5 of 7
MiniChip, Inc.

Marriott School Of Management

Fall 2003
[image: image1.png]Military

Industrial 1%

5%

Communications
11%

Automotive Computer/Office
13% 1996 (EST)
$9 015M

Consumer
33%

Source: ICE, "Microprocessor 1997"





MiniChip, Inc.

Eric Listerman, a financial analyst for MiniChip, Inc.
, rocked back in his chair as he studied the details of a proposal to produce a new line of 16-bit microcontrollers with built-in digital signal processing (DSP) capability.  In early August 2003, the CFO, Kristi Chen, asked Eric to prepare a financial analysis of the project.  Eric remembered Ms. Chen repeating herself saying, “Now Eric, be sure the Board of Directors understands the importance of the 16-bit/DSP proposal.  We have already invested $1.4 million in R&D, market research, and key patent right acquisitions.  After all that, it would be a shame if we didn’t make it to production.”  Many members of senior management felt that the project would be important for the future success of MiniChip as the marketplace continued to demand more powerful and robust microcontroller functionality.  Eric understood that his assumptions, analysis, and conclusions would all be closely scrutinized by senior management and the board.
New Technology  
In addition to offering increased processing power and normal microcontroller features such as imbedded EEPROM
 and/or built-in flash memory, the new technology would incorporate DSP capability.  These features would make the new 16-bit processors ideal for a number of new applications including automotive (airbag control, dynamic vibration control), digital answering machines (speech compression), point of sale terminals (encryption, software modem for dial-up), vending machines (remote monitoring through the internet), smart appliances (network- and internet-ready refrigerators, furnaces, air conditioners, etc.), and biometric security (finger print matching, retina scanning, etc.), just to name a few.
  For example, a 16-bit microcontroller with DSP could control a washing machine by facilitating the constant monitoring of the main controls of the machine.  If the knob or buttons were turned on, the controller would sense the desired temperature (Hot, Warm, Cold) and size setting (Small to Extra-large load), then send the appropriate instructions.  With built-in DSP capabilities, the temperature and level of the water could be monitored by digitizing temperature and volume information.  As the controller sensed deviations in temperature, it could send signals to change the mix of hot and cold, and as it sensed that the appropriate water level had been reached, it could send signals to shut off the water and start the motor.  In a like manner, the controller, linked to a clock, could time the wash cycle and at the appropriate time stop the motor and turn on the pump.  With the clock, one could program the washing machine to start at, say, 5:30 p.m., and if some pins were used for internet connections, one could start the machine from a computer at work or from a phone while driving home.  A microcontroller could also ensure safety, by shutting off a motor if the door opens or the machine vibrates excessively.  Thus, a new $4 or $5 chip could act as controller and sensor, replacing several expensive systems in a wide variety of applications.

Although Eric was focused on the 16-bit/DSP proposal, he was interested to learn of the ubiquitous nature of microprocessors.  Researchers estimated that in the late 1990s, 30 to 50 microcontrollers were used in each luxury vehicle
.  The average office used approximately 20 microcontrollers, while the average home used as many as 100.  Figures 1 and 2 show the upward growth in the microcontroller market during the 1990s.  Exhibit 1 shows how the mix of microprocessors and DSP chips evolved over time.  It also reports the total sales of the combined microcontroller and DSP market.  As of the time of the case, early August 2003, no one had yet commercially combined a DSP and microcontroller into one chip.
MiniChip
MiniChip was originally a modestly successful division of General Semiconductor.  In 1989, the division was spun off in an effort to give the entity the autonomy management felt was necessary to capture a dominant position in the microcontroller market.  MiniChip went public in 1993 to raise funds for expansion and give management the ability to provide incentive stock options to help retain key talent.  Initially MiniChip focused on the low end of the market, flying under the radar of larger industry rivals such as NEC and Motorola.  A high percentage of their sales came from 4 and 8-bit microcontrollers with limited functionality and priced at less than $2.00 per part.  MiniChip developed a loyal following of design engineers by providing quality microcontrollers and excellent service at reasonable prices.  Additionally, MiniChip developed software that simplified the development process for engineers and helped reduce the time needed to incorporate MiniChip parts into new products.  The design software became an important competitive advantage for MiniChip.  A large percentage of engineers who learned to use the design software became loyal to MiniChip’s products, making customers difficult targets for the competition.  Over the 13-year period from 1989 to 2002, MiniChip moved from 20th to 2nd place in global microcontroller sales and number one in the all-important 8-bit segment.  As evidence of MiniChip’s success, its stock price compounded at a rate of over 30% annually since its IPO.  Furthermore, while many technology companies saw their stock price decline substantially since the spring of 2000, MiniChip’s stock price had declined only modestly.  Exhibits 2 and 3 show the financial results for the microcontroller segment of the firm for the past two years.  All indications were that 2003 would be a reasonably successful year despite the slow economy. 

The New Microcontroller Line
The new DSP-enabled microprocessors were designed and developed by MiniChip but were based in part on proprietary DSP technology developed by Dynamic Processing, Inc.  MiniChip’s technical contributions included a proprietary memory banking technology as well as high I/O (input/output) source and sink capabilities.  Stand-alone DSP chips had been around since 1990.  Dynamic Processing’s DSP technology had been well understood and available for about three years, but only recently had semiconductor equipment manufacturers learned how to include DSP capabilities directly in a microcontroller and produce them at costs that would be reasonable for most mass-market applications.  Dynamic Processing sold MiniChip a nonexclusive manufacturing and marketing license (under a patent rights agreement) in March of 2003.  For an upfront fee of $250,000, the license gave MiniChip the right to build prototype microcontrollers with embedded DSP functionality, to use the prototypes in marketing studies, and to provide a limited number of test chips to potential customers.  The patent rights agreement also allowed MiniChip to manufacture and distribute semiconductor products based on Dynamic Processing’s technology.  Under the licensing agreement, MiniChip would pay Dynamic an additional $300,000 when mass production began as well as a royalty of $0.30 per chip sold.  MiniChip believed that its memory banking technology, source and sink capabilities, I/O friendliness, as well as the inertia associated with widely-used development tools would give it a competitive edge in the 16-bit/DSP space.

MiniChip spent about $750,000 in R&D trying to incorporate DSP into the new 16-bit chip, enhance its I/O and memory banking technology, as well as shrink its size.  Furthermore, MiniChip spent $400,000 researching the market potential for the new line of microcontrollers ($250,000 in fees to an external market research firm, $100,000 of direct internal costs and $50,000 of allocated overhead).  The external market study supported what the company’s internal research indicated; the new microcontroller line had enormous potential in a broad range of applications.  The high-end microcontroller market was highly fragmented and had been served mainly by niche players in the past.  MiniChip’s research indicated that demand for higher end solutions was expanding rapidly and that a volume manufacturer could reap potentially significant revenues and profits.

While most of the new 16-bit microcontrollers would be sold into new markets requiring greater processing power and DSP functionality, there was concern about erosion of the company’s lucrative high-end 8-bit business. 
  The new microcontrollers would likely be designed into some high-end products that were currently using 8-bit controllers and would allow engineers to improve the performance and functionality of these products.  The head manager over the 8-bit line, Mr. Loyola, was heard on many occasions saying, “the 16-bit development will hurt our core product.  We should think twice before doing anything to diminish our bread-and-butter products.” 

After researching the potential sales cannibalization, the company predicted that the erosion of the 8-bit line would be limited to applications demanding significant processing power, where space was a critical issue, and where the sensing of some aspect of the environment was critical. Although the new chips would be more powerful than the 8-bit chips, they would also have smaller line geometries with smaller footprints making them non-compatible with many of the product configurations currently using the 8-bit technology.  Thus, the marketing department estimated that only 1% of the current 8-bit sales would be replaced with the new technology due to economic considerations.  Mr. Loyola often stressed in Board meetings that “losing 1% of the 8-bit sales means that for every four 16-bit microcontrollers sold over the life of the project, one 8-bit sale is lost.”   In July 2003, the company prepared forecasts for the new line of microcontrollers.  Exhibit 4 details these projections and includes recently completed projections for the entire 8-bit line.  The 8-bit sales projections were completed just prior to the technological breakthrough allowing the new type of 16-bit microcontroller to be manufactured at a much more reasonable cost than was previously possible and did not include possible impacts from the proposed 16-bit line.  The estimated 2004 price for a typical part from the new line was expected to be approximately $4.20 each in 10,000 quantities. 

Manufacturing
Production of the new microcontrollers would be similar to other semiconductor fabrication processes that the company was currently using.  A new clean room facility would need to be constructed for the 16-bit/DSP line and equipped with new production equipment.  The equipment for this line would be used exclusively for the new line of microcontrollers.  Additionally, the company would need to purchase a highly specialized piece of back-end test equipment.  This piece of equipment would only be utilized at approximately 20% of its capacity in 2004.  The equipment and clean-room costs are itemized in Exhibit 6.


Microcontrollers are produced using advanced equipment to lay down multiple layers of aluminum and silicon dioxide.  Through processes of photolithography and etching, circuits are created in each of these layers of material and these layers are interconnected.  After the circuits have been tested for electrical integrity and performance, the chips are cut using wafer saws and any failing circuits are then discarded.  Properly functioning chips are placed in protective packages that provide connectors to the systems that will ultimately incorporate the finished products.

Project Costs
MiniChip leased a production plant for $9.00 per square ft./year.  Production of the 16-bit/DSP microcontroller would require 35,000 square feet of space (25,000 sq. ft. for the clean room and 10,000 sq. ft. for storage and office space).  The cost of the leased building was fixed at $9.00 per sq. ft./year for the next five years.  MiniChip recently discontinued one of its products and had space available for use.  The space was an integral part of the building that would not be used for the next two years.  However, after two years, the space would be needed for the expanding 8-bit product line.  MiniChip management felt that obtaining additional space in the future through further leasing arrangements would not be a problem.

Estimated labor and materials costs for the production year are outlined in Exhibit 5.  Labor costs were expected to grow at 3.5% annually for the next few years based on a negotiated contract with the employee representatives.  Material costs were expected to remain stable over the duration of the project (which implies negative real cost growth).  Any other costs or prices were expected to increase in-line with inflation as estimated by the GDP Implicit Price Deflator.
 MiniChip planned to allocate corporate overhead (costs associated with corporate officers, staff at headquarters, general corporate advertising, corporate legal counsel, etc.) at a rate of 8% of sales.  Direct overhead for the new microcontroller line including supervisory engineers, production oversight personnel, quality control statisticians, support staff and additional office expenses was expected to be $460,000 in 2004.

General and administrative expenses (managers for the new 16-bit microcontroller division, a financial analyst for the new division, staff, office expenses, etc.) associated with the new project were expected to also be 8% of sales.  Sales and marketing costs (sales commissions, trade-show participation, etc.) for the new microcontroller line were expected to be 14% of sales. Additionally, MiniChip would be required to make royalty payments of $0.30 per chip sold per the royalty and licensing agreement.  Finally, working capital needed for the new microcontroller line (increases in accounts receivable less increases in accounts payable, and inventory) was projected to be 26% of sales, fully recoverable at the conclusion of the project.

MiniChip used different discount rates depending on the perceived risk of the project under evaluation.  Expected revenues or benefits associated with investments in current projects to extend the life of a product-line were assigned a 10% rate.  For example, equipment to expand the 8-bit line’s volume used the 10% rate.  Expenditures on investments to enhance existing products were assigned a 12% rate.  For example, a recent version of the 8-bit microprocessor with 28, rather than 18 pins, used the 12 percent rate.  Expenditures for new product lines were discounted at 14%.  

MiniChip’s marginal tax rate was 41% (34% federal and 7% state).  For tax purposes, MiniChip depreciated equipment according to the MACRS schedule (also shown in Exhibit 6).  For financial reporting purposes, equipment is fully depreciated using a straight-line method over its useful life as indicated in Exhibit 6. 

If approved, the company would start installing equipment in September of 2003 and then start production early in 2004.

Glossary

Note:  Most of the information is abbreviated from information found at http://systems.webopedia.com .

Bit:  A fundamental unit of information having just two possible values, like the binary digits 0 or 1.  memory addressesA 16-bit microprocessor can process data and  that are represented by 16 bits. 

Controller: A device that controls the transfer of data from a computer to a peripheral device and vice versa. For example, disk drives, display screens, keyboards, and printers.
DSP:  Short for digital signal processing, which refers to manipulating analog information, such as sound or photographs that have been converted into a digital form. 

EEPROM:  Pronounced double-ee-prom or e-e-prom, short for electrically erasable programmable read-only memory. EEPROM is a special type of PROM that can be erased by exposing it to an electrical charge. Like other types of PROM, EEPROM retains its contents even when the power is turned off. Also like other types of ROM, EEPROM is not as fast as RAM. 

Encryption:   The translation of data into a secret code. Encryption is the most effective way to achieve data security. To read an encrypted file, you must have access to a secret key or password that enables you to decrypt it. 

Flash Memory:  A special type of EEPROM that can be erased and reprogrammed in blocks instead of one byte at a time. 

Footprint: The amount of floor, desk, or board space required by a device. For example, a small-footprint computer is a computer whose dimensions (width and depth) are relatively small.   Footprint can also refer to the amount of disk space required by an application. 

Microcontroller:  A highly integrated chip that contains all the components comprising a controller. Typically this includes a CPU, RAM, some form of ROM, I/O ports, and timers. Unlike a general-purpose computer, which also includes all of these components, a microcontroller is designed for a very specific task—to control a particular system. As a result, the parts can be simplified and reduced, which cuts down on production costs. 

Photolithography:  Photolithography is the process of transferring geometric shapes on a mask to the surface of a silicon wafer. See  http://www.ece.gatech.edu/research/labs/vc/theory/photolith.html
PROM:  Short for programmable read-only memory, a memory chip on which data can be written only once. Once a program has been written onto a PROM, it remains there forever. Unlike RAM, PROMs retain their contents when the computer is turned off. 

Semiconductor:  A material that is neither a good conductor of electricity (like copper) nor a good insulator (like rubber). The most common semiconductor materials are silicon and germanium.  Semiconductors make it possible to miniaturize electronic components.

[image: image2.png]2507 HomEe

« Appliances

* Intercom

* Telephones

* Security systems

« Garage door openers
« Answering machines
« Fax machines

* Home computer
*TVs

« Cable TV tuner
*VCR

* Camcorder

* Remote controls

+ Video games

+ Cellular phones

* Musical instruments
+ Sewing machine

« Lighting control

* Paging

* Camera

« Pinball machine

* Exercise equipment

200

150 +

100

Average Number of Microcontroller ICs
(3]
o
1

1970

OFFICE AUTOMOBILE
* Telephones « Trip computer
« Computers * Engine control 226 A
« Security systems -« Air bag /
« Fax machine * ABS //
* Microwave * Instrumentation /
« Copier * Security system /
« Laser printer * Transmission control //Home
+ Color printer « Entertainment /
«TV « Climate control /
*VCR « Cellular phone /
* Remote control * Keyless entry //
* Paging /
/
/
/
/
69 /
42
Office__ /;f
2 ====="""Auto 35
14
| |
1980 1990 2000

Source: Motorola/Electronic News/ICE, "Microprocessor 1997"

Year



Figure 1:  Microcontroller Usage

Figure 2:  Growth of microcontroller use throughout the 1990’s
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� MiniChip, Inc. is a fictional company based on a prominent microcontroller company.  Numbers, facts, names, and other data included in the case are disguised.


�   See glossary for technical definitions.


�   http://smithsonianchips.si.edu/ice/cd/MICRO97/SEC03.PDF


� According to an ICE Microprocessor Outlook study, the 8-bit market went from around 2.5 billion dollars in 1990 to around 8 billion dollars in 1999.  The same study estimated the entire microcontroller market to be approximately $30 billion in 2002.


� Source:  International SEMATECH.  For a more complete description of the basic semiconductor manufacturing process, go to http://www.sematech.org/public/news/mfgproc/mfgproc.htm


� The GDP Implicit Price Deflator is a broad measure of inflation that takes into account changes in consumption patterns as well as the introduction and obsolescence of goods and services.  It is not based on a fixed basket of goods like the Consumer Price Index (CPI).  Recent GDP Implicit Price Deflator forecasts predicted inflation to be around 2% per year for the foreseeable future.





