The eRaj MP3 Alarm Clock: Waking Up to a Beautiful Day

Over the past four years, MP3 has grown from an obscure audio compression format to a near standard in music distribution.  Songs can now be distributed over the Internet so that acquisition of new music is instantaneous, and many portable players exist that take advantage of the format.  Instead of designing a prototype MP3 player, however, this project develops a unique idea: an MP3 alarm clock.  Because morning radio is notorious for being too talkative, and CD alarm clocks are usually large, an alarm clock that uses MP3s provides a desirable combination of small size and personalized music that every person who sleeps should have the chance to enjoy.  

Such a clock should perform the typical functions of an alarm clock, such as displaying the time and enabling and storing an alarm.  Also, it should allow the user to choose the source of the alarm as either a simple beep or an MP3.  This added functionality means that onboard memory and MP3 decoding capabilities are necessary, which adds complexity to the project.  However, the clock should remain easy to use.
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The above diagram indicates the components necessary for the desired implementation of the MP3 alarm clock.  Because of its speedy download capabilities, USB is used to download music to the alarm clock.  This data is placed into SmartMedia memory, which is extremely small and available commercially at low cost.  A real time clock chip keeps track of the time, an LCD displays the time, and an I/O expander is used to track any action on the user buttons.  Finally, various audio chips will decode the MP3 and send data to a speaker.

Hardware

In designing the hardware, the system was broken down into several subsystems including: memory, audio playback, timekeeping, display, control and power.  The sections below describe the hardware design choices in further detail.

Control

One requirement of the eRaj design is that it connects to a host PC for MP3 audio downloads.  To fulfill this, the Cypress EZ-USB™ AN2131QC chip was selected as the system's microcontroller for its Intel 8051 enhanced core, intelligent USB engine core, and high-performance I/O ports.  This 80-pin part contains 8K of on-chip RAM such that the microcontroller firmware can be updated with ease.  The EZ-USB has a built-in I2C compatible controller and supports USB isochronous, bulk, control and interrupt data transfer.  This part is easily programmable with commercial 8051 tools by Keil Software.  To minimize energy use, the EZ-USB supports two clock frequencies and a power-down mode.

The eRaj Alarm Clock has several subsystems requiring direct connections to the microcontroller, so all 24 I/O pins are used for audio, memory, timekeeping, and display.  The 8-bit data bus of the EZ-USB is used to communicate with an 8MB SmartMedia card (main memory).  The I2C bus of the controller is connected to an EEPROM for microcontroller firmware storage, a Philips I/O Expander for pushbutton interaction and the MP3 data decoder.  Ultimately, the microcontroller serves as the heart of the eRaj Alarm Clock in controlling the following system events: download MP3s and system settings, memory interaction, MP3 playback, LCD update, set alarm and clock times, and serial debugging communication.

Clock

Naturally, an alarm clock needs some method of keeping time.  The DS1305 serial real time clock and accompanying oscillator served as the perfect solution for the eRaj MP3 Alarm Clock.  It has a simple 3-wire interface that can be used to communicate with a microcontroller without occupying too many I/O pins, and its power consumption is low.  It also has an interrupt pin that goes high when the alarm matches the time, so this can be used to flag the microprocessor and cause an action to occur.  The low cost along with these capabilities led to an easy decision.

Display
Ultimately, a Hantronix HDM16116L-7 liquid crystal display unit was chosen to display time information and alarm status.  This LCD allows for the display of 16 alphanumeric characters in a 16 characters by one line (16x1) configuration.  Illumination of the display is provided by a built-in LED backlight.  The unit draws 5V power for both the liquid crystal display and the LED backlight and utilizes a maximum of 2.2mA of current.  The external hardware used with the display includes a 3.9Ω resistor and a pushbutton for the backlight and a 500Ω potentiometer for the contrast adjustment.  The LCD display contains the industry-standard Hitachi 44780 (or equivalent) LCD controller, which can be configured for either a 4-bit or an 8-bit data interface.  To minimize pin requirements on the USB chip, the design uses the 4-bit interface.  Control is achieved via 4 data bits and three control bits: RS (data input/instruction input), R/W (data read/write), and E (enable).

A number of display options were explored before the Hantronix LCD display was chosen.  Initial work focused on 7-segment displays, either of the LCD or LED varieties.  LED displays were ruled out in general due to the relatively large amount of power required to constantly illuminate the bank of LEDs required for every character.  7-segment displays were eliminated because they require a significant number of control pins, even when the characters in the display are multiplexed and the control signals for each character are encoded in the most efficient manner.  Backlit, alphanumeric LCD displays offer maximum display flexibility with minimum power and control pin requirements.

Memory

SmartMedia technology was chosen at the memory format for the eRaj MP3 Alarm Clock for several reasons.  The implementation required a minimal pin budget of 6 control pins and 8 data I/O pins.  The control algorithm for reading and writing is relatively easy.  The form factor of the technology made SmartMedia particularly attractive since the card is as thin as a credit card.  Finally, this technology appears to be one of the front runners in future memory development.

The hardware design was relatively straightforward using the Yamaichi SmartMedia Card socket.  This surface-mountable part allows multiple memory cards to be swapped in and out.  This design decision builds in certain redundancies that are not found in board-mounted designs.  The socket is connected to the microcontroller directly, setting the microcontroller as the memory manager.  This design is simple and elegant, but after a semester of work, alternative memory designs, such as MultiMedia (MMC), may have better served the eRaj Alarm Clock's needs.

Audio

There are three main components of the audio subsystem: the MP3 decoder, a digital-to-audio converter (DAC), and an audio amplifier.  The MP3 decoder is the chip that takes an MP3 file as input and produces digitally encoded audio as output.  The options for components here included two popular chips: Micronas’ MAS3507D and ST Microelectronic’s STA013.  Both had advantages and disadvantages.  The Micronas chip had more features, and a great deal of information about appropriate DACs was available.  On the down side, the cost was almost twice as much as that of the ST part.  Nonetheless, we initially opted for this IC.  However, a tremendously long lead-time prohibited this option, and the STA013 was chosen instead.  This chip was still an adequate solution because it has everything needed for the project.  In hindsight, choosing a chip with fewer features and less complexity helped complete the hardware portion of the project.

After the MP3 has been converted from raw data to digital audio by the decoder, it is necessary to pass the data stream through a DAC.  One of the first DACs considered was a Micronas part (DAC3550A); it had been listed as an especially good choice to work in tandem with the Micronas decoder.  However, when the MAS3507D dropped out of the realm of decoder options, more thought was given to Crystal Logic DACs that had been advertised as working well with the STA013.  The first two considered were the CS4334 and the CS4331.  These devices were very similar except that the former requires 5V operating voltage, while the latter needs 3.3V.  Because the other chosen components on the eRaj circuit board run at 3.3V, the CS4331 became an initial favorite.  The decision was sealed when information about the STA013 evaluation board from ST Microelectronics was acquired. The communication between the decoder and the DAC is straightforward; in fact, it requires no intervention on our part.  The two communicate with each other by what is known as the I2S format.  The STA013 automatically clocks out serial data for the left and right channels into the DAC.  It also drives a line telling the DAC which channel it is currently transmitting.

After an analog signal has been produced, it must be amplified before being sent to the speaker.  The main bottleneck in choosing an appropriate audio amplifier was finding one that accepted stereo input, which the CS4331 provides, and delivered monaural output to drive the alarm clock speaker.  Finding such an amplifier took such a long time that a two-speaker solution was considered.  Fortunately, a better solution from Texas Instruments was found.  The TI TPA0253 audio amplifier takes stereo input and can be configured either to produce a stereo output or to sum the two channels and produce a monaural output.  It can drive an 8Ω speaker at a power of approximately 300mW, which should be adequate for the system’s needs.  From the output of the amplifier, a simple connection to the speaker is made via a female/male header mating.

Power

Because one of the objectives of this project was to build a portable alarm clock, the system required the capability to use batteries as a power source.  However, the ability to power from a wall source was also desirable.  Furthermore, the board requires both 3.3V and 5V to drive the chips, so a dual output voltage regulator is necessary.  Circuit requirements show that the power subsystem also have the ability to handle approximately 500mA of load current.

These strenuous needs would usually require complicated circuitry involving logic chips in most implementations, but the MAX1774 dual step-down converter from Maxim provides a one-chip solution to the problem.  However, it also adds a bit of complexity because external MOSFETs and discrete elements are needed to control the dual input and dual outputs.  Because it met the needs of the project, however, the added complexity was considered tolerable and the chip was chosen.

Software
To actually get these hardware components working in a coherent way, software for the EZ-USB based on its 8051 Intel core was needed.  Programming of the major subsystems was developed using the Keil C51 compilers and the Cypress EZ-USB Development Kit.  The following sections break down the individual programming tasks.  Please see the eRaj website for the actual code files.

Clock

The 3-wire specification described in the Dallas Semiconductor documentation was very straightforward.  By simply toggling the SCLK pin while shifting bits into or out of the SDIO pin, values can be read to and from the real time clock.  The code should first shift out the address to access on SDIO.  If the address is in the read section of the memory map, the real time clock will respond by sending back the byte stored at that location.  If the address is in the write portion, the clock expects a byte to write to the location.  Furthermore, the DS1305 can also operate in burst mode, which means that consecutive bytes can be retrieved or written once the first byte is addressed.

Display
The software relevant to the LCD display can be broken into three main parts: display initialization, time display, and alarm status display.  The function initialize() runs the LCD controller through its pre-defined startup procedure and sets it for 4-bit databus operation.  The function displayTime() is the main time displaying function.  It accepts integer-valued arguments for the hour and minute status and a boolean corresponding to the AM/PM status (AM=0, PM=1).  This function calls two main subfunctions: writeChar() and writeBlank().  writeChar() prints any number from 0 to 9 in the current cursor position.  writeBlank() prints a blank space in the current cursor position.

The function displayAlarm() is used to display one of three alarm states:  off, buzzer, or MP3.  If the argument off is set to 1, no alarm status is displayed (i.e. a blank space is written in the alarm status position).  If off is 0 and type is equal to 0, the buzzer icon is displayed.  If off is 0 and type equals 1, the music icon is displayed.  

Memory

Code was developed to support the interaction between the 8051 core and a SmartMedia 8MB card connected via a Yamaichi SmartMedia socket.  The implemented code was based on some Atmel assembly files found on an MP3 player project site (http://www2s.biglobe.ne.jp/~elm/reports/mpc/report_e.html).  The eRaj memory code implements the SmartMedia control algorithm using all three ports on the EZ-USB chip.  This differs from the final implementation of hardware where port C, the 8-bit data bus, and one pin from port B are used.  Ultimately, the software initializes the SmartMedia card, erases a 16 x 512 byte block of data, programs a 512 byte page to the card, and attempts to read back the page.

Audio

The interface between the decoder and the microcontroller is quite simple.  The decoder has a data request line running to a pin on the 8051.  When this line goes high, the microcontroller should clock data out to the decoder as fast as it can.  The STA013 also has many options configurable via the I2C bus, such as digital volume and tone control, and these can be controlled using the functions supplied with the Keil tools.

Human Interaction
The user interface to the board consists of six main buttons, a three-position slider switch, and the LCD display.  The buttons are as follows: Set, Hr/Vol+, Min/Vol-, Play/Stop, Snooze, and Light.  The alarm status slider has the positions MP3, Buzz, and Off.

The Set button cycles the board through Time Set mode, Alarm Set mode, and Normal mode.  The default operation is Normal mode, when neither the time nor the alarm can be changed.  In Time Set mode, the Hr/Vol+ button cycles the hour value of the time in a positively incrementing method; the Min/Vol- button cycles the minute value in a similar way.  In Alarm Set mode, the Hr/Vol+ and Min/Vol- buttons behave the same way to adjust the alarm setting.  In Normal mode, however, Hr/Vol+ increases the output volume and Min/Vol- decreases the output volume.

Play/Stop can be used to output the MP3 data on the memory card to the speaker.  The first time it is pressed, the music begins to play.  Pressing it again before all the data in the card is output causes the output to cease.  If the user does nothing, the music will stop after one cycle through the MP3 data.

The slider positions control the type of alarm output.  In the Off position, no action is taken when the alarm time is reached.  In the Buzz position, a buzzing noise, which is a pre-recorded MP3 file saved to the memory card, is played.  In MP3 position, the data in the remainder of the memory card is played.
The remaining buttons are straightforward.  Pressing the Snooze button while the alarm is playing will cause the alarm to stop and resume again in a set number of minutes.  The Light button will cause the LCD backlight to turn on for the duration of time that the button is depressed.  Finally, a reset button, which is not intended to be accessible by the casual user, will cause the board to reset to its initial state.
Manufacturing

The eRaj Alarm Clock was implemented using printed circuit board (PCB) design.  For this project, the PCBs are composed of four routing layers; the top and bottom layers are for signal routes, and the two middle layers are power and ground.  Multiple component package types were allowed, including DIP, ball grid array (BGA), and surface mount (SMT).  All traces were 0.008" in width with 0.00833" spacing from all features.

The size of the eRaj board is 4" by 5".  Fifty eRaj boards were manufactured by Electronic Controls Design from Mulino, Oregon.  Houstech, a local Houston firm, performed the assembly and populated three of these boards with components.

[image: image2.wmf]
Special consideration was taken in powering the audio components.  Since most of this subsystem deals with analog signals, copper pours in one corner of the board were made for analog power and ground.  Appropriate stitching caps and inductors were placed along the edge of the pour for signal return paths and voltage connections.
Problems

At the time of the submission the board was not functioning as intended, but the designers are confident that full functionality could be achieved given sufficient time for debugging of the board’s hardware and software.  The main difficulty encountered during the course of the semester was the time limitation of a one-semester class.  While the semester afforded sufficient time for designing the board, not enough time remained at the end of the class for complete debugging of the board.  The designers wholeheartedly recommended that this course be extended into a second semester in the future to enhance the probability of realizing fully functioning projects.

Unfortunately, debugging and programming efforts were stopped entirely as of Monday, April 30, 2001, due to a broken Cypress EZ-USB development board.  Since there was only one development board to be shared among all the groups using the Cypress controller, code debugging and board functionality testing could not progress any further.  Since communication among and control of all the individual subsystems on the eRaj board depend on software, there is no way to verify the board’s functionality.

Before the development board ceased to function, several specific problems were identified in eRaj.  First, the board was not receiving power to all the components when it was connected to a wall cube.  Although the on-board power jack seemed to be seeing full voltage from the wall cube, the power was not being distributed properly to the 3.3V and 5V power planes.

Second, the memory interface was not fully operational, and debugging efforts in the interface control code indicated that an error in storage medium choice may be to blame.  During preliminary design of the eRaj MP3 Alarm Clock, the SmartMedia format seemed to be a simple solution.  The implementation required a seemingly minimal pin budget of 6 control pins and 8 data I/O pins.  The control algorithm for reading and writing is relatively easy.  Unfortunately, the pin budget may have taken too many of the programmable I/O pins of the EZ-USB such that the functionality was compromised.  In the next version of the board, switching to a SanDisk MultiMedia card, which supports the SPI 4-wire communication protocol, could rectify the memory situation.  This would further simplify the software aspects as well as reduce the pin budget.

Finally, the display was not fully functional due to conflicts in reference initialization procedures and timing requirements.  A number of different initialization methods were being explored when development was halted due to the failing of the EZ-USB development board.  

Conclusion

Even though the software and hardware debugging are incomplete, the eRaj MP3 Alarm Clock can be considered a success.  The primary goal of this Elec 424 project was to produce a usable, marketable project that provided the opportunity to learn about high-speed digital design.  Because much thought was given to concepts such as processors, memory, power management, and user interface, as well as the software needed to control the board, the eRaj MP3 Alarm Clock definitely accomplished this objective.

In terms of cost, this project actually came in slightly under budget.  According to specifics given at the beginning of the year, each group was allocated $2500.  Development of the eRaj project cost under $2200.

	
	Overall ($)
	Per Board ($)

	Components
	720.65
	144.13

	Fabrication
	1197.50
	23.95

	Assembly
	250
	83.33

	TOTAL
	2168.15
	251.41


Of course, bulk pricing would cut the cost to nearly half this value, which would make this product a very viable, marketable option in the alarm clock market.  With some further work to resolve the issues discussed earlier, the eRaj MP3 Alarm Clock can definitely become a major force in tomorrow's consumer electronics industry.










