDWARE AND 
OPERATING SYSTEM EFFECTS 







AND THAT’S IT ! 



CHAPTER 8 



CELLULAR EXAMPLE 



























CHAPTER 9 



PC EXAMPLE 































CHAPTER 10 



ASSISTANT EXAMPLE 

































CHAPTER 11 



DIGITAL CAMERA EXAMPLE 





































CHAPTER 12 



ECONOMICS AND HOW 
SOMEONE MAKES 

BUSINESS OUT OF THIS 



POINTS TO CONSIDER 

• HIGH PRODUCTION VOLUMES NEEDED 
• LABOR COST DOWN – BRUTE FORCE ? 
• LOW-COST COMPONENTS 
• CLEVER OUTSOURCING 







NEXT: 
 

THE COMPETITORS 
STRIKE 











THE SONY SAGA, part one 



THE SONY SAGA, part two 



CHAPTER 13 



THE PAST 
THE PRESENT 
THE FUTURE 



FAT OR THIN ? 



SAMPLE EXAM 
 
Answer only four questions 
 
1. Define the concept ”form factor”. 
 
2. Different power supplies, their benefits and problems in portable electronics. 

 
3. Ways to achieve or spoil mechanical stiffness and rigidity of small hand-held 
 devices. 
 
4. User profiles and their impact on portable gear human interfaces. 
 
5. Consider the possibility of conflict between quality and features in portable 
 electronics. 
 
6. Typical manufacturing methods for small-to-medium series production of 
 enclosures for electronic devices. 



THE END 
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