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1.0 Introduction

The Soviet Challenge is a handheld, portable, Internet-enabled version of the popular computer game, Tetris. It has a color LCD and a CompactFlash interface. When designing a portable device, physical volume and weight are key constraints. The design is centered around a prefabricated project enclosure which is approximately 6”x4”x1”. This is the approximate size of several existing portable video game systems. With regards to weight, a lightweight Li-Ion battery was chosen as a power supply, and the wireless Ethernet interface, a CompactFlash card, only weight a few grams!

The button layout and user interface is based on several preexisting designs, as those designs have proven themselves to be accessible and intuitive.
2.0 Commercial Product Packaging

2.1 Nintendo Game Boy Advance
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The Nintendo Game Boy Advance is designed to be oriented in the “landscape” position. It is about 6 inches wide, 3 inches tall, and 1 inch thick. The GBA’s screen is 3 inches diagonally. It is a color reflective LCD with no light. The screen is protected by an adhesive cover. The face of the Game Boy Advance has two buttons for game play, two buttons for system control, and a cross-style 4-way directional pad. Also on the face are the system’s logo and a single speaker. On the system’s “shoulders” are two additional game play buttons. Between the two shoulder buttons is a recessed edge connector for inserting the system’s software cartridges. On the back of the system is a single battery compartment holding two AA batteries. The Game Boy Advance is available in several colors. The color pictured is “Glacier.” It is a sort of translucent blue. The user can see some of the GBA’s components through the casing.
The Game Boy Advance’s packaging is well designed. The control layout was clearly inspired by the proven designs of Nintendo’s NES and SNES controller units. The system is lightweight and comfortable to hold and play. All of the buttons exhibit a tactile response when activated to allow the player to unmistakably determine whether the system has registered his input. The largest deficiency of the GBA’s design is its display, which is nearly impossible to see without excessive external lighting. 

The Soviet Challenge has a slightly larger physical size than the Game Boy Advance. The Challenge is 95 mm x 160 mm x 30 mm; the Game Boy Advance is 82 mm x 144.5 mm x 24.5 mm [1]. The Soviet Challenge’s face is similar to the Game Boy Advance’s. The GBA’s screen’s visible area is slightly larger than that of the Challenge’s (61.2 mm x 40.8 mm vs. 57.6 mm x 38.4 mm) [1].  It is designed to be played in the same “landscape” position. The cross-style directional pad is to the left of the screen. Three buttons are to the right of the screen, compared to the Game Boy’s two. The Game Boy’s “Start” and “Select” buttons have been replaced with a single “Start” button placed below the Challenge’s screen. The Soviet Challenge has no speaker. Like the Game Boy Advance, the Challenge has two shoulder buttons on the top. Unlike the Game Boy, the Challenge does not have an edge connector between the two shoulder buttons. Instead, there is a CompactFlash connector on the bottom of the unit.  Also unlike the Game Boy, the Soviet Challenge has no external battery compartment; it uses an internal rechargeable battery. Due to the inaccessibility of vacuum molding or die casting, the prototype Soviet Challenge has a prefabricated box shape. In production, the prototype design can be adapted to a more ergonomic design.
2.2 SEGA Game Gear
The SEGA Game Gear is designed to be oriented in the “landscape” position.  It is about 8 inches wide, 4 inches tall, and 1 inch thick. The Game Gear’s screen is about 3 inches diagonally.  It is a color LCD with a backlight.  The screen is protected by an adhesive cover that also presents Game Gear and SEGA logos. The face of the Game Gear has two buttons for game play, a single “Start” button, and a circle-style 8-way directional pad.  Also on the face is a single speaker. The Game Gear’s software cartridges slide into a recessed edge connector through the top of the unit, immediately behind the screen. On the back of the system are two battery compartments, holding three AA batteries each. The Game Gear is only available in the black style pictured.
The Game Gear is visually appealing. It has smooth and rounded edges for comfortable play. The directional pad is in an ergonomic 8-way style. The directional pad and play buttons are recessed into the face for comfort. The largest deficiency in the Game Gear’s design is its battery compartment design, with two compartments holding a total of six batteries. It is very heavy due to the six-battery design. The most appealing aspect of the Game Gear is its color, backlit screen.
The Game Gear is slightly larger than the Soviet Challenge (111 mm x 206 mm x 32 mm vs. 
95 mm x 160 mm x 30 mm). The GBA’s screen’s visible area is slightly larger than that of the Challenge’s (57.6 mm x 38.4 mm vs. 57.6 mm x 38.4 mm). Both the Game Gear and the Challenge are intended to be played in the “landscape” style, with the d-pad on the left and the control buttons on the right. Like the Game Gear, the Soviet Challenge has a single button labeled “Start,” although it has been relocated below the screen. Also like the Game Gear, the Challenge’s game buttons are arranged along a 45 degree line, albeit with one more button. The Game Gear has no shoulder buttons. The Challenge has no cartridge slot on the top, but instead has a CompactFlash slot along the bottom edge. Also unlike the Game Gear, the Soviet Challenge has no external battery compartment; it uses an internal rechargeable battery. The Game Gear’s aesthetics appearance is certainly more appealing than the Challenge’s.
3.0 Project Packaging Specifications
The Soviet Challenge is designed to be oriented in the “landscape” position. It is about 6 inches wide, 4 inches tall, and 1 inch thick. Its screen is 2.7 inches diagonally and is a color LCD with a LED lighting system. The screen is protected by an adhesive shield. On the front face of the Challenge are three circular buttons, one rectangular button, a cross-style 4-way directional pad, and the color LCD already mentioned. Along the top face are two rectangular shoulder buttons. All of these buttons are used to play the game and navigate through configuration menus. A drawing of the front face and shoulder buttons is attached as Figure A.1. Along the bottom face is a CompactFlash slot, to allow the user to insert his compatible CompactFlash Type I 802.11b adapter. An angled view of the Soviet Challenge illustrating the location of the CompactFlash slot is attached as Figure A.2.
	Item
	Quantity
	Weight (g)
	Price


	SMILE SM1.9
	1
	100 g
	$19.72

	LCD
	1
	300 g
	N/A

	CompactFlash card
	1
	10 g
	N/A

	Screws
	12
	N/A
	N/A

	Glues, tapes, etc
	~
	N/A
	$5.00

	Populated PCB
	1
	20 g
	N/A

	Battery
	
	56.7 g
	N/A

	TOTAL
	
	486.7 g
	$24.72


Table 3.1 – Packaging costs and weights

As indicated in Table 3.1, the total weight of the Soviet Challenge is expected to be about 486.7 g, slightly more than 1 pound. Packaging materials are expected to cost approximately $25.

At its core, the casing is a Teko Enclosures SMILE SM1.9 [2]. The SM1.9 will be modified extensively to accommodate the design. Six appropriately sized holes will be cut into the front face to allow the buttons, d-pad, and LCD to be installed. Along the top face, holes will be cut for the shoulder buttons, AC adapter jack, and power switch. Along the bottom face, a single slot will be cut to allow for insertion of CompactFlash cards. Several screws will be required to attach the LCD to the front face, secure the PCB inside of the casing, and to seal the two halves of the container together.
4.0 PCB Footprint Layout

	Component
	Package
	Length (mm)
	Width (mm)
	Reference

	CompactFlash slot
	N/A
	44.8
	29.5
	[3]

	ATmega2561
	64-TQFP
	12
	12
	[4]

	MAX745
	20-SSOP
	7.2
	7.775
	[5]

	LCD Header 1
	13x2 pins
	33.02
	5.08
	[6]

	LCD Header 2
	6x2 pins
	15.24
	5.08
	


Table 4.1 – Selected component sizes and packages
The selected CompactFlash connector is only available in one style. It has 50 surface mount-style pins, with a 1.27 mm pitch. The ATmega2561 is available as a 64-TQFP and a 64-QFN. DigiKey is sold out of the QFN, and it was recommended that QFPs be used when possible. The MAX745 battery charge controller is only available from Maxim in a 20-SSOP package. 

The ezLCD controller board has two headers with a fixed distance between them of 71.12 mm. The PCB must be at least this wide to accommodate the LCD controller interface.
The vertical and horizontal distances between the mounting posts inside the enclosure are 68 mm and 96 mm. The board must be at least this tall and wide to mount securely in the enclosure.

The CompactFlash connector, power switch, and power supply jack are required to be mounted at the edge of the case. The board must be at least as tall as the case’s internal structure will allow. This length is 89.4 mm [2].

Due to the internal structure of the Teko enclosure and the requirement that several components be accessible from the exterior of the case, the minimum PCB dimensions are 96 mm x 89.4 mm. The width parameter could be expanded out as far as 154.4 mm, permitting that the corners could be cut out to account for screw posts within the enclosure. A proposed general PCB scale layout is attached as Figure C.1.
5.0 Summary

Two existing commercial portable video game systems were identified and compared to the Soviet Challenge with respect to packaging and cosmetic design. An analysis of the Challenge’s weight and volume was performed to determine if it was suitable to be a portable device. The components selected by the designers were analyzed with respect to PCB area and package, and the most appropriate variation of each component was selected to be used in the final design.
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Appendix A:  Project Packaging Illustrations
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Figure A.1 (all measurements in mm)
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Figure A.2 (all measurements in mm)

Appendix B:  Project Packaging Specifications
	Packaging type
	Modified Teko SM1.9 [2]

	Casing composition
	Polystyrene

	Color
	Black

	Length
	160 mm

	Width
	95 mm

	Height
	30 mm


Appendix C:  PCB Footprint Layout
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Figure C.1 Proposed PCB layout



NOTE:  This is the first in a series of four “design component” homework assignments, each of which is to be completed by one team member.  The completed homework will count for 10% of the team member’s individual grade.  It should be a minimum of five printed pages.
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