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4.1  Introduction

In this chapter we compare the semiconductor industry to other important industries to
determine whether organizational characteristics are shared.  This comparison allows us to
ascertain the extent to which our findings might be applicable to other industries, as well as
identify those industries whose findings might be applicable to the semiconductor industry. In
particular, we focus on the industries being studied by the Sloan Industry Centers, since their
research provides an in-depth analysis that is not otherwise available. These industries range from
long-established, traditional manufacturing to those that produce high-technology products to
those that provide services. Our inter-industry comparisons will help us understand in what ways
the semiconductor industry is unique and in what ways it shares common problems with other
industries. While this exercise may be of limited use for engineering problems, we believe it will
provide insights regarding the development of effective human resource systems, as well as the
treatment of other issues such as alliance formation and technology licensing.

In particular, we think that other industries can learn from our findings about developing
high-performance HR systems that develop skills, experience, and employee involvement. HR
systems can vary  in structuring which workers do problem-solving and how their skills are
developed, in whether to train broadly or in depth, and in developing or hiring new knowledge of
their employees.  Developing these aspects of an effective HR system depends on the information
technology and the level of automation of the fab as well as on the external environment. We also
suggest ways that government policy can influence industry structure and development.

We first present an overview of the semiconductor manufacturing industry. To establish a
frame of reference, we compare semiconductor manufacturing to other selected Sloan industries
based on several industry and labor-related variables.1 Data constraints have required us to
aggregate broadly over major sectors, if not the entire industry itself. Consequently, this
comparison provides at best a limited understanding of some industry characteristics. We then
discuss findings from this comparison that suggest instances where research in one industry may
contribute to understanding another industry.

4.2  Inter-Industry Comparisons

Products and Geographic Scope
Semiconductor manufacturing has been one of the fastest growing industrial sectors of the

global economy. Industry worldwide revenues for merchant semiconductor manufacturers on



average double every five years.2  In 1996, this market exceeded $116 billion in sales of integrated
circuits (Integrated Circuit Engineering Corporation, 1996).

Semiconductor chips are generally classified by process type: MOS, discrete, bipolar, and
analog. 3  The most rapidly growing sector of the semiconductor industry has been in MOS-based
devices. MOS component sales have increased at an annual average rate of 25% since 1990. In
comparison, analog and discrete devices grew at an annual rate of 15 and 10% respectively, and
bipolar component sales declined by over 9% per year. In 1994, MOS device sales comprised
71% of total sales (Figure 4-1).4

Figure 4-1.  Worldwide Semiconductor Manufacturing by Process Type
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Demand for semiconductors is global, as is the distribution of manufacturing operations.
Since the 1970s, U.S. and Japanese producers have used manufacturing sites offshore, primarily in
Southeast Asia.  More recently, advanced manufacturing facilities for “front-end” operations have
become common in countries like Taiwan, Korea, and Singapore.  Previously, such countries only
housed “back-end” operations, such as packaging chips for computer motherboards (Ypsilanti,
1985).

In 1994 sales from U.S.-based firms comprised 40% of total sales revenue for the Asia-
Pacific region, 50% of total sales revenue for Europe, and 17% in Japan. Similarly, firms based in
Asia and Europe sell chips to customers in the other countries such as the U.S. and Japan. Figure
4-2 indicates worldwide market shares by geographic base.5



Figure 4-2.  Worldwide Market Shares by Geographic Base
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Similarly, each of the industries examined by the Sloan Industry Studies is comprised of
several products or lines of service (Table 4-1).  Moreover, the geographic scope of the Sloan
industries is worldwide.  Data on geographic market share by country is provided for a number of
these industries in Table 4-1; additional indicators of international competition are provided for
selected industries below.  Firms in these industries clearly face global competition, and the
strategic issues concerning the location of manufacturing and distribution operations are emerging
as major managerial challenges. In the face of coordinating operations across countries and
cultures, human resource management will become even more critical for long-run
competitiveness.

• Apparel and Textiles.  In 1994, approximately 44% of all apparel sold in the U.S. was
manufactured outside the U.S.  Foreign penetration is highest in seasonal products,
particularly private label products.  Market uncertainty and difficulty in training personnel to
sew new products has led to low domestic productivity in seasonal products. Low-wage
foreign producers have a competitive advantage over U.S. firms in these labor-intensive
product lines.6

 
• Finance. Leading international lenders have included U.S.-based banks such as Chemical

Bank and Bank of America as well as National Westminster Bank (U.K.) and Credit Lyonnais
(France). Leading Eurobond managers have included Goldman Sachs (U.S.), Deutsche Bank
(Germany), and Nomura Securities (Japan).7

 
• Food Retailing. Owners of many foreign supermarket chains have expanded to the U.S.

These include Tenglemann Warenhaudelgesellschaft (Germany), J. Sainsbury (U.K.), and
Etablissements Dehhaize Freres et Cie “Le Lion” S.A.(Belgium). The U.K.-based retailing
giant Marks & Spencer Plc owns Kings Food, a New Jersey chain of upscale supermarkets,
while Royal Ahold, a Dutch food retailer, owns five chains in the U.S.8



 
• Telecommunications. While telecommunications service has long been heavily regulated,

many countries have begun to privatize and liberalize their telephone industries. Long distance
telephone carriers are seeking international alliances to provide multinational clients with
consistent services from multiple international locations. For example, in 1994 British
Telecommunications PLC acquired a 20% stake in MCI Communications. MCI also has
alliances with Canadian long distance company Stentor and a joint venture in Mexico. AT&T
formed the WorldPartners alliance, which includes Kokusai Denshin Denwa of Japan and
Singapore Telecom. In 1994, AT&T won a license to operate as a common carrier in Britain,
and in early 1995 British Telecommunications PLC won approval to offer telephone services
in the U.S.9



Table 4-1.  Industry Products and Geographic Scope
Shares of Worldwide

Types of Products Production by Country1

(1) (2)
Traditional Manufacturing

Steel hot-rolled sheets Japan 13.1%
hot-rolled bars China 11.7%
cold-rolled sheets U.S. 11.5%

Total (1993, tons) 36.3%

Apparel and Textile2 men's & boys' na
women's & girls'
children's & infants'

Automobiles passenger cars Asia-Pacific 31.7%
trucks W. Europe 30.2%

N. America 27.8%
Central/S. America 4.3%
E. Europe 4.3%
Other 1.6%
Total (1996, units) 100.0%

High-Technology Manufacturing

Computers system vendors (system & PC vendors)
PC vendors U.S. 43.0%
software Europe 22.0%
services Japan 7.0%
storage Total (1993, units) 72.0%

(prepackaged software)
U.S. 45.0%
Europe 36.0%
Japan 7.0%
Total (1993, sales) 88.0%

Disk Drives 3.5" drives S.E. Asia 64.2%
2.5" drives Japan 15.5%

Europe 10.0%
Other Asia 5.7%
U.S. 4.6%
Total (1995, units) 100.0%

Semiconductors MOS U.S. 43.0%
Discrete Japan 40.0%
Analog Total (1994, sales) 83.0%
Bipolar

Pharmaceuticals prescription U.S. 29.5%
over the counter (OTC) Japan 18.0%

Germany 8.6%
Total (1992, sales) 56.1%



Table 4-1.  (continued)
Shares of Worldwide

Types of Products Production by Country1

(1) (2)
Service Industries2

Finance
depository institutions3 na
nondepository institutions
security and commodity brokers
insurance carriers
real estate

Food Retail food stores na
eating & drinking places

Telecommunications wireless na
wireline
local
long-distance

1 Based on total industry production.
2 Worldwide production data by country not available.  Please see text for examples of
international competition.
3Includes commercial banks, savings institutions, and credit unions.

Industry Concentration
Industry concentration and its related anti-competitive implications are mitigated by

international competition.  Though the semiconductor industry appears fairly concentrated in the
U.S., it is relatively unconcentrated worldwide. The top four companies comprise approximately
35% of worldwide integrated chip (IC) sales. The top eight comprise about 56% of total sales
(Table 4-2).

For comparison, Table 4-3 indicates the market share of the leading four firms in selected
industries, otherwise known as the CR4 ratio. When available, market shares were calculated
based on the worldwide (WW) market. For illustration, U.S. market shares are also provided. It
should be noted, however, that to the extent firms face international competition for the
production and/or provision of goods and services, the relevant market shares are worldwide.



Table 4-2. Market Shares of 1996 Worldwide Top Ten Merchant Semiconductor Chip
Manufacturers – Total IC Sales

Company Sales Market Share
($ million)

(1) Intel 17,800     15%
(2) NEC 9,200       8%
(3) Hitachi 7,090       6%
(4) Toshiba 6,970       6%
(5) TI 6,700       6%
(6) Motorola 6,525       6%
(7) Samsung 5,800       5%
(8) IBM 5,100       4%
(9) SGS-Thomson 3,590       3%

(10) Mitsubishi 3,550       3%
(11) All Other 44,575     38%
(12) Total 116,900   100%

(13) CR4 35%
(14) CR8 56%

The CR4 ratio is the sum of the market shares of the top four
suppliers.  The CR8 ratio is the sum of the market shares of
the top eight suppliers.



Table 4-3.  Industry Concentration
Market Shares of Leading Four Firms1

U.S. Worldwide
(1) (2)

Traditional Manufacturing

Steel US Steel Group 12% Nippon Steel of Japan na
Bethlehem Steel Corp. 10% Pohang Iron and Steel Co. na
LTV Steel Co. 8% Usinor-Sacilor na
Nucor Corp. 8% Thyssen AG na
Total (tons, 1995) 37%

Apparel VF Corp. 6%
Liz Claiborne 3%
Fruit of the Loom 3%
Kellwood 2%
Total (sales, 1994) 14%

Automobiles General Motors 31% General Motors 16%
Ford 25% Ford 13%
Chrysler 16% Toyota 9%
Toyota 8% Volkswagen 8%
Total (units sold, 1996) 80% Total (units sold, 1996) 46%

High-Technology Manufacturing

Computers
  PC vendors Compaq 12% Compaq 10%

IBM 9% IBM 9%
Packard Bell 9% Apple 5%
Apple 7% NEC 5%
Total (units, 2Q 1996) 38% Total (units, 2Q 1996) 29%

  Mainframes IBM 81%
Amdahl 12%
Hitachi 7%
Total (units, 1995) 100%

  Workstations Sun 39%
Hewlett Packard 22%
SGI 11%
Digital 10%
Total (units, 1995) 82%

  Software Microsoft 51%
Novell 13%
Adobe 5%
Autodesk 4%
Total (sales, 1995)3 74%

  Systems Integrators IBM 17%
EDS 17%
Andersen Consult. 13%
Computer Science Corp. 11%
Total (sales, 1993) 58%



Table 4-3. (continued)
Market Shares of Leading Four Firms1

U.S. Worldwide
(1) (2)

Disk Drives Quantum 22%
Seagate 19%
Western Digital 14%
Conner 14%
Total (sales, 1995) 69% Top 10 WW (sales, 1995) 95%

Semiconductors Intel 25% Intel 15%
Texas Instruments 23% NEC 8%
Siemens Corp. 16% Hitachi 6%
National Semiconductor 4% Toshiba 6%
Total (sales, 1996)3 68% Total (sales, 1996) 35%

Pharmaceuticals Merck 20% Merck 4%
Bristol-Meyers Squibb 16% Glaxo 3%
Abbott Laboratories 12% Bristol-Meyers Squibb 3%
Baxter International 12% Rhone-Poulenc Rorer 2%
Total (sales, 1994)3 59% Total (sales, 1993) 11%

Service 

Finance

  Commercial Banks Citibank 8% Fuji Bank 509$      
BankAmerica Corp. 7% Dai-Ichi Kangyo Bank 508$      
Chemical Banking Corp. 5% Sumitomo Bank 499$      
NationsBank Corp. 5% Sakura Bank 498$      
Total (assets, 1996)3 25% Total (billions, 1993)4 2,014$   

  Accident & Health Insurance Prudential Insurance Co. 27%
Travelers Inc. 10%
Aetna Life and Casualty 8%
CIGNA Corp. 7%
Total (assets, 1996)3 53%

Food Retail

  Food Stores (Leading Supermarkets)
Kroger Company 6%
Safeway Stores 4%
American Stores Co. 3%
Albertson's 3%
Total (sales, 1994) 16%

  Eating & Drinking Firms (Chain Restaurants)
McDonald's 7%
PepsiCo 6%
Grand Metropolitan 3%
Wendy's 2%
Total (sales, 1994) 17%



Table 4-3. (continued)
Market Shares of Leading Four Firms1

U.S. Worldwide
(1) (2)

Service 

Telecommunications

  Wireless AT&T Wireless 17%
Southwestern Bell 11%
Bell Atlantic/NYNEX 10%
GTE MobileNet 9%
Total (1996) 48%

  Long Distance AT&T 57%
MCI 18%
Sprint 9%
WorldCom 5%
Total (1996) 89%

1Market share for each firm is calculated as number of units produced by firm over total industry production
or firm sales over total industry sales, depending on the method of measurement indicated.
2If less than four firms comprise the market, market share is given for these firms.
3In these instances, industry sales or units produced were not available.  As such, World Market Share 
Reporter  or Market Share Reporter  calculated percent of group instead of market share.  If Manufacturing 
USA  was used, shares of the leading four firms were calculated using total sales for over the "leading 
companies" identified.  To the extent that the industry total exceeds the group total, this will overstate 
industry concentration; i.e. overestimate market share.
4 Market share is unavailable; firm assets are presented instead.

According to Table 4-3, several segments of the computer industry and the software
industry are fairly concentrated relative to the semiconductor industry, while pharmaceutical
manufacturing is not concentrated. Concentration ratios, however, do not reflect barriers to entry.
Barriers to entry include high fixed-costs and legal restrictions such as patents that grant
monopolies to firms over certain technologies. Concerns over high concentration may be
mitigated if the industry is characterized by low barriers to entry.

Capital and R&D Ratios
Although most of the Sloan industries share the challenges of operating in an international

market, they differ dramatically in terms of capital intensity in production and use of R&D.  The
semiconductor industry is characterized by high fixed-costs and patent races. To remain
competitive in the semiconductor industry, firms must continually invest a significant share of
revenues in R&D and new plant and equipment. In the U.S., it is common to allocate more than
30% of sales revenue to R&D and capital expenditures. As indicated in Figure 4-3, R&D
expenditures as a percent of sales revenue were fairly constant (12-14% between 1990 through



1994) for U.S. merchant manufacturers. Capital expenditures, however, have risen to
unprecedented levels; in 1994 capital expenditures amounted to 17% of total sales revenue after
ranging between 10-12% in the previous four years.

Table 4-4 compares capital and R&D ratios across industries. As indicated, the ratio of
capital expenditures as a percentage of total sales for semiconductors (17%) is the highest among
the industries for which data are available and exceeds the next highest industries (5% for steel,
disk drives, and pharmaceuticals) by a factor of 3.4.10  The high capital ratio reflects the rapid
expansion of the semiconductor as well as the high cost of fabs and equipment.11 Moreover,
semiconductor R&D expenditures as a percent of sales revenue is exceeded only by
pharmaceuticals and matched by software. This is unsurprising; these industries are characterized
by patents and intellectual property rights, which provide incentives for investment in R&D.

Figure 4-3.  U.S. Merchant Semiconductor Chip Manufacturing
        Capital and R&D Expenditures as a Percent of Sales Revenues
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Table 4-4.  Indicators of Capital and R&D Intensity for U.S. Firms, 1994
Capital Ratio1 R&D Ratio2

(1) (2)
Traditional Manufacturing

Steel 5% 1%
Apparel and Textile
  Men's & Boys' Suits and Coats 1% na
  Women's, Juniors' & Misses' Dresses 1% na
Automobiles 2% 4%

High-Technology Manufacturing

Computers
  PCs, Mainframes, Microcomputers,
    Minicomputers 2% 7%
  Software & Services na 14%
Disk and Tape Drives 5% 7%
Semiconductors 17% 12%
Pharmaceuticals 5% 12%

Service 

Finance na na
Food Retail na na
Telecommunications na 3%

"na" indicates that data was not available.
1 For semiconductors, the capital ratio reflects capital expenditures as a percentage 
of total sales.  For all other industries, the capital ratio is calculated as capital
investment over value of shipments.
2 The R&D ratio is calculated as 1994 R&D expenditures over sales.  For all
industries except semiconductors, this is based on Business Week's "R&D 
Scoreboard" which limits its survey to companies reporting R&D expenses of
at least 1% of sales.  As such, the R&D ratio may overstate actual R&D intensity
for the entire industry.  For semiconductors, the R&D ratio is calculated for U.S.
merchant semiconductor manufacturers.

Profits and Prices
Financial performance in the semiconductor manufacturing industry tends to be highly

cyclical. With respect to U.S. merchant firms, this volatility has been termed the “Silicon Cycle”.
Since 1978 there have been four expansionary cycles in which worldwide revenues grew at rates
in excess of 25% per year. Each of these “boom periods” was 4 to 6 years in length. Interspersed



between these periods have been distinct troughs, where sales revenues either declined or
stagnated.

Profits as a percent of sales have been strong during boom periods; in each of the past
three expansionary periods, pre-tax income has averaged about 10% of sales revenues. In 1993
and 1994, financial performance was outstanding: mean pre-tax net income topped 20% of sales
revenue. Figure 4-4 provides a snapshot of profit rates, measured by pre-tax net income as a
percent of sales. Note that 1990 represents a “trough”.

Figure 4-4.   Pre-tax Net Income as a Percent of Sales Revenue
         U.S. Merchant Semiconductor Manufacturing
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Profit margins vary considerably across industries, as presented in Table 4-4. The profit
margin for semiconductors is exceeded only by that of pharmaceuticals and some financial
institutions. The profit margin on software and telecommunications follow.12 As might be
expected, pharmaceuticals and software and services are also industries with high R&D ratios.13

Telecommunications stands out with its high profit margin and low R&D ratio.14

These average industry profit margins say little about the distribution of profits in each
industry. In particular, though the industry profit margin may be relatively high, this may reflect a
few firms with very large profits and many firms with modest profit margins. In the case of
pharmaceuticals, for example, the industry is characterized by many small, unprofitable biotech
firms and a few large, profitable “traditional” pharmaceutical firms (Majewski, 1997).



Table 4-5.  1994 Profit Margins
Profit Margin

Traditional Manufacturing

Steel 4%

Apparel and Textile 1% to 2%

Automobiles 7%

High-Technology Manufacturing

Computers 5%
Software and Services 18%

Disk Drives 5%

Semiconductors 20%

Pharmaceuticals 22%

Service 

Finance 10% to 28%

Food Retail
  supermarkets 2%
  restaurants 4%

Telecommunications 12%

Employment and Earnings
Table 4-6 presents 1994 U.S. employment, compensation and value added across

industries. Payroll data include all forms of compensation subject to federal taxes, including
wages, salaries, commissions and bonuses. Value added is calculated as value of shipments less
cost of materials. Where appropriate, data are also given for production workers, which are
primarily non-exempt workers involved in production operations.15

Earnings
In general, payroll per employee tends to be high in the high-technology manufacturing

industries, automobiles, and steel and to be low in apparel and textile manufacturing and retail
food industries.  Payroll per employee in financial institutions falls in between.

Production worker wages are highest in automobile and steel manufacturing and lowest in
apparel and textiles.  This partly reflects the degree of unionization in these industries.16 Table 4-7
indicates that between 31 to 49% of steel workers are union members; 44% of automobile



industry workers belong to unions.  In contrast, the percent of workers who are union members
for computers and pharmaceuticals are 2% and 7%, respectively.  Because of data limitations, we
provide the union membership percent for the category “electrical machinery, equipment and
supplies” as a proxy for the semiconductor rate.  This rate of 11%, however, overstates the
degree of unionization in semiconductors since this newer sector of the category is less unionized
than  the older sectors. The percent of employees who are union members in two categories of
apparel and textile manufacture are 6% and 14%.  This is representative of the apparel and textile
industry.17

Production worker wages in the high technology manufacturing industries fall between
wages in automobile/steel and apparel/textile. Semiconductor production workers earn at least
twice as much as apparel workers, but production workers in automobiles and steel earn 79% and
57%, respectively, more than semiconductor workers. Production workers in pharmaceuticals and
disk drives earn more (8% and 15%, respectively) than production workers in semiconductors
while those in computers earn 3% less. On an hourly basis, semiconductor wages are 10% less
than telecommunications wages. Although the value added per production worker in computers
and in pharmaceuticals is over twice the value added per production worker in automobiles
manufacturing, the wages for a production worker in computer manufacturing is about half of
those for a production worker in autos.



Table 4-6.  U.S. Employment and Earnings Statistics

Total Employment Production Workers
Payroll per Value Added Wages per

Number Payroll Employee per Employee Number Wages Production Worker
(thousands) ($ thousands) (2)/(1) (thousands) ($/hour)

(1) (2) (3) (4) (5) (6) (7)

Traditional Manufacturing

Steel 156.1                     7,272,100$            46,586$    132,561$    121.7                 20.72$                45,203$                 
Apparel and Textile
  Men's & Boy's Suits & Coats 34.0                       604,100$               17,768$    31,336$      28.7                   8.35$                 14,333$                 
  Women's, Juniors' & Misses' Dresses 87.5                       1,353,100$            15,464$    37,786$      74.8                   7.10$                 12,653$                 
Automobiles 234.0                     12,437,700$          53,153$    226,144$    202.5                 23.35$                51,601$                 

High-Technology Manufacturing

Computers
  PCs, Mainframes, Microcomputers,
    Minicomputers 109.4                     5,073,900$            46,379$    192,563$    30.4                   13.54$                27,926$                 
  Software (1993) 142.4                     7,373,200$            51,778$    na na na na
Disk Drives 39.8                       1,650,500$            41,470$    109,663$    19.7                   14.83$                33,123$                 
Semiconductors 173.6                     7,464,200$            42,997$    184,813$    89.1                   14.48$                28,846$                 
Pharmaceuticals 134.2                     5,753,800$            42,875$    317,547$    68.6                   16.04$                31,168$                 

Service 

Finance (1993)
  Commercial Banks 1,528.3                  42,099,700$          27,987$    na na na na
  Savings Institutions 318.6                     8,254,400$            25,062$    na na na na
Food Retail (1992)
  Grocery Stores 2,682.2                  34,425,300$          12,835$    na na 7.56$                 na
  Eating Places 6,243.9                  50,306,700$          8,057$      na na 5.29$                 na
  Drinking Places 304.0                     2,263,000$            7,443$      na na 5.29$                 na
Telecommunications (1994-1995) 2

  Long Distance 355.0                     na na na na 16.00$                na
  Local 500.0                     na na na na 16.00$                na
  Wireless 55.0                       na na na na $11.00 - $17.00 na

"na" indicates that data was not available.
1 Data is for 1994 unless otherwise indicated.
2 Wages reflect average hourly earnings across all workers.
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Table 4-7.  Percent of Employees Who Are Union Members, 1994.

Percent Members
Traditional Manufacturing

Steel
Blast furnaces, steelworks, rolling and finishing 49%
Iron and steel foundries 31%

Apparel and Textile
Yarn, thread and fabric mills 6%
Apparel and accessories, excluding knit. 14%

Automobiles 44%

High-Technology Manufacturing

Computers 2%

Semiconductors
Electrical machinery, equipment and supplies 11%

Pharmaceuticals 7%

Service

Finance
Banking 1%
Savings Institutions 2%

Food Retail
Grocery stores 25%
Food stores, n.e.c. 2%

Following the pattern of total employee compensation, the earnings of
nonproduction employees are high in the high-tech industries, automobile, and steel and
low in apparel (Table 4-8). However, nonproduction employee earnings in the
semiconductor industry exceed the earnings of nonproduction employees in the other
industries listed except automobiles. The earnings disparity between nonproduction
employees and production workers is higher in semiconductors than in the other industries
except apparel. The lowest disparity is found in the steel and automobile industries.
Production workers average one-half the pay of nonproduction employees in
semiconductors compared to 0.4 in apparel and 0.8-0.9 in autos and steel. The earnings
disparity in computers is approximately the same as in semiconductors while it is
considerably lower in disk drives (0.67) and moderately lower in pharmaceuticals (0.57).
For detailed analysis on wage trends and disparities in the semiconductor industry, see
Chapter 5 of this report, “Wages and Inequality.”
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Table 4-8.  Earnings Comparisons
Production to

Production Wage Earnings per Nonproduction
Index Nonproduction Worker Earnings Ratio

(1) (2) (3)
Traditional Manufacturing

Steel 1.57                      51,480$                        0.88                   
Apparel and Textile
  Men's & Boy's Suits & Coats 0.50                      36,367$                        0.39                   
  Women's Dresses 0.44                      32,020$                        0.40                   
Automobiles 1.79                      63,127$                        0.82                   

High-Technology Manufacturing

PCs, Mainframes, etc. 0.97                      53,480$                        0.52                   
Disk Drives 1.15                      49,651$                        0.67                   
Semiconductors 1.00                      57,917$                        0.50                   
Pharmaceuticals 1.08                      55,117$                        0.57                   

Column (1):  Wages per production worker are indexed by the wages per production worker in
  semiconductors ($28,846).
Column (2):  Nonproduction worker earnings are based on data for payroll, production worker wages
  and total employment and production worker numbers.  Specifically, nonproduction worker earnings per
  worker are calculated as (payroll-(production wages per production worker x number of production workers))
  over (total employment - number of production workers).  Note that nonproduction earnings will provide
  an estimate of managerial and professional earnings that is biased downward because it includes the
  earnings of other nonproduction workers such as sales and support staff.

Geographic Location
Industries range in their location across the U.S. Table 4-9 provides production

worker statistics for the five leading states in each industry based on share of U.S.
employment. California is by far the leading state for high-tech production workers with
the exception of pharmaceuticals. Overall, production is concentrated geographically, and
at least 40% of the production workers in the steel, automobile, women’s dresses,
software, semiconductor, computer, and disk drive industries are located in only two
states. As would be expected, the employment in the service industries is more
geographically dispersed.

The earnings by industry tend to mimic the national patterns presented above with
the variation across the five states usually in the 20-30% range.18 States vary in their
relative wage position across industries. For example, California ranks relatively high in
software,
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Table 4-9.  1992 U.S. Production Worker Statistics for the Five Leading States
       Based on Share of U.S. Employment

Share of
State Employment Wages

($/hour)

Traditional Manufacturing

Steel PA 20.5% 18.99$            
IN 19.1% 20.99$            
OH 16.5% 19.17$            
IL 7.5% 17.35$            
MI 5.7% 19.64$            

Apparel and Textile
  Men's & Boys' Suits and Coats PA 19.4% 8.69$              

NY 12.1% 8.96$              
GA 11.9% 6.35$              
MA 7.3% 9.25$              
IL 5.9% 9.61$              

  Women's, Juniors' & Misses' Dresses NY 32.5% 7.65$              
CA 28.6% 6.83$              
PA 9.6% 6.15$              
FL 3.4% 6.38$              
TX 3.2% 7.55$              

Automobiles MI 33.7% 22.73$            
OH 15.6% 21.96$            
KY 7.7% na
TN 7.7% na
MO 6.7% 23.19$            

High-Technology Manufacturing

Computers
  PCs, Mainframes, Microcomputers,
    Minicomputers CA 39.4% 13.15$            

NC 15.8% na
TX 6.9% 12.22$            
AL 6.8% na
NY 6.8% na

  Pre-packaged Software1 CA 27.6% 58,708$          
MA 11.2% 51,815$          
TX 4.6% 56,535$          
IL 4.5% 50,347$          
NY 4.4% 49,540$          
UT 4.4% 35,437$          

Disk Drives CA 35.5% 14.30$            
CO 23.5% 23.33$            
MN 14.7% 9.97$              
ID 9.2% na
OK 4.3% na

Semiconductors CA 29.4% 14.24$            
TX 14.7% 13.18$            
NY 10.2% na
AZ 9.7% 10.68$            
MA 6.5% 13.16$            

Pharmaceuticals NJ 19.6% 15.60$            
NY 11.0% 15.60$            
PA 9.3% 17.72$            
CA 8.6% 13.22$            
NC 7.6% 13.26$            

Table 4-9. (continued)
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Share of
State Employment Earnings

Service 
Finance1

  Commercial Banking NY 10.3% 44,205$          
CA 9.6% 29,134$          
TX 5.8% 26,490$          
IL 5.5% 30,054$          
PA 5.4% 23,673$          

  Accident & Health Insurance IL 11.4% 28,521$          
OH 9.0% 30,634$          
TX 8.3% 24,739$          
WI 8.2% 25,696$          
PA 4.5% 25,635$          

Food Retail1

  Grocery Stores CA 9.2% 18,578$          
TX 7.4% 11,821$          
FL 6.5% 11,587$          
NY 6.3% 13,210$          
PA 5.1% 11,274$          

  Eating Places CA 12.1% 8,716$            
TX 6.7% 8,232$            
FL 6.1% 8,122$            
NY 5.4% 10,011$          
OH 4.7% 7,287$            

  Drinking Places CA 10.3% 8,032$            
TX 7.4% 6,952$            
NY 6.1% 8,804$            
IL 5.5% 7,383$            
OH 5.4% 6,448$            

Telecommunications na na na

"na" indicates that data was not available.
1Wages are unavailable.  Payroll per employee is used instead of wage.

semiconductors, and retail food, ranks in the middle in women’s dresses, disk drives, and
commercial banking, and ranks relatively low in pharmaceuticals.

4.3  Discussion

These industry comparisons help us situate the semiconductor industry in the U.S.
economy, and help us understand to what extent the patterns and relationships we observe
in the semiconductor industry are being experienced in other industries.  As this chapter
has indicated, the industries analyzed by the Sloan Industry studies share an international
focus, but differ in terms of industry concentration, patterns of R&D and capital intensity,
profitability, and compensation practices.  Even in light of these differences, the findings
tying human resource policies to manufacturing performance may hold broader lessons for
other industries.  We also consider two issues of shared importance: risk management and
the role of public policy, especially legislation designed to preserve intellectual property
rights.  Our discussion centers on the semiconductor industry since that is our area of
research.
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Lessons from the Shopfloor
Our major finding with respect to optimal HR systems is that more than one

system may be associated with high performance. The appropriate system for a given fab
generally depends on external factors, such as labor market conditions, cultural norms, and
product market dynamics. We believe it is these environmental considerations, along with
technological requirements, that will determine the effectiveness of a particular HR system
across industries.

As indicated in Chapter 2, “The Effect of Human Resource Systems on Fab
Performance,” HR practices on the shopfloor impact intermediate performance metrics
such as defect density, line yield, stepper throughput, direct labor productivity, and cycle
time per layer. Moreover, two HR systems, the experience-driven engineer system and the
skills-driven IT system were identified as achieving outstanding levels of volume and
quality, respectively. These two high-performance HR systems had structured skill
development, work organization, and rewards in a coherent fashion. Here we discuss to
what extent other industries might learn from our results.

Training and Problem-Solving Skills
Problem-solving skills are important for in any industry, since the ability to

efficiently and effectively utilize problem-solving skills is critically linked to profitability
and performance. However, firms can vary in structuring which workers do problem-
solving and how their skills are developed. The role of each occupation in problem solving
depends to some extent on the information technology and the level of automation of the
fab, and we would expect this to be true across industries.19 The experience-driven
engineer system relied on trained engineers and technicians to solve problems; operators
and technicians, often working in teams, took a more active role in the skills-driven IT
system. Often the use of technology, especially automated material handling systems and
information systems, resulted in the upgrading of operator and technician jobs to assistant
engineer jobs.

In-depth versus breadth training is an important decision for those companies that
invest a lot in employee training, which is especially true of industries that face high capital
and R&D costs and constant adoption of new technology and new products.20 The HR
system must reconcile the tradeoff between training breadth versus depth for each
occupation. The tradeoff is affected by the amount of turnover and the need for flexible
job assignments as well as the level of technology and the pace of change. We expect the
patterns across industries to reflect differences in these characteristics.

Retention of Experienced Work Force
The experience-driven engineer system relied on retaining trained, experienced

employees. Maintaining an experienced, tenured work force can be challenging.  Methods
used by fabs to retain workers have included offering career ladders to reward experience,
offering stock options and bonuses (especially for engineers), and locating in a geographic
area without competitors for production workers.

However, the skills-driven IT system usually had few experienced engineers and
operators. The pace of technological change may offset the value of experience for
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engineers and may make those recently-educated more desirable.21 Whether to develop or
hire new knowledge is also affected by the availability of new engineering graduates and
social norms governing mobility.  At the operator level, some Asian fabs have been able to
maintain high performance levels even with high turnover in operator staff.  They have
mitigated the adverse effects of turnover by relying more on engineers as well as
automation and information technology.22  The role and value of experience seems to be
particularly affected by the pace of  technological change, and so we would expect
industries to be differentially affected.

Managing Risk
Risk is pervasive in business; it enters in many forms and at many points in the

production process. In their efforts to manage uncertainty and its associated costs,
industries have developed various mechanisms and institutions.  Examples include the
establishment of formal and informal means of information sharing (apparel and textiles,
steel, and semiconductors), inter-firm alliances (semiconductors and pharmaceuticals), and
technological licensing (hard disk drives and software).

Information Sharing and Knowledge Flows
The apparel, semiconductor and steel industries have developed channels for

information sharing to mitigate risk.  In apparel, communication relationships are formed
to minimize demand risk.  Information systems linking the retail-apparel-textile channel
integrate information flows.  In this way,  consumer point-of-sale data can be used to
better understand changing demand patterns.  Technology and cooperation by buyers and
suppliers allows "lean retailing", resulting in cost effective distribution and inventory
management (Abernathy, Dunlop, Hammond, and Weil, 1995).

In the steel and semiconductor industries, firms rely on knowledge flows to limit
technological risk.  Knowledge spillovers play a critical role in the evolution of
technology; firms in both industries share technical knowledge.  The mechanisms that
characterize these flows differ, however, based on industry and geographic location.
Public sources of technical data play a larger role in knowledge diffusion in Japan than in
the United States and in semiconductors relative to steel (Appleyard, 1996).

Alliance Formation
Industries characterized by high R&D expenditures generally face high payoffs to

innovation and knowledge creation.  Two such industries, semiconductors and
pharmaceuticals, are examined below.  In the semiconductor industry, inter-firm alliances
limit technological risk.  For the pharmaceutical industry, however, alliances have grown
in response to portfolio risk.  Interestingly, the government has played a fairly strong role
in alliance formation for the semiconductor industry.  In contrast, alliances in the
pharmaceutical industry have been driven by market forces.

Governments in a number of countries have sponsored consortia to support
technology development in the semiconductor industry. The formation of the VLSI
consortium by the Japanese government in the late 1970s, and the formation of
SEMATECH by the U.S. government in the late 1980s are notable examples. Both
consortia were founded under the auspices of helping domestic firms advance their
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process and product technologies. Both consortia, however, shifted their focus to the
advancement of equipment technology when the members proved reluctant to collaborate
on chip designs.

Government contributions to semiconductor consortia have not been trivial.
During each of the first ten years of its existence, SEMATECH received approximately
$100 million from the U.S. Department of Defense, which was matched by contributions
from member firms. Only U.S.-owned firms were permitted to be members. Now that
government funding has ceased, the member firms are debating whether foreign firms
should be allowed to join.

The pharmaceutical industry is characterized by high R&D costs up front with long
periods of development that may or may not lead to a marketable product.  Alliances
between large pharmaceutical and small biotech firms help minimize portfolio risk and the
risk associated with product development failures.  Alliances have also facilitated labor
market flexibility (Majewski, 1997).

Technology Licensing
For the hard disk drive and software industries, technology licensing is used to

manage demand risk.  In these industries, the effectiveness of a given product, and
consequently demand, is enhanced if it is widely used.  For example, one of the elements
driving the purchase of an operating system is the extent to which many people use and
are familiar with it.  The more people have the item or are skilled in using the item, the less
will be conversion or training costs.  Industries for which this is true are characterized by
“network externalities.” A prominent example of this in the economics literature is the
adoption of the QWERTY typewriter keyboard.

Licensing allows widespread manufacture of a product.  By using technology
licensing to increase supply, firms seek widespread adoption of their technology.  Where
network externalities exist, widespread adoption and standard setting make a product
more attractive, and generate additional demand.

Public Policy
Earlier we discussed the government’s role in subsidizing alliance formation for the

semiconductor industry.  Government intervention can have a significant impact on
industry structure and development.  In this section, we review the evolution of legislation
that facilitated technological development. In particular, we focus on intellectual property
legislation in the semiconductor industry, patents in pharmaceuticals, and copyrights in
software.

Intellectual Property Legislation
Both in the U.S. and abroad, the semiconductor industry has enjoyed favorable

treatment from policy makers. In 1984, the U.S. government passed the Semiconductor
Chip Protection Act (SCPA), which was arguably the first significant piece of intellectual
property legislation since the Trademark Act of 1881. (Japan followed with a similar piece
of legislation in 1985.) The SCPA permits semiconductor producers to register their
"mask works" from which a chip's circuitry is derived. Although only a few mask works
have been registered to date, this legislation reflects the general opinion held by policy
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makers that the semiconductor industry merits special treatment, not only because the
industry supplies components for military defense systems, but also because it has a
lucrative commercial market.

Patents
Patents create incentives for product development by allowing a firm exclusive

rights to a product.  Patents are heavily used in pharmaceuticals and semiconductors.
Though patents are widely used in the pharmaceutical industry, the highly competitive
nature of the market may erode  patent gains.  For example, competition from generic
brand manufacturers often leads pharmaceutical companies to license their patents to a
competitor before the patent runs out.  Doing so allows the innovator to earn royalties on
the drug sales.

Copyrights
Copyrights in software also help establish innovation incentives and play a role

very similar to that of patents.  Copyrights are prevalent in the software industry.  Here,
the presence of network externalities serves to limit the gains under copyright protection.
As indicated above, firms often license their products when seeking to establish dominant
standards.  In the long-run, the firms benefit from increased market share; in the short-run,
they sacrifice monopoly profits otherwise guaranteed by copyright law.

4.4  Conclusion

Industry comparisons indicate that some of the lessons from the semiconductor
industry can be useful to other industries.  Like most other industries studied, the
semiconductor industry faces global competition, especially from manufacturing in low-
wage countries, and business cycles. In other ways, such as the pace of technological
change with high R&D costs and short product lives, the semiconductor industry is like
other high-tech industries in its need to create and control knowledge and to continually
implement technological changes. High-technology manufacturing industries also share
common employment environments, and firms pay relatively low wages for the skills and
education required of their workers. Traditional manufacturing, which has typically been
unionized, pays much higher wages for often lower-skilled work. In addition, these
unionized industries have lower earnings disparities between production and
nonproduction workers.

These comparisons have allowed us to better understand the way in which
semiconductor manufacturing fits among the other industries.  This knowledge, coupled
with insights provided by our contacts at various Sloan Centers, has allowed us to isolate
research that may contribute to shared concerns across various industries. In particular,
we think that other industries can learn from our findings about developing high-
performance HR systems that develop the needed skills, experience, and  involvement of
their workers. We also suggest ways that government policy can influence industry
structure and development. Though our discussion has focused on the semiconductor
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industry, we hope that this will generate additional dialogue regarding the lessons which
can be shared across other Sloan industries as well.

Overall, we believe that the semiconductor and other high-tech industries provide
lessons that will help all industries prepare for the future. As the pace of technological
change, uncertainties associated with global markets, and costs of capital and R&D rise, it
will become increasingly important that we understand the ways in which industries relate
to one another and the means by which shared concerns can be addressed.
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APPENDIX 4-1
Notes and Sources for Figures and Tables

Figures 4-1-4-4
Based on data provided by the Semiconductor Industry Association’s 1995 Annual
Databook. Data are for U.S. merchant semiconductor firms.

Table 4-1
Column (1):  For steel and automobiles, product type are based on Manufacturing USA.
For apparel and textiles, computers, pharmaceuticals and telecommunications, types are
based on classifications used in Standard & Poor’s Industry Surveys.  Disk drive
information are provided by David McKendrick  Food retail information are provided by
Ron Larson.  Semiconductor product types are based on the Semiconductor Industry
Association’s 1995 Annual Databook.  Finance product types are based on data provided
by Chip Hunter and Sid Gunawardena.

Column (2):  Steel market shares are based on the World Market Share Reporter.  Data
for computers, and pharmaceuticals are from the Encyclopedia of Global Industries.
Automobile shares are based on the 1997 Market Data Book. Disk drive information are
provided by David McKendrick.  Semiconductor shares are based on the Semiconductor
Industry Association’s 1995 Annual Databook.

Table 4-2
Based on data provided by the Integrated Circuit Engineering Corporation, 1997.

Table 4-3
Unless otherwise indicated, shares are based on dollar sales (“sales”) or units sold
(“units”).
Column (1):  U.S. steel market shares are based on 1994 raw steel production tons in
Metal Statistics 1996.  Data for apparel, computers (PCs, mainframes, workstations) are
based on Standard & Poor’s Industry Surveys.  Data for computers are based on units
shipped.  Data for automobiles are based on the 1997 Market Data Book.  Data for disk
drives, pharmaceuticals, telecommunications, software and systems integrators are based
on the Market Share Reporter.  Data for semiconductors are based on Manufacturing
USA.  Finance shares are based on Finance, Insurance, and Real Estate USA.  Shares for
food retail are provided by Ron Larson.

Column (2):  Worldwide steel, finance and pharmaceutical market shares are based on the
Encyclopedia of Global Industries.  Data for automobiles is based on the 1997 Market
Data Book.  Data for computers (PCs, mainframes, workstations) and software are based
on Standard & Poor’s Industry Surveys.  Disk drive market share are provided by David
McKendrick.  Semiconductor market share are based on data provided by Integrated
Circuit Engineering Corp.  Shares for food retail are provided by Ron Larson.
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Table 4-4
Column (1): For semiconductors, data are based on the Semiconductor Industry
Association’s 1995 Annual Databook.  For all other industries, data are based on
Manufacturing USA and Wholesale and Retail Trade USA.

Column (2): For semiconductors, data are based on the Semiconductor Industry
Association’s 1995 Annual Databook.  Data for all other industries are from the "R&D
Scoreboard," Business Week, July 3, 1995.

Table 4-5
The profit margin range for apparel is based on Standard & Poor’s Industry Surveys.  The
semiconductor profit margin is from the Semiconductor Industry Association’s 1995
Annual Databook.  The food retail profit margin is based on data provided by Ron Larson.
The finance profit margin is based on the range of “return on assets” provided by Chip
Hunter and Sid Gunawardena.
All other profit margins are based on "1995 R&D Scoreboard," Business Week, July 3,
1995.

Table 4-6
For food retail, wages are based on average hourly earnings are provided by Ron Larson.
Data regarding average hourly earnings for telecommunications are provided by Harry
Katz and Wes Hiers.
For all other industries, data are based on Manufacturing USA, Wholesale and Retail
Trade USA, and Finance, Insurance & Real Estate USA.

Table 4-7
Based on “Table 12.A: Union Membership, Density, Employment and Earnings by
Industry, 1994” of the Florida State University Department of Economics 1994 Databook.
Tables are based on data from the Current Population Survey (CPS) and are compiled
using the same methodology as that used by the Bureau of Labor Statistics.  1994 figures
are based on corrected CPS tapes.

Table 4-8
All calculations are based on data in Table 4.6.

Table 4-9
All data are based on Manufacturing USA, Wholesale and Retail Trade USA, and
Finance, Insurance & Real Estate USA.
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1 Industries were selected based on data availability.   We gratefully acknowledge the following persons
for their comments and contributions: Diane Bailey, Roger Bohn, David Bowen, Henry Chesbrough, Chip
Hunter, Sid Gunawardena, Jean Kinsey, Ron Larson, David McKendrick, Frits Pil, David Weil, Frederick
Abernathy, Suzanne Majewski, Harry Katz, and Wes Hiers.
2 “Merchant” firms are semiconductor manufacturers which sell most of their products on the open
market.  They are distinguished from “captive” firms which produce semiconductor chips for internal
parent divisions.
3 For more information on process technology in the semiconductor industry, see The Competitive
Semiconductor Manufacturing Survey: Third Report on Results of the Main Phase (Report CSM-31)
edited by Robert Leachman, September 1994.
4 Notes and sources for all figures and tables can be found at the end of this chapter in Appendix 4-1.
5 It is our understanding that “base” refers to the location of the firm’s corporate headquarters.
6 “Apparel Fundamentals,” Standard & Poor’s Industry Surveys, September 28, 1995.
7 Reddy, Marlita and Robert Lazich. 1997. World Market Share Reporter. Gale Research Inc.
8 “Supermarkets,” Standard & Poor’s Industry Surveys, May 9, 1996.
9 “Telecommunications,” Encyclopedia of Global Industries, 1996.
10 The figure for semiconductors is based on data provided by the Semiconductor Industry Association
(SIA) and , as indicated above, reflects capital expenditures as a percentage of sales revenues for U.S.
merchant manufacturers.  The sources used for the other industries’ capital intensity ratios are
Manufacturing USA (MUSA) and Wholesale and Retail Trade USA.  We chose to use the SIA ratio over
the MUSA figure for the semiconductor industry because the SIA ratio reflects data for semiconductors
only, while MUSA aggregates over “semiconductors and related devices.”
11 Traditionally, the high capital costs required to build a fab posed a barrier to entry in semiconductor
manufacturing. The recent rise of foundries, however, has mitigated the capital expenditure and risk
involved in entry.
12 All profit margins except those for apparel and textiles, semiconductors, and food retail are based on the
“1995 R&D Scoreboard,” in Business Week. As mentioned earlier, the companies upon which the
statistics are based may not be truly representative of the universe of firms in each industry because they
will tend to be biased in terms of R&D expenditure. As such, these profit margins will reflect profit
margins for firms that invest over 1% of sales revenues in R&D.
13 An R&D ratio for the finance industry is not available.
14 Profit margins in telecommunications are likely driven by the vestiges of local monopoly power held by
regional telephone companies.  Note that these margins are based on 1994 profits.
15 Production workers include “working supervisors and all non-supervisory workers engaged in
fabricating, processing, assembling, inspecting, receiving, storing, handling packing, warehousing,
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shipping, trucking, hauling, maintenance, repair, janitorial, guard services, product development,
auxiliary production, record-keeping, and other services closely associated with the above production
operations.”  Manufacturing, USA.
16 Note, however, that the effect of union membership on wages will depend on a variety of factors that
affect the bargaining power of employers and unions.
17 Percentages are based on the number of wage and salary employees who are union members.  Union
members include those belonging to traditional labor unions or to employee associations similar to labor
unions.  Membership estimates exclude workers who are self-employed, not in the labor force, or
unemployed.
18 Where comparisons can be made, wages are consistent with the information presented in Table 4-6. In
the service and software industries, where workers are not characterized as production workers, payroll
per employee is presented instead.
19 For more on the ways in which two fabs employed problem-solving methods to manage change see
Chapter 3B, “Problem Solving Methodologies: A Case Study of Two U.S. Semiconductor Fabs”.
20 This is highlighted at the firm level in Chapter 3A, “The Role of Skill Upgrading in Manufacturing
Performance.”
21 For more on this, see Chapter 5B “The Changing Wage Structure at NewTech, 1979-1994.”
22 See Chapter 3C, “Human Resource Policies in an Environment of High Labor Turnover and Rapid
Technological Change.”


